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Abstract

Background—Statins are associated with delayed fibrosis progression and a reduced risk of
hepatocellular carcinoma (HCC) in chronic hepatitis C virus (HCV). Limited data exist regarding
the most effective type and dose of statin in this population. We sought to determine the impact of
statin type and dose upon fibrosis progression and HCC, in patients with HCV.

Methods—Using the Electronically Retrieved Cohort of HCV Infected Veterans (ERCHIVES)
database, we identified all subjects initiated on anti-HCV therapy from 2001 to 2014, and all
incident cases of cirrhosis and HCC. Statin use was measured using cumulative defined daily dose
(cDDD). Multivariable Cox proportional hazard regression models were used to examine the
relationship between statin use and the development of cirrhosis and HCC.

Results—Among 9,135 eligible subjects, 1,649 developed cirrhosis, and 239 developed
incident HCC. Statin use was associated with a 44% reduction in development of cirrhosis
(adjusted HR 0.6, 95% CI 0.53, 0.68). The adjusted HRs (95% CI) of fibrosis progression with
statin cDDD 28-89, 89-180, and >180, were 0.74 (0.59,0.93), 0.71 (0.59,0.88), and 0.6
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(0.53,0.68), respectively. Mean change in FIB-4 score with atorvastatin (n=944) and fluvastatin
(n=34) was —0.17 and —0.13 respectively (p=0.04) after adjustment for baseline FIB-4 score and
established predictors of cirrhosis. Statin use was also associated with a 49% reduction in incident
HCC (adjusted HR 0.51, 95% CI 0.36, 0.72). A similar dose-response relationship was observed.

Conclusion—In patients with chronic HCV, statin use was associated with a dose-dependent
reduction in incident cirrhosis and HCC. Atorvastatin and fluvastatin were associated with the
most significant anti-fibrotic effects, compared to other statins.
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Introduction

Hepatitis C virus (HCV) is one of the most common causes of chronic liver disease and the
leading indication for liver transplantation worldwide [1+ 2]. Estimates suggest that over a
period of twenty to thirty years, cirrhosis will develop in 10% to 25% of patients with
chronic hepatitis C (CHC), and hepatocellular carcinoma (HCC) in 1% to 5% [2]. Despite
the great success of oral direct-acting antiviral medications, there are still many patients with
fibrosis and other clinical complications of HCV, who remain at risk of disease progression
despite successful viral clearance [3]. In such patients, reducing the risk of complications
related to hepatic fibrosis, including cirrhosis and HCC, are of paramount importance.

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, or statins, exert
beneficial effects on circulating lipid levels, and are used for the management and prevention
of coronary heart disease and stroke [4]. Recently, statins have garnered attention for their
pleiotropic effects. Via both HMG-CoA dependent and independent pathways, statins have
been shown to exert antiproliferative, antiangiogenic, proapoptotic and immunomodulatory
actions [577]. They have inhibit cell growth, decrease proteolysis and block tumor cell
spread [8713], and may offer chemoprevention against many malignancies, including HCC
[8' 14718].

It has been postulated that statins may also exert unique antifibrotic effects in HCV. In
animal models, statins have been shown to block activation of hepatic myofibroblasts,
inducing apoptosis and preventing both proliferation of hepatic stellate cells (HSCs) and
their production of collagens [6' 7> 13: 19721]. In human studies, use of statins has been
associated with a reduced risk of hepatic fibrosis progression [22], and decreased incidence
of HCC [23]. In a recent analysis of 7,248 US Veterans infected with chronic HCV, statin
use was significantly associated with reduction in fibrosis progression rate, and a lower
adjusted risk of developing cirrhosis (hazard ratio [HR] = 0.56; 95% CI = -0.50, 0.63) and
HCC (HR=0.51; 95% CI = 0.34, 0.76) [24].

The potency of statin-mediated antiviral effects is thought to depend on the type of statin
used, with fluvastatin having the most potent, and pravastatin the least potent, antiviral
activity [25727]. However, data regarding the impact of statin type and dose upon hepatic
fibrogenesis and the risk of HCC remain limited. Recently, Yang and colleagues reported the
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results of a population-based cohort study of Taiwanese patients infected with HCV [28].
The authors observed a significant dose-dependent relationship between increasing statin
dose and reduction in risk of cirrhosis [28]. However, the subjects did not have antibody or
viral load-confirmed diagnoses of HCV, nor did the study adjust for statin type, baseline
disease activity or fibrosis severity. We sought to assess the relationship between statin type
and dosage with both hepatic fibrosis progression and the development of HCC, in a large,
well-established national cohort of HCV-infected US veterans.

Methods

Study population

Study participants included patients with HCV infection within the Electronically Retrieved
Cohort of HCV Infected Veterans (ERCHIVES). ERCHIVES, which has been described in
multiple previous publications [24+ 29], is a large, established national cohort of HCV-
infected veterans along with uninfected controls, created from multiple national databases.
Briefly, all HCV-infected veterans observed at any of the nationwide Department of \eterans
Affairs (VA) medical facilities who had a positive HCV antibody test between 2001 and
2014, were identified. Demographic, clinical and laboratory data were obtained from the
National Patient Care Database and the Corporate Data Warehouse, and pharmacy
information including all prescriptions written, doses, duration, number of pills, number of
refills and date of refills, were retrieved from the Pharmacy Benefits Management database.
Data were then merged based on established algorithms.

Patients were included in the study cohort if they received at least 14 days of treatment for
HCV. Patients were excluded if they were coinfected with human immunodeficiency virus
(HIV), had a positive hepatitis B surface antigen (HBsAg), baseline cirrhosis or HCC.
Patients were also excluded if baseline HCV RNA or FIB-4 score were missing, and if at
least one FIB-4 score was not available at least 24 months following completion of anti-
HCV therapy.

Definitions

Baseline was defined as the date of HCV treatment initiation. If multiple courses of
treatment were given, the date of the most recent course was used for this analysis.
Treatment completion was defined according to approved U.S. Food and Drug
Administration labeling guidelines [30]. Cirrhosis was defined as a FIB-4 score of > 3.5
based upon previously published work by our group and others [29], and was calculated as
follows:

FIB—4=age [years|x AST [IU/L]/platelet count [plateletsx10°/L]x (ALTY2[IU/L))

Baseline laboratory values were based on the results of testing performed closest to, but
within 365 days prior to, the start date of antiviral therapy. Laboratory data were obtained at
yearly intervals and FIB-4 score was re-calculated at each interval. An average of two values
closest to the selected time point of interest was used for the calculation of FIB-4 scores.
SVR was defined as undetectable HCV RNA in all follow-up HCV RNA tests after the end
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of treatment, including at least 1 test more than 12 weeks after end of initial treatment [31:
32].

Patients were defined as having diabetes if they satisfied at least one of the following: (1)
ICD-9 coding for Diabetes Mellitus (2) at least 2 outpatient random blood sugars greater
than 200 mg/dL, or (3) were being prescribed antidiabetic medications prior to the start of
antiviral treatment. History of alcohol and drug abuse or dependence and the diagnosis of
HCC were based on the presence of at least one inpatient or two outpatient ICD-9 diagnoses.

Exposure to statin medications

All patients who were prescribed statin medications in any VA pharmacy during the study
observation period were identified. Statin prescriptions included simvastatin, lovastatin,
fluvastatin, pravastatin, atorvastatin and cerivastatin. We collected the dates of prescriptions
ordered, the number of days prescribed, number of pills per prescription and number of
refills ordered. With this information the statin “defined daily dose” (DDD) was calculated
for each subject. The DDD is a validated unit for measuring a prescribed drug amount, and
is defined as the average maintenance dose per day of a drug consumed in an adult [33]. It is
calculated as:

DDD=(total amount of drug prescribed on a daily basis to a patient)/(amount of drug in a DDD) [33].

The DDD was re-calculated annually for each year of the study observation period.

The “cumulative defined daily dose” (cDDD) was calculated from the DDD. The cDDD is
defined as the total sum of dispensed DDDs of a given medication. Both the DDD and
cDDD are recommended by the World Health Organization (WHO) and are widely used for
comparison of medications, including statins, along a similar standard [33]. Statin use was
defined as >28 cDDDs of statin medications prescribed during the study period. Similar
information was collected for non-statin lipid lowering agents (cholestyramine, colesevelam,
colestipol, ezetimibe, niacin, niacinimide), triglyceride-lowering agents (clofibrate,
fenofibrate, gemfibrozil), as well as the antidiabetic agents Metformin, sulfonylureas and
thiazolidinedione.

Outcomes

Primary outcome measures were (1) progression of liver fibrosis as measured by FIB-4
score; (2) development of cirrhosis as defined by FIB-4 score = 3.5; and (3) incident HCC,
as above.

Statistical analysis

The study cohort was divided into statin users and non-users, with statin use as defined
above. Baseline demographic and clinical factors were compared between the two groups
using chi-square test or t-test, as appropriate. Predictors of incident cirrhosis and HCC were
determined using Cox proportional hazards analysis and generating hazards ratios for each
of the predictor variables. Mean change in fibrosis score over the study period was
calculated for each of the statin medication by subtracting the baseline score from last
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available score. Mean fibrosis scores were also plotted over time by the cDDD of statins
used. Kaplan-Meier curves were generated to demonstrate time to development of cirrhosis
and hepatocellular carcinoma, by statin cDDD. SAS (SAS Institute Inc., Cary, NC) and Stata
software (version 11; Stata Corp LP, College Station, TX) were used for statistical analyses.

Regulatory approval

Results

This study was approved by the Institutional Review Board at the VA Pittsburgh Healthcare
System. Appropriate permissions were obtained from the sources that provided data for
ERCHIVES.

Baseline clinical data

Within the ERCHIVES database, we identified 47,549 subjects with confirmed HCV
infection, who were initiated on anti-HCV therapy during the study period. We excluded
those who received both Boceprevir and Telaprevir (n=32), and those with HIV coinfection
(n=766), as well as those who had positive HBsAg (n=6353), baseline cirrhosis (n=2867) or
HCC (n=941), or missing or undetectable HCV RNA at baseline (n=3571 and 2235,
respectively), or those without follow-up HCV RNA to measure SVR (n=18,007). We also
excluded those without sufficient baseline or follow-up labs to calculate FIB-4 scores
(n=1301 and n=2341, respectively) (Figure 1).

Among the 9,135 remaining subjects, 4,165 (45.6%) were statin users, and 4,970 (54.4%)
were non-users. A comparison of baseline demographic and clinical characteristics is shown
in Table 1. Mean age was 53 among both statin users and non-users (standard deviation [SD]
6.88 and 5.85, respectively; p<0.0001); A similar percentage of both groups (65%) were
white, and there was no significant difference in median HCV-RNA levels between groups.
Median length of follow up among statin users was 97.9 months (IQR 66.2, 126.6),
compared to 81.6 months (IQR 52.9, 113.6) among non-users (p<0.0001).

Statin users were more likely to be diabetic (24% vs. 9%; p<0.0001), and to be prescribed
metformin, other lipid-lowering medications or angiotensin-converting enzyme (ACE)
inhibitors (all p<0.0001). Compared to non-users, statin users had higher baseline total
cholesterol (TC), low-density lipoprotein (LDL) and triglyceride (TG) levels, and lower
high-density lipoprotein (HDL) (all p<0.0001). In bivariate analysis, patients who were
prescribed statins were more likely to achieve SVR (55.1% vs. 47.5%, p<0.0001), less likely
to develop cirrhosis (14% vs. 21.4%, p<0.0001), and less likely to be diagnosed with HCC
(1.75% vs. 3.22%, p<0.0001), than non-users.

Fibrosis progression

Statin use was associated with reduced risk of fibrosis progression (HR 0.66, 95% CI 0.6,
0.73; p<0.001). In multivariate Cox regression analysis, treatment with statins was
associated with a significantly reduced risk of developing cirrhosis (adjusted HR 0.64, 95%
Cl10.57, 0.72; p <0.0001 after adjusting for baseline FIB-4 score and univariate predictors of
cirrhosis). Over 10 years of follow up, statin use was also significantly correlated with a
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reduced rate of fibrosis progression compared to non-users, at all doses (p<0.01) and at all
time-points, with the exception of two p-values of 0.02 and 0.04 at two time intervals for the
higher cDDD (Figure 2).

There was also a significant dose-response relationship between statin use and reduction in
fibrosis progression (Table 2). To further define this relationship, statin users were divided
into three groups based upon yearly statin cDDD. The mean change in FIB-4 scores
according to statin cDDD is shown in Supplementary Figure 1. For patients with cDDDs of
28-89, 90-180 and >180, the adjusted HR of fibrosis progression among statin users was
0.74 (95% CI 0.59, 0.93, p=0.01), 0.71 (95% CI 0.59-0.86, p=0.0006) and 0.6 (95% ClI
0.53, 0.68, p<0.0001), respectively, compared to non-users (Table 2).

The mean change in FIB-4 score according to statin type Table 3. Overall, the greatest
reduction in FIB-4 scores was observed with atorvastatin and fluvastatin, compared with
other statins and compared with the change from baseline (mean change in FIB-4 score of
-0.17 and —0.13, respectively; p=0.04 after adjustment for baseline FIB-4 scores and other
univariate predictors of cirrhosis).

Development of HCC

Statin use was also associated with a dose-dependent reduction in the incidence of HCC
(Table 4). Those subjects who received more than 90 cDDDs demonstrated a significant
reduction in HCC risk (p=0.004), and the greatest benefit was observed in those who
received >180 cDDD of statins (p<0.0001). For subjects with 90-180 cDDDs and >180
cDDDs, the adjusted HRs of incident HCC were 0.48 (95% CI 0.27, 0.88; p=0.02), and 0.51
(95% C1 0.36, 0.72, p=0.0001). Increasing statin dose was also associated with significantly
delayed time to the development of HCC (Figure 2b).

In order to estimate whether the anti-HCC effects of statins were independent of their
antiviral and antifibrotic effects, we conducted two sensitivity analyses of HCC risk. The
first was stratified by the mean change in FIB-4 score between baseline and year 1 of follow-
up. We excluded those subjects who derived an anti-fibrotic benefit from statin use, defined
as mean annual reduction in FIB-4 > 0.4, as has been validated in previously-published
literature [34]. This adjustment did not significantly impact the relationship between statin
use and HCC risk (HR 0.6 among patients who received > 180 cDDDs (95% CI 0.38, 0.94;
p=0.03 after adjusting for baseline FIB-4). In a separate sensitivity analysis, we excluded
subjects who had attained SVR, and this adjustment also did not diminish the strength of the
association between statin cDDD and risk of either fibrosis progression or incident HCC.

Discussion

To our knowledge, this is the first US study to demonstrate a dose-response relationship
between statin use and reduction in hepatic fibrosis progression and the development of
HCC, after controlling for the potentially confounding effects of age, sex, HCV RNA level,
baseline level of fibrosis, alcohol use, smoking history, and the concomitant use of
potentially beneficial medications such as metformin or other lipid-lowering agents. It is
also the first study to document a relationship between statin type and fibrosis progression.
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In the final adjusted model, statin use was associated with a 44% overall reduction in risk of
fibrosis progression, and a 49% reduction in the incidence of HCC.

Fibrosis progression

When patients were stratified according to cumulative statin use, we observed a statistically
significant inverse relationship between increasing statin dose and reduction in the HR of
fibrosis progression and HCC, at each time point during the 10-year follow up period. These
associations were statin-specific, and remained significant even after adjustment for
established predictors of both fibrosis progression and HCC. These results therefore add to
the growing body of data showing that statins not only treat dyslipidemia but also delay
disease progression, in patients with HCV [22: 24].

Statins are among the most commonly prescribed medications worldwide, and have been
shown to offer significant benefit to patients with chronic liver disease [11' 22] through
pleiotropic antiproliferative, antiangiogenic, anti-inflammatory and anti-neoplastic actions
[678]. Despite this, clinical data regarding the antifibrotic effects of statins in CHC remain
limited. In a recent analysis of the HALT-C Trial cohort, a significant association between
statin use and reduced fibrosis progression was observed [22], and similar results were found
in a large national cohort study of US Veterans with chronic HCV [24]. Until recently,
however, the impact of dose, duration or statin type upon hepatic fibrosis progression had
not been evaluated, and this is the first study to do so in a US population.

Yang and colleagues recently reported a dose-response relationship between statin use and
fibrosis progression in a population-based cohort from a national Taiwanese database [28].
However, this study was limited in several important ways. First, the diagnosis of HCV was
defined only by reported ICD-9 code, rather than by HCV antibody or confirmatory HCV
RNA. Similarly, a diagnosis of cirrhosis was defined only by ICD-9 code, without additional
direct or surrogate clinical measurements. It is conceivable that cirrhosis — particularly
compensated cirrhosis — may have gone unrecognized in a disproportionate group of
patients, resulting in underestimation or misclassification of outcomes. Additionally, fibrosis
severity, which is an important predictor of cirrhosis risk, was not assessed at baseline or at
follow-up time points, and the study did not adjust for other potential confounders, including
baseline HCV viral load, obesity, alcohol use or smoking status.

A number of mechanisms have been proposed to explain the antifibrotic effects of statins,
related to their antiviral and immunomodulatory effects [5]. Statins inhibit the formation of
lipid rafts and block the formation of geranylgeranylated F-box/leucine-rich repeat protein 2,
both of which are necessary for HCV replication [35' 36]. They also block the activation of
hepatic myofibroblasts, inducing apoptosis and preventing hepatic stellate cell proliferation
and collagen synthesis [6+ 7: 13: 19721]. They have also been shown to upregulate
transcription factors that exert vasoprotective effects in the liver and inhibit stellate cells
[37]. Finally, and perhaps most importantly, statins have demonstrated clinical efficacy in the
treatment of the metabolic syndrome, the components of which are independent risk factors
for HCC among patients with chronic HCV [38740].
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Statin type and fibrosis progression

Whether certain types of statins possess greater antifibrotic potential in chronic HCV has
been previously unknown. Our study is the first to compare the effects of different statin
types on fibrosis progression in this population. We observed the greatest antifibrotic benefit
with atorvastatin and fluvastatin, compared to simvastatin, pravastatin, lovastatin, or no
statin use. This association remained significant even after adjustment for established
predictors of cirrhosis. In clinical studies, fluvastatin has been associated with potent anti-
HCV effects and enhanced rates of sustained virological response (SVR) [26' 41], and a
recent analysis showed a reduction in NASH-mediated fibrosis through inhibition of
paracrine signaling, with fluvastatin use [42]. Future studies with large sample sizes and
histological endpoints will be necessary, in order to validate our findings.

Statin use and HCC

This is the first US study to demonstrate a significant dose-response relationship between
statin use and reduction in the incidence of HCC. We observed a 47% overall reduction in
incident HCC among statin users, which is in accord with previously published values,
including a recent meta-analysis which reported a 37% reduced risk of HCC among statin
users [18]. As with the analyses of fibrosis, this dose-response relationship was statin-
specific, and remained significant after adjustment for other established predictors of HCC.
Moreover, in sensitivity analysis, the strength of this association was not diminished by the
exclusion of subjects who had attained SVR.

Statins may exert chemoprotective effects through the inhibition of thioredoxin, a hepatic
enzyme which is increased in pre-malignant hepatic nodules and plays a role in cell survival
[43]. By blocking cyclins and cyclin-dependent kinases [44], statins induce tumor cell
apoptosis [45] and microtubule bundling [46], while also promoting cell cycle arrest [45]
Statins also interfere with lipid rafts, and inhibit tumor cell adhesion and migration [36]- In
vitro, HCC cells treated with statins have been found to decrease the expression of cell
adhesion molecules thus preventing cell growth and invasion possibly via a rho-dependent
kinase [47].

It has also been postulated that the lipid-lowering action of statins may directly result in
chemoprevention [48: 49]. Cancer cells undergo metabolic reprogramming that increases
lipid biosynthesis [50] and enhances expression of enzymes within the mevalonate pathway
[51]; this upregulation has been associated with mutations in tumor suppressor genes,
increased cell spread and the development of HCC [35: 51]. Conversely, the suppression of
these pathways results in tumor suppression and apoptosis [35' 51]. It has also been shown
that statin-mediated inhibition of mevalonate prevents the generation of multiple end
producs, including geranylgeranyl pyrophosphate, which may result in reduced development
of HCC [35' 52].

Strengths of this study include the use of a large, unselected national cohort of US subjects,
with long length or follow-up and serial measurements of clinical and laboratory parameters.
Medication information was obtained from an integrated, comprehensive pharmacy
database, which collected all prescription data including dose, quantity and refills.

Hepatology. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Simon et al. Page 9

Additionally, to minimize confounding by indication and by severity of liver disease, we
excluded patients with baseline cirrhosis, baseline HCC, and adjusted for baseline fibrosis
scores in the final multivariable model. Though residual confounding cannot be completely
excluded in an observational study, a dose-dependent relationship between statin use and
reduced fibrosis progression and incident HCC was seen in all subjects, regardless of
baseline severity of disease.

With a non-randomized study design, this analysis was subject to potential selection bias and
unmeasured confounding variables. However, with such a large cohort, we were able to
control for many observed and well-described confounders, in our adjusted models. A
second potential limitation is use of a surrogate clinical score rather than liver biopsy or
transient elastography, for the measurement and determination of hepatic fibrosis stage.
However, the FIB-4 score is a well-validated and widely used marker of liver fibrosis
progression, in the published literature. In addition, use of such a large sample size may
minimize the variance otherwise attributable to this index score. Finally, and perhaps most
importantly, it must be underscored that prescription data is inherently imprecise, and true
patient adherence is often significantly reduced in comparison to prescription pharmacy
information.

In conclusion, our findings demonstrate a significant dose-dependent reduction in the risk of
both fibrosis progression and incident HCC, among statin users with CHC. These results
support the possible role for statins in the prevention of liver disease progression. Future
prospective studies with histological and clinical endpoints are needed. Such analyses will
need to define the optimal timing of statin initiation, ideal duration of therapy, and the
relative antifibrotic potential of different types of statins, in patients with chronic hepatitis C
as well as other etiologies of liver disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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years of treatmentinitiation [n=2 341}

N=12,002

Exclude those with cirrhosis at
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Figure 1.
Study flow diagram
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Figure 2.

1Development of cirrhosis defined as any follow-up FIB-4 score > 3.5 in patients with
baseline FIB-4 score < 3.5.

Abbreviations: HCC, hepatocellular carcinoma; cDDD, cumulative defined daily dose
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Baseline’ clinical, laboratory and histological characteristics of HCV-infected patients without baseline

Table 1

cirrhosis (n=9135) according to statin medication use.

Variable® No Statin use (N=4970) | Statin usel (N=4165) | P-value
Age, years 52.5(6.88) 53.5(5.85) <.0001
Male, % 95.37% 96.16% 0.06
Race <.0001
) White, % 65.01% 65.31%
. Black, % 16.84% 19.54%
. Hispanic, % 3 370% S 3000
. Other, %
Diabetes, % 8.87% 24.03% <.0001
Alcohol abuse history 38.79% 34.81% <.0001
Past smoking history, % 90.44% 92.65% 0.0002
BMI 28.16(5.79) 29.57(5.83) <.0001
HClV genotype, % 31.65% 25,550 <.0001
2 8.19% 8.91%
3 5.84% 4.66%
2 0.36% 0.31%
Mix 5 64% 60.50%
Missing
Log; HCV RNA (1U/mL) 6.31(1.95) 6.17(1.99) 0.002
ALT, U/L 77.44(64.56) 73.73(63.16) 0.01
AST, U/L 54.62(35.09) 50.49(32.94) <.0001
Baseline lipid levels, mean [SD]
Total Cholesterol 163.54(33.06) 179.25(39.08) <.0001
Low-density lipoprotein (LDL) 97.83(29.49) 110.41(34.5) <.0001
High-density lipoprotein (HDL) 42.74(14.82) 39.56(13.14) <.0001
Triglyceride (TG) 123.85(85.99) 155.22(106.72) <.0001
Non-HDL cholesterol 121.31(31.67) 139.81(37.6) <.0001
Platelets x1000/mm? 212.21(62.93) 217.02(64.31) 0.0003
FIB-4 Score 1.7(0.73) 1.61(0.69) <.0001
Metformin use, % 10.91% 34.19% <.0001
Other lipid-lowering agent useZ, % 4.02% 15.53% <.0001
ACE-inhibitor use, % 38.11% 65.76% <.0001
Treatment regimen (most recent) <.0001
PEG/RBV only 88.79% 93.18%
PEG/RBV/BOC 10.06% 6.36%
PEG/RBV/TPV 1.15% 0.46%
Completed course of HCV treatment % 63.54% 68.43% <.0001

Hepatology. Author manuscript; available in PMC 2017 July 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Simon et al.
Variable”™ No Statin use (N=4970) | Statin usel (N=4165) | P-value
Attainment of sustained virologic response (SVR), % 47.53% 55.1% <.0001
Incident cirrhosis (FI1B-4 score > 3.5) 21.43% 14.02% <.0001
Hepatocellular carcinoma (HCC) 3.22% 1.75% <.0001
Median length of follow-up, months (IQR) 97.9 (66.2, 126.6) 81.6 (52.9, 113.6) <.0001

*
Variables expressed as Mean (SD) unless indicated otherwise.

Page 17

7‘Values obtained at baseline or closest value obtained within 12 months of baseline. The exception was Log10 HCV RNA, for which the closest
value to baseline that was obtained within 24 months of baseline, was used.

fDuration of infection defined as time from first positive HCV antibody to baseline, in years

JStatin use was defined as =228 cDDDs per year; nonuse was defined as <28 cDDDs per year.

ZOther lipid-lowering agents include: fibrates (clofibrate, fenofibrate, gemfibrozil), niacin, ezetimibe, bile acid sequestrants (cholestyramine,

colesevelam, colestipol)

A full course of treatment was defined as per the labelling guidelines for the particular regimen, taking into account previous treatment and

presence of cirrhosis.
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Table 3

Mean overall change? in FIB-4 scores over the study period, according to type of statin medication used.

Statin type (N) Mean Change (SD) | p-valuel
FIB-4 Score

ATORVASTATIN (944) -0.17 (1.01)

FLUVASTATIN (34) -0.13 (0.91)

LOVASTATIN (86) 0.4 (1.9)

PRAVASTATIN (609) -0.03 (2.2) 0.04

ROSUVASTATIN (187) -0.07 (0.98)

SIMVASTATIN (2305) 0.11 (4.92)

No Statin Use (4969) 0.26 (2.12)

’tOveraII change defined as baseline FIB-4 score subtracted from the last FIB-4 score at end of study period

Pvalues obtained using analysis of covariance adjusted for baseline FIB-4 scores, as well as age, sex, race, smoking history, alcohol abuse, body
mass index (BMI), Diabetes, Metformin use, other lipid-lowering agent use, prior HCV treatment and attainment of sustained virologic response
(SVR).

Lipophilic statin medications included Atorvastatin, lovastatin, simvastatin

Hydrophilic statin medications included Rosuvastatin, fluvastatin, pravastatin
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