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Abstract

Background: Whether statins can reduce the incidence of cancers has been an interesting topic in recent years.
This meta-analysis aimed to determine the relationship between statin treatment with the risk of hepatocellular carcinoma.
Methods: Studies published up to July 2019 were screened from databases. The data from approved studies were pooled.
Randome-effects or fixed-effects model was used to calculate the relative risk with 95% Cls in the overall group and subgroups.
Sensitivity and meta-regression analyses were performed, and publication bias was evaluated. Results: A total of 18 studies
involving | 611 596 patients were included in this meta-analysis. The overall result showed a significantly reduced risk of
hepatocellular carcinoma (relative risk = 0.54, 95% CI: 0.42-0.66) in statin users. In comparison to the risk in nonstatin users, the
risk of hepatocellular carcinoma was reduced in all subgroups. The dose of statins and their pharmacokinetics can partly explain
the heterogeneity in the overall meta-analysis (I = 94.6%, P = .000). A dose-dependent effect of statin use for the reduced risk of
hepatocellular carcinoma was found. Conclusions: Findings from this meta-analysis support that statin use can significantly
reduce the incidence of hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is a heterogeneous malignant
tumor with a dismal prognosis and ranks as the fourth most

common primary malignancy and the third leading cause of
cancer-related death.' Hepatocellular carcinoma has a 5-year
survival of 18%, and several studies have shown that the prog-
noses are devastating in patients with HCC.? The global inci-
dence of primary liver cancer is increasing annually. Globally,
as many as 800 000 cases of HCC were diagnosed in 2012. The
World Health Organization estimates that the number of HCC-
related deaths may reach 1 million in 2030, with more than
50% of new cases and deaths occurring in China.?
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Hepatocellular carcinoma has been a serious threat to global
public health. At present, most treatment for HCC is based on
the Barcelona Clinic Liver Cancer (BCLC) algorithm, and sur-
gical resection is still the first choice in the very early or early
stage (BCLC stage 0 or A, respectively). Additionally, the
occurrence of nonalcoholic fatty liver disease (NAFLD), espe-
cially nonalcoholic steatohepatitis (NASH), has substantially
risen rapidly in the last decades. Nonalcoholic steatohepatitis
has become the second leading indication for liver transplanta-
tion and is an important cause of HCC or end-stage liver dis-
ease in the future.> However, the surveillance of patients with
HCC is still difficult, so early prevention interventions for
high-risk groups have become a key link in reducing the num-
ber of patients with HCC. Unfortunately, as far as we know,
there is no evidence that there are specific drugs that can era-
dicate the risk of HCC.

In recent years, studies in the field of oncology have found
that long-term use of statins can reduce the incidence of many
cancers, such as breast cancer,’ pancreatic cancer,” colon can-
cer,” and ovarian cancer.® Statins, a common drug used to
lower cholesterol, can delay and reverse the progress of plaques
and reduce the long-term mortality of patients with cardiovas-
cular disease.” Interestingly, many basic studies have shown
that statins play important roles in inhibiting the growth of
tumor cells by regulating the methylvalerate pathway and via
other pharmacological actions.®” In the early years, the eleva-
tion of transaminase was mistakenly considered a contraindi-
cation of statins, which limited the clinical use of statins in
patients with liver diseases. Later, studies have proven that
statins are safe and effective in patients with hepatitis, cirrho-
sis, and other liver diseases, especially in patients with
NAFLD.''? An encouraging result from 2 population-based
studies recently reported that statin use was associated with risk
reduction in liver cancer.'® The use of statins in patients with
HCC has been increasingly reported,'* while it has also be seen
that statin treatment has no relationship with risk reduction in
HCC 15:16

The data regarding the association of statins with preventive
effects in HCC are conflicting. Thus, we searched studies with
a particular focus on the relationship between statin exposure
with HCC occurrence and conducted this meta-analysis to
answer this question: can statin treatment reduce the risk of
hepatocellular carcinoma?

Materials and Methods
Study Identification and Selection

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines were followed for this meta-analysis, as
shown in Figure 1. This meta-analysis was registered on PROS-
PERO (www.crd.york.ac.uk, ID: CRD42017077142). Data-
bases (PubMed, EMBASE, Web of Science, Scopus, and
Cochrane Library) were screened up to July 31, 2019, by 2
investigators (Y.C. and Q.L.) independently. English language
studies investigating the relationship between statin exposure

with the incidence of HCC was collected. The search terms
details are shown in Table S1.

The studies included in this meta-analysis met the following
criteria: (1) studies with a clear association between statins
exposure with the relative risk (RR)/odds ratio (OR) of HCC;
(2) observational studies (cohort studies and case—control stud-
ies) or randomized controlled trials; and (3) articles published
in English with sufficient usable outcome data. The exclusion
criteria were as follows: (1) ongoing trials, (2) studies with a
follow-up of less than 12 months, (3) secondary research or
studies with overlap reports, and (4) secondary analysis studies
(meta-analyses or individual patient data analyses).

Pooling of the Data

Two investigators (Y.C. and Q.L.) pooled data from the
eligible studies independently. Any discrepancies were
resolved by the corresponding author (H.L.). Relevant infor-
mation was extracted from the full manuscripts of eligible
studies, including research design, publication time, loca-
tion, total sample size, number of patients with HCC, statin
exposure group, OR or RR, 95% CI, and the type and dose
of statin used.

Quality Assessment

Before this review, all investigators trained to comprehend the
aim of this meta-analysis. In this investigation, the Newcastle-
Ottawa scale (NOS) quality evaluation criteria were used to
score the included literature.'” Patient selections, comparisons
between the statin with nonstatin groups, and the outcomes of
studies were evaluated by a star system.

Statistical Analysis

Different statistical indicators (OR, hazard ratio [HR], or RR)
were pooled in this meta-analysis. As the absolute risk of HCC
is relatively low (3.3-8.4 per 100 000) in practice,'® ORs were
regarded as approximations of RR. The DerSimonian and Laird
method for a random-effects model was used for calculating
the RR estimates and 95% Cls. In addition, Cochran Q statistic
and the Higgins I° statistic were used to analyze the heteroge-
neity. Meta-regression was used to explore the potential causes
of heterogeneity. Begg test was used to assess publication
bias.'? Stata (version 15.1, StataCorp) was used for statistical
analyses and construction of graphs. All statistical tests were 2
sided, and P values <.05 were considered statistically
significant.

Results

Study Selection and Study Characteristics

A total of 18 studies'>2%° published between 2004 and 2019
were obtained from the search. The specific literature screening
process is shown in Figure 1. A total of 1 611 596 patients were
included in this meta-analysis, and the main features of the 18
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Figure 1. Flowchart of the literature selection in this study. From Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 6(7):e1000097. doi: 10.1371/

journal.pmed.1000097.

studies are shown in Table 1. The risks of incomplete data in
the results of the included studies were low. At the same time,
there was also a low risk of selective reporting in the included
studies, as the main results described in the program were
reported in the research plan. In the 18 studies, any other poten-
tial bias was unclear. The NOS score ranged from 6 to 8 points
for the 18 studies, demonstrating that all the included case—
control or cohort studies were high-quality investigations.
Among them, 7 studies had high-risk factors for HCC,
including 4 studies®***?°2% of people with hepatitis B virus
(HBV) infection and 3 studies®'* of people with hepatitis C
virus (HCV) infection. In addition, there was also a study?’
based on a diabetic population, and the study by Mohanty

et al,®! Chang et al,>* and Kaplan et al*® were based on patients
with cirrhosis. The study by Chiu et al,>* Tsan et al,>* McGlynn
et al,27 Chen et al,30 and Tran et al*® focused on the effects of
different types of statins, while the study by Chiu et al,® Tsan
et al,>* Chen et al,>° Hisang et al,?? Kim et al,** and Tran et al*>®
contained information on statin dosage. In addition, the study
by Tran et al’® included 2 population-based studies.

Risk of HCC in Statin Users

A random-effects model was performed in this meta-analysis
due to the high heterogeneity of all studies. Pooled risk ratios
and 95% CIs for the risk of HCC in statin users in all included



(panu1juoo)

(€102
-700T ‘s1eak Op< ‘DAHd

L VN 9E° LT STRITITI®-9Y  (8S°0-€€°0) ¥+°0 (85°0-8€°0) L+'0 dO THIT 7586 -SIHN) uone[ndod [e1ouos) BOIOY B 10 WY 97
(¢102
-000¢ ‘sTedh 0Z< ‘AIIHN)
S¢ SISOULIID P3JR[I-ADH FRLEE
8 S1eK 7] -TERTLTYTOT'CI'SHTT (9L°0-S€°0) TS0 VN MH 11T 0SEl pue -AqH UM sjudned uBMIEL Suey) ST
(¥102-100T ‘VA) oIS e 10
L VN 1€-LT0T91°8°E (TL'079€°0) 1S°0 (09°0-1€°0) €¥°0 YH 6€C €16 UOTOJYUI ADH PIM SJudLIEd paun uourrg 4!
(01029661 “000ZAIHT)
L VN VN VN (6v°0-LT°0) LEO JO 0ovE  00LI uone[ndod [e1ouan ueMIe],  [E 10 UYD €l
(z102
0007 ‘s1eak g1< ‘VH) PR CEE
8 s1eak (N9 VN VN (L6°0-81°0) 89°0 YHS €889 66 €L  UOBOJJUI AGH Pim sjudned Suoy Suoy Suesty 4!
(60029661 ‘VA)
SISOU.LITD _uoummﬁomd.ﬁoo saje1s I mﬁm 19
L Ik 1< VN VN #9°0-L70) TH°0 MH €L1  LbLT ADH ym sjuoned poyun)  Ajueyo 11
(1107-8861 ‘s1eak 06-01  wop3ury PRLEE
8 VN LT6IGIOITITI6 Y (69°0-S+°0) SS°0 (LO'T-LL0) 1670 dO S6IT  SE€8S ‘@ddD) uonendod [eIousD payun  UUA[DON 01
(800t
-0007 ‘s1eak 1< ‘QITHN)
3 s1eak ¢ 9TV EIY T ($€0-€2°0) 820 VN YH SELT $T8 1L  UOnOJUl AH UNM Sjudned ueMIE], o [E 10 UIYD 6
ol 3
(0102-900T ‘sTedk op< uewisIog
8 VN €T6I°81°91°69F (96°0-18°0) 88°0 (50'1-88°0) 96°0 dO 66§ ¥96 € “MAdS) uonendod [e1susH uopomg  -warpIfy 8
(8002-000T ‘s1eak 1< PALEE
8 s1edk (N1 ¥ ‘0TTTS Y] (TL'0-8T°0) ¥¥°0 (L9°0-0€°0) S+°0 IH tvTF  SO0TPE  ‘@IIHN) uonemndod [e1susn uemIe], Sunag L
(8002-L661 ‘THND
L s1e3K O] 61°8-9°C°1 (19°0-9€°0) LV'0 (98°0-15°0) 99°0 YH 1201 €Ib €€ UOnodur AH UM sjudned uemMIe] | J€ 10 Ues] 9
(8002-S00T ‘AYIHN ‘s1eak
L VN 12-81°8°L°T1 (€8°0-St°0) T9°0 (69°0-1%°0) €570 dO 9911 Tge€T 05<) uone[ndod [eroudD UBMIEL  [B J0 YD S
(6002-0661 ‘AyoInus) 4O
‘SIBOA GG UAWOM Gy BRI ]
8 s1eak (IN)9'¥ LT-0T°¢"1 (89°0-+1°0) 1€°0 (89°0-¥1°0) 1€°0 A S01 vIL 16 uow) uone[ndod [e1oudn panun I[2IEN 14
(zoot sajeIg ocl® 1@
8 s183K §°7 6-9T1 (85°0-61°0) €570 (9%°0-6£°0) TH'0 YO €0ET SIS9  -L661 VA) swaned sapqeiq payun Seres-1d €
s1eak (€002-7661 ‘dON) RN R E
8 (zr6-1) 161 VN (SL°0-17°0) 0¥°0 VN MH T 6581 9¢ uone[ndod [e1oud0 peyun)  UBWpPALI] 4
S18ak (200Z2-6861 SIBAA
L F1-0) €€ S-1 (06'T-9%°0) 91°1 VN WA 1L ¥SLY €€ 08-0¢) uonendod [eIoUSD  Nrewueq [E 10 SI] I
Kyrenb (s189K) juowsnipe jo spunojuo)) (1D %56) (1D %56) sojewns?  DOH ‘ou Supeg uoned0] Apmug  ‘ON
omyeroyr]  dn-mofoq RR: R (0) WIJO 2pn1) 109§J0 Jo Jo 'ON  [eI0L
pasnlpy JUSWIAINSBIN

. euiourore)) Iefnjaooiedoy pue amsodxy sunejg jo saIpn§ g1 JO SOUSLIvIORIRY) * JqeL



“9YeIUI [OUBYID = /€ “Xopul AJIPIGIOWOD UOS[IBY) = 9¢ ‘A30[01d SISOYLIO = G¢ ‘UoneInp dn-mo[[of = {¢ ‘JUSWI[[OIUD JO AW} dY) B SIOLIBA JIFRYLIOWAUOU JO 99uasaId oy} = ¢¢ ‘SAIF0[019 JUIIYJIP YIM SISOYLID =
7€ “AS JO Juduwureye = [ ¢ 9I09s H-g[J UI[ISBQ = () ‘OBIUI QUIAJJLO = 7 Judunean) ADJH = §7 “QUOIPIUIPI[OZLIY} IO UTULIONAUW = /7 ‘TeAA XOpUl = 97 ‘BaIe = G ‘yudunean AgH = 4 ‘9SeasIp 12A1] ). o1[01[0d[euou
= €7 “a100s uospIey) = g ‘Aeis [eydsoy = [ ‘sjuade SuLomol-pidi] 10710 = (7 ‘UONOJul AGH = 6] ‘OSBISIP JOAI[ O[[OYOO[B = G ‘SUSIA JJ1JJO JO JquNu = /[ ‘(payroadsun) uaxe) suoneorpaw = 9| ‘uadnue dy1oads
-01e1501d = G “(SOpLIROAISII 10 “TAT “TATA ‘[OIRISI[OYD [B101)[011SA0YD = ] (Pany1oadsun)sasouSerp Juejiioduod = ¢ ‘snjejs Jupjowss = 7 [ING = [ [ Q08I = ()] ‘UOBIJUI ADH = 6 “SMI[[OW SAJIQRIP = § ‘SISOYLIIO
= [ ‘SNJe)S OIWOU0930100s = 9 ‘Ade1ay) Juswade[da-suouwioy = ¢ “(SI03IqIYUI F)V 10 ‘SUOTIBIIPIUI ATOJRWUIR[JUI-[UR [BPIOIAISUOU ‘ULIIdSE) SUOTIBOIPIUT JR[NOSBAOIPIB) = } ‘TBIA JBPUQ[RD = ¢ ‘Xas = 7 ‘93 = [ :pajsnlpy,
snata O syneday ‘ADH ‘snuia g snneday ‘AgH ‘urejordodiy Aysuop moy T ‘urojordodi] Ayisuop mof A1oA “TATA
‘onjel prezey-qns paySom YHS SISH 2ANR[AI YY ‘onrel sppo YO <e[qeordde jou “yN ‘onel piezey YH ‘ewourdied enjaoojeday ‘HOH Xopul ssew Apoq TINF QWAZUL SunIdAU0I-UISUOIZUR ‘DY SUONRIAIGQY

(9102-800T ‘s1eak ¢8-81 RGN ocl® 20

L VN VN VN (€00°'1-288°0) 1+6°0 dH VN #P6TL  “VA) SISOULIO Yim sjudned pajun uedeyy 81
s1eak (0€'¥'110T-T'T'6661  wop3ury

9 (€L 198y LTETOIBIONECI'68YTT (26°0-6v°0) L90  (81°1-CL'0) T6'0 MO vEF €01 ‘NIDDJ) uonendog [erousn panun e R uell (q) L]

(0102-900T

s1eak ‘s1B9K 69-0F Sueqolg  wopSury

L (€6-6€) 9¥ LEQTEI-T1T] (¥6°0-¥T°0) 8%°0 (01°2-08°0) 0€'1 dH 81  IS8I LYy 31N) uonemdod [e1oudn payun  Je 3o uell (e) LI

Kyrenb (s189K) juowsnipe jo spunojuo)) (1D %56) (1D %56) sorewiso  DOH ‘ou Surpeg uoned0| Apmmg  oN

amjerd)r] - dn-mojof kiR 0 (0) /IO =2pnI) 109JJ9 JO JO 'ON  [BIOL
pasnlpy JUQWIOINSBIIA

(ponunuod) *| a|qeL



Technology in Cancer Research & Treatment

Study %
ID ES (95% CI) Weight
i

Friis S 2004 - + 1.16 (0.46, 2.90) 0.81
Friedman G D 2007 —— 0.40(0.21,0.75) 4.74
El-Serag H B 2009 . 0.53 (0.49, 0.58) 6.26
Marelli C 2011 -0—5— 0.31(0.14,0.68) 4.74
Chiu H F 2011 - 0.62 (0.45, 0.83) 543
Tsan¥ T 2012 -~ 0.47 (0.36,0.61) 5.90
Leung H W 2012 -0;— 0.44 (0.28, 0.72) 5.18
Bjorkhem-Bergman L 2014 i + 0.88 (0.81,0.96) 6.16
Chen 2015 + 0.28 (0.23, 0.35) 6.22
McGlynn K A 2015 -~ 0.55(0.45,069) 593
Mohanty A2015 -OI— 0.42 (0.27, 0.64) 547
Hisang J C 2015 —— 0.68 (0.48, 0.97) 4.96
Chen H H 2016 - 0.37 (0.27, 0.49) 5.99
Simon T G 2018 -0— 0.51(0.36,0.72) 5.51
Chang F M 2017 -OI— 0.52 (0.35,0.76) 5.30
Kim G 2018 - 0.44 (0.33,0.58) 590
Tran Kim Tu 2019(a) - 0.48 (0.24, 0.94) 4.05
Tran Kim Tu 2019(b) = 067 (0.49,0.92) 5.22
Kaplan D E 2019 : * 0.94 (0.88, 1.00) 6.22
Overall (I-squared = 94.6%, p = 0.000) Q 0.54 (0.42, 0.66) 100.00
NOTE: Weights are from random effects analysis E

o 5 1

Figure 2. Overall meta-analysis of statin use and hepatocellular carcinoma (HCC).

studies were determined in overall and subgroup meta-
analyses. In Figure 2, the results of all studies showed a signif-
icantly reduced risk of HCC (RR = 0.54, 95% CI: 0.42-0.66)
for statin users. However, a statistically noteworthy heteroge-
neity was observed among the studies (12 = 94.6%, P = .000).

Sensitivity Analysis

We performed a sensitivity analysis to verify the impact of each
study on the pooled estimates by omitting one study at a time to
explore the possible sources of statistical heterogeneity. We
demonstrated that no one study contributed greatly to the het-
erogeneity of the overall meta-analysis. Figure 3 shows the
results of the sensitivity analysis, which indicated that the
omission of any study did not influence the overall meta-
analysis results. Next, we conducted meta-regression analysis
according to study design, baseline risk, confounders, study
area, age, number of participants, number of HCC cases, the
dose of statins, and statins pharmacokinetics. The results show
that the P value associated with the statins pharmacokinetics
was less than .1, and thus the type of statins used in the studies
can explain the heterogeneity rather than other factors by meta-
regression analysis (see Table S2 for details).

Subgroup Analysis

To further explore the potential factors leading to heterogene-
ity, subgroup analyses were performed as summarized in
Table 2. In comparison to the risk in nonstatin users, the risk

of HCC was lower in all other subgroups. The effects of statins
in HCC were confirmed regardless of the study design, and the
pooled RR for cohort or case—control studies was reduced, but
the difference was not significant. The association between
statin therapy with low RR in HCC in different subgroups was
similar regardless of the number of patients with HCC or the
number of participants, as shown in Table 2. The pooled RR for
HCC of studies from Asia was 0.45 (95% CI: 0.42-0.66; P =
.000), while the heterogeneity decreased to 74.5%. The RR of
studies involving patients older than 40 years was 0.56 (95%
CI: 0.31-0.81; 12 = 95.0%; P = .000). Similarly, the RR of
studies involving patients of any age or older than 18 years was
0.53 (95% CI: 0.39-0.67; I* = 91.8%; P = .000).

The cumulative dose of statins and their pharmacokinetics
was also analyzed. The associations between defined daily
doses (DDDs) of statins with low RR for HCC were found.
The pooled RR for HCC in the group with cumulative statin
use >365 DDDs was 0.29 (95% CI: 0.22-0.36; I = 73.4%; P =
.001). In addition, the pooled RR for HCC in the group with
cumulative statin use <365 DDDs was 0.46 (95% CI: 0.40-
0.52; P= 50.8%; P = .032). There were significant differences
between subgroups with different DDDs (P = .001). This may
indicate that the differences can partly explain the heterogene-
ity and also indicate that HCC risk declines with the increasing
cumulative DDDs of statins. The subgroup meta-analysis
according to the type of statins showed low heterogeneity, and
the result showed that the effect on reducing the risk of HCC
for hydrophilic (RR = 0.47, 95% CI: 0.30-0.64; I* = 42.4%; P
= .075) was similar to that of lipophilic statins (HR = 0.50,
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Figure 3. Sensitivity analysis of all included studies.

Table 2. Subgroup Analysis of Statin Use and HCC Risk.

Subgroup No. of reports

Adjusted OR
(95% CI)

Tests of
heterogeneity P value

Tests of
heterogeneity />

Heterogeneity between
groups P value

Study design
Cohort 11
Case—control

Baseline risk

High risk
General population 11
Confounders adjustment
Adequate 15
Inadequate 4
Area
Western 11
Asian
No. of participants
>10 000 11
<10 000
No. of HCC
>1000 8
<1000 10
Age
>4() years 6
>18 years or any age 13
Pharmacokinetics
Lipophilic statin 6
Hydrophilic statin 6
DDDs of statin
>365 6
<365 5

0.50 (0.38-0.67)
0.57 (0.43.0.75)

0.52 (0.37-0.72)
0.54 (0.42-0.89)

0.52 (0.41-0.63)
0.60 (0.25-0.96)

0.59 (0.44-0.75)
0.45 (0.42-0.66)

0.56 (0.35-0.77)
0.50 (0.44-0.56)

0.55 (0.40-0.70)
0.45 (0.38-0.51)

0.56 (0.31-0.81)
0.53 (0.39-0.67)

0.50 (0.44-0.57)
0.47 (0.30-0.64)

0.29 (0.22-0.36)
0.46 (0.40-0.52)

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

.000
392

.000
.000

.386
.075

.001
.032

95.3%
88.8%

86.4%
96.8%

91.3%
96.9%

94.1%
74.5%

96.6%
45.9%
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.001

Abbreviations: DDDs, defined daily doses; HCC, hepatocellular carcinoma; OR, odds ratio.
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Figure 4. Subgroup meta-analysis of the use of different types of statins.

95% CI: 0.44-0.57; I* = 5.8%; P = .386). Although the lowest
RR was observed in rosuvastatin users (RR = 0.30, 95% CI:
0.15-0.45; P = 3.7%; P = .386), there was not significantly
different from that of other types of statins by the test of inter-
action. Figure 4 shows the detailed results of other types of
statins.

Publication Bias

Begg test was used to assess publication bias in cohort and
case—control studies separately. The P value of Begg test was
0.805 (z = 0.25) in cohort studies (Figure S1A). Meanwhile,
the P value was 0.139 (z = 1.48) in case—control studies (Figure

S1B). It can be found that there is no obvious publication bias
in this study.

Discussion

To our knowledge, this present meta-analysis is the most com-
prehensive analysis of the relationship between statin use with
the risk of HCC to date, as it involved more participants, more
subgroup analyses and newly published data. Overall, the risk
of HCC decreased by 54% in statin users compared with non-
statin users. This study may offer a new avenue for reducing the
incidence of HCC. This meta-analysis indicated that increasing
cumulative DDDs of statins are associated with a reduction in
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HCC risk. In addition, rosuvastatin may have a superior effect
on clinical practice.

Our current study has several strengths. First, compared
with past meta-analyses, this meta-analysis used a more in-
depth and comprehensive search strategy and a new subgroup
analysis and included 18 studies and a total of 1 611 596
patients.®” Second, the methodology included in this study
is of good quality and confounders were fully analyzed; as
such, the conclusions are more convincing. Of course, several
potential limitations should also be noted. (1) As the inci-
dence of HCC in males is twice as high as that in females,®
we were unable to distinguish the effects of statins in different
sexes due to insufficient data. (2) Publication bias may still
merit further consideration, as surveys with negative results
or with small sample sizes may be difficult to publish. Addi-
tionally, there may be fewer studies in areas with a low inci-
dence of HCC. (3) According to previous results, statins
might offer more benefits in patients with NAFLD than in
patients with HCC.?° Moreover, NAFLD has become the
most common etiology of chronic liver disease. Currently,
NASH-related cirrhosis was the fastest growing and the sec-
ond leading indication for liver transplantation in the United
States.*04? However, there is still a lack of studies on the
relationship between statin use with HCC risk reduction in
patients with NAFLD.

Our meta-analysis showed that the reduction in HCC risk
was significant among all users. Moreover, the beneficial
effects of statin treatment persisted after adjustment for many
potential confounders. As the heterogeneity of the overall anal-
ysis was significant, we explored the potential source of het-
erogeneity. As was seen, most of the study populations came
from health-related databases; as such, the baseline level of the
population was different than that in the patients of Mohanty’s
study,®' Chang’s study®® and Kaplan’s study®® in the United
States, in which the patients had cirrhosis. However, the sensi-
tivity analysis did not find any study that influenced the overall
meta-analysis result. Fortunately, the results of the subgroup
analysis showed that the dose of statins and their pharmacoki-
netics were the causes of heterogeneity. In particular, the het-
erogeneity almost disappeared when the effect was analyzed
according to the specific type of statin used. We consider that
the reason for the heterogeneity due to the type of statin may be
related to the study design or the limitations of drug-to-drug
interactions. In particular, rosuvastatin showed a potential ben-
eficial effect on the reduction in HCC risk. However, not all
studies contained information about the dose or type of statins,
so the post hoc subgroup analyses of the dose of statins and
their pharmacokinetics can only partly explain the heterogene-
ity in the overall meta-analysis.*?

We found that as the cumulative DDDs of statins increased,
the risk of HCC in the population decreased significantly in a
dose-dependent manner. Due to the lack of necessary data, it
was not possible to analyze the compliance of patients using
statins and the total time that stains were used. It is well known
that the oxidative metabolism of lipophilic statins depends on
the CYP450 system.** In addition, lipophilic statins can be

easily embedded in the cell membrane, which presents a risk
of interactions with other drugs. Patients with liver disease
often use a variety of liver-protecting drugs, direct antiviral
drugs, antifibrosis drugs, and diuretics. In addition, lipophilic
statins metabolized through the CYP450 system are more
likely to produce muscle toxicity than unmetabolized statins.*’
Therefore, hydrophilic statins may have more application pros-
pects for reducing the risk of HCC.

Hepatocellular carcinoma is the main outcome of various
end-stage liver diseases. Unfortunately, although HCC is
known to have serious prognostic problems, specific drugs for
the prevention of HCC have not yet been developed. Fortu-
nately, many studies have found that statins have good clinical
value in the prevention of colorectal cancer,*® prostate can-
cer,*’ and other cancers.*® Although statins are not classic anti-
neoplastic drugs, some recent studies have also demonstrated
that the incidence of liver cancer can be reduced by taking
statins.'**® Surprisingly, as a potential treatment option for
liver diseases, statins have beneficial pleiotropic effects, such
as anti-inflammatory®® and antifibrotic effects,”® reduction in
portal hypertension,”" inhibition of intrahepatic angiogenesis,
and induction of hepatocyte apoptosis.>> Because of the poten-
tial concern about the side effects of statins, they are used
cautiously. Paradoxically, only <1% of treated patients had
an observable elevation of aspartate or alanine aminotransfer-
ase.” Therefore, the use of statins in patients with liver disease
was generally well-tolerated, and the overly cautious strategy
may not be needed.'’ A mild increase in transaminase of fewer
than 3 times the upper limit of normal is not a contraindication
for treatment, and patients can continue to take statins. In some
patients, elevated transaminase levels may decrease on their
own within 12 weeks. In addition, the incidence of drug-
induced liver injury and other severe side effects caused by
statins is extremely rare (less than 2/million/per year).>* Thus,
the safety of using statins is not concerning.

In summary, the overall results suggest that statin use is
associated with a reduced risk of HCC. Moreover, HCC risk
declines with the increasing cumulative DDDs of statins and
rosuvastatin may be favorable for the reduction in HCC risk in
patients. However, despite our promising findings, this review
does not identify the most effective dose or frequency of use.
We suggest that more well-designed randomized controlled
trials and cohort studies with larger sample sizes and long-
term follow-up data are required before statins can be used in
practice.
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