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(C)E= 42

Both hepatitis B virus (HBV) and hepatitis C virus (HCV) infection are well-known
etiological factors of Hepatocellular carcinoma (HCC) and cirrhosis. This study
investigated the association between the use of statin and xiao-chai-hu-tang(XCHT)
and the disease progression in patients with HBV or HCV infection. There are two
parts of this research:

A. Statin

Recently, statins have been investigated for their antiproliferative, antiangiogenic,
antiinflammatory, and antineoplastic effects. Several animal studies have shown that
statins can inhibit the progression of cirrhosis; however, few clinical studies have
been conducted. This study investigated the association between the use of statin and
the risk of cirrhosis development in patients with HBV or HCV infection by analyzing
the data from Taiwan National Health Insurance Research Database (NHIRD) and
Chang Gung Research Database (CGRD).

From NHIRD, A dose-response relationship between statin use and cirrhosis risk was
observed among HCV infected patients. The adjusted hazard ratios were 0.33 (95%
Cl, 0.31 t0 0.36), 0.24 (95% CI, 0.22 to 0.25), and 0.13 (95% Cl, 0.12 to 0.15) for
statin use of 28 to 83, 84 to 365, and more than 365 cDDD, respectively, relative to no
statin use (< 28 cDDD).

The adjusted hazard ratios of cirrhosis were 0.65 (95% CI, 0.53 to 0.80), 0.53 (95%
Cl, 0.451t0 0.63), and 0.42 (95% ClI, 0.34 to 0.51) for statin use of 28 to 83, 84 to 365,
and more than 365 cDDD, respectively, relative to no statin use (< 28 cDDD) among

HBYV infected patients recruited from CGRD .
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B. XCHT

We conducted a population-based cohort study by using the Taiwan National Health
Insurance Research Database. A total of 89,466 HBV-infected patients with cirrhosis
were included as the study cohort. Each patient was individually tracked from 1997 to
2010 to identify incident cases of HCC. A Cox proportional hazards regression with
time-dependent covariates for drug exposure was employed to evaluate the
association between XCHT use and HCC risk.

A dose—response relationship between XCHT use and HCC risk was observed. The
adjusted hazard ratios were 0.79 (95% ClI, 0.65 to 0.97), 0.73 (95% CI, 0.57 to 0.94),
and 0.67 (95% CI, 0.52 to 0.86) for patients using 35 to 69, 70 to 139, and =140

grams per year, respectively, relative to less than 35 g.

Key words: Xiao-chai-hu-tang, statin, cirrhosis, hepatocellular carcinoma, National

Health Insurance Research Database (NHIRD), Chang Gung Research Database

(CGRD)
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Introduction

Background

Hepatitis B virus (HBV) and Hepatitis C virus (HCV) infection is endemic
in Taiwan. Previous studies showed that high prevalence of chronic hepatitis B
infection in the general population (15-20%), and 80-90% of the chronic liver
diseases and hepatocellular carcinoma were caused by chronic infection with
the HBV(1). Hepatitis C virus (HCV) infection has become a critical public
health problem in Taiwan, it has been estimated that more than 300,000 people
have HCV infection. Both HBV and HCV infection are well-known etiological
factors of Hepatocellular carcinoma (HCC), which is the second of the ten
leading cancer death in Taiwan.

The primary treatment goals for patients with hepatitis B (HBV) infection
are to prevent progression of the disease, particularly to cirrhosis, liver failure,
and HCC(2). Treatment includes the use of antiviral treatment using pegylated
interferon (PEG-IFN) or nucleos(t)ide analogues. A synergistic approach of
suppressing viral load and boosting the patient’s immune response with
immunotherapeutic interventions is needed for the best prognosis. The current

recommended therapy for chronic hepatitis C is the combination of interferon
6
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alpha (IFN-a)) and ribavirin, which results in a sustained clearance of hepatitis C
virus in 40-50% of patients(3). Both treatments mentioned above for HBV and
HCV can prolong the disease progression including cirrhosis and HCC. Beside
antiviral treatment, there also some other drug can prolong the disease

progression of HBV or HCV infection(4-10).

Statin

Statins (3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors) are used to
treat and prevent coronary heart disease and stroke in patients with
hyperlipidemia(11). Recently, statins have been investigated for their
antiproliferative, antiangiogenic, antiinflammatory, and antineoplastic effects.
Previous studies have also revealed the protective effect of statins on HCC in
chronic hepatitis C (CHC), as well as in chronic hepatitis B (CHB) patients(8-10,
12, 13). The use of statins has been shown to reduce fibrosis progression and
cirrhosis in patients with chronic hepatitis C. However, the protective effect of

statins in the development of cirrhosis in patients with CHB or CHC is limited.

Xiao-chai-hu-tang

Traditional Chinese Medicine (TCM) has been commonly used in treating

liver diseases in Taiwan(14). xiao-chai-hu-tang (XCHT, Sho-saiko-to or TJ-9 in
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Japanese) is a well-known Chinese traditional medicine that has been used for

thousands of years. It consists of seven medicinal herbs (Bupleurum falcatum,

Glycyrrhiza glabra, Panax ginseng, Pinellia ternate, Scutellaria baicalensis,

Zizyphus jujuba, and Zingiber officinale) and is currently prescribed to treat

chronic hepatitis(6). Many in vitro and in vivo studies have indicated that

XCHT may have protective effects against HCC and cirrhosis(6, 15-22), the

possible mechanisms are as follow.

1. ANTI-HEPATIC FIBROSIS

2. PROTECTION AGAINST HEPATOTOXIC INJURY

3. ANTI-HEPATIC CARCINOGENESIS

4. IMMUNE-MODULATING EFFECT

5. ANTI VIRUS

Clinical studies on XCHT use and HCC development in HBV or HCV

patients are limited. A prospective, randomised, nonblind controlled study

evaluated the long-term potential of XCHT to prevent HCC in patients with

cirrhosis in Japan(23). The cumulative incidence of HCC was lower in the

XCHT group than in the control group. There are three limitations for this

research, First, they only use Kaplan-Meier method to examine differences in

the risk of HCC, and they cannot adjust the effect of other risk factors. Second,
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they only include 260 patients in this trial. Only 37 patients were detected to
have the surface antigen of HBV, HBsAg, in this trial; therefore, the author
could not further analyse the association between XCHT use and the risk of
HCC in patients with HBV-related cirrhosis. And they cannot complete
subgroup analysis and sensitivity analysis. Third, they didn’t adjust the
influence of other drugs.

We try to use National Health Insurance Research Database (NHIRD) and
Chang Gung Research Database (CGRD) to analysis the association between
statin or XCHT use and disease progression among patients with HBV or HCV

infection.

National Health Insurance Research Database (NHIRD)

Since the National Health Insurance is a compulsory programme for all
residents in Taiwan, the NHIRD is a comprehensive healthcare database that
covers almost all of the 23.7 million residents of Taiwan. We used databases for
admissions and outpatient visits, both of which contained information on patient
characteristics and medical records, including up to five discharge diagnoses or
three outpatient visit diagnoses according to the International Classification of
Diseases, Ninth Revision (ICD-9) classification, date of admission, date of

discharge, dates of visits, sex, and date of birth for patients. The data files also
9
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contained information on patient prescriptions, including the names of
prescribed drugs, dosages, durations, and total expenditures. Previous
epidemiologic research has used these databases, and medical records of
prescriptions, diagnoses, and hospitalisations are of high quality. FHPs are fully
reimbursed under the current National Health Insurance system of Taiwan. The
NHIRD is the only computerised reimbursement database in the world that
stores longitudinal prescription data for both Western and Chinese medicines,
including FHPs. Thus, the NHIRD provides an optimal platform for
determining the effect of XCHT in reducing the risk of HCC in patients with

HBV or HCV infection

Chang Gung Research Database (CGRD)

The Chang Gung Research Database (CGRD) is a de-identified database
derived from medical records of Chang Gung Memorial Hospital (CGMH), and
it is systematically updated annually to include new data generated in CGMH.
CGMH, founded in 1976, is currently the largest hospital system in Taiwan, and
it comprises seven medical institutes, which are located from the northeast to
southern regions of Taiwan: Keelung CGMH, Taipei CGMH, Linkou CGMH,
Taoyuan CGMH, Yunlin CGMH, Chiayi CGMH, and Kaohsiung CGMH.

CGMH has 10,070 beds and admits more than 280,000 patients each year. The
10
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outpatient department visits and emergency department visits to CGMH were

over 8,500,000 and 500,000, respectively in 2015. In recent years, the CGRD

promoted clinical and scientific studies to a considerable extent. In 2015, more

than 1800 studies were conducted by CGMH staff, and the studies were

published in a diverse range of reputed journals. Some of these studies are based

on the CGRD as multicenter research studies with relatively large sample sizes.

There are 44 different dataset in CGRD and we will conducted a hospital-based

cohort study by using CGRD, Lack of laboratory data or medical examination

reports is the limitation of NHIRD, but we can get the information of laboratory

data or medical examination reports from CGRD.

Tablel: List of Chang Gung Research Database

ok | L4500 HE |k ENATey =
01 REEFIN 5 08 HEETEFE L4 4

02 S EE LA 7 09 FHER(ESE 240 4

03 ESRUE NN 2 10 BREE LR 1

04 FEIEEE 40 6 11 EHPHEELS |2

05 (EEEH 240 5 12 R A 1

06 TRERIESE 240 4 13 JETE L B4 2

07 TR S 2480 1 14
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Objectives

Aim |

This study investigated the association between the use of statins and the risk of
cirrhosis development in patients with hepatitis C infection.

Aim |1

This study investigated the association between the use of statins and the risk of
cirrhosis development in patients with hepatitis B infection.

Aim 111

The purpose of this study was to investigate the association between use of XCHT

and the risk of HCC in patients with HBV-related cirrhosis.

12
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Part I. Statin use and the risk of cirrhosis development in patients

with hepatitis C virus infection.
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Abstract

Background & Aims:

Several animal studies have shown that statins can inhibit the progression of cirrhosis;

however, few clinical studies have been conducted. Previous study has indicated that

statins can prevent the progression of hepatic fibrosis in patients with hepatitis C virus

(HCV) infection and advanced hepatic fibrosis but data for human not progress to

cirrhosis yet is lacking. This study investigated the association between the use of

statin and the risk of cirrhosis development in patients with HCV infection.

Study Population and Methods:

We conducted a population-based cohort study by using the Taiwan National Health

Insurance Research Database. A total of 226,856 patients with HCV infection were

included as the study cohort. Each patient was followed from 1997 to 2010 to identify

incident cases of cirrhosis. A Cox proportional hazard regression was performed to

evaluate the association between statin use and cirrhosis risk.

Results:

A total of 34,273 cases of cirrhosis were identified in the cohort with HCV infection

during the follow-up period of 2,874,031.7 person-years. The incidence rate was

445.5 cases of cirrhosis per 100,000 person-years (95% confidence interval (Cl),
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423.3 to 465.7) for statin users (defined as those who used more than 28 cumulative

defined daily doses (cDDD)), and 1311.2 cirrhosis cases per 100,000 person-years

(95% ClI, 1,297.1 to 1,325.6) for nonusers. A dose-response relationship between

statin use and cirrhosis risk was observed. The adjusted hazard ratios were 0.33 (95%

Cl, 0.31 to 0.36), 0.24 (95% ClI, 0.22 to 0.25), and 0.13 (95% CI, 0.12 to 0.15) for

statin use of 28 to 83, 84 to 365, and more than 365 cDDD, respectively, relative to no

statin use (< 28 cDDD).

Conclusion:

Among the patients with HCV infection, statin use was associated with a reduced risk

of cirrhosis development in a dose-dependent manner. Further clinical research is

required.

21

doi:10.6342/NTU201701710



Introduction

Hepatitis C virus (HCV) infection typically leads to chronic hepatitis, and often

follows a progressive course over many years, finally resulting in cirrhosis,

hepatocellular carcinoma (HCC)[1, 2]a, and even the need for liver transplantation.

The objective of antiviral treatment of chronic HCV is to achieve sustained

eradication of HCV, which is defined as the persistent absence of HCV RNA in serum

for at least 6 months after treatment completion[3]. Another objective is to stop or

delay the progression to cirrhosis, decompensated liver disease, or HCC[4].

Statins (3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors) are used to treat and

prevent coronary heart disease and stroke in patients with hyperlipidemia[5]. Recently,

statins have been investigated for their antiproliferative, antiangiogenic,

antiinflammatory, and antineoplastic effects[6-8]. In addition, some animal studies

have shown that statins can inhibit the progression of cirrhosis[9-12], but clinical

studies are limited. A previous study of the Hepatitis C Antiviral Long-term Treatment

Against Cirrhosis (HALT-C) trial cohort indicated that statin use can reduce the risk

of fibrosis progression in patients with chronic hepatitis C infection and advanced

hepatic fibrosis who had previously failed to respond to antiviral therapy[13].

Data regarding the antifibrogenic actions of statins for patients with chronic hepatitis
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C infection that has not yet progressed to cirrhosis are limited. The purpose of this

study was to investigate the association between statin use and the risk of cirrhosis

development in patients with hepatitis C infection.

Materials and Methods

Data Sources

We conducted a nationwide cohort study by using population-based data from the

Taiwan National Health Insurance Research Database (NHIRD). Because National

Health Insurance (NHI) is a compulsory universal program for all residents in Taiwan,

the NHIRD is a comprehensive health care database that covers nearly the entire 23.7

million population of this country. We used databases for admissions and outpatient

visits, both of which included information on patient characteristics such as sex, date

of birth, date of admission, date of discharge, dates of visits, and up to five discharge

diagnoses or three outpatient visit diagnoses (according to International Classification

of Diseases, Ninth Revision (ICD-9) codes). 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 the information on prescription use, diagnoses, and hospitalizations is of

high quality[6, 8, 14].
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Following strict confidentiality guidelines in accordance with personal electronic data

protection regulations, the National Health Research Institutes of Taiwan maintains an

anonymous database of NHI reimbursement data that is suitable for research. In

addition, this study was approved by the Ethics Review Board of Chang Gung

Memorial Hospital, Chia-Yi Branch, Taiwan.

Study population and outcomes

We conducted a population-based cohort study that included all patients older than 18

years who were newly diagnosed with HCV infection (ICD-9 codes 070.7, 070.41,

070.44, 070.51, 070.54, VV02.62) without hepatitis B virus infection (ICD-9 codes

070.2, 070.3, V02.61) or HCC (ICD-9 code 155.0) between 1 January 1999 and 31

December 2010, ensuring more than 2 years of prior exposure to HCV with complete

admission, outpatient visit, and drug data. Patients with follow-up duration of less

than 1 year or missing data on sex, age, income, or level of urbanization were

excluded. Cirrhosis cases in this study were identified using the ICD code (ICD-9

codes 571.2,571.5, 571.6, 572.2, 572.3, 572.4, 572.8, or 573.0) with at least three

records of outpatient visits within one year or one admission diagnosis during study

period, and the date of the initial cirrhosis diagnosis was defined as the index date of

cirrhosis. A total of 226,856 patients were included in the final analyses.
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Statin Exposure

We identified patients who received prescriptions for statins in the outpatient visits

database from 1 January 1997 to 1 year before the date of cirrhosis diagnosis or the

end of follow-up.

The defined daily dose (DDD) recommended by the World Health Organization is a

unit for measuring a prescribed amount of drug; it is the assumed average

maintenance dose per day of a drug consumed for its main indication in adults. By

using the following formula, we could compare any statins on the basis of the same

standard: (total amount of drug)/(amount of drug in a DDD) = number of DDDs[15].

Cumulative DDD (cDDD), which indicates the total exposed dosage, was estimated

as the sum of dispensed DDD of any statins to compare their use to the risk of

cirrhosis. We collected similar information on nonstatin lipid-lowering medications

(cholestyramine, colestipol, 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 83, 84 to 365, and >365 cDDDs). Patients who used statins

for less than 28 cDDDs were defined as statin nonusers, and patient who used statins

for more than 28 cDDDs were defined as statin users.
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Potential Confounders

We systematically identified the potential confounding risk factors for cirrhosis as the

following diagnoses recorded during the study period: alcohol-related disease (ARD;

ICD-9 codes 291, 303.0, 303.9, 305.0, 571.0, 571.1, 571.2, or 571.3), nonalcoholic

steatohepatitis (NASH; ICD-9 code 571.8, 571.9) and diabetes (ICD-9 code 250). The

information of the Charlson comorbidity index (CCI) was also collected and

considered as one possible confounding risk[16].

We collected exposure information of other drugs that might alter the risk of cirrhosis,

such as anti-HCV treatment (interferon or ribavirin)[3], aspirin[17],

angiotensin-converting enzymeinhibitors (ACEIs) (captopril, enalapril, lisinopril,

perindopril, ramipril, quinapril, benazepril, cilazapril, and fosinopril)[18], and

metformin[19]. We also considered sociodemographic characteristics (age, sex,

income, and level of urbanization) in the modeling.

Statistical Analysis

The distribution of demographic factors and the proportions of comorbidities between

the statin users and nonusers in the study cohort and matched cohort were compared.

The incidence rates and 95% confidence interval (95% CI) of cirrhosis were
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calculated for the entire follow-up period. We used the Kaplan—Meier method to

estimate cirrhosis cumulative incidences. The log-rank test was performed to examine

differences in the risk for cirrhosis in the cohort. Finally, Cox proportional hazards

models were used to compute the hazard ratios (HRs) accompanying 95% Cls after

adjustment for age, sex, urbanization, income, and diabetes. Two-tailed P = 0.05 was

considered significant. Patients with a death date in the admission file and those from

the beneficiaries register who were lost to follow-up were censored. All of these

analyses were conducted using SAS statistical software (Version 9.4; SAS Institute,

Cary, NC, USA).

Sensitivity Analyses

Many medicines have shown positive results in chemoprevention. To examine

potential effect modifiers, we conducted analyses stratified by groups with and

without the use of anti-HCV treatment, metformin, ACEIs, and aspirin. We also

examined the outcome stratified by groups according to sex and age and with or

without ARD, NASH, diabetes and receiving liver biopsy. These sensitivity analyses

were applied to evaluate the difference and consistency between statin use and the risk

of cirrhosis.
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Matched Cohort

To further examine the effect of statin use, we analyzed the data by using an

alternative method. The statin users and nonusers were frequency matched randomly

by age, sex, income, urbanization, diabetes, and the year of HCV infection diagnosis

at a ratio of 2:1 (nonuser versus user). Overall, 84,213 insured adults (28,071 matched

sets) were included in the matched cohort (Fig. 1). The results of the analysis for both

the study cohort and matched cohort are illustrated in the tables and Fig. 2.

Results

We included a total of 226,856 patients (116,491 women and 110,465 men) diagnosed

with HCV infection during the study period (Fig. 1). The basic demographic

characteristics of the patient population are summarized in Table 1. A total of 12.9%

(29,204) of the patients had used statins for more than 28 cDDDs, and they tended to

be elderly, female, have a high CCI, and a high percentage of diabetes, hypertension,

NASH, chronic kidney disease and biliary stone. Statin users received more nonstatin

lipid-lowering drugs, fibrates, ACEIs, and aspirin, but less anti-HCV treatment.

There were 34,303 cirrhosis cases in the HCV infection cohort during the follow-up

period of 2874031.7 person-years. The overall incidence rate (95% CI) was 1193.5

(1181.0-1206.2) cirrhosis cases per 100,000 person-years. The incidence rates (95%

ClI) of cirrhosis were 445.5 (425.1-466.8) and 1311.2 (1297.1-1325.6) among patients
28
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with HCV infection who were statin users and nonusers, respectively.

Figures 2a and 2b illustrate the results of the Kaplan—Meier method for the study

cohort and matched cohort. The risk reduction exhibited a progressive dose-response

relationship in the study cohort and matched cohort. The log-rank test revealed a

significant difference over the entire Kaplan—Meier curve.

Table 2 shows that there was a dose-response relationship between statin use and the

risk of cirrhosis development. In study cohort, the adjusted HRs were 0.33 (95% ClI,

0.31-0.36), 0.24 (95% ClI, 0.22-0.25), and 0.13 (95% CI, 0.12-0.15) for patients with

statin use of 28 to 83 cDDDs, 84 to 365 cDDDs, and >365 cDDDs, respectively.

The sensitivity analysis adjustments exhibited little effect on the estimates of the

association between statin use and the risk of cirrhosis development according to

different models. Although the HRs of subgroup according to NASH did not decrease

monotonically with increasing statin use, the effects of statins remained significant

and the P-value for trend <0.0001. The effects of statins remained dose-response

relationship in the patients of different subgroups in diabetes, ARD, receiving liver

biopsy, sex, age.

As patients received anti-HCV treatment, the effect of statin decreased to 0.56 (95%

Cl, 0.35-0.89), 0.51 (95% CI, 0.34-0.77), and 0.37 (95% Cl, 0.20-0.71) for patients

with statin use of 28 to 83 cDDDs, 84 to 365 cDDDs, and >365 cDDDs, respectively.
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Table 2 also demonstrates that the effect of statin keep the same trend of

dose-response relationship in each subgroup stratified by different cDDD of

metformin, aspirin, and ACElIs use.

A total of 28,071 matched sets of statin users and nonusers were selected from the

study cohort after matching by sex, age, income, urbanization, diabetes, and the year

of HCV infection diagnosis. The trend of dose-response relationship between statin

use and the risk reduction of cirrhosis development did not alter when the matched

cohort was used.

Discussion

To our knowledge, this study was the first study to document a dose-response

relationship between the use of statins and the risk of cirrhosis development after

controlling for the confounding effects of age, sex, income, urbanization, diabetes,

and other medication. This study had several strengths. The study cohort was mainly

obtained from a computerized database, which is population-based and includes all

HCV-infected patients in Taiwan; we can therefore eliminate the possibility of

selection bias. In addition, because the data on statin and other medicine use were

obtained from a historical database that collects all available prescription information

during the study period, we can eliminate the possibility of recall bias.
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If physicians are less likely to prescribe statins because of their hepatotoxicity,

patients with liver disease are less likely to be prescribed statins. We took several

steps to avoid possible confounding effects of contraindication. First, we excluded

patients with HCC. Second, we excluded statin use recorded within 1 year before

cirrhosis diagnosis or the end of follow up, assuming that in this time period liver

disease is likely to be severe and overt. A sensitivity analysis of statin exposure at

least 2 years, and 3 years before the diagnosis of cirrhosis or the end of follow up

were conducted and we still find a statistical significance and dose-response

relationship of on different time exposed to statins. In addition, we conducted

sensitivity analyses by stratification to clarify the misclassifications and potential

confounders, and the results revealed no significant changes in the HRs of the

different subgroups.

We also used an alternative study design to examine whether the result was consistent.

After matching statin nonusers and users in a ratio of 2:1 according to variables of age,

sex, income, urbanization, diabetes, and the year of HCV infection diagnosis, we

found no significant changes in the results between different study designs.

Simon et al analyzed the association between statin use and liver fibrosis progression

in a well-characterized cohort of chronic hepatitis C patients enrolled in the HALT-C

trial[13]. However, there were some limitations in that study. First, only patients with
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advanced liver fibrosis (Ishak fibrosis score >3) at entry with a history of virological

nonresponse to standard interferon therapies were enrolled in this study; patients who

did not progress to cirrhosis or who responded to standard interferon therapies were

excluded. Second, only 29 patients had received continuous statin therapy throughout

the study, resulting in limited power to detect the association within the larger

multivariable model. Third, the study did not consider other drugs that might reduce

the risk of cirrhosis as confounding factors [20].

The mechanism by which statin use may reduce the risk of cirrhosis development is

not clearly understood. Several possible mechanisms have been investigated in

previous studies. Statins can downregulate expression of profibrotic cytokines

including transforming growth factor-f, connective tissue growth factor, and

platelet-derived growth factor, which can stimulate the activation of hepatic stellate

cells, resulting in further fibrogenesis[21-24]. Another potential mechanism is that the

upregulation of kruppel-like factor 2 expression results in vasodilation and the

improvement of liver microcirculation[25-27]. Statins may also inhibit fibrogenesis of

hepatic myofibroblasts and the replication of HCV [11, 28, 29].

The potential limitations of this study should be noted. First, we did not obtain any

histological data from liver biopsy, reports of liver ultrasound examination or any

other laboratory data related to HCV infection. Cirrhosis cases in this study were
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identified only by using the ICD-9 code. However, we find that statin users were more

likely to receive liver ultrasound examination or liver biopsy than statin nonusers. So

that there was no detection bias exists among stain nonusers and it is less likely to

underestimate cirrhosis cases in stain users. The diagnosis of cirrhosis may be less

accurate than liver biopsy and only those with obvious cirrhosis would have been

captured in our study. However, errors in cirrhosis diagnosis tend to occur in random

as a result of the same definition being used in both groups of statin user and nonuser,

which might have limited effect on the result. In our study population, there were

23,660 patients with admission record of liver cirrhosis. While we defied cirrhosis

cases by using admission record which is stricter than original definition, the results

didn’t alter with cirrhosis definition change. Second, several unmeasured confounders,

including body mass index, smoking habit, alcohol intake, and other over-the-counter

drug use, which are associated with cirrhosis, were not included in our database. Third,

there is no way to verify the exact dosage that the study participants actually took. We

presumed that all prescribed medications were taken by patients as prescribed; this

may overestimate the actual ingested dosage because some degree of noncompliance

is always expected. Finally, because the data on drug prescription were not complete

in 1996, we included statin use after 1997; the use of these drugs before 1997 could

not be included in our analysis. This could have underestimated the cDDD and
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dose-response effects.

In conclusion, statin use may reduce the risk for cirrhosis development in

HCV-infected patients in a dose-dependent manner. Further mechanistic research is

required.
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Table 1. Patient demographics and clinical characteristics of study cohort and matched cohort.

study cohort Matched cohort

Non-user User P-value Non-user User P-value
Total follow-up person-year 2479856.8 394174.9 687559.1 378848.3
No. of cirrhosis 32517 (16.5%) 1756 (6.0%) <.0001 12297(21.9%) 1682(6.0%) <.0001
Incidence 1311.2 445.5 1788.5 444.0
95% Cl 1297.1-1325.6 425.1-466.8 1757.2-1820.4 423.3-465.7
Gender
Female 99232(50.2%) 17159(58.8%) <.0001 32540(58.0%) 16270(58.0%) 1.000
Male 98420(49.8%) 12045(41.2%) 23602(42.0%) 11801(42.0%)
charlson comorbidity index
(CCl) Mean (5..) 1.58 (2.03) 2.26(2.15) 2.11(2.25) 2.23(2.14)
Age
18-29 31552(16.0%) 1029(3.5%) <.0001 1922(3.4%) 961(3.4%) 1.000
30-39 40221(20.4%) 3646(12.5%) 7066(12.6%) 3533(12.6%)
40-49 47566(24.1%) 8676(29.7%) 16696(29.7%) 8348(29.7%)
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50-59 37327(18.9%) 8431(28.9%) 16034(28.6%) 8017(28.6%)
>=60 40986(20.7%) 7422(25.4%) 14424(25.7%) 7212(25.7%)
Comorbidity
Diabetes 47501(24.0%) 16718(57.3%) <.0001 31200(55.6%) 15600(55.6%) 1.000
Hypertension 98913(50.0%) 23869(81.7%) <.0001  36535(65.1%) 22906(81.6%) <.0001
NASH 5474(2.7%) 1351(4.6%) <.0001 1842(3.3%) 1299(4.6%) <.0001
ARD 21453(10.9%) 2197(7.5%) <.0001 5816(10.4%) 2118(7.6%) <.0001
CKD 19203(9.7%) 6225(21.3%) <.0001 7484(13.3%) 5934(21.1%) <.0001
Biliary stones 37399(18.9%) 6630(22.7%) <.0001 12722(22.7%) 6367(22.7%) 0.9443
Nonstatin lipid-lowering drug

0-27 ¢cDDD 196488(99.4%) 27226(93.2%) <.0001 55630(99.1%) 26187(93.3%) <.0001

28-83 ¢cDDD 628(0.3%) 761(2.6%) 263(0.5%) 720(2.6%)

84-365 cDDD 453(0.2%) 936(3.2%) 212(0.4%) 898(3.2%)

>365 cDDD 83(0.1%) 281(1.0%) 37(0.1%) 266(1.0%)
fibrate
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0-27 cDDD 188164(95.2%) 19146(65.6%)  <.0001  52014(92.7%) 18451(65.7%) <.0001
28-83 ¢cDDD 4495(2.3%) 3067(10.5%) 1801(3.2%) 2954(10.5%)
84-365 cDDD 3739(1.9%) 4371(15.0%) 1702(3.0%) 4183(14.9%)
>365 cDDD 1254(0.6%) 2620(9.0%) 625(1.1%) 2483(8.9%)
anti-HCV treatment
No 186175(94.2%) 27608(94.5%)  0.0112  52934(94.3%) 26523(94.5%) 0.2975
Partial treatment 2193(1.1%) 273(0.9%) 588(1.1%) 265(0.9%)
Complete treatment 9284(4.7%) 1323(4.5%) 2620(4.7%) 1283(4.6%)
Metformin
0-27 cDDD 175753(88.9%) 17066(58.4%) <.0001 41708(74.3%) 16738(59.6%) <.0001
28-365 cDDD 10747(5.4%) 4288(14.7%) 6968(12.4%) 4005(14.3%)
>365 cDDD 11152(5.6%) 7850(26.9%) 7466(13.3%) 7328(26.1%)
ACEI
0-27 cDDD 151484(76.6%) 12835(44.0%)  <.0001  37382(66.6%) 12408(44.2%) <.0001
28-365 cDDD 29098(14.7%) 8399(28.8%) 11381(20.3%) 8056(28.7%)
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>365 cDDD 17070(8.6%) 7970(27.3%)

7379(13.1%)

7607(27.1%)

Aspirin
0-27 ¢cDDD 152997(77.4%) 12001(41.1%) <.0001 38558(68.7%) 11571(41.2%) <.0001
28-365 cDDD 27654(14.0%) 7430(25.4%) 10341(18.4%) 7127(25.4%)
>365 cDDD 17001(8.6%) 9773(33.5%) 7243(12.9%) 9373(33.4%)

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARD, alcohol-related disease; cDDD, cumulative defined daily dose; Cl,

confidence interval; CKD, chronic kidney disease; HCV, hepatitis C virus; ; NASH, Nonalcoholic Steatohepatitis
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Table 2. Adjusted hazard ratios (HRs) of cirrhosis development associated with statin use during the follow-up period in
study cohort and matched cohort.

study cohort Matched cohort
28-83cDDD 84-365cDDD >365cDDD 28-83cDDD 84-365cDDD >365cDDD
HR 95% Cl HR 95%Cl HR 95% Cl HR 95%Cl HR 95% CI HR  95%Cl

Main model* 0.33 0.31-0.36 0.24 0.22-0.25 0.13 0.12-0.15 0.33 0.31-0.36 0.24 0.22-0.26 0.13 0.12-0.15
Additional covariatest

Main model+ARD 0.33 0.31-0.36 0.24 0.22-0.26 0.14 0.14-0.16 0.34 0.31-0.36 0.24 0.23-0.26 0.14 0.12-0.15
Main model+NASH 0.33 0.31-0.36 0.24 0.22-0.25 0.13 0.12-0.15 0.33 0.31-0.6 0.24 0.22-0.26 0.13 0.12-0.15
Main model+CCI 0.32 0.30-0.34 0.22 0.20-0.24 0.12 0.11-0.14 0.32 0.30-0.35 0.22 0.21-0.24 0.10 0.11-0.13

Main model+Nonstatin
o ) 0.33 0.31-0.36 0.24 0.22-0.26 0.14 0.12-0.16 0.33 0.31-0.36 0.24 0.22-0.26 0.14 0.12-0.15
lipid-lowering drug

Main model+fibrate 0.35 0.32-38 0.26 0.24-0.28 0.15 0.14-0.17 0.35 0.32-0.38 0.26 0.24-0.28 0.14 0.13-0.17
Main model+anti-HCV treatment 0.33 0.31-0.36 0.24 0.22-0.25 0.13 0.12-0.15 0.33 0.31-0.36 0.24 0.22-0.6 0.13 0.12-0.15
Main model+metformine 0.36 0.33-0.39 0.27 0.25-0.29 0.16 0.14-0.18 0.36 0.33-0.39 0.27 0.25-0.29 0.16 0.14-0.18
Main model+ACEI 0.36 0.34-0.39 0.26 0.25-0.28 0.16 0.14-0.18 0.36 0.33-0.39 0.27 0.25-0.29 0.15 0.13-0.17
Main model+aspirin 0.38 0.36-0.41 0.30 0.27-0.32 0.19 0.17-0.21 0.38 0.35-0.41 0.30 0.27-0.32 0.18 0.16-0.20
Subgroup effects
ARD
NO 0.34 0.31-0.36 0.25 0.23-0.27 0.15 0.13-0.17 0.34 0.31-0.37 0.25 0.23-0.27 0.14 0.12-0.16
YES 0.32 0.27-0.38 0.21 0.17-0.25 0.10 0.07-0.15 0.33 0.28-0.39 0.21 0.18-0.25 0.11 0.08-0.16
Diabetes
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NO 0.34 0.30-0.38 0.22 0.20-0.26 0.16 0.13-0.20 0.33 0.29-0.38 0.22 0.19-0.25 0.15 0.12-0.19

YES 0.32 0.30-0.36 0.24 0.22-026 0.13 0.11-0.15 0.33 0.30-0.37 0.25 0.23-0.27 0.12 0.11-0.14
NASH

NO 0.33 0.31-0.36 0.23 0.22-0.25 0.14 0.12-0.15 0.33 0.31-0.36 0.24 0.22-0.25 0.13 0.12-0.15

YES 0.28 0.19-0.42 0.31 0.23-0.42 0.12 0.07-0.20 0.27 0.18-0.41 0.30 0.22-0.41 0.11 0.06-0.19
liver biopsy

NO 0.33 0.31-0.36 0.24 0.22-0.26 0.14 0.12-0.16 0.34 0.31-0.36 0.24 0.22-0.26 0.14 0.12-0.16

YES 0.31 0.23-0.40 0.21 0.17-0.27 0.08 0.05-0.13 0.30 0.23-0.40 0.22 0.17-0.29 0.08 0.05-0.13
Gender

Male 0.35 0.31-0.39 0.24 0.22-0.27 0.13 0.11-0.16 0.35 0.32-0.40 0.25 0.22-0.27 0.14 0.11-0.17

Female 0.31 0.28-0.35 0.23 0.21-0.25 0.13 0.11-0.15 0.31 0.28-0.35 0.23 0.21-0.26 0.13 0.11-0.15
Age, years

=50 0.34 0.31-0.37 0.24 0.22-0.27 0.13 0.11-0.15 0.35 0.32-0.38 0.25 0.23-0.28 0.13 0.11-0.15

<50 0.32 0.28-0.37 0.22 0.20-0.25 0.15 0.12-0.18 0.30 0.27-0.35 0.22 0.19-0.25 0.13 0.11-0.16
anti-HCV treatment

No 0.33 0.30-0.35 0.23 0.21-0.25 0.13 0.12-0.15 0.33 0.30-0.35 0.23 0.22-0.25 0.13 0.11-0.14

Yes 0.56 0.35-0.89 0.51 0.34-0.77 0.38 0.20-0.71 0.62 0.39-0.99 0.56 0.37-0.85 0.42 0.22-0.79
Metformin

0-27 cDDD 0.30 0.27-0.33 0.21 0.19-0.24 0.13 0.11-0.16 0.30 0.27-0.33 0.22 0.19-0.24 0.13 0.11-0.15

28-365 cDDD 0.42 0.35-0.50 0.31 0.26-0.37 0.21 0.16-0.28 0.44 0.36-0.53 0.34 0.28-0.40 0.23 0.18-0.31

>365 cDDD 0.58 0.50-0.68 0.40 0.35-0.46 0.19 0.16-0.24 0.59 0.50-0.69 0.40 0.35-0.46 0.19 0.15-0.23
ACEI

46

d0i:10.6342/NTU201701710



0-27 cDDD 0.26 0.23-0.29 0.18 0.16-0.21 0.09 0.07-0.11 0.25 0.22-0.29 0.18 0.16-0.21 0.09 0.07-0.12

28-365 cDDD 0.44 0.39-0.51 0.33 0.29-0.38 0.17 0.14-0.21 0.45 0.40-0.52 0.33 0.29-0.38 0.16 0.13-0.20

>365 cDDD 0.61 0.53-0.71 0.39 0.34-0.45 0.26 0.21-0.31 0.65 0.55-0.75 0.42 0.37-0.49 0.26 0.22-0.32
Aspirin

0-27 cDDD 0.30 0.27-0.34 0.20 0.18-0.23 0.12 0.09-0.14 0.32 0.28-0.34 0.21 0.18-0.23 0.11 0.09-0.14

28-365 ¢DDD 0.48 0.42-0.56 0.41 0.36-0.46 0.21 0.16-0.27 0.47 0.41-0.55 0.41 0.36-0.48 0.20 0.15-0.26

>365 cDDD 0.63 0.53-0.73 0.45 0.39-0.52 0.29 0.25-0.35 0.64 0.54-0.76 0.47 0.40-0.54 0.30 0.25-0.36

Abbreviations: ACEIl, angiotensin converting enzyme inhibitor; ARD, alcohol-related disease; cDDD, cumulative defined daily dose; CCl, charlson
comorbidity index; Cl, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; NASH, Nonalcoholic Steatohepatitis

*Main model is adjusted for age, sex, urbanization, income, diabetes.

tThe models were adjusted for covariates in the main model as well as each additional listed covariate.

47

d0i:10.6342/NTU201701710



Figurel Flowchart of the patient enrollment process of study cohort and matched cohort.

HCV(+) dataset (1997-2009)
N=383147

A

HCV/(+) HBC(-) dataset
(1997-2009)
N=269,094

A 4

Patients with HBV infection:
N=114,053

A

HCV infection before 1999:
N=13,924

HCV(+), HBC(-)dataset
(1999-2009)
N=255,170

(a) Study cohort
N=226,856

1.Patients with HCC:N=26,931

2.Patients with incomplete data:
N=1,278

3.Follow up less than one year:
N=1,859

=>total N=28,314

A4

Y

Matching by sex, age, income,
urbanization, diabetes and the
year of HCV infection
diagnosed in a ratio of 2:1
(statin nonuser versus user)

(b) Matched cohort
N=84,213
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Figure 2 Cumulative incidence of cirrhosis development by cumulative defined daily dose (cDDD) of statin use during the
follow-up period from the study (a) and matched (b) cohorts.

cumulative incidence

No. at risk
<28 cDDD
2810 83 cDDD
84 10 365 cDDD
>365 cDDD

Matched cohort

03]
<28 cDDD
28 to 83 cDDD
84 to 365 cDDD
>365 cDDD
02|
0.1
0.0
0
Time, year
56,142 55,664 53,683 51,502 48,690 45,314 41,506 37,887
8,710 8,708 8,674 8,589 8417 8,100 7,654 7,109
12,206 12,205 12,179 12,120 11,956 11,584 10,974 10,183
7.155 7,155 7,154 7,147 7,109 6,997 6,722 6,242

cumulative incidence

No. at risk
<28 cDDD

28 10 83 cDDD
84 10 365 cDDD
>365 cDDD

Study cohort
0.3
<28 cDDD
28 to 83 cDDD
84 to 365 cDDD
-+ 365 cDDD
02|
0.1
0.0
0
Time, year
197,652 196,405 190,509 183,877 175,816 166,230 154,953 143,908
8,970 8,968 8,934 8,848 8,670 8,337 7.878 7.314
12,757 12,756 12,730 12,669 12,494 12,112 11,478 10,651
7477 7,477 7,476 7,469 7,431 7,313 7,021 6,515
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Abstract

Background & Aims:

The use of statins has been shown to reduce fibrosis progression and cirrhosis in

patients with chronic hepatitis C. Recent studies have also revealed the protective

effect of statins on HCC in chronic hepatitis C, as well as in chronic hepatitis B (CHB)

patients. However, the protective effect of statins in the development of cirrhosis in

patients with CHB is limited. This study investigated the association between the use

of statins and the risk of cirrhosis development in patients with CHB.

Study Population and Methods:

We conducted a population-based cohort study by using the Chang Gung Research

database (CGRD). A total of 16,355 patients with HBV infection were included as the

study cohort. Each patient was followed from 2001 to 2010 to identify incident cases

of cirrhosis. A Cox proportional hazard regression was performed to evaluate the

association between statin use and cirrhosis risk.

Results:

A total of 2,960 cases of cirrhosis were identified in the cohort with 16,355 HBV

infection patients during the follow-up period. There were 159 cirrhosis cases (13.6%)

of cirrhosis among 1,173 statin users (defined as those who used more than 28

cumulative defined daily doses (cDDD), and 2,801 cirrhosis cases (18.5%) among
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15,182 statin nonusers. A dose-response relationship between statin use and cirrhosis

risk was observed. The adjusted hazard ratios were 0.65 (95% CI, 0.53 to 0.80), 0.53

(95% ClI, 0.45 to 0.63), and 0.42 (95% ClI, 0.34 to 0.51) for statin use of 28 to 83, 84

to 365, and more than 365 cDDD, respectively, relative to no statin use (< 28 cDDD).

Conclusion:

Among the patients with HBV infection, statin use was associated with a reduced risk

of cirrhosis development in a dose-dependent manner. Further clinical research is

required.
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Introduction

Hepatitis B virus (HBV) infection typically leads to chronic hepatitis, and often

follows a progressive course over many years, finally resulting in cirrhosis,

hepatocellular carcinoma (HCC), and even the need for liver transplantation(1-3). The

objective of antiviral treatment of chronic HBV is to achieve sustained eradication of

HBYV, which is defined as the persistent absence of HBV RNA in serum for at least 6

months after treatment completion. Another objective is to stop or delay the

progression to cirrhosis, decompensated liver disease, or HCC(4).

Statins (3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitors) are used to treat and

prevent coronary heart disease and stroke in patients with hyperlipidemia(5). Recently,

statins have been investigated for their antiproliferative, antiangiogenic,

antiinflammatory, and antineoplastic effects(6-9). In addition, some animal studies

have shown that statins can inhibit the progression of cirrhosis, but clinical studies are

limited. Previous studies indicated that statin use can decrease the risk of liver

cirrhosis development and its and its decompensation in chronic hepatitis B

patients(10). The results show that statin is an independent protector against the

development of cirrhosis and its decompensation in patients with HBV infection.

However, they only included patients with positivity of hepatitis B surface antigen for

more than 6 months. Another study indicate that statin use can decreases the
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decompensation rate in both HBV- and HCV-related cirrhosis(11). Data regarding the

antifibrogenic actions of statins for patients with HBV infection that has not yet

progressed to cirrhosis are limited. The purpose of this study was to investigate the

association between statin use and the risk of cirrhosis development in patients with

HBYV infection.

Materials and Methods

Data Sources

The Chang Gung Research Database (CGRD) is a de-identified database derived from

medical records of Chang Gung Memorial Hospital (CGMH), and it is systematically

updated annually to include new data generated in CGMH. CGMH, founded in 1976,

is currently the largest hospital system in Taiwan, and it comprises seven medical

institutes, which are located from the northeast to southern regions of Taiwan:

Keelung CGMH, Taipei CGMH, Linkou CGMH, Taoyuan CGMH, Yunlin CGMH,

Chiayi CGMH, and Kaohsiung CGMH. CGMH has 10,070 beds and admits more

than 280,000 patients each year. The outpatient department visits and emergency

department visits to CGMH were over 8,500,000 and 500,000, respectively in 2015.

In recent years, the CGRD promoted clinical and scientific studies to a considerable

extent. In 2015, more than 1800 studies were conducted by CGMH staff, and the
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studies were published in a diverse range of reputed journals. Some of these studies

are based on the CGRD as multicenter research studies with relatively large sample

sizes. There are 44 different dataset in CGRD and we will conducted a hospital-based

cohort study by using CGRD, Lack of laboratory data or medical examination reports

is the limitation of National Health Insurance Research Database (NHIRD), but we

can get the information of laboratory data or medical examination reports from

CGRD.

We conducted a nationwide cohort study by using population-based data from the

CGRD. We used databases for admissions and outpatient visits, both of which

included information on patient characteristics such as sex, date of birth, date of

admission, date of discharge, dates of visits, and up to five discharge diagnoses or

three outpatient visit diagnoses (according to International Classification of Diseases,

Ninth Revision (ICD-9) codes). The data files also contained information on patient

prescriptions, including the names of prescribed drugs, dosage and duration.

Following strict confidentiality guidelines in accordance with personal electronic data

protection regulations, the National Health Research Institutes of Taiwan maintains an

anonymous database of NHI reimbursement data that is suitable for research. In

addition, this study was approved by the Ethics Review Board of Chang Gung

Memorial Hospital, Chia-Yi Branch, Taiwan.
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Study population

We conducted a population-based cohort study that included all patients older than 18
years who were newly diagnosed with HBV infection (ICD-9 codes070.2, 070.3,
V02.61 or HbsAg positive or Anti-HBc positive) without hepatitis C virus infection
(ICD-9 codes070.7, 070.41, 070.44, 070.51, 070.54, V02.62) or HCC (ICD-9 code

155.0) between 1 January 2001 and 31 December 2010.

FIB-4 index:

The FIB-4 index is a simple formula to predict liver fibrosis based on the standard
biochemical values (AST, ALT and platelet count) and age. FIB-4 was calculated as:
FIB-4 = age [years] x AST [IU/L]/platelet count [x 10%/L] x (ALTY?[IU/L])(12).
We defined FIB -4>3.5 as cirrhosis development. Patients with less than two FIB-4
record, Fib-4>3.5 at baseline or missing data on sex, age, income, or level of
urbanization were excluded. A total of 16,355 patients were included in the final

analyses.

Statin Exposure
We identified patients who received prescriptions for statins in the outpatient visits
database from 1 January 2001 to cirrhosis diagnosis or the end of follow-up.
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The defined daily dose (DDD) recommended by the World Health Organization is a

unit for measuring a prescribed amount of drug; it is the assumed average

maintenance dose per day of a drug consumed for its main indication in adults. By

using the following formula, we could compare any statins on the basis of the same

standard: (total amount of drug)/(amount of drug in a DDD) = number of DDDs.

Cumulative DDD (cDDD), which indicates the total exposed dosage, was estimated

as the sum of dispensed DDD of any statins to compare their use to the risk of

cirrhosis. We collected similar information on nonstatin lipid-lowering medications

(cholestyramine, colestipol, colextran, niceritrol, nicofuranose, acipimox, probucol,

and ezetimibe) and fibrate.

To examine the dose—effect relationship, we categorized the statins into four groups in

each cohort (<28, 28 to 83, 84 to 365, and >365 cDDDs). Patients who used statins

for less than 28 cDDDs were defined as statin nonusers, and patient who used statins

for more than 28 cDDDs were defined as statin users.

Potential Confounders

We systematically identified the potential confounding risk factors for cirrhosis as the

following diagnoses recorded during the study period: alcohol-related disease (ARD;

ICD-9 codes 291, 303.0, 303.9, 305.0, 571.0, 571.1, 571.2, or 571.3), nonalcoholic
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steatohepatitis (NASH; ICD-9 code 571.8, 571.9) and diabetes (ICD-9 code 250). The

information of the Charlson comorbidity index (CCI) was also collected and

considered as one possible confounding risk(13). We also used logistic regression to

calculate propensity score of all subjects according to their statin treatment.

Calculation involved all covariates list in tablel, including age, gender, comorbidity

and other drug usages. Propensity score were used as one possible confounder in

further analysis.

We collected exposure information of other drugs that might alter the risk of cirrhosis,

such as anti-HBV treatment(4), aspirin(14, 15), angiotensin-converting

enzymeinhibitors (ACEISs) (captopril, enalapril, lisinopril, perindopril, ramipril,

quinapril, benazepril, cilazapril, and fosinopril)(16), and metformin(17, 18). We also

considered sociodemographic characteristics (age, sex, income, and level of

urbanization) in the modeling.

Statistical Analysis

The distribution of demographic factors and the proportions of comorbidities between

the statin users and nonusers in the study cohort and matched cohort were compared.

Cox proportional hazards models were used to compute the hazard ratios (HRs)

accompanying 95% Cls after adjustment for age, sex, urbanization, income, and
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diabetes. Two-tailed P = 0.05 was considered significant. Patients with a death date in

the admission file and those from the beneficiaries register who were lost to follow-up

were censored. All of these analyses were conducted using SAS statistical software

(Version 9.4; SAS Institute, Cary, NC, USA).

Sensitivity analyses and subgroup analyses

Many medicines have shown positive results in chemoprevention. To examine

potential effect modifiers, we conducted subgroup analyses stratified by groups with

and without the use of anti-HBV treatment, metformin, ACEIls, and aspirin. We also

examined the outcome stratified by groups according to sex and age and with or

without ARD, NASH, diabetes and receiving liver biopsy. These sensitivity analyses

and subgroup analyses were applied to evaluate the difference and consistency

between statin use and the risk of cirrhosis.

Results

We included a total of 16,355 patients (5,302 women and 11,053 men) diagnosed with

HBYV infection during the study period. The basic demographic characteristics of the

patient population are summarized in Table 1. A total of 7.2% (1,173) of the patients

had used statins for more than 28 cDDDs, and they tended to be elderly, female, have
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a high CCI, and a high percentage of diabetes, hypertension, NASH, chronic kidney

disease and biliary stone. Statin users received more nonstatin lipid-lowering drugs,

fibrates, ACEIs, and aspirin, but less anti-HBV treatment.

Table 2 shows that there was a dose-response relationship between statin use and the

risk of cirrhosis development. In study cohort, the adjusted HRs were 0.65 (95% ClI,

0.53-0.80), 0.53 (95% Cl, 0.45-0.63), and 0.42 (95% CI, 0.34-0.51) for patients with

statin use of 28 to 83 cDDDs, 84 to 365 cDDDs, and >365 cDDDs, respectively.

The sensitivity analysis adjustments exhibited little effect on the estimates of the

association between statin use and the risk of cirrhosis development according to

different models after adding other covariates, such as propensity score, CCl,

comorbidity and other drug with chemoprevention effect. The effects of statins

remained dose-response relationship in the patients of different subgroups in diabetes,

ARD, receiving liver biopsy, sex, age.

Table 3 also demonstrates that the effect of statin keep the same trend of

dose-response relationship in each subgroup stratified by different cDDD of

metformin, aspirin, and ACEIs use. However, as patients received anti-HBV treatment,

the effect of statin decreased to 0.92 (95% CI, 0.45-1.88), 0.65 (95% Cl, 0.37-1.15),

and 0.60 (95% ClI, 0.28-1.29) for patients with statin use of 28 to 83 cDDDs, 84 to

365 cDDDs, and >365 cDDDs, respectively. For patients with NASH, the effect of
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statin also did not reach statistical significant.

Discussion

To our knowledge, this study was the first hospital based cohort study to document a

dose-response relationship between the use of statins and the risk of cirrhosis

development after controlling for the confounding effects of age, sex, income,

urbanization, diabetes, and other medication. This study had several strengths. The

study cohort was mainly obtained from a hospital based database, we could obtain

laboratory data from CGRD, which is the limitation of National Health Insurance

Research Database (NHIRD). In addition, because the data on statin and other

medicine use were obtained from a historical database that collects all available

prescription information during the study period, we can eliminate the possibility of

recall bias.

If physicians are less likely to prescribe statins because of their hepatotoxicity,

patients with liver disease are less likely to be prescribed statins. We took several

steps to avoid possible confounding effects of contraindication. First, we excluded

patients with HCC. Second, we excluded statin use recorded within 1 year before

cirrhosis defined by fib-4 >3.5 or the end of follow up, assuming that in this time

period liver disease is likely to be severe and overt. In addition, we conducted
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sensitivity analyses by stratification to clarify the misclassifications and potential

confounders, and the results revealed no significant changes in the HRs of the

different subgroups except for patient with NASH or anti-HBV treatment. The result

of patient with NASH or anti-HBV treatment did not reach statistical significant

might contributing to the insignificant effect measured of statin use on each subgroup.

We also conducted a population-based cohort study by using the Taiwan National

Health Insurance Research Database. A total of 891,136 patients with HBV infection

were included as the study cohort. Each patient was followed from 1997 to 2010 to

identify incident cases of cirrhosis. The results were demonstrated at supplement

tablel and 2, and a dose-response relationship between statin use and cirrhosis risk

was observed. The adjusted hazard ratios were 0.31 (95% ClI, 0.29 to 0.32), 0.23 (95%

Cl,0.21t0 0.24), and 0.11 (95% CI, 0.10 to 0.12) for statin use of 28 to 83, 84 to 365,

and more than 365 cDDD, respectively, relative to no statin use (< 28 cDDD). The

further analysis of sensitivity analyses and subgroup analyses show that the trend of

dose-response relationship between statin use and the risk reduction of cirrhosis

development did not alter.

Huang et al. analyzed the association between statin use and liver cirrhosis

development by using NHIRD(10). The results show that statin is an independent

protector against the development of cirrhosis and its decompensation in patients with
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HBV infection and the protective effect reveal dose—response relationship. The results

were consistent with our analysis in both CGRD cohort and NHIRD cohort. However,

there were some limitations in that study. First, this study only includes patients with

positivity of hepatitis B surface antigen for more than 6 months. Only patients after

propensity matching were enrolled in final analysis, more than 70% statin user were

excluded. Second, the baseline characteristics still quite heterogeneous after

propensity score matching. Third, the study did not consider other drugs that might

reduce the risk of cirrhosis as confounding factors(14-17).

The mechanism by which statin use may reduce the risk of cirrhosis development is

not clearly understood. Several possible mechanisms have been investigated in

previous studies. Statins can down regulate expression of profibrotic cytokines

including transforming growth factor-f, connective tissue growth factor, and

platelet-derived growth factor, which can stimulate the activation of hepatic stellate

cells, resulting in further fibrogenesis(19-21). Another potential mechanism is that the

upregulation of kruppel-like factor 2 expression results in vasodilation and the

improvement of liver microcirculation(22, 23). Statins may also inhibit fibrogenesis

of hepatic myofibroblasts and the replication of HBV(24).

The potential limitations of this study should be noted. First, we did not obtain any

histological data from liver biopsy, reports of liver ultrasound examination. Cirrhosis
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cases in this study were identified only by using the Fib-4. Previous studies indicate

that Fib-4 is a simple, accurate, non-invasive and economical assessment of predicting

cirrhosis in patient with HBV infection(12). We had investigated the association

between statin use and the risk of cirrhosis development in patients with hepatitis B

infection by using NHIRD. The cirrhosis were defined by using ICD code (571.2,

571.5,571.6,572.2,572.3, 572.4, 572.8, or 573.0) with at least three records of

outpatient visits within one year or one admission diagnosis during study period. The

results were consistent between CGRD cohort and NHIRD cohort. The diagnosis of

cirrhosis may be less accurate than liver biopsy and only those with obvious cirrhosis

would have been captured in our study. However, errors in cirrhosis diagnosis tend to

occur in random as a result of the same definition being used in both groups of statin

user and nonuser, which might have limited effect on the result. The results of

subgroup analysis stratified by groups according to liver biopsy shows consistent in

both receiving or not. Second, several unmeasured confounders, including body mass

index, smoking habit, alcohol intake, and other over-the-counter drug use, which are

associated with cirrhosis, were not included in our database. Third, there is no way to

verify the exact dosage that the study participants actually took. We presumed that all

prescribed medications were taken by patients as prescribed; this may overestimate

the actual ingested dosage because some degree of noncompliance is always expected.
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In conclusion, statin use may reduce the risk for cirrhosis development in

HBV-infected patients in a dose-dependent manner. Further mechanistic research is

required.
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Tablel Patient demographics and clinical characteristics of study

cohort.

First Fib-4 index 1.52 1.53
No. of cirrhosis 2801(18.5) 159(13.6) <.0001
Gender <.0001
Female 4863(32.0) 439(37.4)
Male 10319(68.0) 734(62.6)
Propensity score 0.88 0.62
ccl 1.93 2.61
Age <.0001
18-29 3231(21.3) 87(7.4)
30-39 4335(28.6) 206(17.6)
40-49 4360(28.7) 420(35.8)
50-59 2094(13.8) 304(25.9)
>=60 1162(7.7) 156(13.3)
Comorbidity
DM 3147(20.7) 599(51.1) <.0001
HTN 4683(30.9) 803(68.5) <.0001
ARD 938(6.2) 65(5.5) 0.3810
CKD 823(5.4) 231(19.7) <.0001
Biliary stones 1549(10.2) 142(12.11) 0.0392
NASH 457(3.0) 55(4.7) <.0001
Nonstatin lipid-lowering drug <.0001
0-27 cDDD 15132(99.7) 1094(93.3)
28-83 cDDD 17(0.1) 22(1.9)
84-365 cDDD 30(0.2) 42(3.6)
>365 cDDD 3(0.0) 15(1.3)
fibrate <.0001
0-27 cDDD 14952(98.5) 991(84.5)
28-83 cDDD 90(0.6) 58(4.9)
84-365 cDDD 103(0.7) 85(7.3)
>365 cDDD 37(0.2) 39(3.3)
HB tx 0.1630
No 14306(94.2) 1107(94.4)
Partial treatment 412(2.7) 23(2.0)
Complete treatment 464(3.1) 43(3.7)
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ACEI <.0001
0-27 cDDD 14321(94.3) 850(72.5)
28-365 cDDD 602(4.0) 211(18.0)
>365 cDDD 259(1.7) 112(9.6)

Aspirin <.0001
0-27 cDDD 14170(93.3) 651(55.5)
28-365 cDDD 655(4.3) 267(22.8)
>365 cDDD 357(2.4) 255(21.7)

Metformine <.0001
0-27 cDDD 14394(94.8) 813(69.3)
28-365 cDDD 510(3.4) 190(16.2)
>365 cDDD 278(1.8) 170(14.5)
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Table 2. Adjusted hazard ratios (HRs) of cirrhosis development

associated with statin use during the follow-up period.

28-83cDDD 84-365cDDD >365¢DDD

HR 95%Cl HR 95%Cl HR  95%Cl
Main model* 0.65 0.53-0.80 0.53 0.45-0.63 0.42 0.34-0.51
Additional covariatest
Main model+ Fib-4 score 0.71 0.58-0.87 0.60 0.50-0.70 0.51 0.42-0.63
Main model+ propensity 0.68 0.52-0.88 0.61 0.49-0.75 0.52 0.41-0.67
score
Main model+CCl 0.66 0.54-0.80 0.50 0.43-0.60 0.41 0.33-0.50
Main model+ARD 0.64 0.52-0.78 0.54 0.45-0.64 0.42 0.34-0.51
Main model+NASH 0.66 0.54-0.80 0.53 0.45-0.63 0.42 0.34-0.52
Main model+ 0.66 0.54-0.81 0.54 0.45-0.64 0.43 0.35-0.53
Nonstatin lipid-lowering drug
Main model+fibrate 0.68 0.55-0.83 0.55 0.46-0.65 0.43 0.35-0.54
Main model+ 0.65 0.53-0.79 0.53 0.45-0.63 0.42 0.34-0.51
anti-HBV treatment
Main model+metformin 0.64 0.53-0.79 0.53 0.44-0.62 0.51 0.34-0.51
Main model+ACEI 0.66 0.54-0.81 0.54 0.45-0.64 0.51 0.34-0.52
Main model+aspirin 0.70 0.57-0.85 0.58 0.48-0.68 0.46 0.37-0.56

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARD, alcohol-related

disease; cDDD, cumulative defined daily dose; CCl, charlson comorbidity index; ClI,

confidence interval; HCV, hepatitis C virus; HR, hazard ratio; NASH, Nonalcoholic

Steatohepatitis

*Main model is adjusted for age, sex, urbanization, income, diabetes.

tThe models were adjusted for covariates in the main model as well as each

additional listed covariate.
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Table 3. Subgroup analysis of adjusted hazard ratios (HRs) for cirrhosis
development associated with statin use during the follow-up period.

28-83cDDD 84-365cDDD >365cDDD

Subgroup effect* HR 95%ClI HR 95%ClI HR 95%ClI
Age, years

=50 0.73 0.56-0.95 0.61 0.48-0.76 0.43 0.33-0.57

<50 0.57 0.42-0.77 0.48 0.37-0.63 0.44 0.32-0.61
Gender

Male 0.75 0.59-0.95 0.58 0.48-0.71 0.41 0.32-0.54

Female 0.57 0.39-0.84 0.57 0.43-0.77 0.52 0.38-0.72
ARD

NO 0.65 0.53-0.81 0.54 0.45-0.64 0.43 0.34-053

YES 0.50 0.28-0.90 0.49 0.27-0.90 0.33 0.16-0.71
Diabetes

NO 0.50 0.36-0.71 0.48 0.36-0.64 0.31 0.21-0.46

YES 0.78 0.61-1.01 0.56 0.46-0.70 0.48 0.37-0.61
NASH

NO 0.64 0.52-0.78 0.52 0.44-0.62 0.42 0.34-0.51

YES 1.46 0.55-3.88 1.20 0.55-3.00 0.53 0.18-1.59
liver biopsy

NO 0.66 0.52-0.83 0.53 0.44-0.65 0.44 0.35-0.55

YES 0.69 0.46-1.05 0.51 0.37-0.71 0.38 0.24-0.61
anti-HBV treatment

No 0.64 0.52-0.78 0.52 0.44-0.62 0.40 0.33-0.50

Yes 0.92 0.45-1.88 0.65 0.37-1.15 0.60 0.28-1.29
Metformin

0-27 cDDD 0.68 0.53-0.88 0.47 0.37-0.59 0.35 0.25-0.47

28-365 cDDD 0.57 0.34-0.96 0.58 0.34-0.88 0.52 0.31-0.87

>365 cDDD 0.64 0.41-1.01 0.60 0.44-0.82 0.42 0.30-0.60
ACEI

0-27 cDDD 0.59 0.44-0.78 0.47 0.36-0.60 0.37 0.26-0.51

28-365 cDDD 0.71 0.48-1.05 0.51 0.36-0.73 0.45 0.30-0.67

>365 cDDD 0.85 0.56-1.31 0.71 0.52-0.98 0.46 0.32-0.67
Aspirin

0-27 cDDD 0.63 0.47-0.83 0.56 0.44-0.71 0.40 0.28-0.56

28-365 cDDD 0.90 0.61-1.33 0.53 0.37-0.77 0.36 0.19-0.65
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>365 cDDD 0.69 0.44-1.09 0.65 0.47-0.91 0.54 0.40-0.74

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARD, alcohol-related
disease; cDDD, cumulative defined daily dose; CCl, charlson comorbidity index; Cl,
confidence interval; HCV, hepatitis C virus; HR, hazard ratio; NASH, Nonalcoholic
Steatohepatitis

*All models were adjusted for age, sex, urbanization, income, diabetes.
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Supplement Tablel Patient demographics and clinical characteristics of NHIRD cohort and CGRD cohort.

NHIRD CGRD

Non-user User P-value Non-user User P-value
No. of cirrhosis 56392(6.3) 3254(3.1) <.0001 1568(13.0) 172(11.3) 0.0663
Gender <.0001 0.0204
Female 336068(42.7)  46670(44.9) 4321(35.8) 590(38.9)
Male 451056(57.3)  57342(55.1) 7738(64.2) 928(61.1)
Age <.0001
18-29 310297(39.4) 10601(10.2) 2918(24.2) 126(8.3)
30-39 229902(29.2)  24755(23.8) 3578(29.7) 288(19.0)
40-49 146143(18.6)  35142(33.8) 3322(27.6) 535(35.2)
50-59 59338(7.5) 20947(20.1) 1448(12.0) 369(24.3)
>=60 44144(5.3) 12567(12.1) 793(6.6) 200(13.2)
Comorbidity
DM 83810(10.7)  48072(44.2) <.0001 2231(18.5) 749(49.3) <.0001
HTN 145091(18.4)  62342(59.9) <.0001 3524(29.2) 1011(66.6) <.0001
ARD 22786(2.9) 3011(2.9) 0.9998 727(6.0) 81(5.3) 0.3810
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CKD 10935(1.4) 6286(6.0) <.0001 627(5.2) 270(17.8) <.0001
Biliary stones 36255(4.6) 7649(7.4) <.0001 1252(10.4) 183(12.1) 0.0392
NASH 17751(2.3) 5914(5.7) <.0001 457(3.0) 55(4.7) <.0001
Nonstatin lipid-lowering drug <.0001 <.0001

0-27 cDDD 783993(99.6)  96340(92.6) 11991(99.4) 1394(91.8)

28-83 ¢cDDD 1614(0.2) 2690(2.6) 25(0.2) 34(2.2)

84-365 cDDD 1266(0.2) 3705(3.6) 34(0.3) 65(4.3)

>365 cDDD 251(0.0) 1277(1.2) 9(0.1) 25(1.7)
fibrate <.0001 <.0001

0-27 cDDD 758303(96.3)  70425(67.7) 11775(97.6) 1268(83.5)

28-83 ¢cDDD 13313(1.7) 9819(9.4) 114(1.0) 72(4.7)

84-365 cDDD 11474(1.5) 14838(14.3) 129(1.1) 130(5.6)

>365 cDDD 4034(0.5) 8930(8.6) 41(0.3) 48(3.2)
HB tx <.0001 0.1630
No 760287(96.6) 100812(96.9) 10777(89.4) 1411(93.0)
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Partial treatment 12809(1.6) 1625(1.6) 621(5.1) 54(3.6)

Complete treatment 14028(1.8) 1575(1.5) 661(5.5) 53(3.5)

ACEI <.0001 <.0001
0-27 cDDD 705933(89.7)  60312(58.0) 11101(92.1) 1125(74.1)
28-365 cDDD 52828(6.7)  23635(22.7) 663(5.5) 268(17.7)
>365 cDDD 28363(3.6) 20065(19.3) 295(2.5) 125(8.2)

Aspirin <.0001 <.0001
0-27 cDDD 703805(89.4)  54794(52.7) 10893(90.3)  809(53.3)
28-365 cDDD 54810(7.0) 22377(21.5) 800(6.6) 362(23.9)
>365 cDDD 28509(3.6)  26841(25.8) 366(3.0) 347(22.9)

Metformine <.0001 <.0001
0-27 cDDD 747182(94.9)  68567(65.9) 11210(93.0) 1035(68.2)
28-365 cDDD 21105(2.7) 13938(13.4) 563(4.7) 254(16.7)
>365 cDDD 18837(2.4) 21507(20.7) 286(2.4) 229(15.1)
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Supplement Table 2. Adjusted hazard ratios (HRs) of cirrhosis development associated with statin use during the
follow-up period in NHIRD cohort and CGRD cohort.

NHIRD CGRD

28-83cDDD 84-365cDDD >365cDDD 28-83cDDD 84-365cDDD >365cDDD

HR 95%Cl HR 95%Cl HR 95%Cl HR 95%Cl HR 95%Cl HR  95%Cl
Main model* 0.31 0.29-0.32 0.23 0.21-0.24 0.11 0.10-0.12 0.55 0.41-0.75 0.50 0.40-0.63 0.45 0.34-0.59
Additional covariatest
Main model+propensity score 0.38 0.36-0.4 0.32 0.31-0.34 0.19 0.18-0.21 0.59 0.43-0.80 0.55 0.43-0.69 0.49 0.37-0.66
Main model+CCl 0.32 0.3-0.34 0.23 0.22-0.24 0.11 0.1-0.12 0.54 0.40-0.73 0.50 0.40-0.63 0.41 0.31-0.54
Main model+ARD 0.31 0.29-0.32 0.23 0.22-0.24 0.12 0.11-0.13 0.55 0.40-0.74 0.51 0.40-0.64 0.46 0.34-0.60
Main model+NASH 0.31 0.29-0.32 0.23 0.21-0.24 0.11 0.1-0.12 0.55 0.41-0.75 0.50 0.40-0.64 0.44 0.34-0.59
Main model+Nonstatin 0.31 0.29-0.33 0.23 0.22-0.24 0.11 0.11-0.13 0.56 0.41-0.76 0.51 0.41-0.65 0.46 0.35-0.62
lipid-lowering drug
Main model+fibrate 0.33 0.31-0.35 0.25 0.24-0.27 0.13 0.12-0.14 0.57 0.42-0.77 0.52 0.41-0.66 0.47 0.35-0.63
Main model+anti-HBV treatment 0.3  0.29-0.32 0.22 0.21-0.24 0.11 0.10-0.12 0.56 0.41-0.75 0.51 0.40-0.64 0.45 0.34-0.59
Main model+metformin 0.33 0.31-0.35 0.26 0.24-0.27 0.13 0.12-0.14 0.55 0.40-0.74 0.51 0.40-0.64 0.46 0.35-0.61
Main model+ACEIl 0.33 0.31-0.34 0.25 0.23-0.26 0.13 0.12-0.14 0.56 0.41-0.76 0.52 0.41-0.65 0.46 0.35-0.61
Main model+aspirin 0.35 0.33-0.37 0.28 0.26-0.29 0.15 0.14-0.17 0.59 0.44-0.80 0.55 0.44-0.70 0.52 0.39-0.69
Subgroup effects
Gender

Male 0.29 0.27-0.31 0.21 0.2-0.23 0.11 0.1-0.12 0.50 0.33-0.76 0.51 0.38-0.68 0.45 0.31-0.64
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Female 0.32 0.29-0.35 0.23 0.22-0.26 0.1 0.09-0.12 0.58 0.37-0.91 0.46 0.31-0.67 0.40 0.26-0.62
Age, years

=50 0.3 0.28-0.33 0.22 0.21-0.24 0.11 0.09-0.12 0.60 0.41-0.90 0.64 0.48-0.85 0.44 0.30-0.63

<50 0.32 0.29-0.34 0.24 0.22-0.26 0.12 0.11-0.14 0.46 0.28-0.74 0.38 0.26-0.56 0.50 0.32-0.76
ARD

NO 0.31 0.29-0.33 0.24 0.22-0.25 0.12 0.11-0.13 0.58 0.43-0.80 0.53 0.42-0.67 0.46 0.34-0.61

YES 0.26 0.22-0.3 0.18 0.16-0.21 0.08 0.06-0.11 0.28 0.09-0.88 0.34 0.14-0.83 0.40 0.13-1.26
Diabetes

NO 0.32 0.29-0.35 0.22 0.2-0.24 0.12 0.11-0.15 0.45 0.28-0.73 0.4 0.28-0.63 0.30 0.17-0.52

YES 0.29 0.27-0.31 0.22 0.21-0.24 0.1 0.09-0.12 0.65 0.44-0.96 0.56 0.42-0.75 0.55 0.39-0.76
NASH

NO 0.3 0.29-0.32 0.23 0.21-0.24 0.11 0.1-0.12 0.53 0.39-0.73 0.48 0.37-0.61 0.44 0.33-0.58

YES 0.34 0.26-0.43 0.23 0.18-0.29 0.11 0.08-0.16 0.90 0.28-2.91 1.58 0.66-3.75 0.65 0.14-2.96
liver biopsy

NO 0.34 0.27-0.42 0.23 0.19-0.29 0.11 0.08-0.15 0.54 0.39-0.75 0.52 0.41-0.67 0.46 0.34-0.61

YES 0.3 0.29-0.32 0.23 0.21-0.24 0.11 0.1-0.12 0.64 0.30-1.36 0.39 0.21-0.73 0.42 0.19-0.96
anti-HBV treatment

No 0.3 0.28-0.32 0.22 0.21-0.23 0.11 0.1-0.12 0.55 0.40-0.75 0.52 0.41-0.66 0.41 0.31-0.56

Yes 0.63 0.43-0.92 0.56 0.41-0.77 0.31 0.19-0.5 0.58 0.18-1.84 0.32 0.12-0.86 0.81 0.38-1.74
Metformin

0-27 ¢cDDD 0.28 0.26-0.3 0.21 0.19-0.22 0.11 0.09-0.12 0.56 0.39-0.80 0.46 0.34-0.63 0.36 0.24-0.54

28-365 cDDD 0.4 0.35-0.46 0.28 0.24-0.31 0.12 0.1-0.16 0.37 0.16-0.84 0.53 0.32-0.86 0.60 0.32-1.15

82

d0i:10.6342/NTU201701710



>365 cDDD 0.54 0.47-0.62 0.42 0.38-0.46 0.19 0.16-0.22 0.93 0.42-2.06 0.67 0.39-1.14 0.68 0.39-1.18
ACEI

0-27 cDDD 0.26 0.24-0.28 0.18 0.17-0.2 0.09 0.08-0.10 0.55 0.38-0.78 0.49 0.37-0.65 0.42 0.30-0.60

28-365 cDDD 0.44 0.39-0.49 0.32 0.29-0.35 0.16 0.13-0.18 0.56 0.28-1.11 0.50 0.29-0.87 0.50 0.27-0.94

>365 cDDD 0.51 0.44-0.58 0.41 0.36-0.45 0.19 0.16-0.22 0.67 0.20-2.20 0.73 0.36-1.50 0.56 0.26-1.20
Aspirin

0-27 cDDD 0.29 0.27-0.31 0.2 0.19-0.22 0.09 0.08-0.11 0.67 0.47-0.96 0.48 0.34-0.67 0.43 0.28-0.67

28-365 cDDD 0.49 0.44-0.55 0.37 0.33-0.41 0.17 0.14-0.21 0.55 0.29-1.05 0.38 0.22-0.65 0.43 0.19-0.98

>365 cDDD 0.61 0.53-0.70 0.51 0.46-0.57 0.29 0.25-0.33 0.31 0.10-1.00 1.27 0.80-2.02 0.69 0.43-1.10

Abbreviations: ACEI, angiotensin converting enzyme inhibitor; ARD, alcohol-related disease; cDDD, cumulative defined daily dose; CCl, charlson

comorbidity index; Cl, confidence interval; HCV, hepatitis C virus; HR, hazard ratio; NASH, Nonalcoholic Steatohepatitis

*Main model is adjusted for age, sex, urbanization, income, diabetes.

tThe models were adjusted for covariates in the main model as well as each additional listed covariate.
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PartIII: Xiao-chai-hu-tang and the risk of hepatocellular

carcinoma in patients with hepatitis B virus-related cirrhosis
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Abstract

Background & Aims:

Previous studies have indicated that among hepatitis B virus (HBV)-infected patients,

the hepatocellular carcinoma (HCC) incidence rate was much higher in patients with

cirrhosis than in those without cirrhosis. Many in vitro and in vivo studies have

indicated that xiao-chai-hu-tang (XCHT) may have protective effects against HCC

and cirrhosis, but clinical studies are lacking. The purpose of this study was to

investigate the association between use of XCHT and the risk of HCC in patients with

HBV-related cirrhosis.

Study Population and Methods:

We conducted a population-based cohort study by using the Taiwan National Health

Insurance Research Database. A total of 89,466 HBV-infected patients with cirrhosis

were included as the study cohort. Each patient was individually tracked from 1997 to

2010 to identify incident cases of HCC. A Cox proportional hazards regression with

time-dependent covariates for drug exposure was employed to evaluate the

association between XCHT use and HCC risk.

Results

There were 14,070 HCCs in the study cohort during the follow-up period of 549,399.1

person-years. A dose—response relationship between XCHT use and HCC risk was
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observed. The adjusted hazard ratios were 0.79 (95% CI, 0.65 to 0.97), 0.73 (95% ClI,
0.57 t0 0.94), and 0.67 (95% CI, 0.52 to 0.86) for patients using 35 to 69, 70 to 139,
and =140g per year, respectively, relative to less than 35 g.

Conclusion

Among patients with HBV-related cirrhosis, XCHT use was associated with a reduced

risk of HCC. Further mechanistic and clinical research is necessary.

Key words: Xiao-chai-hu-tang; hepatocellular carcinoma; hepatitis B virus; cirrhosis
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Introduction

Hepatitis B virus (HBV) infects millions of people worldwide, especially in the
Asia-Pacific region, including China, Taiwan, and several other countries in Southeast
Asia, where chronic HBV infection is highly prevalent.>? Chronic HBV infection
leads to chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC). Previous
studies have indicated that the HCC incidence rate is much higher among
HBV-infected patients with cirrhosis than among HBV-infected patients without
cirrhosis.>* Although interferon and nucleoside analogues have been clinically proven
to be effective in curing chronic hepatitis B,” there are still no effective therapeutic
drugs for HCC. Some commonly prescribed medications seem promising as
chemopreventive agents against HCC, including statins, angiotensin-converting
enzyme inhibitors (ACEISs), nonsteroidal anti-inflammatory drugs (NSAIDSs),
metformin, aspirin, and xiao-chai-hu-tang (XCHT, Sho-saiko-to or TJ-9 in
Japanese).®®

XCHT is a well-known Chinese traditional medicine that has been used for thousands
of years. It consists of seven medicinal herbs (Bupleurum falcatum, Glycyrrhiza
glabra, Panax ginseng, Pinellia ternate, Scutellaria baicalensis, Zizyphus jujuba, and
Zingiber officinale) and is currently prescribed to treat chronic hepatitis. A prospective,
randomised, nonblind controlled study evaluated the long-term potential of XCHT to
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prevent HCC in patients with cirrhosis in Japan. The cumulative incidence of HCC
was lower in the XCHT group than in the control group.® However, only 37 patients
were detected to have the surface antigen of HBV, HBsAg, in this trial; therefore, the
author could not further analyse the association between XCHT use and the risk of
HCC in patients with HBV-related cirrhosis. Many in vitro and in vivo studies have
indicated that XCHT may have protective effects against HCC and cirrhosis,”™*® but
clinical studies on HCC development in HBV-related cirrhosis are limited. The
purpose of this study was to investigate the association between use of XCHT and the
risk of HCC in patients with HBV-related cirrhosis.

Methods

Data Sources

We conducted a nationwide cohort study by using population-based data from the
Taiwan National Health Insurance Research Database (NHIRD). Since the National
Health Insurance is a compulsory programme for all residents in Taiwan, the NHIRD
is a comprehensive healthcare database that covers almost all of the 23.7 million
residents of Taiwan. We used databases for admissions and outpatient visits, both of
which contained information on patient characteristics and medical records, including
up to five discharge diagnoses or three outpatient visit diagnoses according to the
International Classification of Diseases, Ninth Revision (ICD-9) classification, date of
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admission, date of discharge, dates of visits, sex, and date of birth for patients. The

data files also contained information on patient prescriptions, including the names of

prescribed drugs, dosages, durations, and total expenditures. Previous epidemiologic

research has used these databases, and medical records of prescriptions, diagnoses,

17-19

and hospitalisations are of high quality.

Finished herbal products (FHPs) are the modern form of Chinese herbal decoctions,

of which herbal formulae or single herb are concentrated into granulated compounds.

FHPs are fully reimbursed under the current National Health Insurance system of

Taiwan. The NHIRD is the only computerised reimbursement database in the world

that stores longitudinal prescription data for both Western and Chinese medicines,

including FHPs. Thus, the NHIRD provides an optimal platform for determining the

effect of XCHT in reducing the risk of HCC in HBV-infected patients with cirrhosis.

In addition, this study adhered to strict confidentiality guidelines, in accordance with

regulations regarding personal electronic data protection, and was approved by the

ethics review board of Chang Gung Memorial Hospital, Chia-Yi Branch.

Study Population and Outcomes

We conducted a population-based cohort study that considered all patients older than

18 years who received a first-time diagnosis of HBV infection (ICD-9 codes 070.2,

070.3, and V02.61) between 1 January 1997, and 31 December 2010. We excluded
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patients with hepatitis C virus infection (ICD-9 codes 070.7, 070.41, 070.44, 070.51,

070.54, and VV02.62) and without cirrhosis (ICD-9 codes 571.2, 571.5, 571.6, 572.2,

572.3,572.4,572.8, and 573.0). Patients with missing data for sex, age, income, or

level of urbanisation were excluded. Those who had received a diagnosis of HCC

before or follow-up period of less than 6 months were also excluded. Patients with

HCC (ICD-9 code 155.0) were identified in the Registry for Catastrophic IlIness

Patient Database (RCIPD), with the first-time diagnosis date as the index date. If a

patient is to qualify for a cancer catastrophic illness certificate, cytological or

pathological reports or evidence including additional laboratory and imaging studies

supporting the diagnosis of cancer must be provided. A total of 89,466 patients were

included in the final analyses (Figure 1).

XCHT Exposure and Potential Confounders

We identified patients who filled prescriptions for XCHT in the outpatient visit

database between the date of cirrhosis diagnosis and the index date for HCC or the

end of follow-up. We defined a patient who used more than 140 g in cumulative doses

of XCHT as an XCHT user, and a patient who did not use more than 140 g of XCHT

as an XCHT nonuser. We also collected information regarding exposure to other drugs

that might reduce the risk of HCC, such as anti-HBV drugs (interferon, lamivudine,

entecavir, adefovir dipivoxil, and telbivudine), ACEls (captopril, enalapril, lisinopril,
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perindopril, ramipril, quinapril, benazepril, cilazapril, and fosinopril), statins, aspirin,
NSAIDs, and metformin.”®*" The defined daily dose (DDD) was used to calculate
exposed dosage of any previous drug and cumulative DDD (cDDD), which indicates
the total exposed dosage, was estimated as the sum of dispensed DDD.

The severity levels of cirrhosis were classified as compensated or decompensated to
evaluate severity. We defined patients with cirrhosis catastrophic illness certificates as
having decompensated cirrhosis. In Taiwan, application for a cirrhosis catastrophic
iliness certificate requires clinically evident complications, such as refractory ascites,
oesophagus or stomach varices, hepatic encephalopathy, or liver insufficiency. Thus,
patients with a diagnosis of cirrhosis and listed in the RCIPD were regarded as having
decompensated cirrhosis. Furthermore, diabetes (ICD-9 code 250) was regarded as
another crucial confounding factor in the statistical model.?*#

We also considered sociodemographic characteristics, namely age, sex, income, and
level of urbanisation in the model. Urbanisation levels in Taiwan are divided into four
strata according to publications of the Taiwan National Health Research Institutes;
level 1 refers to the most urbanised communities and level 4 refers to the least
urbanised communities.

Statistical Analysis

We used the Kaplan-Meier method to estimate HCC cumulative incidences. The

93

doi:10.6342/NTU201701710



log-rank test was performed to examine differences in the risk of HCC in the cohort.
Cox proportional hazards regression without time-dependent covariates for drug
exposure was used to estimate to evaluate whether XCHT use can reduce the risk of
HCC among patients with hepatitis B virus-related cirrhosis. Finally, we used cox
proportional hazards regression with time-dependent covariates for drug exposure to
avoid time-varying prescription changes. We determined the cumulative dosage of
XCHT up to the start of each year during the follow-up period. This calculation was
performed to reduce within-person variation and to estimate long-term prescriptions
properly. To examine the dose-response relationship, we categorised patients into four
groups on the basis of yearly XCHT use: <35 g (reference group), 35 gto 709,70 g
to 139 g, and 2140 g. The hazard ratio (HR) for HCC development was calculated
according to different levels of XCHT use per year compared with the reference group.
Accompanying 95% confidence intervals (Cls) were calculated after adjustment for
variables, including age, sex, urbanisation, income, severity of cirrhosis, and diabetes.
A two-tailed P value of .05 was considered significant. All of these analyses were
conducted using SAS statistical software (version 9.4; SAS Institute, Cary, NC).
Sensitivity Analyses and Subgroup Analyses

Many medicines have shown positive results in chemoprevention, such as anti-HBV
drugs, ACEls, aspirin, NSAIDs, metformin, and statins.”®*” To examine the
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consistency of the risk, we conducted sensitivity analyses by adding the probabilities

corresponding to these medicines to a statistical model. Furthermore, we examined

the outcomes stratified by sex, age, and severity of cirrhosis. These sensitivity

analyses and subgroup analyses were applied to evaluate the consistency of the

correlation between the use of XCHT and the risk of HCC.

Results

We included a total of 89,466 patients (23,628 women, 65,838 men) with diagnoses of

cirrhosis during the study period (Figure 1). The basic demographic characteristics of

the patient population are summarised in Table 1. Of the patients, 3.7% (3,282) used

more than 140 g of XCHT. Patients who took less than 140 g of XCHT tended to be

elderly, and the percentages of patients with hypertension, diabetes mellitus, chronic

kidney disease, alcohol-related disease, and decompensated cirrhosis were higher

among the XCHT nonusers than among the XCHT users. The XCHT users were more

likely to accept anti-HBV drugs, NSAIDs, but not metformin. For the prescription of

other drugs with chemopreventive effects, including ACEIls, aspirin, and statins, there

were no statistically significant differences between the XCHT users and nonusers.

There were 14,070 HCCs in the HBV-related cirrhosis cohort during the follow-up

period of 549,399.1 person-years. The incidence rates of HCC were 2,608.4 and
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1,607.2 patient cases per 100,000 person years among the XCHT nonusers and XCHT

users, respectively. Figure 2a illustrates the results of the Kaplan-Meier analysis for

the cohort. The log-rank test revealed a significant observed difference over the entire

Kaplan-Meier curve. In analyses stratified by age, sex, and severity of cirrhosis, we

consistently found that the incidence of HCC remained lower for the XCHT users

(Figure 2b-g).

Figure 3 demonstrate that XCHT user had less risk for HCC (HR: 0.67

95%CI:0.61-0.74). The effect of XCHT keeps consistent in subgroup analysis and

sensitivity analyses. Table 2 shows the dose-response relationship between XCHT use

and HCC risk in patients with HBV-related cirrhosis when patients were divided into

four groups according to the XCHT cumulative dosage per year. The adjusted HRs

were 0.79 (95% Cl, 0.65 to 0.97), 0.73 (95% CI, 0.57 to 0.94), and 0.67 (95% ClI, 0.52

to 0.86) for patients with XCHT cumulative dosages per year of 35 gto 70 g, 70 g to

140 g, and higher than 140 g, relative to patients who took dosages lower than 35 g.

Table 2 also shows that the effect of XCHT was consistent in sensitivity analyses that

included other potential confounders. When the data were stratified according to age,

sex, and severity of cirrhosis, the effects of XCHT did not remain significant in every

subgroup analysis. However, the effect of XCHT remained significant for a

cumulative dosage higher than 140 g per year for all subgroups, except for the
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subgroup of patients younger than 50 years.

Discussion

According to our review of the literature, the present study is the first to document a

dose-response relationship between the use of XCHT in patients with HBV-related

cirrhosis and the risk of HCC, after controlling for confounders including age, sex,

income, urbanisation, diabetes, and other medications that might reduce the risk of

HCC. This study has several strengths. First, the study population was mainly

obtained from a computerised database that is population based and highly

representative. Because the cirrhosis patients were selected from all HBV-infected

patients by using admission and outpatient visit records, we can rule out the

possibility of selection bias. Second, because the data on XCHT, anti-HBV treatment,

and other chemopreventive medicine use were obtained from a historical database that

collects all available prescription information between the diagnosis dates of cirrhosis

and HCC, we can rule out the possibility of recall bias. Third, we used a Cox

proportional hazards regression with time-dependent covariates to estimate the

relationship between XCHT use and HCC risk and to avoid the effect of time-varying

prescription changes. We also used a Cox proportional hazards regression without

time-dependent covariates to confirm that the results were consistent. Last, we
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conducted sensitivity analyses and subgroup analyses to clarify the effects of potential
confounders. Anti-HBV drugs and other chemopreventive medications did not alter
the effect of XCHT in sensitivity analyses; XCHT remained significant at a
cumulative dosage of more than 140 g per year for each subgroup analysis, except for
the patients younger than 50 years.

Unlike hepatitis C, development of HCC in HBV-infected patients does not require
preceding cirrhosis; HCC can induce by carcinogenic effect of HBV as well. The
pathogenesis of HCC differs between HBV patients with and those without
cirrhosis;? thus, we excluded patients who had received diagnoses of HCC before or
within 6 months of receiving diagnoses of cirrhosis.

Shimizu and colleagues reported that XCHT suppresses the induction of hepatic
fibrosis through its antioxidant activity,*? suggesting that XCHT may have beneficial
effects on cirrhosis and HCC development in patients with chronic liver disease. The
main mechanisms by which XCHT protects users against HCC and cirrhosis include
its immunomodulatory effect, antifibrotic effect, and antineoplastic activity. XCHT
can downregulate the mRNA of TGF-a, TGF-B1, and platelet-derived growth factor.™
In addition, XCHT can suppress the proliferation of IL-1 and stimulate the production
of TNF-a. to inhibit Ito cell proliferation and collagen formation. XCHT can
significantly reduce the formation of 8-hydroxy-2-deoxyguanosine (8-OHdG),"
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which is a known genetic risk factor for hepatocarcinogenesis. XCHT also can inhibit
proliferation of cancer cell lines or hepatic stellate cells by causing cells to arrest at
the GO/G1 phase, and inducing apoptosis. *°

The potential limitations of this study should be noted. First, several unmeasured
confounders, including body mass index, smoking status, alcohol intake, and
over-the-counter drug use, which are associated with HCC, are not included in our
database. Second, this study did not include FHPs purchased directly from traditional
Chinese medicine pharmacies, and there is no way to verify the exact dosages that the
study participants actually ingested. We presumed that all medications were taken by
the patients as prescribed and thus may have overestimated the actual ingested
dosages because some degree of noncompliance is always expected. Finally, because
the data on drug prescriptions were not complete in 1996, we examined only
medication use after 1997; the use of these drugs before 1997 could not be included in
our analysis.

In conclusion, among HBV-infected cirrhosis patients in Taiwan, this study showed
that the risk of HCC was decreased in patients who received XCHT compared with
those who did not receive XCHT. Further mechanistic and clinical research is

required.
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Tablel Patient demographics and clinical characteristics of study

cohort.
XCHT use
Non-user User Pvalue
Total follow-up person-year 523,391.6 26,007.5
No. of HCC 13,652 (15.8%) 418 (12.7%) <.0001
Incidence 2,608.4 1,607.2
95% Cl 2,565.0-2,652.5 1460.3-1768.9
Gender
Male 63,401(73.6%) 2,437(74.2%) 0.3797
Female 22,783(26.4%) 845(25.8%)
Age
18-29 3,529 (4.1%) 109 (3.3%) <.0001
30-39 13,584 (15.8%) 594 (18.1%)
40-49 23,506 (27.3%) 1,031 (31.4%)
50-59 21,080 (24.5%) 899 (27.4%)
>=60 24,485 (28.4%) 649 (19.8%)
Comorbidity
decompensated liver cirrhosis 12,062 (14.0%) 403 (12.3%) 0.0053
Diabetes 25,296 (29.4%) 802 (24.4%) <.0001
Hypertension 39,166 (45.4%) 1,354 (41.3%) <.0001
alcohol-related disease* 25,094 (29.1%) 806 (24.6%) <.0001
Chronic kidney disease 8,771 (10.2%) 296 (9.0%) 0.0309
Hyperlipidemia 36,785 (42.7%) 1,627 (49.6%) <.0001
Biliary stones 20,353 (23.6%) 890 (27.1%) <.0001
Interferon and nucleoside
analogues
No 75,178 (87.2%) 2,822 (86.0%) 0.0362
Yes 11,006 (12.8%) 460 (14.0%)
Statin, cDDDs
0-27 ¢cDDD 77,580 (90.0%) 2,985 (91.0%) 0.0794
=28 cDDD 8,604 (10.0%) 297 (9.0%)
Aspirin, cDDDs
0-27 ¢cDDD 72,227 (83.8%) 2,756 (84.0%) 0.7981
=28 cDDD 13,957 (16.2%) 526 (16.0%)
NSAID, cDDDs
0-27 ¢cDDD 34,222 (39.7%) 928 (28.3%) <.0001
=28 cDDD 51,962 (60.3%) 2,354 (71.7%)
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ACEI, cDDDs
0-27 ¢cDDD 72,721 (84.4%) 2,798 (85.2%) 0.1754
=28 cDDD 13,463 (15.6%) 484 (14.8%)
Metformin, cDDDs
0-27 cDDD 73,686 (85.5%) 2,921 (89.0%) <.0001
=28 cDDD 12,498 (14.5%) 361 (11.0%)

* alcohol-related disease: ICD-9 codes 291, 303.0, 303.9, 305.0, 571.0, 571.1, 571.2,
or 571.3.
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Table2 Adjusted hazard ratios (HRs) of Xiao-chai-hu-tang use in
reduction of HCC risk in HBV-related cirrhosis cohort by cox
proportional hazards models with time-dependent covariates for drug

exposure.
Xiao-chai-hu-tang use per year
35 to 69g 70 to 139g 2140g
HR 95%Cl HR 95%Cl HR 95%Cl

Main model* 0.79 0.65-0.97 0.73 0.57-0.94 0.67 0.52-0.86
Additional covariatest
Main model+statin 0.79 0.64-0.96 0.73 0.56-0.93 0.66 0.52-0.85
Main model+acei 0.79 0.65-0.97 0.73 0.57-0.94 0.66 0.52-0.85
Main model+aspirin 0.80 0.65-0.97 0.73 0.57-0.94 0.66 0.52-0.85
Main model+nsaid 0.81 0.66-0.99 0.73 0.57-0.94 0.66 0.51-0.85
Main model+metformin 0.81 0.66-0.99 0.73 0.57-0.94 0.66 0.51-0.85
Main model+anti-HBV
treatment 0.80 0.65-0.97 0.73 0.57-0.94 0.68 0.53-0.87
Subgroup effects
Gender

Male 0.85 0.68-1.06 0.80 0.61-1.05 0.71 0.54-0.92

Female 0.61 0.37-0.99 0.46 0.23-0.93 0.43 0.19-0.95
Age, years

=50 0.51-

0.84 0.67-1.06 0.69 0.63 0.46-0.85
0.94

<50 0.58 0.38-0.88 0.76 0.48-1.19 0.73 0.47-1.12
Severity of LC

Decompensated LC 0.77 0.49-1.21 0.64 0.37-1.13 0.46 0.25-0.85

Compensated LC 0.77 0.61-0.96 0.74 0.56-0.98 0.74 0.56-0.97

*Main model is adjusted for age, sex, urbanization, income, diabetes, and severity of

liver cirrhosis.

TThe models were adjusted for covariates in the main model as well as each

additional listed covariate.
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Figurel Flowchart of the patient enrollment process of study cohort.

HBV infection was diagnosed since 1997, follow up till 2010, and age >18 year-old

N:1,181,330

HCV infection N:114,053
Without cirrhosis N:941,365

\ 4

HBV-related cirrhosis N:125,912
Missing data on sex, age , income and urbanisation N:402
HCC before cirrhosis or follow-up period< 6 months N:35,929
Cirrhosis diagnosis before 1997 N:115

|J5:udy cohort N:89,466
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Figure 2 Cumulative incidence of hepatocellular carcinoma
development by Xiao-chai-hu-tang use during the follow-up period of
all patients (a) and subgroup analysis of sex (b,c), age (d,e), and
severity of cirrhosis (f,g).
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Figure 3 Sensitivity analyses and subgroup analyses for
Xiao-chai-hu-tang use and the risk of hepatocellular carcinoma by cox
proportional hazards models without time-dependent covariates for

drug exposure.

Characteristics Adjusted HR (95% CI)  p value

Main model* —— 0.67 (0.61-0.74) <0.001

Additional covariatesT

Main model+statin - 0.66 (0.60-0.72) <0.001

Main model+acei —o— 0.67 (0.61-0.74) <0.001

Main model+aspirin —— 0.67 (0.61-0.74) <0.001

Main model+nsaid —o— 0.74 (0.67-0.81) <0.001

Main model+metformin —o— 0.66 (0.60-0.73) <0.001

Main model+anti-HBV treatment —o— 0.68 (0.61-0.75) <0.001

Subgroup effects

Gender

Male —— 0.68 (0.61-0.76) <0.001

Female — 0.61 (0.48-0.78) <0.001

Age, years

>50 —— 0.66 (0.59-0.75) <0.001

<50 —— 0.62 (0.52-0.75) <0.001

Severity of cirrhosis

Decompensated cirrhosis — 0.63 (0.50-0.78) <0.001

Compensated cirrhosis —o— 0.68 (0.61-0.76) <0.001
0.3 0.5 1.0 2.0 4.0 8.0

<—Decreased risk

Increased risk—

*Main model is adjusted for age, sex, urbanization, income, diabetes, and severity of

liver cirrhosis.

TThe models were adjusted for covariates in the main model as well as each

additional listed covariate.
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