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Statins Are Associated With a Reduced Risk of Hepatocellular Cancer:
A Systematic Review and Meta-analysis
SIDDHARTH SINGH,1 PREET PAUL SINGH,2 ABHA GOYAL SINGH,3 MOHAMMAD HASSAN MURAD,4 and

ILLIAM SANCHEZ1

1Division of Gastroenterology and Hepatology, 2Department of Medical Oncology, 3Department of Internal Medicine, and 4Division of Preventive, Occupational and
Aerospace Medicine, Mayo Clinic, Rochester, Minnesota

This article has an accompanying continuing medical education activity on page e13. Learning Objective: Upon
completion of the CME activity, successful learners will be able to summarize the association between HMG-CoA

reductase inhibitor therapy and reduced rates of hepatocellular carcinoma.
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BACKGROUND & AIMS: Hepatocellular carcinoma
(HCC) is a leading cause of cancer-related mortality
worldwide. Several studies have shown that statins could
have chemopreventive effects on HCC. We performed a
systematic review and meta-analysis of studies that eval-
uated the effects of statins on the risk of HCC. METH-

DS: We conducted a systematic search of MEDLINE,
mbase, and Web of Science through May 2012 and
anually reviewed the literature. Studies were included if

hey evaluated and clearly defined exposure to statins,
eported the incidence of HCC, and reported relative risks
r odds ratios (ORs) or provided data for their estimation.
en studies reporting 4298 cases of HCC in 1,459,417
atients were analyzed. Summary OR estimates with 95%
onfidence intervals (CIs) were calculated using the ran-
om effects model. Statistical heterogeneity was assessed
ith the Cochran’s Q statistic and I2 statistic. RESULTS:
tatin users were less likely to develop HCC than statin
onusers (adjusted OR, 0.63; 95% CI, 0.52– 0.76), al-
hough the results were heterogeneous (P � .01, I2 �
9%). This heterogeneity could be accounted for by study

ocation (Asian population [n � 4]: adjusted OR, 0.52;
5% CI, 0.42– 0.64; Western population [n � 6]: adjusted
R, 0.67; 95% CI, 0.53– 0.85) and design (observational

tudies [n � 7]: adjusted OR, 0.60; 95% CI, 0.49 – 0.73;
linical trials [n � 3]: adjusted OR, 0.95; 95% CI, 0.62–
.45). CONCLUSIONS: Based on meta-analysis, statin
se is associated with a reduced risk of HCC, most
trongly in Asian but also in Western populations.
andomized clinical trials in populations at high risk

or HCC (especially in Asian populations with hepa-
itis B) are warranted.

eywords: Liver Cancer Prevention; Epidemiology; Choles-

erol-Lowering Drugs; HMG-CoA Reductase Inhibitors.
atch this article’s video abstract and others at http://
iny.cc/j026c.

Scan the quick response (QR) code to the left with
your mobile device to watch this article’s video
abstract and others. Don’t have a QR code reader?
Get one by searching ‘QR Scanner’ in your mobile
device’s app store.

Hepatocellular cancer (HCC) is the fifth most com-
mon cancer worldwide in men and the second most

requent cause of cancer death, with an annual incidence
f 0.5 million worldwide.1 Half of these cases and deaths
ccur in China, where viral hepatitis B and C are the
ajor risk factors for HCC. On the other hand, in West-

rn countries, 30% to 40% of HCC cases occur in patients
ithout usual risk factors and are probably attributable to
onalcoholic fatty liver disease (NAFLD) or metabolic
yndrome.2,3 The rising prevalence of NAFLD4 is a major

contributing factor to the increasing incidence of HCC in
the United States.5,6 Currently, there are no chemopreven-
tive agents that may reduce risk of HCC, and manage-
ment of HCC involves surveillance of high-risk popula-
tions for early diagnosis and timely treatment.

Statins or 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, used for primary and
secondary prevention of cardiovascular diseases, may de-
crease the risk of cancers.7,8 In vitro and animal studies

ave shown that in addition to cholesterol reduction,
tatins have antiproliferative, proapoptotic, antiangio-
enic, immunomodulatory, and anti-infective effects,

Abbreviations used in this paper: CI, confidence interval; CTT, Cho-
lesterol Treatment Trialists’, DM, diabetes mellitus; HMG-CoA, 3-hy-
droxy-3-methylglutaryl coenzyme A; NAFLD, nonalcoholic fatty liver dis-
ease; OR, odds ratio; RCT, randomized controlled trial.
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which prevent cancer growth.9,10 Some recent observa-
ional studies have shown that use of statins may be
ssociated with a lower risk of HCC,11–13 whereas others
ave shown no beneficial effect.14

To better understand this issue, we performed a sys-
tematic review with meta-analysis of existing randomized
controlled trials (RCTs) and observational studies that
investigated the association between use of statins and the
risk of developing HCC.

Subjects and Methods
Search Strategy
A systematic literature search of MEDLINE (1966

through May 25, 2012), Embase (1988 through May 25, 2012),
and Web of Science (1993 through May 25, 2012) databases was
conducted by 2 study investigators (S.S. and P.P.S.) indepen-
dently for all relevant articles on the effect of statin use on the
risk of HCC. Keywords used in the search included “HMG-CoA
reductase inhibitor(s),” “statin(s),” “atorvastatin,” “fluvastatin,”
“lovastatin,” “pravastatin,” “rosuvastatin,” or “simvastatin” com-
bined with “cancer” or “neoplasm(s).” The title and abstract of
studies identified in the search were reviewed by 2 authors
independently (S.S. and P.P.S) to exclude studies that did not
answer the research question of interest. The full text of the
remaining articles, including the references, was examined to
determine whether it contained relevant information. We also
manually searched the abstracts from major gastroenterology
and oncology conferences (2003–2012). When incomplete infor-
mation was available, attempts were made to contact the corre-
sponding authors of the studies for additional information.

Selection Criteria
Studies considered in this meta-analysis were either

RCTs or observational studies that met the following inclusion
criteria: (1) evaluated and clearly defined exposure to statins, (2)

reported HCC incidence, and (3) reported relative risks or odds
ratios (ORs) or provided data for their calculation. Inclusion was
not otherwise restricted by study size, language, or publication
type. When there were multiple publications from the same
population, only data from the most recent comprehensive re-
port were included. The flow diagram summarizing study iden-
tification and selection is shown in Figure 1.

To understand the risk of bias in individual studies, a formal
quality assessment of studies was performed along with sub-
group analysis. The methodological quality of observational
studies was assessed by 2 authors independently (A.G.S. and
P.P.S.) using the Newcastle–Ottawa scale.15 In this scale, obser-
ational studies were scored across 3 categories: selection (4
uestions) and comparability (2 questions) of study groups and
scertainment of the outcome of interest (3 questions); all ques-
ions had a score of 1 except for comparability of study groups,
n which separate points were awarded for controlling age
nd/or sex (maximum of 2 points). Studies with a cumulative
core �7 were considered high quality.16 The Jadad scale, a
-point score based on randomization strategy (maximum of 2
oints), blinding (maximum of 2 points), and withdrawals and
ropouts (maximum of 1 point), was used to assess the meth-
dological quality of RCTs.17 Any discrepancies were addressed
y a joint reevaluation of the original article.

Data Abstraction
Data were independently abstracted onto a standardized

form by 2 reviewers (S.S. and A.G.S.). The following data were
collected from each study: study design, time period of study/
year of publication, country of the population studied, primary
outcome reported, type of medication, dose and duration of
statin use (if reported), information source for exposure mea-
surement, total number of persons in each group (exposed vs
not exposed), ORs, and 95% confidence intervals (CIs) with and
without adjustment for confounding factors. Data on the fol-
lowing confounding risk factors for HCC were extracted from
each study: age, sex, presence of cirrhosis, hepatitis B infection,

Figure 1. Flow diagram sum-
marizing study identification and
selection.
hepatitis C infection, alcoholic liver disease, diabetes mellitus
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(DM), and NAFLD. Conflicts in data abstraction were resolved
by consensus, referring back to the original article.

Outcomes Assessed
Our primary analysis focused on assessing the risk of

HCC among users of statins. A priori hypotheses to explain
potential heterogeneity in the direction and magnitude of effect
included study design (observational studies vs RCTs) and loca-
tion of study (Asian population vs Western population).

Statistical Analysis
We used the random effects model described by DerSi-

monian and Laird to calculate pooled ORs and 95% CIs.18

Because outcomes were relatively rare, ORs were considered
approximations of relative risk. Adjusted ORs reported in stud-
ies were used for analysis to account for confounding variables.
We assessed heterogeneity using 2 methods: Cochran’s Q statis-
tic, which was considered statistically significant for heteroge-
neity if P � .10, and the I2 statistic, with values �50% suggestive
of significant heterogeneity.19 We assessed for publication bias

uantitatively using the Begg and Mazumdar adjusted rank
orrelation test (publication bias considered present if P � .10)20

and qualitatively by visual inspection of funnel plots of the
logarithmic OR versus their standard errors.21 All P values were
2-tailed. For all tests (except for heterogeneity and publication
bias), a probability level �.05 was considered statistically signif-
icant. Analysis and reporting were performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.22 All calculations and graphs
were performed using Comprehensive Meta-Analysis (CMA) ver-
sion 2 (Biostat, Englewood, NJ).

Results
Search Results
Of the 2336 unique studies identified using our

search criteria, 10 studies fulfilled our inclusion criteria
and were included in the meta-analysis (7 observational
studies and 3 studies reporting pooled data from 26
RCTs), with one of the studies published only in abstract
form.11–14,23–28 These studies cumulatively reported 4298
cases of HCC in 1,459,417 patients. Two studies included
as RCTs represented individual patient data analysis of
patients enrolled in prospective controlled trials of cho-
lesterol in heart disease.26,27 Two studies were excluded

ecause they represented an already included popula-
ion,29,30 and 2 studies were excluded because of a lack of
ufficient information.31,32

Characteristics of Included Studies
The characteristics of these studies are shown in

Table 1. Risk factors for HCC varied widely in the popu-
lations studied, with Asian studies reporting hepatitis B
virus (HBV) infection and Western studies reporting cir-
rhosis related to hepatitis C virus (HCV) and probable
metabolic syndrome or DM as the leading etiology (Table
2). Chiu et al performed a case-control study on Taiwan-
ese patients older than 50 years with a new diagnosis of
HCC from 2005 to 2008 (only 24% with HBV),11 and Tsan

et al studied a cohort of patients older than 18 years with
HBV with a new diagnosis of HCC from 1999 to 2008.12

El-Serag et al performed a case-control population-based
study on US veterans with DM from 2001 to 2002.13

Khurana et al conducted a retrospective case-control
study using data from the South Central VA Health Care
Network, including all patients with HCC from 1997 to
2002, irrespective of diabetes status.25 Marelli et al per-
formed a propensity matched cohort analysis of the inci-
dence of cancer in older adults who had or had not used
statins, using the General Electric Centricity electronic
medical records database of �11 million patients.23 Fried-

an et al used the pharmacy information management
ystem and cancer registry of the Kaiser Permanente Med-
cal Care Program of northern California to estimate the
isk of cancer in patients exposed to statins.24 Friis et al
sed the pharmacoepidemiological prescription database
f North Jutland County in Denmark and data from the
anish Central Population Register and Danish Cancer
egistry to identify 171 cases of HCC in 334,754 pa-

ients.14 Matsushita et al performed an analysis of indi-
idual patient data from 3 large-scale clinical trials in
atients with hyperlipidemia in Japan.26 Emberson et al

performed an individual patient data analysis of 22 RCTs
of statins versus controls conducted by the Cholesterol
Treatment Trialists’ (CTT) collaboration to assess cancer
incidence with statin exposure.27 In all of these studies, a
temporal relation of development of HCC to statin use
was established by excluding cases of HCC developing
before exposure to statins. Sato et al observed 17 patients
with cancer after long-term follow-up of 263 patients with
coronary artery disease from Osaka, Japan, enrolled in the
Prevention of Coronary Sclerosis study.28 Eight of these

atients had cancer before study entry, although the au-
hors included them in the analysis because results after
xclusion were similar.

Quality of Included Studies
The median Newcastle–Ottawa quality score for

observational studies was 7 (range, 2–9); 5 of 7 studies
were considered high quality. Table 1 depicts the meth-
odological quality of all studies. Most studies adjusted for
the following confounders: age (8/10), sex (7/10), viral
hepatitis (5/10), cirrhosis (3/10), DM (6/10), alcoholic
liver disease (3/10), and medications (6/10) (Tables 1 and
2). Four of 7 observational studies included only new
cases of HCC diagnosed after a minimum of 1 year of
initial statin prescription (or at least 2 prescriptions),11–14

whereas for 2 studies all incident cases of HCC after initial
statin prescription were included.23,24 This information

as not available for one observational study and was not
xplicitly stated in the clinical trials.25–28

Risk of HCC
On meta-analysis of all studies assessing the risk of

HCC, use of statins was associated with a statistically
significant 41% reduction in the incidence of HCC (Figure
2A). The results showed considerable heterogeneity (Co-

chran’s Q test P � .08, I2 � 58%). There was no evidence



Table 1. Characteristics and Quality of Included Studies Assessing the Risk of HCC With Statin Use

Study Design Location Setting Time period
Total no. of

subjects
No. of HCC

cases
Variables adjusted

fora Study qualityb

Observational studies Selection Comparability Outcome/exposure
Chiu et al, 201111 Case-control Taiwan Population based 2005–2008 2332 1166 1–7, 10 *** ** **
El-Serag et al, 200913 Case-control United States Population based 2001–2002 6515 1303 1–6, 9 *** ** ***
Tsan et al, 201212 Cohort Taiwan Population based 1997–2008 33,413 1021 1, 2, 5, 7, 11 *** ** ***
Friis et al, 200514 Cohort Denmark Population based 1989–2002 334,754 171 1, 2, 9, 15 **** * ***
Marelli et al, 201123 Cohort United States Population based 1991–2009 91,714 105 1, 2, 8, 12, 13, 14 **** ** ***
Friedman et al, 200824 Cohort United States Population based 1994–2003 361,859 42 15 **** — **
Khurana et al,

2005 (abstract)25
Case-control United States Population based 1997–2002 480,306 409 1, 3 * * —

RCTs Randomized Double-blind Withdrawals/dropouts
Matsushita et al,

201026
RCT Japan Individual patient

data analysis of
trials

2010 13,724 12 NR N/A N/A N/A

CTT, 201227 RCT Europe,
Australia,
North
America

Individual patient
data analysis of
RCT

2012 134,537 68 NR N/A N/A N/A

Sato et al, 200628 RCT Japan Secondary
analysis of RCT

1991–1995 263 1 1, 2, 13 1 1 —

N/A, not applicable.
a1, age; 2, sex; 3, HBV; 4, HCV; 5, cirrhosis; 6, alcoholic liver disease; 7, diabetes mellitus; 8, race; 9, other medications (aspirin/nonsteroidal anti-inflammatory medications, angiotensin-converting
enzymes inhibitors); 10, other lipid-lowering agents; 11, socioeconomic status; 12, body mass index; 13, smoking; 14, comorbidities; 15, calendar year.
bStudy quality assessment of observational studies was performed using the Newcastle–Ottawa scale; each asterisk represents if an individual criterion within the subsection was fulfilled. For RCTs,
study quality was assessed using the Jadad scale.
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of publication bias, both quantitatively (P � .53) and
qualitatively, on visual inspection of the funnel plot. This
risk reduction with statins persisted even after adjusting
for potential confounders where reported in studies (Ta-
ble 2), although the heterogeneity persisted (Cochran’s Q
test P � .01, I2 � 59%).

Subgroup Analysis
We performed preplanned stratified analyses of

studies based on study design and location (Table 3). In 7
observational studies, use of statins was associated with a
significant 40% risk reduction in incidence of HCC, al-
though there was moderate heterogeneity within the
group. In the 3 studies reporting pooled data from mul-
tiple RCTs, there was no evidence of a chemoprotective
effect of statins, with no significant heterogeneity within
the group. This analysis explained the significant hetero-
geneity seen in the overall analysis.

On stratified analysis based on location of study, in
studies in the Asian population, use of statins was asso-
ciated with a significant 48% risk reduction in incidence of
HCC, with consistent results across studies. Likewise,
there was a significant 33% risk reduction in incidence of
HCC with statin use in the Western population, although
there was considerable heterogeneity within the group.
This subgroup analysis also partly explained the signifi-
cant heterogeneity seen in the overall analysis.

Sufficient data were not available to perform stratified
analyses based on age, sex, statin type (hydrophobic or
hydrophilic), or dose/duration of statins.

Sensitivity Analysis
To further explore the sources of heterogeneity

seen within observational studies, we performed addi-
tional sensitivity analysis based on study design (case-
control vs cohort) and quality of included studies (high
quality vs low quality) (Table 3). Both case-control and
cohort study designs confirmed the protective association
between statin exposure and HCC incidence with no sig-
nificant difference between these groups. When analysis of
observational studies was performed based on study qual-
ity, low-quality studies showed a significantly greater pro-
tective effect of statins on HCC than high-quality studies,
explaining the heterogeneity seen on analysis of observa-
tional studies (Table 3). When restricting analysis to high-
quality observational studies,11–14,23 use of statins contin-
ued to have a protective association with the risk of HCC,
although there was still some heterogeneity between stud-
ies. This heterogeneity was completely explained by study
location (Table 3).

To assess whether any one study had a dominant effect
on the meta-analytic OR, each study was excluded and its
effect on the main summary estimate and Cochran’s Q
test P value for heterogeneity was evaluated. No study
markedly affected the summary estimate or P value for

heterogeneity among the other summary estimates.Ta C
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Number Needed to Treat

Because of significant heterogeneity between
studies, a single summary estimate for number needed
to treat with statins to prevent one case of HCC could
not be inferred. However, on restricting analysis to the
Asian population (where studies were homogeneous),
using an age-adjusted incidence rate of HCC in men in
East Asia of 40 per 100,000 person-years and a 48%
reduction in HCC risk with statin use, 5209 East Asian
men would need to be treated with statins to prevent
one case of HCC per year.33 When limiting analysis to a
very high risk population of East Asian men with
chronic HBV-associated cirrhosis with an estimated in-
cidence rate of HCC of 3.7 per 100 person-years, the
number needed to treat with statins to prevent one case

of HCC per year would be 57.34
Discussion
As a result of our comprehensive meta-analysis

of all existing studies in more than 1.4 million patients
with 4298 cases of HCC, we found that use of statins is
associated with a significant 37% reduction in the risk
of HCC after adjusting for confounding variables. This
effect was more pronounced and consistent in the
Asian population and in observational studies as op-
posed to clinical trials. This effect of statins was inde-
pendent of its lipid-lowering effects, because nonstatin
lipid-lowering agents were not associated with reduc-
tion in the risk of HCC.12,14 The likelihood of impor-
tant selection or publication bias in our meta-analysis
is small. During the identification and selection pro-
cess, we did not exclude any article because of method-

Figure 2. (A) Summary of un-
adjusted ORs assessing the risk
of HCC with statin exposure. (B)
Summary of adjusted ORs as-
sessing the risk of HCC with sta-
tin exposure.
ological characteristics.
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Antineoplastic Effects of Statins
In vitro and animal studies have shown that st-

atins exert antineoplastic effects through both HMG-CoA
reductase– dependent and HMG-CoA reductase–indepen-
dent pathways. By competitive inhibition of HMG-CoA
reductase, blocking the conversion of HMG-CoA into
mevalonate, statins can inhibit several downstream prod-
ucts of the mevalonate pathway, including the generation
of isoprenoids. This prevents posttranslational prenyla-
tion of small signaling G proteins of the Ras/Rho super-
family, which are important mediators of cell growth,
differentiation, and survival.9 They also exert proapop-
totic effects through regulation of the RAF/mitogen-acti-
vated protein kinase 1/extracellular signal–regulated
kinase (MEK-ERK) pathway through an HMG-CoA re-
ductase– dependent mechanism by activating caspases
and decreasing Bcl-2.35,36 Statins inhibit the activation of
he proteasome pathway, limiting the breakdown of cy-
lin-dependent kinase inhibitors p21 and p27, thus allow-
ng these molecules to exert their growth-inhibitory ef-
ects.37 In addition, they exert anti-inflammatory and

immunomodulatory effects, modifying the cell adhesion
cascade through both HMG-CoA reductase– dependent
and HMG-CoA reductase–independent effects.9

Myc activation is a critical step in hepatocarcinogenesis,
and its inactivation has been shown to induce sustained
regression of HCC.38,39 In a transgenic model of Myc-
induced HCC as well as in human HCC-derived cell lines,
atorvastatin has been shown to block Myc phosphoryla-
tion and activation, suppressing tumor initiation and
growth through a HMG-CoA reductase– dependent path-
way.40 Shimizu et al showed that pitavastatin can inhibit
he early phase of obesity-related liver tumorigenesis in

Table 3. Sensitivity Analysis to Examine Sources of Heteroge

Subgroup
analysis

No. of
studies

No. of
HCC

cases

Total
no. of

subjects
A

tudy design
Observational 7 4217 1,791,199
RCTb 3 81 148,524

Study location
Asian 4 2200 49,732
Western 6 2098 1,889,991

Sensitivity analysis (to examine source of heterogeneity seen in obse
Study quality

High quality 5 3766 949,034
Low quality 2 451 842,165

Study design
Case-control 3 2878 489,153
Cohort 4 1339 1,302,046

ensitivity analysis (to examine source of heterogeneity seen in high-
Study location

Asian 2 2469 35,745
Western 3 1297 913,289

aP � .10, explains source of heterogeneity between groups.
bOR represents relative risk.
ale C57BL/KsJ-db/db obese mice.41
Differences in Asian and Western Populations
The chemopreventive association of statins with

HCC was evident in both Asian and Western populations,
although the effect was stronger and more homogeneous
in the Asian population. Chronic HBV is the dominant
risk factor in most areas of Asia and sub-Saharan Africa,
whereas it accounts for only 23% of HCC cases in devel-
oped countries. In the United States and several other
Western countries, alcohol-related cirrhosis, HCV, and
NAFLD, associated with obesity and metabolic syndrome,
are believed to account for the majority of cases of liver
cancer.5

HBV genome integration has been associated with host
DNA microdeletions that can target cancer-relevant genes
such as mitogen-activated protein kinase 1 (MAPK),
among others, potentially providing these cells with a
growth advantage.42 Also, HBV protein X transcriptional

ctivation activity can alter the expression of several
rowth control genes, such as Ras, Raf, MAPK, ERK, and
thers.43,44 Statins, by inhibiting the mevalonate pathway,
an prevent potential detrimental effects of these growth
ignaling proteins.9 Likewise, HCV stimulates the nuclear

factor �B pathway, leading to immune activation, and
inflammation, which is inhibited by statins.9,45 HCV also

romotes cell growth by down-regulation of growth arrest
nd DNA damage (Gadd45) gene family.46 This effect can

be countered by statins, which have antigrowth effects.9

Unlike the Asian population, where statins exert most of
their effect by antagonizing the oncogenic effect of HBV, the
mechanisms by which statins alter the risk of HCC in the
Western population are unclear. The protective effect of
statins in this population may be related to modification of
metabolic syndrome, insulin-mediated cell proliferation, and

ty Observed in Summary Estimate

sted
R 95% CI

Tests of
heterogeneity Heterogeneity

between
groups (P)P I2 (%)

60 0.49–0.73 .01 65 .06a

95 0.62–1.45 .86 0

52 0.42–0.64 .70 0 .10a

67 0.53–0.85 .01 67

ional studies)

68 0.61–0.77 .02 52 .06a

50 0.41–0.60 .75 0

63 0.49–0.81 .04 68 .71
58 0.42–0.81 .03 64

lity observational studies)

51 0.41–0.64 .25 24 .01a

76 0.67–0.87 .49 0
nei

dju
O

0.
0.

0.
0.

rvat

0.
0.

0.
0.

qua

0.
0.
obesity-associated inflammation. Additionally, because pa-
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tients with HCV are at higher risk for developing type 2
DM,47 statins may exert their antineoplastic beneficial effects
hrough anti-infective properties.10

Dose, Duration, and Type of Statins
A meta-analysis of dose and duration effects of

statins was not possible. However, a systematic review
of the literature suggests that a higher cumulative dose of
statins probably has a greater chemopreventive effect than
low-dose statins. Tsan et al reported that a high dose-
duration statin product was associated with greater pro-
tective effects on HCC in their cohort of patients with
HBV.12 The adjusted hazard ratios were 0.66 (95% CI,

.44 – 0.99), 0.41 (95% CI, 0.27– 0.61), and 0.34 (95% CI,

.18 – 0.67) for patients with statin use of 28 to 90, 91 to
65, and more than 365 cumulative daily defined doses,
espectively, compared with patients with no statin use (P
or trend �.001). Likewise, statin use for more than 6

onths was associated with a significant decrease in risk
f HCC in the study by El-Serag et al, although no
ignificant differences were found between the patients in
he lowest dose-duration quartile as compared with the
ighest dose-duration quartile.13 In the individual patient

data analysis of 5 RCTs conducted by the CTT collabora-
tion, “more” statin use was associated with a statistically
significant chemopreventive effect as compared with
“less” statin use (HCC incidence, “more” vs “less”:
7/19,829 vs 18/19,783; P � .05).27 On the other hand,
Chiu et al did not find a significant dose-response rela-
tionship, with no significant difference in the group with
a cumulative defined daily dose of statin �215.4, as com-
pared with patients with a dose �215.4, although the
numbers were small in the latter group.11 Friedman et al
also did not find a significant difference in the protective
effect of statins on HCC with use for more than 5 years,
although both of these studies were limited by a small
number of cases with prolonged statin exposure.24 A dose-
esponse relation between statin use and development of
ancer is plausible. Statins have been shown to have a
ose-dependent effect on angiogenesis, with probably a
roangiogenic effect at low doses and an antiangiogenic
ffect at high doses in in vivo studies.48 On the other

hand, studies with low-dose pravastatin (10 –20 mg/kg
every other day) were associated with decreased risk of
development of neoplastic hepatic nodules in Sprague–
Dawley rats,49 whereas high-dose lovastatin (500 mg/kg

er day) was associated with a higher incidence of HCC.50

However, the findings of Tsan et al, in which even patients
with only 28 to 90 cumulative defined daily doses of
statins were noted to have a 34% reduction in risk of HCC,
need to be interpreted with caution and likely represent
confounding due to healthy user effect.12

It is hypothesized that lipophilic statins (eg, lovastatin,
simvastatin) may have a greater chemoprotective effect than
lipophobic statins (eg, pravastatin) due to greater lipid sol-
ubility and membrane permeability.51 Tsan et al reported no
significant differences in the risk reduction of HCC with

hydrophilic or lipophilic statins.12 Two meta-analyses that
tudied cancer risk with statin type found no difference in
he risk of cancer with hydrophilic versus hydrophobic st-
tins.52,53

Differences in Observational Studies and
Clinical Trials
The chemopreventive effect of statins was seen

primarily in observational studies, which accounted for a
large majority of the included HCC cases (4217 cases;
98.1%). RCTs included in the study did not show any
significant chemopreventive effect of statins, although
these accounted for a small minority of the included HCC
cases (81 cases; 1.9%). Importantly, the clinical trials in-
cluded in the meta-analysis represented post hoc analysis
of 26 RCTs performed on the effect of statins on cardio-
vascular mortality. By design, the patients enrolled in
these RCTs were at low risk for development of HCC.
Most of the RCTs were performed in the Western popu-
lation (22/26). Also, given the small number of cases of
HCC, the studies were not adequately powered to detect a
significant difference in the placebo and statin groups
with regard to development of HCC. Moreover, because
the occurrence of HCC was not the primary objective of
these trials, patients were not routinely screened for de-
velopment of HCC; this might have affected the detection
rate of HCC. The follow-up duration in these RCTs was
short. These factors may explain why current clinical trials
of statins for prevention of cardiovascular mortality do
not show a chemopreventive effect of statins against HCC.

On the other hand, the chemopreventive effect of st-
atins seen in observational studies may also represent an
overestimate of its true effect. Observational studies lack
the experimental random allocation of the intervention
necessary to test exposure-outcome hypotheses optimally.
Despite adjusting for numerous covariates, it is not pos-
sible to eliminate the potential of residual confounding,
in particular, confounding by indication. Even though
statins have been found to be safe in patients with chronic
liver disease,54 primary care physicians may be less likely
to prescribe statins to patients with chronic liver diseases,
a group that is inherently at higher risk for HCC.

Limitations
Besides the previously described limitations in our

analysis, there were several other limitations that merit
further discussion. All studies did not adjust for the same
confounders. They generally failed to account for one or
more of the following risk factors for HCC: cirrhosis, viral
hepatitis, alcoholic liver disease, NAFLD, diabetes, or
treatment for HBV and/or HCV. In most of the popula-
tion-based observational studies, HCC was diagnosed
based on medical diagnostic codes. It is unclear whether
all patients at high risk for HCC were undergoing routine
surveillance and what was the compliance of the popula-
tion to surveillance guidelines. Therefore, there may be
undiagnosed clinically silent HCC in high-risk patients
and these may have been differently distributed between

patients on statins and patients not on statins. In most
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included studies, only incident cases of HCC diagnosed at
least 1 year after initial statin prescription (or after at least
2 prescriptions) were included in the analysis to minimize
the risk of confounding by prevalent but undetected
HCC. Another potential limitation that particularly ap-
plies to case-control studies evaluating HCC is recall bias.
However, in most studies, because pharmacy drug pre-
scription information from population-based databases
was used, the effects of this are likely minimal.

A major omission of all included studies was failure to
adjust for antidiabetic therapy on risk modification in
HCC.55 Metformin was associated with an estimated 62%
eduction in the risk of HCC among patients with type 2
M in a recent meta-analysis (OR, 0.38; 95% CI, 0.24 –

.59).56 Likewise, use of thiazolidinediones has been asso-
ciated with reduced risk of HCC.57,58 On the other hand,
use of sulfonylureas has been associated with increased
risk of HCC in some studies of patients with type 2
DM.57–59 Given that a significant proportion of patients

ith HCC had DM in these studies, it is likely that a
ignificant proportion of patients would have been on

etformin, thiazolidinediones, or sulfonylureas. In re-
ponse to our query, Tsan et al reanalyzed their data after
djustment for antidiabetic medications and noted that
tatins continued to have a chemopreventive effect on
CC.55 This effect was not analyzed in other studies.

Implications for Practice
With such a high number needed to treat with st-

atins to prevent one case of HCC, it does not seem prudent
to prescribe statins for chemoprevention. Adverse effects and
cost for such a long-term therapy would be prohibitive.
However, in patients with multiple risk factors (eg, East
Asian men with chronic HBV infection), statins may have a
clinically relevant chemoprotective effect against HCC.

Conclusion
In summary, our meta-analysis suggests that use of

statins is associated with a reduced risk of HCC. This che-
moprotective association is more pronounced in the Asian
population, where viral hepatitis is the most important risk
factor for HCC, but is also seen in the Western population,
where HCC is predominantly associated with metabolic syn-
drome. However, these results should be interpreted with
caution given the possibility of residual confounding. Future
randomized clinical trials or prospective cohort studies in
populations at high risk for HCC (especially in the Asian
HBV-infected population) are warranted.
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