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Statin use improves the prognosis of ovarian cancer:
An updated and comprehensive meta-analysis
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Abstract. Statins are lipid-lowering agents that have also
been found to have anticancer effects. The relationship
between statin use and clinical outcomes in ovarian cancer
(OC) remains controversial, as previous assessments of the
relationship between statin use and OC prognosis have yielded
inconsistent results. Therefore, a comprehensive meta-analysis
was performed in the present study to investigate this asso-
ciation. Studies were systematically retrieved by searching
the PubMed, Embase and Cochrane Library databases, and
consulting reference lists of the related studies. The search
timeframe was from database creation to September 1, 2022.
Pooled hazard ratios (HRs) with corresponding 95% confidence
intervals (CIs) were calculated to assess the association. In the
present meta-analysis, 16 studies with 37,660 patients with OC
were included, of which 11,296 patients had been prescribed
statins. The results showed that statin use markedly improved
the overall survival time (OS; HR, 0.79; 95% CI, 0.73-0.85;
P<0.00001) and OC-specific survival time (HR, 0.84; 95%
CI, 0.80-0.89; P<0.00001), especially the OS time in patients
with serous OC (HR, 0.81; 95% CI, 0.74-0.89; P<0.0001) and
endometrioid OC (HR, 0.80; 95% CI, 0.66-0.98; P=0.03). In
addition, survival rate was higher in patients who used statins
after OC diagnosis (HR, 0.79; 95% CI, 0.73-0.85; P<0.00001).
However, there was no statistically significant association
between statin use and the prognosis of mucinous and clear cell
OC. The results suggested that statin use markedly improved
the OS in patients with OC, including in those with serous and
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endometrioid OC. Statins were also found to improve the prog-
nosis of patients of both Asian and non-Asian ethnicities. In
addition, both lipophilic and hydrophilic statins improved the
survival in patients with OC, especially in patients using statins
after OC diagnosis. However, the effect may vary depending
on the statin type, duration of use and cancer type, and more
well-designed studies are needed to further evaluate this.

Introduction

Ovarian cancer (OC) is one of the most common malignant
tumors in gynecology, second only to cervical and uterine
cancer, with the worst prognosis and the highest mortality rate
worldwide (1,2). It is estimated that 39,306 people will die of
OC in China in 2022 (3). OC directly and indirectly adds a
high economic burden on society (4). The main reason for the
high mortality rate is the insidious onset of OC and the lack
of effective screening tools; consequently, >70% of patients
are already at an advanced stage at the time of diagnosis (5).
OC treatment is based on aggressive cytoreductive surgery
combined with platinum chemotherapy. However, the prog-
nosis of OC remains unsatisfactory, despite the emergence of
new chemotherapeutic and targeted agents in recent years (6).
Therefore, there is an urgent need to identify simple methods
to reduce the risk of OC development, and improve the prog-
nosis and quality of life of patients with OC. In previous years,
it has been found that obesity and hyperlipidemia can increase
the risk of OC, and lead to a poor prognosis (7). Statins, which
are widely used in clinical practice, are the most commonly
used lipid-lowering drugs. The effects of statins have been
found to be multi-functional, including not only the lowering
of blood lipids, but also the suppression of tumor prolifera-
tion and the promotion of cell apoptosis (8-10). Some studies
have reported that statins are associated with a reduced risk of
developing OC (11,12). However, relatively few studies have
been conducted on the association between the use of statins
and the prognosis of OC.

Obesity and hyperlipidemia are risk factors, as well as
prognostic factors, for OC, which directly affect the survival
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rate of patients (13). Some previous studies showed that statin
treatment improved the prognosis of OC; however, other
studies did not reach similar conclusions (14-16). Therefore,
the current evidence on the prognostic effects of lipid-lowering
drugs on OC is inconsistent and is insufficient to form a
reliable conclusion to provide a scientific basis for clinical
treatment. Moreover, to the best of our knowledge, there is
no meta-analysis considering the heterogeneous effects of the
type of statin, mode of use, pathological type and clinical stage
of OC. Therefore, a comprehensive updated meta-analysis was
performed to guide the clinical application of statins in OC.

Materials and methods

Search methods and study selection criteria. A compre-
hensive literature search of articles was performed using
the following databases: PubMed (https://pubmed.ncbi.nlm.
nih.gov), Embase (http://www.embase.com) and Cochrane
Library (https://www.cochranelibrary.com). Case-control
trials and cohort studies on statin therapy for OC that had
been conducted were included. The search timeframe was
from database creation to September 1, 2022. The search was
performed using the following subject terms in combination
with free terms: i) ‘Statins’ OR ‘3-hydroxy-3-methylglutaryl
CoA reductase inhibitor’ OR ‘anticholesteremic’ OR ‘simv-
astatin’ OR ‘atorvastatin’ OR ‘fluvastatin® OR ‘lovastatin’ OR
‘rosuvastatin’ OR ‘pravastatin’ OR ‘pitavastatin’; ii) ‘ovarian
cancer’ OR ‘ovarian neoplasms’ OR ‘ovarian carcinoma’; and
iii) ‘survival’ OR ‘prognosis’ OR ‘mortality’ OR ‘death’ OR
‘recurrence’ OR ‘outcome’. All search terms were restricted
to studies involving human subjects in the English language.

Inclusion and exclusion criteria. Studies included in the
present meta-analysis met the following inclusion criteria:
i) The diagnosis of OC was pathologically confirmed;
ii) association between statin use and overall survival (OS),
progression-free survival (PFS) and/or OC-specific survival
(OVS) were reported; iii) studies were designed as cohort
studies or case-control studies; and iv) adjusted hazard ratios
(HRs) and their corresponding 95% confidence intervals
(CIs) were available. The following studies were excluded:
1) Abstracts, editorials, posters, newsletters, preclinical studies,
case reports, reviews, meta-analyses or non-clinical studies;
ii) studies not in the English language; iii) studies with insuf-
ficient data to estimate the HRs and 95% Cls; iv) studies with
duplicate data or repeated analyses; and v) in vitro studies.

Data extraction. Two researchers independently screened
the literature, extracted information and assessed the study
quality based on the predetermined inclusion criteria. Articles
that could not be classified by screening the title and abstract
were assessed by searching the entire text. Any inconsisten-
cies were resolved by consultation with the corresponding
author. The extracted information mainly included: i) Basic
information of the studies, including the first author, year of
publication, country, study design and study type; ii) base-
line characteristics of the study population, including the
characteristics of the patients, sample size, mean age, type of
statin use, follow-up duration and definition of statin use; and
iii) information on the interventions, outcome indicators and

risk of bias assessment. The quality of each study was evalu-
ated using the Newcastle-Ottawa Scale (17), shown in Table I.
This scale ranges from 1 to 9 stars and judges the quality of
each study based on three aspects: i) Selection of the study
groups; ii) comparability of the groups; and iii) ascertainment
of the outcome of interest. NOS scores of =6 were assigned
as high-quality studies, while scores of <6 were considered
low-quality studies.

Statistical analysis. HRs and 95% ClIs were directly obtained
from each study or estimated according to the methods
described by Parmar ef al (18). An HR >1 indicated a worse
prognosis for patients with OC. Cochran's Q test and Higgins
I-squared statistics were used to assess the heterogeneity
among the included studies, and a value of <0.10 was used
to indicate heterogeneity. The choice between fixed-effects
and random-effects meta-analyses should not be based on
statistical tests of heterogeneity, as recommended in the
Cochrane Handbook for Systematic Reviews of Interventions
(https://training.cochrane.org). Heterogeneity in intervention
effects between multiple studies from different groups and
geographical locations will always occur. Therefore, all forest
plots in the present study used a random-effects model to
account for this. Publication bias was assessed using Begg's
funnel plot (19) and Egger's regression test. All P-values were
two-sided. P<0.05 was considered to indicate a statistically
significant difference. Statistical analysis was performed
using RevMan 5.3 software (Nordic Centre) and STATA 15.0
(StataCorp LLC).

Results

Description of included studies. The initial search
strategy retrieved 402 studies, and after careful review,
16 were ultimately included (12,20-34). These 16 studies
were published from 2008-2022 and contained a total of
37,660 patients with OC, of whom 11,296 were statin users.
The study selection process is summarized in the flow chart
in Fig. 1. Of the included studies, 4 were conducted on Asian
participants (12,27,31,32) and 12 on non-Asian partici-
pants (20-26,28-30,33,34). In total, 5 studies were from the
United States of America (20,22,23,28,34), 2 were conducted
each in Australia (25,29), Denmark (24,33) and Israel (12,27),
and 1 study was conducted each in Korea (31), China (32),
Canada (30), Finland (21) and Belgium (26). All studies directly
reported HRs and 95% ClIs, and 4 studies enrolled <200 patients
with OC (12,20,27,32). Among the included studies, 13 were
cohort studies (21-31,33,34) with a total sample size of 37,324,
while 3 were case-control studies (12,20,32) with a total
sample size of 336. Overall, 3 prospective studies (25,33,34)
and 13 retrospective studies (12,20-24,26-32) were included.
All the studies reported a correlation between statin use and
OC prognosis. The characteristics of the included studies are
shown in Table II.

Association between statin use and prognosis of OC. All
included studies reported HRs and their respective 95% Cls,
and OS time, while some also reported OVS and/or PFS. The
studies were therefore divided into three categories according
to the study endpoint (Fig. 2). It was determined that the use of
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Records identified from Pubmed,
Embase, Cochrane, n=402

Records excluded by title and
abstract as irrelevant studies,
n=340

[ Full-text papers assessed for eligibility, n=62 ]

Records excluded by full-text evaluation,
n=48

1. Reviews and meta-analysis, n=20

2. Studies in vitro, n=1

3. Without enough data for analysis, n=2
4. Duplicate articles, n=17

Studies included
from reviews, n=2

[ Studies included for data identified, n=16 ]

Figure 1. Flow chart of the study search and screening for the present
meta-analysis.

statins significantly prolonged the OS time (HR, 0.79; 95% ClI,
0.73-0.85; P<0.00001) and markedly increased the OVS time
(HR, 0.84; 95% ClI, 0.80-0.89; P<0.00001) of patients with
OC; no statistical difference was observed in the PFS time
(HR, 0.96; 95% CI, 0.74-1.25; P=0.77).

Subgroup analysis by type of statin. Statins can be divided
into two categories based on their solubility: Hydrophilic
statins (pravastatin and rosuvastatin) and lipophilic statins
(simvastatin, lovastatin, fluvastatin and atorvastatin). The HRs
and 95% CIs for OC mortality with lipophilic and hydrophilic
statins, were each reported in 6 studies. It was observed that
the type of statin used had a statistically significant effect on
the prognosis of OC (lipophilic statins: HR, 0.82; 95% ClI,
0.73-0.91; P=0.0003; hydrophobic statins: HR, 0.81; 95% CI,
0.73-0.90; P<0.0001; Fig. 3). A statistically significant effect
on the prognosis of OC regardless of the type of statins used
was therefore observed.

Subgroup analysis by usage of statins. Of the 16 studies, 3
reported the significance of new and continuous statin use
on OC prognosis. It was observed that new statin users were
associated with reduced OC mortality (HR, 0.70; 95% CI,
0.57-0.86; P=0.0006), whereas no significant association
with OC prognosis was observed in continuous statin users
(HR, 0.83; 95% CI, 0.65-1.05; P=0.12) (Fig. 4). A total of 13
studies reported the association between post-diagnostic statin
use and OC prognosis, showing that post-diagnostic statin
use improved OC prognosis (HR, 0.79; 95% CI, 0.73-0.85;
P<0.00001), while no statistically significant association was
observed with pre-diagnostic statin use (HR, 0.87; 95% CI,
0.75-1.01; P=0.06; Fig. 5).

Subgroup analysis by type of OC. Clinically, OC is a heteroge-
neous disease with four distinct histological subtypes: Serous,
endometrioid, clear cell and mucinous OC, each with its own
unique clinical, genetic and molecular features. Subgroup anal-
ysis (Fig. 6) showed that statin use significantly improved the
survival in patients with serous (HR, 0.81; 95% CI, 0.74-0.89;
P<0.0001) and endometrioid (HR, 0.80; 95% CI, 0.66-0.98;
P=0.03) OC, whereas no significant association was observed

in patients with clear cell (HR,0.94; 95% CI,0.71-1.25; P=0.68)
and mucinous (HR, 1.02; 95% CI, 0.67-1.54; P=0.93) OC. This
may be related to the low prevalence of these two pathological
types, which resulted in a small number of enrolled cases. It
is evident that the protective effect of statins in improving OC
survival may be limited to specific OC subtypes.

Subgroup analysis by grades of serous OC. The relationship
between statin use and OS with regard to the histological
subtypes of serous OC was further evaluated in order to explore
whether statin use was associated with an improved prognosis
in different grades of serous OC (Fig. 7). The results showed
that statins prolonged the OS in patients with high-grade serous
OC (HR, 0.82; 95% CI, 0.70-0.96; P=0.01), but statin use did
not show a statistical difference in patients with low-grade
serous OC subtypes (HR, 0.52; 95% CI, 0.23-1.18; P=0.12).

Subgroup analysis by stages of OC. In a subgroup analysis of
staging at diagnosis, statins reduced the mortality in patients
with stage III-IV OC (HR, 0.74; 95% CI, 0.64-0.85; P<0.0001),
whereas no statistical association was observed between statin
use and prognosis in patients with stage I-II OC (HR, 0.80;
95% CI, 0.53-1.21; P=0.29) (Fig. 8).

Subgroup analysis by ethnicity. Patients in the 16 studies
were divided into Asian and non-Asian groups, according to
ethnicity. Statins were found to improve the prognosis of OC
in patients of Asian and other ethnicities (HR, 0.79; 95% CI,
0.73-0.85; P<0.00001; Fig. 9).

Subgroup analysis by study design. Of the 16 studies included,
3 were prospective studies and the remainder were retro-
spective studies. The results of the subgroup analysis (HR,
0.79; 95% CI, 0.73-0.85; P<0.00001; Fig. 10) showed that
both prospective and retrospective studies found that statins
improved OC prognosis.

Heterogeneity and sensitivity analyses. Except for the results
of the subgroup analyses on patients with OC taking contin-
uous statins (12, 65%; P=0.06), those taking lipophilic statins
(I2, 61%; P=0.03), those taking statins before OC diagnosis
(I2, 84%; P<0.00001), patients of non-Asian ethnicity taking
statins (12, 53%; P=0.01), prospective studies (12, 69%; P=0.04)
and mucinous patients taking statins (I2, 60%; P=0.04), hetero-
geneity was not significant in most of the studies analyzed.
These values all indicate heterogeneity in subgroup analysis
results. After careful reading of the literature and a sensitivity
analysis, it was found that Feng et al (29) may be the source of
heterogeneity. The pooled HRs calculated by random effects
models for these heavily heterogeneous subgroup analyses
were not significantly associated and the pooled results were
stable in sensitivity analyses. Sensitivity analyses showed no
change in the direction of effect when omitting one study at a
time, and the pooled results were similar to the overall results
(HR, 0.83; 95% CI, 0.79-0.86; Fig. 11). Notably, the results
of most studies in the subgroup analysis were statistically
significant and consistent with the primary results.

Publication bias. Using funnel plots (Fig. 12), Begg's test
(Fig. 13) and Egger's regression test (Fig. 14) to assess for
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ovsS

Couttenier A(2017) -0.1985 0.0664 7.1% 0.82(0.72,0.93) oA
Feng JL(2021) -0.1393 0.0365 11.8% 0.87[(0.81,0.93) 2
Hanley GE(2021) -0.2744 0.0877 5.0% 0.76 [0.64, 0.90) =
Harding BN{2019) -0.3011 0107  3.7% 0.74 (0.60, 0.91) o
Majidi A (2021) -0.2877 01771 1.6% 0.75(0.53,1.086) B
Nielsen SF(2012) -0.1393 0.0757 6.1% 0.87[0.75,1.01) T
Verdoodt F(2017) -0.1054 0.0863 5.1% 0.90(0.76, 1.07) .
Subtotal (95% Cl) 40.5% 0.84 [0.80, 0.89] ¢
Heterogeneity: Tau*= 0.00; Chi*= 4.97, df=6 (P = 0.55); F=0%

Test for overall effect: Z= 6.61 (P < 0.00001)

Total (95% CI) 100.0% 0.82[0.78, 0.86] ¢
Heterogeneity: Tau®= 0.00; Chi*= 35.10, df = 24 (P = 0.07); IF= 32% 0=5 0=7 1 155 2

Test for overall effect: Z= 8.55 (P < 0.00001)

Test for subaroup differences: Chi*= 3.63. df=2 (P =0.16), F= 44.9%

Figure 2. Forest plot for the association between statin use and prognosis of ovarian cancer, using a random-effects model. The squares with the corresponding
horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond represents the pooled
HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; OS, overall survival; OVS, ovarian cancer-specific survival; PFS,

progression-free survival; SE, standard error.

publication bias, the Begg's (P=0.027) and Egger tests
(P=0.001) did detect publication bias, and examination of
funnel plots showed visual asymmetry. In similar studies,
statistically significant findings were more likely to be
published than non-statistically significant findings, which
may lead to publication bias.

Discussion

Since OC starts insidiously and lacks effective detection
methods in the early stages of the disease, most patients are

already in an advanced stage at the time of diagnosis. Although
there have been rapid developments in chemotherapy, targeted
therapy and immunotherapy for OC, the 5-year OS rate of
patients with OC is <50% (35), and there is recurrent relapse,
which is not easily curable. There is an urgent need to improve
the prognosis of patients with OC or to achieve an improved
synergy with therapy. Therefore, the present study focused
on improving prognosis and prolonging the survival time of
patients with OC.

In the present study, the relationship between statin
use and the prognosis of patients with OC was investigated
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Hazard ratio Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Lipophilic statins

Couttenier A(2017) -0.1393 0.0757 11.8% 0.87[0.75,1.01) —
Feng JL(2021) -0.0834 0.0404 17.7% 0.92 [0.85, 1.00] —=—
Hanley GE(2021) -0.1508 0.0836 10.7% 0.86[0.73,1.01] —
Harding BN(2019) -0.2357 0.0995 8.8% 0.79 [0.65, 0.96) —_—
Majidi A (2021) -0.4943 0.2153  2.8% 0.61 [0.40, 0.93]

Vogel TJ(2017) -0.4155 0.1024 8.5% 0.66 [0.54, 0.81] —_—
Subtotal (95% Cl) 60.5%  0.82[0.73,0.91] <>
Heterogeneity: Tau?= 0.01; Chi*= 12.76, df= 5 (P = 0.03); F=61%

Test for overall effect: Z= 3.63 (P = 0.0003)
Hydrophilic statins

Couttenier A(2017) -0.2107 0.0745 12.0% 0.81 [0.70, 0.94] —
Feng JL(2021) -0.1393 0.069 12.9% 0.87 [0.76, 1.00] —
Hanley GE(2021) -0.3425 0.1303 6.2% 0.71 [0.55, 0.92) B —
Harding BN(2019) -0.478 01987 3.2% 0.62[0.42, 0.92)

Majidi A (2021) 0.0953 02306 2.4% 1.10[0.70,1.73]

Vogel TJ(2017) -0.3425 0.2105 2.9% 0.71[0.47,1.07)

Subtotal (95% Cl) 39.5%  0.81[0.73,0.90] <>
Heterogeneity: Tau®*= 0.00; Chi*=6.04, df=5 (P=0.30); F=17%

Test for overall effect: Z= 4.06 (P < 0.0001)

Total (95% Cl) 100.0%  0.82[0.76, 0.88] L 4
Heterogeneity: Tau?= 0.01; Chi*= 19.89, df= 11 (P = 0.05); I*= 45% 055 057 ; 15 s 2

Test for overall effect: Z= 5.35 (P < 0.00001)

Test for subgroun differences: Chi*= 0.02. df=1 (P=0.89), F=0%

Figure 3. Subgroup analyses for the association between the different types of statins used and the prognosis of ovarian cancer, using a random-effects model.
The squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The
diamond represents the pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.

Hazard ratio Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
New users

Feng JL(2021) -1.0788 0.5314 2.8% 0.34[0.12,0.96)

Hanley GE(2021) -0.4005 0.1392 18.8% 0.67 [0.51,0.88) o

Verdoodt F{2017) -0.2744 01206 21.0% 0.76 [0.60, 0.96) -

Subtotal (95% CI) 42.5% 0.70[0.57, 0.86] S 4
Heterogeneity; Tau®= 0.01; Chi*= 2.41, df=2 (P=0.30); F=17%

Test for overall effect: Z= 3.42 (P = 0.0006)

Continuous users

Feng JL(2021) -0.6733 0.2707 8.6% 0.51 [0.30,0.87) m———_———

Hanley GE(2021) -0.1863 0.1017 23.4% 0.83(0.68,1.01) =8
Verdoodt F(2017) -0.0305 0.0857 25.5% 0.97[0.82,1.15) —a—
Subtotal (95% ClI) 57.5% 0.83 [0.65, 1.05] R
Heterogeneity: Tau®*= 0.03; Chi*= 5.68, df= 2 (P = 0.06);, F= 65%

Test for overall effect: Z=1.55(P=0.12)

Total (95% Cl) 100.0% 0.76 [0.64, 0.91] >
Heterogeneity: Tau?= 0.03; Chi*=12.18, df= 5 (P = 0.03); = 59% o:z 0=5 3 2 5

Test for overall effect: Z= 2.94 (P = 0.003)

Test for subgroup differences: Chi*=1.06. df=1 (P = 0.30), = 5.3%

Figure 4. Subgroup analyses for the association between the different usage of statins (new users vs. continuous users) and the prognosis of OC, using a
random-effects model. The squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the
weight of the study. The diamond represents the pooled HR and 95% CI. New users were defined as patients who started taking statins after OC diagnosis;
continuous users were defined as patients with OC who used statins both before and after diagnosis. CI, confidence interval; HR, hazard ratio; IV, inverse

variance model; OC, ovarian cancer; SE, standard error.

by analyzing the results of 11,296 patients with OC taking
statins, with data from 16 individual studies. The use of
statins significantly prolonged the OS time of patients with
OC by improving lipid metabolism, suggesting that statins

and other lipid-lowering drugs may improve the prognosis of
patients with OC by improving lipid metabolism disorders,
such as hyperlipidemia. For example, Habis et al (22) reported
that lowering plasma lipid levels improved the prognosis of



Bz SPANDIDOS

oF¥ PUBLICATIONS ONCOLOGY LETTERS 25: 65, 2023 9

Hazard ratio Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% ClI
Pre-diagnosis

Couttenier A(2017) -0.3147 0.0671 7.7% 0.73[0.64,0.83) -

Feng JL(2021) 0.0198 0.0308 9.1% 1.02[0.96, 1.08] T
Hanley GE(2021) 0.1222 0.0832 6.9% 1.13[0.96, 1.33] I
Majidi A (2021) -0.0834 0.1251 51% 0.92[0.72,1.18] -1
Nielsen SF(2012) -0.0726 0.0705 7.5% 0.93[0.81,1.07) -7
Urpilainen E(2018) -0.3285 0.1282 5.0% 0.72[0.56, 0.93) -

Wang A(2016) -0.5447 01896 3.2% 0.58 [0.40, 0.84) -

Subtotal (95% Cl) 44.5% 0.87 [0.75, 1.01] P

Heterogeneity: Tau®= 0.03; Chi*= 36.65, df= 6 (P < 0.00001); F=84%
Test for overall effect: Z=1.87 (P = 0.06)

Post-diagnosis

Bar D(2016) -0.3711 0.2656  2.0% 0.69 (0.41,1.16) —_—
Chen HY(2016) -0.5621 0.5095 0.6% 0.57[0.21, 1.55)

Couttenier A(2017) -0.2107 0.0601  8.0% 0.81[0.72, 0.91] -
Elmore RG(2008) -0.7985 0.3424 1.3% 0.45[0.23, 0.88)

Feng JL(2021) -0.1393 0.0302 9.1% 0.87 [0.82, 0.92) -
Habis M(2014) -0.2231 0.2398  2.3% 0.80 [0.50, 1.28] —
Hanley GE(2021) -0.2231 0.0755 7.3% 0.80 [0.69, 0.93] —
Harding BN(2019) -0.3011 0.0986 6.2% 0.74 (0.61, 0.90] —_—
kim DS(2021) -0.3567 0.2855 1.7% 0.70 [0.40,1.22) e —
Lavie O (2013) -1.4271 07073  0.3% 0.24[0.06, 0.96] *

Majidi A (2021) -0.3147 01731  3.6% 0.73[0.52,1.02) e
Verdoodt F(2017) -0.1054 0073 7.4% 0.90 [0.78, 1.04] -
Vogel TJ(2017) -0.478 01098 5.7% 0.62[0.50, 0.77) —_—
Subtotal (95% Cl) 55.5%  0.79[0.73, 0.85] 2

Heterogeneity: Tau®*= 0.01; Chi*= 20.70, df=12 (P = 0.05); F= 42%
Test for overall effect: Z=5.87 (P < 0.00001)

Total (95% Cl) 100.0% 0.81[0.75, 0.88] L 2
Heterogeneity: Tau®= 0.02; Chi*= 75.26, df= 19 (P < 0.00001); IF=75%
Test for overall effect: Z= 4.94 (P < 0.00001)

Test for subgroup differences: Chi*=1.47. df=1 (P=0.23), = 32.0%

Figure 5. Subgroup analyses for the association between the different usage of statins (pre-diagnosis vs. post-diagnosis) and prognosis of OC, using a
random-effects model. The squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the
weight of the study. The diamond represents the pooled HR and 95% CI. Pre/post-diagnosis was defined as before/after OC diagnosis, respectively. CI,
confidence interval; HR, hazard ratio; IV, inverse variance model; OC, ovarian cancer; SE, standard error.

patients with OC. Similarly, other studies showed that the
clinical application of statins reduced the risk of recurrence
and metastasis of breast cancer by improving lipid metabolism
disorders (36,37). Four reasons for this improvement were
considered, one of which is that lipids are the basic building
blocks of the membrane structure, and rapidly dividing cancer
cells need more lipids to synthesize this cell membrane (38).
In our preliminary study, it was found that inhibiting the exog-
enous lipid uptake by inhibiting CD36 can significantly inhibit
the proliferation and migration of breast cancer cells (39).
Statins can reduce the availability of exogenous lipids to
cancer cells and thus reduce the uptake of exogenous lipids
by cancer cells, thus inhibiting the division and proliferation
of tumor cells and playing an antitumor role (35). Secondly,
lipids can be metabolized through B-oxidation in a more effi-
cient and effective way to provide more energy to the rapidly
proliferating tumor cells. Camarda et al (40) showed that
inhibition of fatty acid oxidation produced significant anti-
tumor effects. Thirdly, lipids act as signaling molecules and
mediate several pro-cancer signaling pathways. Liu et al (41)
reported that statins induce the apoptosis of OC cells by
activating JNK and enhancing Bim expression. Another study
by Niemi et al (42) suggested that OC is associated with lipid

metabolism disorders, and statins induce apoptosis by being
involved in signaling pathways, such as Ras/AMP-activated
kinase, Janus kinase/stress-activated protein kinase,
PIBK/AKT and NF-«B, which inhibit the mevalonate pathway
to lower lipid levels and inhibit tumor growth (43-46). Finally,
estrogen produced by adipose tissue-derived aromatase is
the main source of estrogen in postmenopausal women, and
elevated estrogen is associated with the etiology of OC (47).
Therefore, obesity is closely related to the occurrence and
prognosis of hormone-sensitive OC. Furthermore, obesity is
linked to the predisposition to lipid metabolism disorders,
such as hyperlipidemia, which indicates that lipid metabolism
disorders are risk factors for OC. Therefore, the prognosis of
patients with OC improves after successful treatment of lipid
metabolism disorders, which was also confirmed in the present
study. All the aforementioned mechanisms suggest that statins
can affect the prognosis of OC by improving lipid metabolism
disorders.

Although the results of the present meta-analysis revealed
that statins significantly improved the OS time in patients
with OC, the current findings did not yield an association
between statin use and the PFS time of patients with OC,
and this is likely due to the small sample size studied. Only 2
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Hazard ratio

Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Serous

Couttenier A(2017) -0.3285 0.0763 12.2% 0.72[0.62, 0.84) =

Feng JL(2021) -0.1278 0.0423 16.4% 0.88[0.81, 0.96) -

Habis M(2014) 0.01 0.249 26% 1.01 [0.62, 1.65) —1
Hanley GE(2021) -0.2231 0.0905 10.5% 0.80[0.67, 0.96) ==

Harding BN(2019) -0.3425 01396 6.5% 0.71[0.54, 0.93) =
Verdoodt F(2017) -0.0619 0.0887 10.7% 0.94[0.79,1.12) - T

Vogel TJ(2017) -0.3711 01251  7.4% 0.69 [0.54, 0.89) —

Subtotal (95% Cl) 66.4% 0.81[0.74, 0.89]
Heterogeneity: Tau*= 0.01; Chi*= 11.57, df= 6 (P = 0.07); IF= 48%

Test for overall effect: Z= 4.26 (P < 0.0001)

Endometrioid

Bar D(2016) -0.3011 0.3013  1.9% 0.74[0.41,1.34) —
Couttenier A(2017) 0.0392 0.2557 2.5% 1.04[0.63,1.72) T
Feng JL(2021) -0.462 01831  4.4% 0.63[0.44, 0.90) R

Hanley GE(2021) 0.1484 0.265 2.4% 1.16 [0.69, 1.95) ——
Verdoodt F(2017) -0.2231 0.2005 3.8% 0.80[0.54,1.19) T
Vogel TJ(2017) -0.5621 0.5605 0.6% 0.57[0.19,1.71)

Subtotal (95% Cl) 15.5% 0.80 [0.66, 0.98] >
Heterogeneity: Tau®= 0.00; Chi*= 5.15, df=5 (P = 0.40); IF= 3%

Test for overall effect: Z=2.13 (P = 0.03)

Clear cell

Couttenier A(2017) -0.0513 037 1.3% 0.95[0.46, 1.96) —
Feng JL(2021) 0.077 01998 3.8% 1.08[0.73,1.60) .
Hanley GE(2021) -0.0513 03812 1.2% 0.95(0.45, 2.01) —
Verdoodt F(2017) -0.462 03785 1.2% 0.63[0.30,1.32) —
Vogel TJ(2017) -0.462 0.7674  0.3% 0.63[0.14, 2.84)

Subtotal (95% CI) 7.8%  0.94[0.71,1.25] -
Heterogeneity: Tau®= 0.00; Chi*=1.87, df= 4 (P = 0.76); IF= 0%

Test for overall effect: Z= 0.41 (P = 0.68)

Mucinous

Couttenier A(2017) -0.478 02774  2.2% 0.62[0.36,1.07) B

Feng JL(2021) -0.0513 0.2096 3.5% 0.95[0.63, 1.43) —s—
Hanley GE(2021) 0.6881 0.3166 1.7% 1.99 [1.07,3.70)

Verdoodt F(2017) 0.2624 0.2606 2.4% 1.30[0.78,2.17) —

Vogel TJ(2017) -0.6733 0.6244 05% 0.51[0.15,1.73)

Subtotal (95% CI) 10.3% 1.02[0.67, 1.54] -
Heterogeneity: Tau*= 0.13; Chi*= 9.89, df= 4 (P = 0.04); I*= 60%

Test for overall effect: Z= 0.09 (P = 0.93)

Total (95% Cl) 100.0% 0.84[0.77, 0.91] ¢
Heterogeneity: Tau®= 0.01; Chi*= 31.94, df = 22 (P = 0.08); IF= 31% 052 ois 3 2 5

Test for overall effect: Z= 4.06 (P < 0.0001)

Test for subgroup differences: Chi*= 2.05. df= 3 (P = 0.56). F= 0%

Figure 6. Subgroup analyses for the association between statins and prognosis for different types of ovarian cancer, using a random-effects model. The squares
with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond
represents the pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.

studies (22,25) analyzed the PFS time. Therefore, more studies
are required with PFS as an endpoint.

A subgroup analysis to analyze the association between
statin use and the prognosis of different pathological types of
OC was performed, which found a significant benefit in patients
with serous and endometrioid OC with statin use. Considering
that both these pathological types of OC are associated with
hormone sensitivity, the result corroborates the fourth mecha-
nism aforementioned. However, no statistical association was
observed for the prognosis of patients with mucinous or clear
cell OC. This may be related to the low prevalence of these
two pathological types, which resulted in a small number of
enrolled cases.

There is no clear recommendation on what type of statin
to use and how to use them clinically. Therefore, a subgroup
analysis on the type and usage of statins was performed in
the present study. It was found that the use of statins after
OC diagnosis significantly prolonged the survival of patients
with OC, while no survival benefit was seen in patients
who had been taking such drugs consistently since before
diagnosis. It is possible that as medications to improve hyper-
lipidemia were being consistently used before the diagnosis
of OC, the lipid metabolism disorder in such patients was
already corrected to some extent at the time of inclusion in
the study, which may have led to the absence of an associa-
tion between lipid-lowering medications and the prognosis
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Hazard ratio Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% CI
High-grade serous
Harding BN(2019) -0.2107 0.1364 31.8% 0.81 [0.62, 1.06) —&
Majidi A (2021) -0.0834 0.1394 30.8% 0.921[0.70,1.21) —&—
Vogel TJ(2017) -0.3285 0.1468 28.5% 0.72[0.54, 0.96) ——
Subtotal (95% CI) 91.2% 0.82[0.70, 0.96] L 4
Heterogeneity: Tau®= 0.00; Chi*=1.47, df=2 (P = 0.48); *= 0%
Test for overall effect: Z= 2.51 (P =0.01)
Low-grade serous
Harding BN(2019) -1.1712 05286 2.8% 0.31[0.11,0.87)
Vogel TJ(2017) -0.3147 0.3607 5.9% 0.73[0.36,1.48) -1
Subtotal (95% ClI) 8.8% 0.52[0.23, 1.18] —eatliiine--
Heterogeneity: Tau*=0.16; Chi*=1.79, df=1 (P=0.18); F= 44%
Test for overall effect. Z=1.56 (P=0.12)
Total (95% Cl) 100.0%  0.79[0.66, 0.94] <
Heterogeneity: Tau®= 0.01; Chi*= 4.80, df= 4 (P = 0.31); F=17% 0=2 0=5 3 2 5

Test for overall effect: Z= 2.64 (P = 0.008)

Test for subgroup differences: Chi*=1.12.df=1 (P=0.29). F=10.8%

Figure 7. Subgroup analyses for the association between statins and prognosis for different grades of ovarian cancer, using a random-effects model. The
squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond
represents the pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.

Hazard ratio Hazard ratio

Study or subgroup Log[Hazard ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% ClI
1-7
Harding BN{2019) -0.3425 0.2559 7.3% 0.71[0.43,1.17) —
Majidi A (2021) 0.3001 0.4967 1.9% 1.35[0.51, 3.57)
Vogel TJ(2017) -0.2744 05085 1.8% 0.76 [0.28, 2.06)
Subtotal (95% CI) 11.1%  0.80[0.53, 1.21] e
Heterogeneity: Tau*= 0.00; Chi*=1.34, df= 2 (P = 0.51); F=0%
Test for overall effect: Z=1.05 (P = 0.29)
1-1¥
Chen HY(2016) -0.5621 05085 1.8% 0.57 [0.21, 1.55)
Elmore RG(2008) -0.7985 0.3424 4.1% 0.45[0.23, 0.88)
Harding BN{2019) -0.2744 01122 37.9% 0.76 [0.61, 0.95) ——
Majidi A (2021) -0.1863 01326 27.1% 0.83[0.64,1.08) — =
Vogel TJ(2017) -0.4155 01625 18.1% 0.66 [0.48, 0.91) —
Subtotal (95% Cl) 88.9%  0.74[0.64, 0.85] S 4
Heterogeneity: Tau*= 0.00; Chi*= 3.67, df= 4 (P = 0.45); F= 0%
Test for overall effect: Z= 4.18 (P < 0.0001)
Total (95% Cl) 100.0% 0.74 [0.65, 0.85] ‘

o 2 .  Chi = - - 2= t t t }

Heterogeneity. Tau®*= 0.00; Chi*=5.16, df=7 (P = 0.64); F= 0% 05 07 1 15 2

Test for overall effect: Z= 4.28 (P < 0.0001)

Test for subaroup differences: Chi*=0.16. df=1 (P = 0.69),F=0%

Figure 8. Subgroup analyses for the association between statins and prognosis for different stages of ovarian cancer, using a random-effects model. The
squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond
represents the pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.

of OC. This also suggests that OC is the result of a combi-
nation of multiple factors. Others have argued that cancer
that develops in the presence of a statin is then ‘resistant’
to statin use after the diagnosis of OC (29). Based on the
results in the present study, it cannot be argued that there is
no survival benefit for patients with OC who had been using
statins consistently before the OC diagnosis. Regarding the
type of statin used, the subgroup analysis revealed that both
lipophilic and hydrophilic statins improved the prognosis of
patients with OC.

To date, 3 studies have been published on the associa-
tion between statin use and OC prognosis (14-16), but none
of them have considered the heterogeneous effects of the
type of statin, mode of use, and the pathological type and
clinical stage of OC. The present study incorporates the
most recent studies with detailed subgroup analyses to
provide more specific scientific evidence for optimal clinical
decision-making.

Several limitations of the present meta-analysis should be
considered. Firstly, a number of included studies evaluated
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Hazard ratio Hazard ratio
Study or subgroup Log[Hazard ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% Cl
Asian
Bar D{2016) -0.3711 0.2656 1.9% 0.69(0.41,1.16) S
Chen HY(2016) -0.5621 0.5095 0.5% 0.57[0.21,1.55)
kim DS(2021) -0.3567 0.2855 1.6% 0.70(0.40,1.22) -1
Lavie O (2013) -1.4271 0.7073 0.3% 0.24 [0.06, 0.96] *
Subtotal (95% Cl) 43%  0.64[0.45,0.90] -
Heterogeneity: Tau®= 0.00; Chi*= 2.15, df= 3 (P = 0.54); I*= 0%
Test for overall effect: Z= 2.58 (P = 0.010)
Non-asian
Couttenier A(2017) -0.2107 0.0601 12.9% 0.81[0.72,0.91) -
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Figure 9. Subgroup analyses for the association between statins and ovarian cancer prognosis in different ethnicities, using a random-effects model. The
squares with the corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond
represents the pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.
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Figure 10. Subgroup analyses for the association between statins and prognosis in different study designs, using a random-effects model. The squares with the
corresponding horizontal line represent the HR and 95% CI of each study. The area of the square reflects the weight of the study. The diamond represents the
pooled HR and 95% CI. CI, confidence interval; HR, hazard ratio; IV, inverse variance model; SE, standard error.
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Figure 11. Sensitivity plots for the relationship between statin use and
overall survival in patients with ovarian cancer. The circles indicate the
study-specific hazard ratio after excluding the listed study; the horizontal
dotted lines indicate 95% confidence intervals.
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Figure 12. Funnel plot of the relationship between statin use and OS in
patients with ovarian cancer. The circles represent the included studies, the
x-axis is the effect size, which corresponds to the HR value of each study,
the vertical line in the middle of the plot is the combined HR value, and the
y-axis is the SE. HR, hazard ratio; OS, overall survival; SE, standard error.
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Figure 13. Begg's funnel plot of the relationship between statin use and
overall survival in patients with ovarian cancer. Circles represent the included
studies. Inhr, Log transformed hazard ratio; s.e., standard error.

multiple endpoints, resulting in the same study being evaluated
more than once in a single analysis. Secondly, although the HR
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Egger’s publication bias plot
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Figure 14. Egger's publication bias plot of the relationship between statin use
and overall survival in patients with ovarian cancer. Circles represent the
included studies.

data after multifactorial adjustment were combined, numerous
confounding factors affecting the prognostic relevance of
statin use in OC remained. Thirdly, the duration of statin use
and exposure varied across the included studies. The present
study did not allow for a specific analysis and conclusion on
the duration of statin use, and further large clinical trials are
needed to draw any conclusions here. Finally, the present
meta-analysis was limited to studies published in English.
Therefore, publication bias cannot be excluded.

In conclusion, the use of statins significantly improved the
prognosis of patients with OC, especially those with serous
and endometrial OC. It is recommended that statins should
be prescribed as early as possible after the diagnosis of OC to
improve lipid metabolism and prolong patient survival.
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