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Background: Association between statin use and prognosis in patients with hepatocellular
carcinoma (HCC) remains unknown. We performed a meta-analysis of follow-up studies to
systematically evaluate the influence of statin use on clinical outcome in HCC patients.
Methods: Studies were obtained via systematic search of PubMed, Cochrane’s Library,
and Embase databases. A randomized-effect model was used to pool the results. Sub-
group analyses were performed to evaluate the influence of study characteristics on the
association.

Results: Nine retrospective cohort studies were included. Overall, statin use was associated
with a reduced all-cause mortality in HCC patients (risk ratio [RR]: 0.81, 95% CI: 0.74-0.88,
P < 0.001; > = 63%). Subgroup analyses showed similar results for patients with stage
I-Il HCC (RR: 0.83, 0.79, and 0.90 respectively, P all < 0.01) and patients after palliative
therapy for HCC (RR: 0.80, P < 0.001), but not for patents with stage IV HCC (RR: 0.91, P
= 0.28) or those after curative therapy (RR: 0.92, P = 0.20). However, the different between
subgroups were not significant (both P > 0.05). Moreover, statin use was associated with
reduced HCC-related mortality (RR: 0.78, P = 0.001) in overall patient population and HCC
recurrence in patients after curative therapies (RR: 0.55, P < 0.001).

Conclusions: Satin use is associated with reduced mortality and recurrence of HCC. These
results should be validated in prospective cohort studies and randomized controlled trials.

Introduction

Hepatocellular carcinoma (HCC) is a prevalent cancer in digestive system, and it has been estimated
that over 500,000 patients are newly diagnosed as HCC each year all over the world [1]. Currently, the
treatment strategies for patients with HCC are limited, and patients with HCC are of poor prognosis,
with a reported median survival of <1 year [2-4]. Statins, also known as 3-hydroxy-3-methylglutaryl
CoA (HMG-CoA) reductase inhibitors, are a category of cholesterol-lowering medications that have
become mainstays for the primary and secondary prevention of cardiovascular diseases [5]. More-
over, the potential pleiotropy of statins besides their cholesterol-lowering effect has been revealed,
such as anti-inflammation, immunomodulation, pro-apoptosis, anti-proliferation, and anti-invasion,
all of which are implicated in carcinogenesis and metastasis [6,7]. Accordingly, statins have been
proposed to confer anticancer effect, and use of statin may reduce cancer risk [8]. A previous
meta-analysis suggested that compared with people who never take satins, those who take statins
have a 37% reduced HCC incidence [9]. Moreover, a recent meta-analysis showed that treatment of
statin improved portal vessel pressure and clinical outcomes in patients with cirrhosis, including a
lowered occurrence of HCC [10]. These findings demonstrated that statin use is associated with re-
duced risk of HCC. However, in patients with diagnosed HCC, whether post-diagnosis statin use
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could improve their clinical outcomes remains unknown. Pilot studies evaluating the potential influence of statin use
on clinical outcomes in patients with HCC retrieved inconsistent results. Although some studies suggested that statin
use may be related with improved survival in HCC patients [11-13], other studies did not [14-17]. Therefore, in the
present study, we aimed to perform a meta-analysis of follow-up studies to systematically evaluate the association
between statin use and clinical outcomes in HCC patients.

Methods

The meta-analysis was performed in accordance with the MOOSE (Meta-analysis of Observational Studies in Epi-
demiology) [18] and Cochrane’s Handbook [19] guidelines.

Literature search

Studies were identified via systematic search of electronic databases of PubMed Cochrane’s Library, and Embase via
the following terms: (1) ‘statin’ OR ‘3-hydroxy-3-methyl-glutaryl CoA reductase inhibitor’ OR ‘CS-514" OR ‘statin’ OR
‘simvastatin’ OR ‘atorvastatin’ OR ‘fluvastatin’ OR ‘lovastatin’ OR ‘rosuvastatin’ OR ‘pravastatin’ OR ‘pitavastatin’; and
(2) ‘hepatocellular cancer’ OR ‘hepatocellular tumor’ OR ‘hepatocellular carcinoma’ OR ‘hepatocellular neoplasm’ OR
‘liver cancer’ OR ‘liver tumor’ OR ‘liver carcinoma’ OR ‘liver neoplasm’ OR ‘HCC We applied this extensive search
strategy to avoid potentially missing of available studies. The search was limited to human studies without language
restriction. The reference lists of related original and review articles were also analyzed using a manual approach. The
final literature search was performed on November 22, 2019.

Study selection

The inclusion criteria for the studies were: (1) longitudinal follow-up studies published as full-length articles, includ-
ing randomized controlled trials (RCTs), cohort studies, and nested case—control studies; (2) included at least 100
adult patients with HCC at baseline; (3) evaluated the association between statin use and at least one of the following
outcomes, including all-cause mortality, HCC-related mortality, and tumor recurrence; (4) with a minimal follow-up
duration of 1 year; and (5) reported the relative risk for this association after adjustment of potential confounding fac-
tors. Reviews, editorials, preclinical studies, and studies irrelevant to the aim of current meta-analysis were excluded.

Data extracting and quality evaluation

Literature search, data extraction, and quality assessment of the included studies were independently performed by
two authors according to the predefined criteria. Discrepancies were resolved by consensus or discussion with the
corresponding author. The extracted data included: (1) name of first author, publication year, and country where
the study was performed; (2) study design characteristics; (3) patient characteristics, including sample size, age, sex,
prevalence of hepatitis B or C virus (HBV or HCV) infection, TNM stages of the tumor, and proportions of patients
that received curative therapies for HCC, including hepatic resection, liver transplantation, radiofrequency ablation,
and percutaneous ethanol injection [20]; (4) definition of statin use; (5) follow-up durations; (6) outcomes reported;
and (7) confounding factors adjusted when presenting the association between statin use and clinical outcomes in
patients with HCC. The quality of each study was evaluated using the Newcastle-Ottawa Scale [21] that ranges from 1
to 9 stars and judges each study regarding three aspects: selection of the study groups; the comparability of the groups;
and the ascertainment of the outcome of interest.

Statistical analyses

We used risk ratios (RRs) and their corresponding 95% confidence intervals (Cls) as the general measure for the
association between statin use and clinical outcomes. Data of RRs and their corresponding stand errors (SEs) were
calculated from 95% ClIs or P values, and were logarithmically transformed to stabilize variance and normalized the
distribution [19]. The Cochrane’s Q test and estimation of I? statistic were used to evaluate the heterogeneity among
the include cohort studies [22]. A significant heterogeneity was considered if I* > 50%. We used a randomized-effect
model to synthesize the RR data because this model is considered as a more generalized method that incorporates the
potential heterogeneity among the included studies [19]. Sensitivity analyses, by omitting one individual study at a
time, were performed to test the robustness of the results [23]. Predefined subgroup analyses were performed to eval-
uate the influences of study characteristics on the main outcome of all-cause mortality, such as HBV infection, TNM
stages, and patients that received curative or palliative therapies. The potential publication bias was assessed by fun-
nel plots with the Egger’s regression asymmetry test [24]. If publication bias was detected, we used the ‘trim-and-fill’
analyses to evaluate the potential influence of imputed unpublished studies with negative results on the outcome [19].

2 (© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).



Bioscience Reports (2020) 40 BSR20200232
https://doi.org/10.1042/BSR20200232

Articles identified through database search (n = 926)

Articles excluded based on title and abstract (n = 895)
Not relevant studies
Review articles, letters or editorials
Duplications

L 4

Y

Potentially relevant articles(n=31)

Articles excluded based on full-text review (n =22)
Did not include patients with HCC(n = 6)

] Statinuse not considered as exposure (n=4)

Mortality or recurrence data not reported (n=7)

Adjusted data for outcome unavailable (n=2)

Abstracts of already included studies (n=3)

A 4

Articles included in meta-analysis(n=9)
Statin use and outcomes in patients with hepatocellular carcinoma

Figure 1. Flow chart of database search and study identification

This method incorporated the hypothesized unpublished studies to generate symmetrical forest plots. We used the
RevMan (Version 5.1; Cochrane Collaboration, Oxford, U.K.) and STATA software for the meta-analysis and statis-
tics.

Results

Literature search

The process of database search was summarized in Figure 1. Briefly, 926 articles were found via initial literature search
of the PubMed, Cochrane’s Library, and Embase databases, and 895 were excluded through screening of the titles and
abstracts mainly because they were not relevant to the purpose of the meta-analysis. Subsequently, 31 potential rele-
vant records underwent full-text review. Of these, 22 were further excluded because six studies did not include HCC
patients, four studies did not valuate statin use as exposure, seven studies did not evaluate mortality or recurrence
outcomes in HCC patients, two studies did not contain available data for the multivariate adjusted association be-
tween statin use and clinical outcomes in HCC patients, and the remaining three were abstracts of already included
studies. Finally, nine studies were included [11-17,25,26].

Study characteristics and quality evaluation

The characteristics of the included studies are summarized in Table 1. All of the included studies were retrospective
cohort studies. Since two studies reported data according to HBV infection status of the patients [11,12], and one
of them also reported stratified data according to the TNM stages of the tumor [11], these datasets were included
separately. Overall, nine retrospective cohort studies including 62,273 HCC patients from China [11,12,16,25], Japan
[14,15], Korea [26], and the United States [13,17] were included. The mean age of the included patients varied from
54 to 67 years, with proportions of male ranging from 64% to 99%. Five studies included patients after curative treat-
ments [14-16,25,26], two studies included patients with palliative treatments [11,12], while the remaining two studies
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Table 1 Characteristics of the included follow-up studies

Patient Mean HBV HCV TNM Curative Follow-up
Study Design Country number age Male infection infection stage therapy Definition of statin use durations Outcomes reported Variables adjusted NOS
Years % % % % Years
Wu, 2012 RC China 4569 54.6 82.3 100 0 NR 100 Statin use of >1 2.2 HCC recurrence Age, sex, resection extent, 8
tablet/month during liver cirrhosis, DM, and use
follow-up of NSAIDs, aspirin, and
metformin
Shao, 2015 RC China 20200 59.8 80.2 NR NR I-IV 0 Any statin use >28 cDDD 1.7 HCC related mortality and Age, sex, 8
during follow-up all-cause mortality nucleoside/nucleotide
analogs, interferons,
aspirin, metformin,
cirrhosis, liver failure, HTN,
and DM
Jeon, 2016 RC the US 1036 NR 64.3 11.3 29.6 I-I1 36.5 Any statin use during 1.8 All-cause mortality Age, sex, race, income, 7
follow-up tumor stages, tumor
treatment, cirrhosis, HTN,
and DM
Wu, 2016 RC China 18892 64.3 70.4 54.9 NR I-IV 0 Any statin use >28 cDDD 1.7 HCC related mortality and Age, sex, tumor stage, 8
during follow-up all-cause mortality nucleoside/nucleotide
analogues, interferons,
aspirin, metformin,
cirrhosis, liver failure, HTN,
DM, COPD, ACS, and
stroke
Kawaguchi, RC Japan 734 67.1 77.2 22.1 43.9 NR 100 Any statin use >28 cDDD 3.1 HCC recurrence and Age, sex, tumor size, 6
2017 during follow-up all-cause mortality vascular invasion, liver
cirrhosis, HBV or HCV
infection, and surgical
characteristics
Nishio, 2018 RC Japan 643 66.7 77.9 NR NR NR 100 Any statin use >28 cDDD NR HCC recurrence and Age, sex, BMI, Child-Pugh 6
during follow-up all-cause mortality Class, AFP, tumor size,
vascular invasion, liver
cirrhosis, HTN, and DM
Thrift, 2019 RC the US 15422 63.1 99.2 9.3 68.4 I-IV 24.7 Any statin use during NR HCC related mortality and Age, sex, race, BMI, 8
follow-up all-cause mortality alcohol abuse, smoking
status, HBV or HCV
infection, cirrhosis, tumor
stage, MELD score, tumor
treatment, and use of
NSAIDs, aspirin, and
metformin
Young, 2019 RC China 430 58.4 85.1 100 5.4 NR 100 Any statin use >30 cDDD 4.2 HCC recurrence and Age, sex, smoking, 6
during follow-up all-cause mortality cirrhosis, tumor stage, DM,
HTN, and use of NSAIDs,
aspirin, and metformin
Cho, 2019 RC Korea 347 55.3 82.4 81.8 8.6 NR 100 Any statin use >30 cDDD 4.4 HCC recurrence Age, sex, tumor stage, 6

during follow-up

vascular invasion, liver
cirrhosis, and AFP

Abbreviations: ACS, acute coronary syndrome; AFP, alpha-fetoprotein; BMI, body mass index; cDDD, cumulative defined daily dose; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis
C virus; HCC, hepatocellular carcinoma; HTN, hypertension; MELD, Model for End-stage Liver Disease; NOS, the Newcastle-Ottawa Scale; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug; RC, retrospective cohort; US, United

States.
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Figure 2. Forest plots for the meta-analysis of the association between statin use and all-cause mortality in HCC patients
(A) Overall meta-analysis and (B) subgroup analyses according to HBV infection status.

included patients with either treatments [13,17]. Statin use was validated by prescription records in all of the included
studies and defined by accumulative statin dose of >28 to 30 cumulative defined daily dose (cDDD) in most studies
[11,12,14-16,26]. The follow-up duration varied from 1.7 to 4.4 years. Potential confounding factors, such as age,
sex, comorbidities, tumor stages, anticancer treatments, and other concurrent medications, were adjusted when pre-
senting the outcome in all of the included studies. The NOS scores of the included studies ranged from six to eight,
indicating generally good study quality.

Statin use and all-cause mortality in HCC patients

Pooled results of 15 datasets from 7 studies [11-17] using a randomized-effect model showed that statin use was asso-
ciated with a reduced risk of all-cause mortality in patients with HCC (RR: 0.81, 95% CI: 0.74-0.88, P < 0.001; Figure
2A) with significant heterogeneity (P for Cochrane’s Q test <0.001, I* = 63%). Sensitivity analyses by omitting one
datasets at a time did not significantly change the results (RR: 0.79-0.84, P all <0.05). Subgroup analyses showed that
statin use was associated with reduced risk of all-cause mortality in HCC patients with (RR: 0.79, 95% CI: 0.66-0.94,
I? = 66%, P = 0.01) and without HBV infection (RR: 0.83, 95% CI: 0.73-0.94, I* = 69%, P = 0.005; P for subgroup
difference = 0.67; Figure 2B). Moreover, subgroup analyses also showed that statin use was associated with reduced
mortality in patients with stage I-III HCC (RR: 0.83, 0.79, and 0.90, respectively; P all <0.01; Figure 3A) and patients
after palliative therapy for HCC (RR: 0.80, P < 0.001; Figure 3B), but not for patents with stage IV HCC (RR: 0.91, P
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Figure 3. Subgroup analyses for the meta-analysis of the association between statin use and all-cause mortality in HCC

patients
(A) Subgroup analyses according to the tumor stages and (B) subgroup analyses according to the treatments of the patients.
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Figure 4. Forest plots for the meta-analysis of the association between statin use and the outcomes HCC-related mortality
and HCC recurrence

(A) HCC-related mortality; and (B) HCC recurrence.

= 0.28; Figure 3A) or those after curative therapy (RR: 0.92, P = 0.20; Figure 3B). However, the differences between
the subgroups were not significant (both P > 0.05).

Statin use and HCC-related mortality and HCC recurrence

Pooled results of 11 datasets from three studies [11-13] showed that statin use was associated with a reduced risk
of HCC-related mortality (RR: 0.78, 95% CI: 0.67-0.91, I* = 66%; P = 0.002; Figure 4A). Sensitivity analyses by
omitting one datasets at a time did not significantly change the results (RR: 0.75-0.81, P all < 0.05). Pooled results
of five studies [14-16,25,26] showed that statin use was associated with a reduced HCC recurrence in patients after
curative therapy (RR: 0.55, 95% CI: 0.43-0.69, P < 0.001; Figure 4B). Sensitivity analyses by omitting one datasets at
a time showed consistent results (RR: 0.45-0.59, P all < 0.05).

Publication bias

The funnel plots for the outcomes of all-cause mortality and HCC-related mortality were asymmetrical on visual
inspection, suggesting potential risks of publication biases, which were consistent with the results of Egger’s regression
tests (P =0.032 and 0.048, respectively; Figure 5A,B). We used ‘trim-and-fill’ analyses to generate symmetrical funnel
plots via incorporating hypothesized studies with negative results, and meta-analyses by including these studies did
not significantly affect the results (all-cause mortality: RR = 0.84, 95% CI: 0.76-0.92, P < 0.001; and HCC-related
mortality: RR = 0.83, 95% CI: 0.71-0.97, P = 0.02). The funnel plots for the meta-analysis between statin use and
HCC recurrence were symmetrical on visual inspection (Figure 5C), indicating low risk of publication bias. Egger’s
regression test was not performed since only five datasets were included.

Discussion

By summarizing the current evidence from cohort studies, our meta-analysis showed that statin use is independently
associated with reduced risk of all-cause mortality in HCC patients. Moreover, subgroup analyses showed that statin
used was associated with reduced mortality risk in patients with or without HBV infection, in patients with TNM
stage I-IIT HCC, and in HCC patients that received palliative treatments. In addition, statin use is associated with
reduced HCC-related mortality and HCC recurrence. Taken together, these results demonstrated that statin use is
independently associated with a reduced mortality risk of in HCC patients. Although large-scale prospective cohort
studies and RCTs are needed to validate these findings, results of this meta-analysis support the potential role of
statins as chemoprevention agents in HCC patients.
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Figure 5. Funnel plots for the publication bias underlying the meta-analysis

(A) Funnel plots with ‘trim-and-fill’ analyses for the meta-analysis between statin use and all-cause mortality in HCC patients. (B)
Funnel plots with ‘trim-and-fill’ analyses for the meta-analysis between statin use and HCC-related mortality; and (C) funnel plots
for the meta-analysis between statin use and HCC recurrence; the black squares indicate imputed studies with negative findings
to generate symmetrical funnel plots
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To the best of our knowledge, our study is the first meta-analysis focusing on the association between statin use
and prognosis in HCC patients. The strengths of our study included follows. First, this meta-analysis included only
longitudinal follow-up studies, which could therefore establish a sequential association between statin use and im-
proved survival in HCC patients. Second, we only studies with adequate adjustment of confounding factors, which
therefore may suggest an independently association between statin use and improved clinical outcomes in these pa-
tients. Third, we used sensitivity analysis to confirm the robustness of the finding, which showed that the results were
stable and not primarily driven by either of the included study. Finally, multiple subgroup analyses were performed
to evaluate the stability of the results, which showed that association between statin use and reduced overall mortality
was consistent in patients with or without HBV infection, in patients with TNM stage I-III HCC, and in HCC patients
that received palliative treatments. A previous meta-analysis confirmed that statin use is associated with reduced risk
of HCC in overall population [9]. Our results further expanded these findings by showing that statins may confer
anticancer effect in HCC patients, and use of statins may be associated with improved clinical outcomes in these
patients. In view of the limited therapeutic options and poor prognosis of HCC patients in current clinical practice,
large-scale prospective studies and RCTs are needed to validate the potential benefits of statins on clinical outcomes
in these patients.

Results of our subgroup analyses showed that statin use was associated with reduced all-cause mortality in patients
with stage I-III HCC but not in patients with stage IV HCC, and in patients after palliative treatments but not in
those after curative treatments. However, the differences between the subgroups were not statistically significant,
which indicates that the non-significant findings in subgroups of patients with stage IV HCC or patients after curative
treatments could be due to the limited datasets included. Indeed, three and four datasets were available respectively
for these two subgroups. In fact, patients with early stage of HCC are more likely to receive curative therapies, and the
appearing controversial findings for patients with stage I-III HCC and those after curative therapies may reflect the
subgroup results could be caused by limited datasets. Association between statin use and mortality risk in patients
with stage IV HCC or patients after curative treatments should be investigated in future studies. When performing
the database search, one potentially related RCT was noticed [27]. This pilot study published in 2001 included 83
advanced HCC patients showed that patients randomized to a daily dose of 40 mg pravastatin was associated with a
longer median survival (18 months) than controls (9 months). The present study was excluded from our meta-analysis
since they did not report adjusted RR for mortality. Collectively, benefits of statins on clinical prognosis of HCC
patients should be validated in large-scale RCTs in the future.

Experimental studies have revealed some potential mechanisms underlying the chemoprevention effects of statins
for HCC. Combinatorial treatment with statin and protein kinase C-beta inhibitor was shown to display enhanced
anti-tumor efficacy in cultured HCC cells and in a mouse model of HCC [28]. Moreover, inhibition of HMG-CoA
reductase by atorvastatin was accompanied with blockages of both MYC phosphorylation and activation, suppressed
tumor initiation and growth in vivo in a transgenic model of MYC-induced HCC as well as in human HCC-derived
cell lines [29]. Besides, treatment with fluvastatin, simvastatin, atorvastatin, rosuvastatin, or lovastatin were all as-
sociated with induced cellular apoptosis in mouse and human HCC cell lines in a p53 dependent manner [30]. In
addition, other molecular pathways, such as inhibition of signal transducer and activator of transcription 3/SKP2
axis [31], inhibition of SRC/FAK cue [32], and activation of AMPK et al. [33] have also been involved in the potential
anti-HCC effects of statins. Besides, many other benefits of statins in patients with hepatic disorders, such as cirrhosis,
have also been noticed. In a recently published meta-analysis, statin use was associated with lowered hepatic portal
vessel pressure, reduced HCC incidence, and improved survival in patients with liver cirrhosis, without significant
influence on the risk of esophageal variceal bleeding or spontaneous bacterial peritonitis [10]. Future studies are war-
ranted to uncover the key mechanisms underlying the potential anti-HCC efficacy and other benefits of statins in
patients with hepatic diseases.

Our study has limitations that should be noticed when interpreting the results. First, significant heterogeneity exists
among the included studies. Although subgroup analyses were performed to evaluate HBV status, tumor stages, and
treatment options on the association between statin use and prognosis in HCC patients, we could not exclude that
other study characteristics may also contribute to the heterogeneity, such as concurrent medications including antivi-
ral agents [34] and use of metformin [35], which have both been indicated to confer anticancer effects. Furthermore,
as mentioned above, due to the limited datasets available, results of subgroup analyses for the association between
statin use and overall mortality in stage IV HCC patients and those received curative therapies should be cautious
interpreted. Second, we were unable to determine whether the association between statin use and improved sur-
vival in HCC patients were independent of dose, treatment duration, and characteristics of the individual statin used
(lipophilic or hydrophilic) because these data were rarely analyzed in the included studies. Third, our meta-analyses
were based on study-level data rather than individual-patient level data, which also limited the reliability of stratified
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analyses. In addition, significant publication biases were noticed for meta-analysis of the associations between statin
use and all-cause or HCC-related mortality in HCC patients. Although we applied ‘trim-and-fill’ analyses to show
that incorporating the imputed studies with negative findings did not significantly change the results, publication
biases may confound the significance of our findings. Moreover, although we included studies with adjusted data, we
could not exclude the existence of residual factors which may confound the association. Finally, a causative association
between statin use and reduced mortality risk in HCC patients could not be derived based on our finding since the
present study was a meta-analysis of observational studies. Our findings should be treated as hypothesis-generating,
and large-scale prospective studies and RCTs are needed to validate the potential benefits of statins on clinical out-
comes in these patients.

In conclusion, results of meta-analysis demonstrated that statin use may be associated with improved survival and
reduced recurrence in HCC patients. The chemoprevention efficacy of statin on clinical outcomes in HCC patients
should be validated in large-scale prospective studies and RCTs.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding

The authors declare that there are no sources of funding to be acknowledged.

Author Contribution

Xiaofei Li conceived and designed the study. Liwen Liu and Yongtao Hu selected the studies and collected the data. All authors
analyzed data. All authors interpreted the results. Xiaofei Li and Liwen Liu drafted and revised the paper. All authors revised the
draft paper. All authors read and approved the final version of the manuscript.

Abbreviations

ACS, acute coronary syndrome; AFP, alpha-fetoprotein; BMI, body mass index; cDDD, cumulative defined daily dose; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; HBV, hepatitis B virus; HCC , hepatocellular carcinoma; HCV,
hepatitis C virus; HTN , hypertension; MELD, Model for End-stage Liver Disease; NOS, the Newcastle-Ottawa Scale; NSAID,
nonsteroidal anti-inflammatory drug.

References

1 Forner, A., Reig, M. and Bruix, J. (2018) Hepatocellular carcinoma. Lancet 391, 1301-1314, https://doi.org/10.1016/S0140-6736(18)30010-2

2 Mak, L.Y., Cruz-Ramon, V., Chinchilla-Lopez, P. et al. (2018) Global Epidemiology, Prevention, and Management of Hepatocellular Carcinoma. Am. Soc.
Clin. Oncol. Educ. Book 38, 262-279, https://doi.org/10.1200/EDBK200939

3 Kanwal, F. and Singal, A.G. (2019) Surveillance for Hepatocellular Carcinoma: Current Best Practice and Future Direction. Gastroenterology 157,
54-64, https://doi.org/10.1053/j.gastr0.2019.02.049

4 Kulik, L. and EI-Serag, H.B. (2019) Epidemiology and Management of Hepatocellular Carcinoma. Gastroenterology 156, 477-491, e471,
https://doi.org/10.1053/j.gastr0.2018.08.065

5 Chou, R., Dana, T., Blazina, I., Daeges, M. and Jeanne, T.L. (2016) Statins for Prevention of Cardiovascular Disease in Adults: Evidence Report and
Systematic Review for the US Preventive Services Task Force. JAMA 316, 2008—2024, https://doi.org/10.1001/jama.2015.15629

6 Fatehi Hassanabad, A. (2019) Current perspectives on statins as potential anti-cancer therapeutics: clinical outcomes and underlying molecular
mechanisms. Transl. Lung Cancer Res. 8, 692—699, https://doi.org/10.21037/tlcr.2019.09.08

7 Altwairgi, AK. (2015) Statins are potential anticancerous agents (review). Oncol. Rep. 33, 1019-1039, https://doi.org/10.3892/0r.2015.3741

8 Mei, Z,, Liang, M., Li, L., Zhang, Y., Wang, Q. and Yang, W. (2017) Effects of statins on cancer mortality and progression: A systematic review and
meta-analysis of 95 cohorts including 1,111,407 individuals. Int. J. Cancer 140, 1068—1081, https://doi.org/10.1002/ijc.30526

9 Singh, S., Singh, PP, Singh, A.G., Murad, M.H. and Sanchez, W. (2013) Statins are associated with a reduced risk of hepatocellular cancer: a
systematic review and meta-analysis. Gastroenterology 144, 323-332, https://doi.org/10.1053/j.gastr0.2012.10.005

10 Gu, Y., Yang, X., Liang, H. and Li, D. (2019) Comprehensive evaluation of effects and safety of statin on the progression of liver cirrhosis: a systematic
review and meta-analysis. BMC Gastroenterol. 19, 231, https://doi.org/10.1186/s12876-019-1147-1

11 Shao, J.Y., Lee, F.P, Chang, C.L. and Wu, S.Y. (2015) Statin-Based Palliative Therapy for Hepatocellular Carcinoma. Medicine (Baltimore) 94, €1801,
https://doi.org/10.1097/MD.0000000000001801

12 Wu, L.L., Hsieh, M.C., Chow, J.M., Liu, S.H., Chang, C.L. and Wu, S.Y. (2016) Statins improve outcomes of nonsurgical curative treatments in
hepatocellular carcinoma patients. Medicine (Baltimore) 95, e4639, https://doi.org/10.1097/MD.0000000000004639

13 Thrift, A.P., Natarajan, Y., Liu, Y. and El-Serag, H.B. (2019) Statin Use After Diagnosis of Hepatocellular Carcinoma Is Associated With Decreased
Mortality. Clin. Gastroenterol. Hepatol. 17, 2117-2125, 2113, https://doi.org/10.1016/j.cgh.2018.12.046

14 Kawaguchi, Y., Sakamoto, Y., Ito, D. et al. (2017) Statin use is associated with a reduced risk of hepatocellular carcinoma recurrence after initial liver
resection. Biosci. Trends 11, 574-580, https://doi.org/10.5582/bst.2017.01191

10 (© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).


https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1200/EDBK_200939
https://doi.org/10.1053/j.gastro.2019.02.049
https://doi.org/10.1053/j.gastro.2018.08.065
https://doi.org/10.1001/jama.2015.15629
https://doi.org/10.21037/tlcr.2019.09.08
https://doi.org/10.3892/or.2015.3741
https://doi.org/10.1002/ijc.30526
https://doi.org/10.1053/j.gastro.2012.10.005
https://doi.org/10.1186/s12876-019-1147-1
https://doi.org/10.1097/MD.0000000000001801
https://doi.org/10.1097/MD.0000000000004639
https://doi.org/10.1016/j.cgh.2018.12.046
https://doi.org/10.5582/bst.2017.01191

Bioscience Reports (2020) 40 BSR20200232 °
https://doi.org/10.1042/BSR20200232 '. (] EROE%ELAND
°

15 Nishio, T., Taura, K., Nakamura, N. et al. (2018) Impact of statin use on the prognosis of patients with hepatocellular carcinoma undergoing liver
resection: a subgroup analysis of patients without chronic hepatitis viral infection. Surgery 163, 264—-269, https://doi.org/10.1016/j.surg.2017.09.026

16 Young, S.H., Chau, G.Y., Lee, I.C. et al. (2020) Aspirin is associated with low recurrent risk in hepatitis B virus-related hepatocellular carcinoma patients
after curative resection. J. Formos. Med. Assoc. 119, 218-229, https://doi.org/10.1016/j.jfma.2019.04.018

17 Jeon, C.Y., Goodman, M.T., Cook-Wiens, G. and Sundaram, V. (2016) Statin Use and Survival with Early-Stage Hepatocellular Carcinoma. Cancer
Epidemiol. Biomarkers Prev. 25, 686—692, https://doi.org/10.1158/1055-9965.EPI-15-1040

18 Stroup, D.F, Berlin, J.A., Morton, S.C. et al. (2000) Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group. JAMA 283, 2008-2012, https://doi.org/10.1001/jama.283.15.2008

19 Higgins, J. and Green, S. (2011) Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. The Cochrane Collaboration,
www.cochranehandbook.org

20 (2012) EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J. Hepatol. 56, 908-943,
https://doi.org/10.1016/j.jhep.2011.12.001

21 Wells, G.A., Shea, B., 0’Connell, D. et al. (2010) The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in
meta-analyses. http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp

22 Higgins, J.P. and Thompson, S.G. (2002) Quantifying heterogeneity in a meta-analysis. Stat. Med. 21, 1539-1558, https://doi.org/10.1002/sim.1186

23 Patsopoulos, N.A., Evangelou, E. and loannidis, J.P. (2008) Sensitivity of between-study heterogeneity in meta-analysis: proposed metrics and empirical
evaluation. Int. J. Epidemiol. 37, 1148-1157, https://doi.org/10.1093/ije/dyn065

24 Egger, M., Davey Smith, G., Schneider, M. and Minder, C. (1997) Bias in meta-analysis detected by a simple, graphical test. BVJ 315, 629-634,
https://doi.org/10.1136/bm;j.315.7109.629

25 Wu, C.Y., Chen, Y.J., Ho, H.J. et al. (2012) Association between nucleoside analogues and risk of hepatitis B virus-related hepatocellular carcinoma
recurrence following liver resection. JAMA 308, 1906—1914, https://doi.org/10.1001/2012.jama.11975

26 Cho, Y., Kim, M.S., Nam, C.M. and Kang, E.S. (2019) Statin Use is Associated with Decreased Hepatocellular Carcinoma Recurrence in Liver Transplant
Patients. Sci. Rep. 9, 1467, https://doi.org/10.1038/s41598-018-38110-4

27 Kawata, S., Yamasaki, E., Nagase, T. et al. (2001) Effect of pravastatin on survival in patients with advanced hepatocellular carcinoma. A randomized
controlled trial. Br. J. Cancer 84, 886—-891, https://doi.org/10.1054/bjoc.2000.1716

28 Kim, W., Yoon, J.H., Kim, J.R. et al. (2009) Synergistic anti-tumor efficacy of lovastatin and protein kinase C-beta inhibitor in hepatocellular carcinoma.
Cancer Chemother. Pharmacol. 64, 497-507, https://doi.org/10.1007/s00280-008-0897-1

29 Cao, Z., Fan-Minogue, H., Bellovin, D.I. et al. (2011) MYC phosphorylation, activation, and tumorigenic potential in hepatocellular carcinoma are
regulated by HMG-CoA reductase. Cancer Res. 71, 22862297, https://doi.org/10.1158/0008-5472.CAN-10-3367

30 Kah, J., Wustenberg, A., Keller, A.D. et al. (2012) Selective induction of apoptosis by HMG-CoA reductase inhibitors in hepatoma cells and dependence
on p53 expression. Oncol. Rep. 28, 1077-1083, https://doi.org/10.3892/0r.2012.1860

31 Wang, S.T., Ho, H.J., Lin, J.T., Shieh, J.J. and Wu, C.Y. (2017) Simvastatin-induced cell cycle arrest through inhibition of STAT3/SKP2 axis and activation
of AMPK to promote p27 and p21 accumulation in hepatocellular carcinoma cells. Cell Death. Dis. 8, €2626, https://doi.org/10.1038/cddis.2016.472

32 El Sayed, I., Helmy, M.W. and EI-Abhar, H.S. (2018) Inhibition of SRC/FAK cue: A novel pathway for the synergistic effect of rosuvastatin on the
anti-cancer effect of dasatinib in hepatocellular carcinoma. Life Sci. 213, 248-257, https://doi.org/10.1016/.1fs.2018.10.002

33 Ridruejo, E., Romero-Caimi, G., Obregon, M.J., Kleiman de Pisarev, D. and Alvarez, L. (2018) Potential Molecular Targets of Statins in the Prevention of
Hepatocarcinogenesis. Ann. Hepatol. 17, 490-500, https://doi.org/10.5604/01.3001.0011.7394

34 Bang, C.S. and Song, I.H. (2017) Impact of antiviral therapy on hepatocellular carcinoma and mortality in patients with chronic hepatitis C: systematic
review and meta-analysis. BMC Gastroenterol. 17, 46, https://doi.org/10.1186/s12876-017-0606-9

35 Zhang, H., Gao, C., Fang, L., Zhao, H.C. and Yao, S.K. (2013) Metformin and reduced risk of hepatocellular carcinoma in diabetic patients: a
meta-analysis. Scand. J. Gastroenterol. 48, 78-87, https://doi.org/10.3109/00365521.2012.719926

(© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 1 1
License 4.0 (CC BY).


https://doi.org/10.1016/j.surg.2017.09.026
https://doi.org/10.1016/j.jfma.2019.04.018
https://doi.org/10.1158/1055-9965.EPI-15-1040
https://doi.org/10.1001/jama.283.15.2008
http://www.cochranehandbook.org
https://doi.org/10.1016/j.jhep.2011.12.001
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1002/sim.1186
https://doi.org/10.1093/ije/dyn065
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1001/2012.jama.11975
https://doi.org/10.1038/s41598-018-38110-4
https://doi.org/10.1054/bjoc.2000.1716
https://doi.org/10.1007/s00280-008-0897-1
https://doi.org/10.1158/0008-5472.CAN-10-3367
https://doi.org/10.3892/or.2012.1860
https://doi.org/10.1038/cddis.2016.472
https://doi.org/10.1016/j.lfs.2018.10.002
https://doi.org/10.5604/01.3001.0011.7394
https://doi.org/10.1186/s12876-017-0606-9
https://doi.org/10.3109/00365521.2012.719926

