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reduc-tase inhibitors, commonly referred to as
statins, have therapeutic and primary and
secondary pre-ventative effects in cardiovascular
disease and stroke.'™ Recently, there has been
emerging infer-est in use as anticancer agents
based on preclinical evidence of their
antiproliferative, proapoptotic, anti-invasive, and
radiosensitizing properties.s’6 Inhibition of
3-hydroxy-3-methylglutaryl-coenzyme A
reductase by statins interferes with the
rate-limiting step of the mevalonate pathway,7
leading to reduced levels of mevalonate and its
downstream productss’g; thus, statins may reduce
tumor initia-tion, growth, and metastasis. In fact,
statins have demonstrated growth-inhibiting
activity in cancer cell lines and preclinical tumor

10-14

models in animals. Observational studies

have raised the

3-Hydroxy-3-methylglutary— coenzyme A

possibility that statin use may. decrease
overall risk of cancer and risk of specific

cancers. In contrast, meta-analyses of
randomized trials have consis-tently shown
no effect of statins on cancer inci-dence or

cancer mortrclli‘t},ar.l’lg_22 In addition, few
epidemiologic studies have investigated the
asso-ciation between statin use and risk of
hepatocel-lular carcinoma (HCC).

Recent studies have shown the safety and
poten-tial therapeutic applications of statins in

. . 23,24
knownliverdisease,

patients with
althoughthemostconcerning

adverseeffecisofstatinsarshepatotoxicityandmyo-
toxicity.25’26 A recent  population-based
case-control study in Taiwan showed that statins
were associated with a reduction in the risk of
liver canc:er,27 but no statistically significant

effects were found in a Danish study.16 One
clinical trial showed that pravastatin suppressed
tumor cell growth and extended survival time in
patients with advanced HCC.28 A nested
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case-control study found that statin use was associated with a signifi-
cant reduction in the risk of HCC among patients with diabetes.?®

Carriers of hepatitis B virus (HHBV) infection have a substan-
tal risk of HCC and liver-related death compared with individuals
not infected with HBV.?**? Because the connection between statin
use and risk of HCC is unclear, our study investigated whether
statin use is associated with the reduction of HCC incidence in
HBV-infected patients.

Data Sources

The sampling cohort data set was obtained from the Taiwanese National
Health Insurance {NHI) research database. The NHI program provides com-
pulsory universal health insurance, implemented on March 1, 1995, that
covers ali forms of health care services in 98% of the island’s population, In
coeoperation with the Bureau of NHJ, the National Health Research Institute
{NHRI} of Taiwan randomly sampled a representative database of 1,000,000
patients from the year 2005 registry of all NHI enrollees using a systematic
sampling method for research purposes, as the Longitudinal Health Insurance
Database. There were no statistically significant differences in age, sex, oz
health care costs between the sample group and all enrollees, as reported by the
NHRI. We used databases for admissions and cutpatient visits of the sample
cohort, both of which inclnded information on patient characteristics, includ-
ing sex, date ofbisth, date of admission, date of discharge, dates of visits, and up
tofive discharge diagnoses or three outpatient visit diagnoses (by International
Classification of Diseases, Ninth Revision [ICD-9] dlassification}. The data
files also contained information on patient prescriptions, including the names
of prescribed drugs, dosage, duration, and total expenditure. These databases
have previously been used for epidemiologic research, and information on
prescription use, diagnoses, and hospitalizations is of high quality. 5%

With strict confidentiality guidelines being closely followed in accor-
dance with personal electronic data protection regulations, the NHRI of Tai-
wan anonymized and maintained the NHI reimbursement data as files suitable
for research. In addition, this study was approved by the Ethics Review Board
at the National Taiwen University College of Public Health.

Identification of Study Sample

We conducted a population-based cohort study in which all patients
older than 18 years who had a first-time diagnosis of HBV infection (ICD-9
codes 070.2, 070.3, and V02.61) without hepatitis C virus (HCV) infection
(ICD-9 codes 070.7, 07041, 070.44, 070.51, 070.54, and V02.62} between
January 1, 1997, and Decernber 31, 2008, formed the study cohort (N =
33,413). Because Hver diseases are an important health problem in Taiwan, the
government pays close attention to this health issue and makes the guideline
for diagnosis.*

Patients with HCC (JCD-9 code 155.0) were identified in the admission
files, with the first-time diagnosis date as the index date. The American Assa-

ciation for the Study of Liver Diseases Practice Guidelines were recornmended .

by the Bureau of NHI for the diagnosis of HCC."® We deliberately included
only patients with admission for HCC to increase the validity of the diagnosis.
We limited eligible patients to those who were newly diagnosed between
January 1, 1999, and December 31, 2008, to allow for more than 2 years of prior
exposure with complete admission, outpatient visit, and drug data; thus, 36
individuals were excluded from the analysis because they had previously diag-
nosed HCC.

Exposure to Statins

Weidentified patients who fifled prescriptions for statins in the inpatient
and ambutatory care order files between January 1, 1997, and 365 days before
the index date for HCC. We collected the dates of prescriptions, the daily dose,
the number of days supplied, and the number of pills per prescription. In
accordance with the Anatomic Therapeutic Chemical Classification System of
drugs, we selected simvastatin, lovastatin, atorvastatin, fluvastatin, Ppravastatin,
and rosuvastatin as the major study drugs of interest.

624 @ 2012 by American Society of Clinical Cncology

The defined daily dose (DDD) recommended by the WHO is a unit for
measuringa prescribed amount of drug; it is the assumed average maintenanee
dose per day of a drug consumed for its main indication in aduits. By using the
following formula, we could compare any statins based on the same standard:
(total amount of drug)/(ameunt of drug in a DDD) = number of DDDs.*!
Cumulative DDD (cDDD), which indicates the exposed duration, was esti-
mated as the sum of dispensed DDD of any statins to compare their use to
the risk of HCC. We collected similar information on ponstatin Jipid-
lowering medications (cholestyramine, colestipel, colextran, niceritrol,
nicofuranose, acipimox, probucol, and ezetimibe). To examine the dose-
effect relationship, we categorized the statins into four groups in each
cohort (< 28, 28 to 90, 91 to 365, and > 365 cDDDs) because the duration
of the refill card was 3 months. Patients who used statins for less than 28
¢DDDs were defined as statin nonusers,

" Potential Confounders

We identified in a systematic way any liver disease as a potential con-
founder defined by the following diagnoses recorded between January 1, 1997,
and the HCC index date: alcohol-related disease (ICD-9 codes 291, 303.0,
303.%, 305.0, 571.0, 571.1, 571.2, and 571.3} and <irrhosis (ICD-9 codes 571.2,
571.5, 571.6, 572.2, 572.3, 572.4, 572.8, and 573.0) with diabetes (ICD-9 code
250). The prescriptions of medications that potentially could confound the
association between statin use and cancer risk were also identified, such as
anti-HBV treatment (interferon, Iamivudine, entecavir, adefovir dipivoxil,
and telbivudine), aspirin, angiotensin-converting enzyme (ACE) inhibitors
(captopeil, enalapril, lisinoprit, perindopril, ramipril, quinapril, benazepril,
cilazapril, and fosinopril), and triglyceride-lowering medications (bezafibrate,
clofibrate, etofibrate, fenofibrate, gemfibrozil, and simfibrate). We also con-
sidered sociodemographic characteristics (age, sex, income, and level of ur-
banization} in the modeling. Urbanization levels in Taiwan are divided into
four strata according to the Taiwan Nationat Health Research Institute publi-
cations, with level 1 referring to the most urbanized communities and level 4
referring to the least urbanized communities.

Statistical Analyses

We used the Kaplan-Meier method to estimate HICC cumulative inei-
dences. The log-rank test was performed to examine differences in the risk for
HCC in the cohort. Finally, Cox proportional hazards models were used to
compute the 10-year hazard ratios {HRs) accompanying 95% Cls after adjust-
mient for the variables mentioned. Two-tailed P = .05 was considered signifi-
cant. Deceased patients (with death date in the admission file) and those from
the beneficiarics register who were lost to follow-up were censored. 34243 In
multivariable analyses, we evaluated linear trends in risk by treating statin use
as a continuous variable after assigning a score to each exposure level so that
the P valre was calculated for trend to confirm the dose-response relationship.
Altofthese analyses were conducted using SAS statistical software (version 9.2;
SAS Institute, Cary, NC).

Sensitivity Analyses

Many agents have shown positive results in chemoprevention.*** To
examine potential effect modifiers, we conducted analyses stratified by groups
with and without use of ant-HBV treatment, ACE inhibitors, aspirin, and
triglyceride-lowering medication. These sensitivity analyses were applied to
evaluate the difference and consistency between the stating and the risk
of HCC.

A total of 33,413 HBV-infected patients were included as the study
cohort, of whom 8.3% had used statins (= 28 cDDDs). Table 1 lists the
deniographic characteristics, medical conditions, and medication use
of patients.

There were 1,021 HCCs in the HBV-infected cohort during the
follow-up period of 328,946 person-years; the overall incidence rate
was 310.4 HCGCs per 100,000 person-years. The incidence rates of
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Table 1. Patlent Demographics and Clinical Characteristics of the HBV-Infected Cohort

Characteristic

All Patients With HBY
Infaction (N = 33,413)

Patients With Statin Use
(=28 cDDDsg; n = 2,785

No. %

Patients Without Statin Use
{< 28 cDDDs; n = 30,628)

No. %

B
Statin used (= 28 cDDDs)
Simvastatin
Lovastatin
Atorvastatin
Fluvastatin
Pravastatin

Fibrate, cDDD
0 30,456 911 1,618 58.1 28,838 24.2
1-27 923 28 222 8.0 701 2.39
28-90 802 24 280 10.1 522 1.7
91-365 862 28 423 15.2 439 14
> 365 370 1.1 2472 8.7 128 0.4
Median*® 106.8
1QR

@
Aspirin, cDDD
0 26,639 79.7 1,267 45.5 25,372 828
1-27 2,552 7.8 211 7.6 2,341 7.6
28-365 2,557 7.7 613 22,0 1,844 8.3
> 365 1,665 5.0 624 249 971 3.2
Median™ 2185
IQR 54.0-750.0

Tnlefette
Medical diseasas

56.0-268.8

o

Hypertension 9,669 289 1,973 70.8 7,696 251
Hyperlipidemia 12,742 38,1 2,651 95.5 10,081 329
Liver cirrhosis 3,580 16.7 323 118 3,257 10.6
Dighetes 8,812 264 1,725 61.9 7.087 23.1
Biliary stones 4,140 12,4 509 18.3 3,6 1.8
Alcohal-related disease 2,349 7.0 249 8.9 2,100 6.9
Chronic renal injury 1,231 3.7 268 10.7 933 30

Abbreviations: ACE, engiotensin-converting enzyme; cDDD, cumulative defined daily dose; HBV, hepatitis B virus; IQR, interguartile range.
“The median prescriced rumber of every used {= 28 ¢DDDs) study drug in the cohart,
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Table 2. incidence Rate and Crude and Adjusted HRs of HCC Associated With Statin Uss During the Foliow-Up Period in the HBV-Infected Cohort

Total statin vse

Nonuser {< 28 ¢cDDDs} 30,628  301,439.4 963 319.5
User (= 28 ¢cDDDs) 2,785 27,5064 58 210.9
28-90 cDDDs 933 8,213.6 24 260.5
91-365 cDDDs 1,279 12,6225 25 198.1
158.7

365 cDDDs

5,670.3 =}
ey P
Ws&a&% .

T

G e "a
Hydrophilia statin uset
Nonuser (< 28 cDDDs} 32,670  321,608.9 1,008 312.8
User (= 28 cDDDs) 743 7,336.9 15 204.4
28-80 cDDDs 310 3,045.6 1 361.2
> 90 cDDDs 433 93.2

4,291.3 4

e I'JW ﬁ?ﬁé&]ﬁﬁ’

=

e

HR
No. of
No. of Na. of Patients Incidence Rate Crude Adjusted Efor
Variable Petlents  Person-Years With HCC {per 10° person-years) 95% Ci HR 85% ClI HR" 95% C! Trend
Al Rt : s o =
T

2999103403 — —

1630102727 0668 0.51t00.86 0.47 0.36tc 061
1746t0388.6 0.81 0.541t01.22 0.68 0.44100.99
133.8w293.1 0.62 04210092 0.41 0.27 t0 0.67

0.34

825103051 050 0.26100.596 0.1810 0.67

s
R e

2941103327 — —

< .003

1232103381 0.65 0.39t01.09 03110 0.85

2000106522 1.16 0.64102.09 0.54101.78
35002484 030 0.11t00.78 0.0810 0.58

T —— o - -

“Adjusted for age, sex, income, urbanization, diabetes, and liver cirthosis.

Abbreviations: cDDD, cumulative defined daily dose; HBV, hepatitis B virus: HCC, hepatocellular carcinoma; HR, hazard ratio.

TLipophilia statins include simvastatin, lovastatin, atorvastatin, and fluvastatin, Hydrophilia statins include pravastatin and rosuvastatin.
¥The HRs of individual statin users (= 28 cDDDs} were compared with those of nonusers (< 28 cDDDs).

HCC were 319.5, 260.5, 198.1, and 158.7 among HBV-infected pa-
tients with statin use of less than 28, 28 to 90, 91 to 365, and more than
365 cDDDs, respectively (T'able 2). Figure 1 ilustrates the results of the
Kaplan-Meier method for the cohort. The log-rank test revealed a
significant observed difference over the entire Kaplan-Meier curve.
The longer the follow-up, the greater the differences are among the
four groups.

There was a dose-response relationsiip between statin use and
the risk of HCC {Table 2). The adjusted HRs were 0.66 {959% CI, 0.44
to 0.99), 0.41 {95% CI, 0.27 to 0.61), and 0.34 (95% CL, 0.18 to 0.67}
for patients with statin vse of 28 to 90, 91 to 365, and more than 365
cDDDs, respectively. There was a trend toward risk reduction with
increasing cDDDs of statin use (P for trend < .001).

Sensitivity Analysis

The sensitivity analysis adjustments had little effect on the esti-
mates of the association between statin use and the incidence of HCC
by different models. Table 3 also shows that the effects of statins
remained significant in the subgroups of male patients or patients
older than age 50 years. When the data were stratified according to
anti-HBV treatment, ACE inhibitor, and aspirin use and analyzed, we
still found the trend in the subgroup analysis, although the HRs of a

626 © 2012 by American Society of Clinical Oncology

numnber of subgroups did not decrease monotonically with increasing
statin use. This may have been a result of the relatively small number
of patients.

This study is the first study, to our knowledge, to document a dosec-
response relationship between the use of statins in HBV-infected pa-
tients and the risk of HCC after controlling for the confounders. This
study has a number of strengths. The study population was mainly
taken from a computerized database, which is population based and
highly representative. Because we included patients newly diagnosed
with HCC from 1999 to 2008 from: the admission file and because the
HBV-infected patients were selected from a simple random sampling
of an insured general population, we can rule out the possibility of
selection bias.®® In addition, because the data on statin use were ob-
tained from an historical database that collects all available prescrip-
tion information before the date of HCC, we can rule out the
possibility of recall bias. We conducted sensitivity analyses by stratifi-
cation to clarify the misclassifications and potential confounders, and
the results revealed no significant changes in the HRs of the different
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— Statin < 28 cDCD
-—— Statin 28-80 cODD
=— Statin 91-365 cDDD
= Statin » 385 cODD

400

Log-rank P<.001

300

200+

1004

Cumulative Incidences
{cases/100,000 person-years)

T T T T

o 2 4 6 8 10
Follow-Up {years)
No. at risk
Statin <28 cODD 30,628 30,568 30488 30,134 29,374 28815
Statin 28-90 cDDD 933 933 a3 923 895 871
Statin 91-365 cDDD 1,279 1,279 1,278 1,266 1,224 1,186
Statin > 365 cDOD 573 573 573 571 551 533

Fig 1, Cumulative incidence of hepatocellular carcinoma by cumulative defined
daily dose {cDDD} of statin use during the follew-up period in the cohort infected
with hepatitis B virus.

models and subgroups. We allowed a latent period of 1 year before
diagnosis. Finally, we examined the association between FICC and the
amounts of nonstatin cholesterol-lowering drags used, which showed
no significant associations.*% Thus, we conduded that a dose-
response relationship exists between the use of statins and the risk
of HCC.

The overall incidence rate of HCC was 310.4 cases per 100,000
person-years in the HBV-infected cohort, which was similar to the
incidence rate found by Yang etal® of324.3 among patients who were
positive only for hepatitis B surface antigen. The incidence rate of
450.0 in the male HBV-infected patients was also similar to the overall
incidence rate for IIBV-infected patients found by Yang et a1.%

We found that statin use 0f28 to 90 cDDDs was associated with a
34% risk reduction in HCC compared with nonuse, after controlling
for potential confounders in HBV-infected patients. The rislk reduc-
tion observed in our study was similar to those observed in the studies
by El-Serag et a}* and Chiu et al,%” which reported a risk reduction
with statin use that ranged between 25% and 40%.

To test the potential dose-response relationship, we summed up
the doses of statins and stratified statin use into less than 28, 28 to 90,
91 to 365, and more than 365 cDDDs. We detected a statistically
significant inverse trend between the dose and the cumulative inci-
dences of HCC, which was compatible with the results in the previ-
ously mentioned studies.””*® Therefore, our study was related to the
known higher likelihood of developing FICC, and the results suggest
that using statins not only treats lipid abnormalities but also reduces
the risk of HCC. In a general population study, Chiu et al?” suggested
that statins are associated with a reduced risk ofliver cancer withouta
dose-response relationship after counulative statin use of = 215.4
cDDDBs. This may have been a result of the relatively small number
of patients.

www.jeo.org

The mechanism by which statin use may decrease HCCrisk isnot
well understood. Yet, several potential mechanisms have been inves-
tigated. One is inhibition of downsiream products of the mevalonate
pathway, namely primary geranylgeranyl pyrophosphate and farnesyl
pyrophosphate.’*5 Syatins interfere with the production of gera-
nylgeranyl pyrophosphate and farnesyl pyrophosphate and disrupt
the growth of malignant cells, eventually leading to apoptosis.” Sec-
ond, statins inhibit the activation of the proteasome pathway, allowing
these melecules to exert their growth-inhibitory effects and retard
cancer cell mitosis.”"* Third, HCV replication depends in part on
geranylgeranylation of a host protein, but HCV-RNA replication is
disrupted by high concentrations of statins as a result of severe deple-
tion of mevalonic acid, which in turn leads to low cellular levels of
geranylgeranyl pyrophosphate.”* Finally, chronic HBV or HCV
infection predicts atherosclerosis and increases risk of stroke,”™" be-
cause of higher serum low-density lipoprotein and total cholesteral
levels in HCV-positive individuals.”"? Statins may exhibit anti-HBV
activity via inhibition of cholesterol synthesis and HBV replication.®
In addition, accumulating evidence from rat models and a single
report in Inumans suggests that statins may decrease portal hyperten-
sion through the nitric oxide pathway.5*%4

If physicians are less likely to prescribe statins because of their
hepatatoxicity, patients with liver disease are less likely to be pre-
scribed statins.® We attempted to mitigate the effect of this poten-
tial bias even though we recognize that residual confounding
effects could have existed. We took several steps to avoid and
evaluate possible confounding effects of indication because the
population of patients who reccived statins might have been dif-
ferent from the population that did not in ways that are not related
to HCC. First, we examined the effect of statin use in stratified
analyses in patients with and without liver disease, The findings
indicate significant risk reduction in the HBV-infected group, but
there was no statistically significant trend of protective effects with
cumulative statin use in the cohort without liver disease (data not
shown). Second, we conducted an analysis in which statin use
recorded within 1 year before HCC was excluded, assuming thatin
this time period liver disease is likely to be severe and overt; in these
analyses, we found the associations between statin use and HCC to
be less strong. The associations lost significance in the adjusted
analysis and in some of the stratified analyses of patients with and
without liver disease. However, the namber of patients with HCC
in some of these categories was relatively small. Third, we catego-
rized the HBV-infected patients into two groups, those with and
without liver cirrhosis (data not shown). Among the HBV-infected
patients with liver cirrhosis, 13.6% took statins, compared with
12.9% of patients without liver cirrhosis (P = .76). We found no
significant confounding effects of indication for statin use in pa-
tients with liver cirrhosis, ‘

In addition to overall statin use, individual statin use also had
protective effects after adjustment for the risk of HCC in the
HBV-infected cohort, except for pravastatin, which had no statis-
tical significance. This may have been a result of different activitics,
lipophilicities, and relatively small numbers, Old age and male sex
showed greater risk for HCC in the HBV-infected cohort, and statin
use had a protective effect in these subgroups of the cohort. Anti-HBV
treatment also had beneficial effects on preventing HCC development,
which was consistent with the effect of statin use. ACE inhibitors and
aspirin also showed mild protective effects on HCC. In addition, there

© 2012 by American Saciety of Clinical Oncology 6§27

Information downloaded from jco.ascopubs.org and provided by at Chung Shan Medical University Library on February 17,
Copyright © 2012 Ameri2anEiooiaty48.TRGI0HOIKDlogy. All rights reserved.



('7)

Tsan et ai

Table 3. Sensitivity Analysis of Adjusted HRs of Statin Use in Risk Reduction of Hepatocellular Carcinoma During the Follow-Up Pericd in the
HBV-Infected Cohort

Model

Statin Use
2890 cDDDs 91-365 ¢DDDs > 365 cDDDs
HR 895% C! HR 95% CI

Tt sy

Main model + Nonstatin lipid-lowering drug 0.66 0.44 100,99 0.44 02810 0.62 0.36 019t 0.70

Main model + fibrate 0.75 0.50t01.14 Q.47 0.31t0 0.70 0.48 02110077

Main model + ACE inhibitor 0.71 0.47 to 1.06 0.46 0.31t00.68 0.38 02010074

Main model + aspirin 0.71 0.47 101,06 0.48 0.32t00.72 0.41 .21 to G.80

Main mode! + anti-HBVY treatment 0.67 0.451t0 1.01 0.4 0.281t0 0.62 0.34 G.181t0 0.66
s i

TS

Lkt

Abbreviations: ACE, angiotensin-converting enzyme; cDDD, cumulative defined dally dose; HBV, hepatitis B virus; HR, hazard ratio.
“Mzin model is adjusted for age, sex, urbanization, income, diabetes, and liver cirhosis.

TThe models were adjusted for covariates in the main model as well as each additional listed coveriate.

#The statins were divided nito only two categories of use {0 to 27.and = 28 cDDDs) in the ant-HBV treatment subgroup.

was a protective trend against the risk of HCC with a higher economic
status in the HBV-infected cohort. To consider the time-varying ex-
posure, we also analyzed the subgroups of statin users (data no
shown). HR was calculated using time-varying multivariable Cox
regression in the statin user cohort, and the starting time was evaluated
from the first prescription date of statins. Within the subgroups of
statin users, we still found the dose-response effect. We separated liver
metastasis (ICD-9 code 197.7) from other diseases for the sensitivity
analysis for the subgroup of patients with liver metastasis in the IIBV-
infected cohort. There were 133 patients with metastatic liver cancer,
and we excluded 34 patients with the diagnosis of both metastatic liver
cancer and HCC. The results showed that statin use had no effect on
reducing the risk for liver metastasis of other cancers except HCC in
HBV-infected patients.

Potential limitations of this study should be noted. First, several
unmeasured confounders, including body mass index, smoking, alco-
hol intake, and other over-the-counter drug use, which are assodiated
with HCC, were not included in our database. Second, we were tnable
to contact patients directly about their use of statins because of ano-
nymization of their identification number. We presumed that all
prescribed medications were actually taken by patients as prescribed,
which may overestimate the actual ingested dosage, because some
degree of nencompliance is always expected. Third, because we in-
cluded only patients admitted for HCC, undoubtedly, our estimates

628 @ 2012 by American Society of Clinical Oncology

are more conservative than they could have been with different crite-
ria. Thus, because the data on drug prescription were not cornplete in
1996, we included statin use after 1997 so that the use of these drugs
before 1997 would not be captured in our analysis. This could have
underestimated the cDDD and dose-response effects. Finally, al-
though there was an increasing trend of the differential lost-to-
follow-up patients in these groups, the effect of the trend in censoring
patients was little.

In conclusion, statin use may reduce the risk for HCC in HBV-
infected patients in a dose-dependent manner. Further mechanistic
research is needed.
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