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Abstract

Background & Aims—Therapies that slow fibrosis progression in chronic liver disease are
needed. Animal models demonstrate that statins prevent progression of hepatic fibrosis, but human
data is lacking. We evaluated the association between statins and fibrosis progression in the
HALT-C Trial cohort.

Methods—Subjects with chronic hepatitis C (CHC) and advanced hepatic fibrosis underwent
serial liver biopsies over 3.5 years. The primary outcome was a = 2-point increase in Ishak fibrosis
score on at least one of two serial biopsies. We used complementary log-log regression analysis to
assess the association between statins and fibrosis progression among subjects without baseline
cirrhosis.

Results—Fibrosis progression occurred in 3/29 (10%) statin users and 145/514 (29%) non-users.
The unadjusted hazard ratio (HR) for fibrosis progression among statin users compared to non-
users was 0.32 (95% CI 0.10-0.99). This association remained significant after adjusting for
established predictors of histological outcome, including body mass index, platelets and hepatic
steatosis (adjusted HR 0.31; 95% CI1 0.10-0.97). The mean change in Ishak fibrosis score over the
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3.5 year study period was -0.34 (SE 0.18) for statin users compared to +0.42 (SE 0.07) for non-
users (p= 0.006 after adjustment for baseline fibrosis score).

Conclusions—Statin use is associated with a reduced risk of fibrosis progression in advanced
CHC. Our findings suggest a potential role for statins in preventing liver disease progression.
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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]. Chronic hepatitis C (CHC)
leads to cirrhosis and hepatocellular carcinoma (HCC). Estimates suggest that over a period
of twenty to thirty years, cirrhosis will develop in 10% to 25% of patients with CHC, and
HCC in 1% to 5% [2]. Although the success of HCV therapy now stands to improve with
the introduction of direct-acting antiviral medications, there are still many patients with
advanced fibrosis in whom disease progression may nevertheless occur, despite successful
viral clearance.

Statins, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, have
garnered attention for their pleiotropic effects. There is mounting evidence that statins offer
chemoprevention against many malignancies, including HCC [3-8]. Via both HMG-CoA
dependent and independent pathways, statins inhibit cell growth, decrease proteolysis and
block tumor cell spread [8-13]. They also exert powerful antiproliferative, antiangiogenic,
proapoptotic and immunomodulatory effects [14-16].

In contrast, data regarding the antifibrogenic actions of statins is more limited. In animal
models, statins block activation of hepatic myofibroblasts, inducing apoptosis and
preventing both proliferation of hepatic stellate cells (HSCs) and their production of
collagens [13, 15-19]. Reports in humans have been based largely upon retrospective studies
of laboratory markers of hepatotoxicity, and are limited by small sample sizes, lack of
appropriate controls or histological data from liver biopsy, which remains the gold standard
for the assessment of fibrosis [20-22].

We sought to evaluate the association between statin use and histologic fibrosis progression
using the Hepatitis C Antiviral Long-term Treatment against Cirrhosis (HALT-C) Trial
cohort. The HALT-C Trial was a multicenter, randomized controlled trial, designed to
evaluate the benefit of long-term peginterferon therapy in patients with CHC and advanced
fibrosis who had previously failed to respond to antiviral therapy [23]. This cohort is ideal
for assessing the antifibrotic and chemopreventive properties of statins due to its large
sample size, prospective and randomized study design, long length of follow-up and the
availability of serial liver biopsy specimens.
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Patients and Methods

The HALT-C Cohort

The HALT-C Trial included 1,050 subjects with CHC who had previous non-response to
standard interferon therapies and advanced hepatic fibrosis on liver biopsy (Ishak fibrosis
score =3). Subjects with evidence of hepatic decompensation, other concurrent cause of liver
disease, or HCC, were excluded. Although entry into the trial was limited to subjects with
Ishak fibrosis stage =3, staging of biopsies by local pathologists at individual sites was
reclassified if a central reassessment by all study pathologists resulted in a different
consensus. In addition, subjects with a baseline Ishak fibrosis score of 2 were eligible for
enrollment if a prior liver biopsy had shown fibrosis score =3. Thus, among the 1050
randomized subjects, 72 had baseline Ishak fibrosis scores of 2 [23-25].

During the lead-in phase of the trial, all patients were treated with pegylated interferon
alfa-2a and ribavirin for at least 24 weeks before undergoing randomization. Patients with
detectable serum HCV RNA levels at treatment week 20 were assigned for the next 3.5
years to either the maintenance-therapy group (90 pg of peginterferon alfa-2a weekly,
without ribavirin) or the untreated control group. Patients with undetectable serum HCV
RNA at week 20 continued therapy for up to an additional 28 weeks. If HCV RNA was
detected again after week 20, the patient was offered the opportunity to undergo
randomization in the controlled phase of the trial. “Express” patients who were non-
responders to peginterferon/ribavirin outside the HALT-C trial were also directly enrolled
into the randomized phase of the trial.

Because clinical outcomes, including fibrosis progression, occurred in an indistinguishable
proportion of treatment and control subjects [23, 25], we included in the analysis the entire
randomized population with baseline non-cirrhotic fibrosis who had at least one of two serial
biopsies (n=547).

Ascertainment of outcomes

Patients were evaluated every 3 months during the 3.5 years of the randomized trial and
every 6 months thereafter unless consent was withdrawn or a study-ending clinical outcome
including liver transplantation occurred. For lead-in patients, the baseline liver biopsy was
performed at least 2 months following the last course of interferon therapy and within 12
months of enrollment. For express patients, a liver biopsy must have been performed within
18 months before randomization and at least 8 weeks after the end of the previous course of
peginterferon and ribavirin. Liver biopsies were repeated at 1.5 and 3.5 years after
randomization. All biopsies were reviewed by an expert panel of hepatopathologists;
inflammation was graded according to an 18-point histology activity index (HAI), and
fibrosis was staged according to the Ishak scale [24]. Hepatic steatosis was graded on the
percentage of hepatocytes containing fat as 0 (<1%), 1 (1%-5%), 2 (5%-33%), 3
(33%-67%), and 4 (>67%). A histological outcome was defined as an increase in Ishak
Fibrosis score by = 2 points on at least one of the follow-up liver biopsies, 1.5 or 3.5 years
after randomization (from Ishak Fibrosis score 2 to 4-6, score 3 to 5-6, or score 4 to 6).

J Hepatol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Simon et al.

Statin use

Page 4

Use of statin medications was elicited as part of a comprehensive medication history
obtained prior to enrollment and at each subsequent follow-up visit. Continuous statin use
was defined as use of a statin medication from baseline throughout the study observation
period. Four patients, who initiated statins during the study observation period, one at day
261, one at day 564, one at day 639, and one at day 1166, were excluded from the analysis.
Statin dose information was not available.

Statistical Analysis

Results

Baseline demographics and clinical characteristics of all eligible HALT-C patients were
assessed. Univariate comparisons of the distribution of baseline variables between
continuous statin users and non-users were performed using the Student's t-test and the
Wilcoxon rank sum test for continuous data, and the Chi-square and Fischer's exact test for
categorical data.

For time to histological progression, complementary log-log regression analysis was used,
given that the time-to-event analysis was grouped at 1.5 and 3.5 years post-randomization.
For the multivariable model, we selected previously established independent predictors of
histological outcome: baseline body mass index (BMI), platelet count and hepatic steatosis
[25]. Given the differential distribution of age, diabetes, race, metformin use, and alanine
aminotransferase (ALT) among statin users and non-users, we included these variables in
multivariable model in an additional sensitivity analysis. We also performed a univariate
analysis of the association between non-statin lipid lowering agents and fibrosis progression
to ensure that the association between statin use and fibrosis progression was independent of
the lipid lowering properties of statins.

Change in Ishak fibrosis score, HAI, and ALT levels over the 3.5-year follow up period
were analyzed using analysis of covariance, adjusting for baseline levels. Four hundred
fifty-six patients had both baseline and 3.5-year biopsies, and were included in the change in
fibrosis score and HAI analysis. Four hundred ninety patients had ALT levels measured at
baseline and 3.5 years and were included in the change in ALT analysis. Linear regression
was used to compare the change in log 10 HCV RNA over the study period, adjusting for
randomization status, among statin users and non-users.

A 2-tailed P-value < 0.05 was considered statistically significant. SAS (Cary, NC) version
9.3 was used for statistical analyses.

Table 1 shows the demographic, clinical and histological data of the patients with baseline
non-cirrhotic fibrosis, according to continuous statin medication use. Twenty-nine patients
used statins continuously during the 3.5 year study period while 514 patients did not take
statins during the study observation period. Compared with non-users, continuous statin
users were more likely to be older and of African American race, have diabetes, and use
both metformin and other lipid lowering drugs. The baseline Ishak fibrosis scores and HAI
scores were similar between the two groups. Continuous statin users did have lower baseline
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ALT and aspartate aminotransferase (AST) levels than non-users although there was no
significant difference in baseline AST:ALT ratio between the two groups (Table 1).

Fibrosis progression occurred in only 3/29 (10%) continuous statin users and 145/514 (29%)
non-users. The unadjusted HR for fibrosis progression among continuous statin users
compared to non-users was 0.32 (95% CI 0.10-0.99, p=0.048) (Table 2). After adjusting for
established independent predictors of fibrosis progression, including platelet count, BMI,
and hepatic steatosis [25], the association between statin use and fibrosis progression
remained significant (HR 0.31; 95%CI 0.10-0.97; p=0.044).

When diabetes, race, age, ALT, and metformin use were added to the multivariable model,
the HR for fibrosis progression among continuous statin users compared to non-users was
0.33 (95%CI1 0.08-1.08; p=0.068). The use of other lipid lowering drugs was not associated
with fibrosis progression (unadjusted HR=0.59; 95%CI 0.26-1.33; p=0.21). The use of
metformin was also not associated with fibrosis progression (unadjusted HR=1.01; 95%ClI
0.61-1.66; p=0.96).

The mean change in Ishak fibrosis score over the 3.5 year study period was -0.34 among
continuous statin users and +0.42 among non-users (p=0.006 after adjusting for baseline
Ishak fibrosis score) (Table 3). Because the change in Ishak fibrosis score is not truly a
continuous variable, we also used ordinal logistic regression to analyze the change in Ishak
fibrosis score. The odds ratio for a 1 point increase in fibrosis score over the 3.5 year study
period was 0.38 (95%CI 0.19-0.78; p=0.009) for statin users compared to non-users. The
mean change in HAI score was not significantly different between continuous statin users
and non-users (mean change -1.27 and -0.52, respectively, p=0.15). The mean change in
ALT over the study period was also not significantly different between the two groups
(mean change -15.8 and -22.0 U/L, respectively, p=0.06). Additionally, the median log 10
decline in HCV RNA among statin users was -0.10 (IQR -0.38 to +0.16) and the median log
10 decline in HCV RNA among non-users was -0.14 (IQR -0.47 to +0.17), p=0.85.
Adjusting for randomization to the treatment or placebo group did not alter these results
(adjusted p value=0.99).

Discussion

Statins are among the most commonly prescribed medications worldwide. They have been
shown to be safe in chronic liver disease [11, 22]. Mounting evidence has demonstrated their
antiproliferative, antiangiogenic, anti-inflammatory and anti-neoplastic effects [6-8].
However, little is known about the role of statins in the natural history of fibrosis
progression in humans [16-18, 26]. Using the HALT-C Trial cohort, we found an
association between statin medication use and decreased risk of fibrosis progression. This
association persisted even after adjusting for established predictors of fibrosis progression.

The HALT-C trial was designed to only include patients with advanced hepatic fibrosis
(Ishak fibrosis score =3), therefore it is not surprising that baseline fibrosis scores were
comparable between statin users and non-users. However, it is notable that despite similar
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baseline values, the mean fibrosis score of continuous statin users decreased over the 3.5-
year study period, whereas the mean fibrosis score of non-users increased.

Although statin users had lower mean baseline ALT levels than non-users, other markers of
necroinflammation, such as HAI score and AST:ALT ratio, were similar among the two
groups. Additionally, there was no statistically significant difference in the 3.5-year change
in mean ALT level or HAI score when statin users and non-users were compared. This
finding raises the possibility that statins may modulate fibrosis progression through
pathways other than inflammation.

Given the frequent co-occurrence of diabetes and hyperlipidemia, it stands to reason that a
high percentage of statin-users were also prescribed the anti-diabetic agent metformin. Like
statins, metformin has been shown to possess anti-inflammatory and chemopreventive
properties; it has been shown to inhibit hepatoma cell proliferation and induce cell cycle
arrest at GO/G1 phase, via AMP-activated protein kinase and its upstream kinase, LKB1 [3,
15, 16]. Among the HALT-C cohort, however, we did not detect an association between
metformin use and fibrosis progression. However, when age, race, diabetes, metformin, and
ALT were added to the multivariable model with steatosis, BMI, and platelets, the
significance of the association between statin use and decreased risk of fibrosis progression
was borderline. We suspect that this borderline significance is related to the low number of
statin users and limited power to detect the association within the larger multivariable
model. Larger studies with a greater proportion of statin users will be required to confirm
this relationship and validate our findings.

Liver fibrosis involves activation of HSCs, which undergo a phenotypic change from their
quiescent state into proliferative and chemotactic myofibroblasts. HSC activation involves
expression of a-smooth muscle actin (¢SMA) and cytoskeletal reorganization with loss of
lipid droplets. Myofibroblasts have increased gene expression of extracellular matrix
proteins such as collagen, along with the profibrotic cytokines transforming growth factor-f§
(TGFp), platelet-derived growth factor (PDGF) and connective tissue growth factor (CTGF).
These cytokines stimulate the activation of additional HSCs, resulting in further activation
and fibrogenesis [27]. An early in vitro study showed that the addition of simvastatin to
human HSCs led to decreased cell growth, with a dose-dependent reduction in cellular
thymidine uptake and inhibition of DNA synthesis. Addition of mevalonic acid overcame
this effect, suggesting that the growth inhibition was a direct result of HMG-CoA reductase
blockade [28].

In vivo, investigators have shown an antifibrotic effect of atorvastatin in a bile duct ligation
(BDL) rat model characterized by rapidly progressing biliary fibrosis. Prophylactic and early
therapy with atorvastatin significantly attenuated fibrosis, as assessed by hepatic
hydroxyproline content, and myofibroblast accumulation, as assessed by hepatic aSMA
expression. While later therapy did not result in significant fibrosis reduction, it was
associated with decreased expression of profibrotic cytokines including TGFB1, CTGF and
PDGFp-receptor mMRNA levels. In addition, the HSCs were more quiescent, with decreased
proliferation and apoptosis, suggesting that even in advanced disease, statins may induce
senescence and attenuate hepatic fibrosis. Interestingly, aminotransferase levels, a surrogate
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marker for hepatic inflammation, did not change with atorvastatin administration [17]. These
findings in the BDL rat model concur with our findings in the HALT-C trial, particularly
given that we found a significant decrease in mean Ishak fibrosis score but not ALT level
over the HALT-C study period.

Statin-mediated modulation of fibrosis may also result from the beneficial effects of statins
upon liver microcirculation. Activation of Kruppel-like factor 2 (KLF2), a vasoprotective
transcriptional factor expressed in endothelium, lung, and lymphocytes, results in
upregulation of vasodilator, antithrombotic and anti-inflammatory genes, including
endothelial nitric oxide synthase and thrombomodulin. It also reduces expression of
adhesion molecules, and inhibits oxidative stress-mediated cell injury and apoptosis [29-31].
Investigators recently studied the effect of statin administration on the expression of KLF2
and its vasoprotective target genes in carbon tetrachloride treated cirrhotic rats. Statin
administration to liver sinusoidal endothelial cells (SEC) led to significant upregulation of
KLF2 expression. In turn, statin-mediated KLF2 overexpression resulted in HSC
quiescence, through a KLF2-nitric oxide-guanylate cyclasemediated paracrine mechanism
[31]. Activated HSCs co-cultured with SEC previously treated with simvastatin exhibited a
significant improvement in phenotype with decreased pro collagen | and aSMA [32].
Together these studies suggest clear potential mechanisms though which statins could
abrogate liver fibrosis.

The antifibrotic benefits of statins may be especially pronounced in CHC. 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 [33-35]. Statins may also
synergistically improve viral response to hepatitis C therapy [36]. In vitro, statins have been
shown to inhibit host factors that participate in HCV replication, resulting in significant anti-
HCV activity [37-40] While statins may have an effect on HCV replication in vitro, the
findings that baseline HCV RNA levels and the log 10 decline in HCV RNA levels over the
study period were not significantly different between statin users and non-users argues
against a meaningful in vivo antiviral effect of statins and, by extension, for an antiviral
effect to have explained the observed difference in fibrosis progression. An antiviral effect
for statins in some clinical trials has only been observed in conjunction with full dose
peginterferon and ribavirin [41-43]. The use of statins alone or with low dose interferon in
HALT-C, however, did not suffice to produce a meaningful antiviral effect.

Finally, statins have also been shown to inhibit the epidermal growth factor (EGF) signaling
pathway [44, 45]. Ligands which activate the EGF receptor (EGFR) have been shown to
increase HCV cellular entry [46]. Although the effect of statins on EGF signaling in
hepatocytes has not yet been studied, experimental animal models have demonstrated that
treatment with erlotinib, an EGFR tyrosine kinase inhibitor, reduces EGFR phosphorylation
in HSC and also reduces the total number of activated HSC. Erlotinib use prevented the
progression of cirrhosis and in some animals resulted in fibrosis regression [47].

Other human studies have suggested a beneficial role for statin administration in decreasing
portal hypertension. In one analysis, administration of simvastatin led to an increase in the
hepatosplanchnic output of nitric oxide products and a decrease in intrahepatic resistance
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[48]. Additionally, in a randomized control trial, simvastatin decreased hepatic venous
pressure gradient and improved liver perfusion in patients with cirrhosis. There was no
significant increase in adverse events in patients receiving statins, supporting the safety of
statin administration in chronic liver disease [49]. These findings raise the possibility that
improvement in portal pressures could be linked to the antifibrotic effects of statins.

In addition to being the first to prospectively evaluate the impact of statin medications on
hepatic fibrosis in humans, this study has several unique strengths including well-
documented statin use recorded at serial study visits, a relatively long length of follow-up,
and histological data obtained from serial liver biopsies.

Limitations of this study include the absence of precise information on statin dose and
duration prior to study enrollment, as well as relatively high baseline Ishak fibrosis scores
(=3 in the majority). Conceivably, if statins exert their maximal antifibrotic effects early in
the fibrosis process, this relationship could have been missed. Secondly, the HALT-C Trial
was powered to assess the impact of long-term peginterferon alfa-2a use on a composite of
fibrosis progression and clinical outcomes in 1,050 patients. Among those with baseline
non-cirrhotic fibrosis there were only 29 statin users, with a relatively limited number of
outcomes, which in turn limited our ability to detect and association between statin use and
fibrosis in the larger multivariable model incorporating age, race, ALT, diabetes and
metformin use, along with known predictors of fibrosis progression. These limitations,
however, are outweighed by the strength of the study design and the quality of the data
regarding statin exposure and subsequent histologic outcomes.

In conclusion, our findings demonstrate a significant reduction in the risk of fibrosis
progression among statin users with advanced CHC. These results support a possible role for
statins in the prevention of liver disease progression. Further studies with a larger proportion
of statin users and pathologic endpoints are warranted. Such analyses will help to define the
optimal timing of statin initiation, ideal duration of therapy, and the impact of statins on
those with less severe fibrosis or other etiologies of liver disease.
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List of Abbreviations in the order of appearance

HCV hepatitis C virus

CHC chronic hepatitis C

HCC hepatocellular carcinoma

HMG CoA 3-hydroxy-3-methylglutaryl-coenzyme A
HSCs hepatic stellate cells

HALT-C Hepatitis C Antiviral Long-term Treatment Against Cirrhosis
HAI histology activity index

BMI body mass index

ALT alanine aminotransferase

AST aspartate aminotransferase

HR hazard ratio

Cl confidence interval

aSMA a-smooth muscle actin

TGFp transforming growth factor-f

PDGF platelet-derived growth factor

CTGF connective tissue growth factor

KLF2 kruppel-like factor 2

J Hepatol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Simon et al.

SEC
EGF
EGFR

sinusoidal endothelial cells
epidermal growth factor

epidermal growth factor receptor
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Table 1

Baseline clinical, laboratory and histological characteristics of patients with non-cirrhotic fibrosis (N=543),
according to statin use.
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Variable” | No Statin use (N=514) | Statin use (N=29) | P-value:
Age, years | 50.1(7.2) | 54.2 (7.2) | 0.002
Male, % | 71.2 | 58.6 | 0.15
Race 0.02

« White, % 73.2 51.7

« Black, % 18.9 44.8

« Hispanic, % 4.9 35

« Other, % 3.1 0.0
Diabetes, % | 16.9 | 58.6 | <0.0001
Duration of infection, years | 27.6 (8.0) | 28.9 (8.8) | 0.44
Alcohol history — median grams/day (IQR) | 11.1 (2.0-29.6) | 3.7 (0.0-25.4) | 0.17
Past smoking history, % | 73.2 | 75.9 | 0.83
BMI | 29.5 (5.4) | 30.0 (4.6) | 0.63
HCV Genotype 1, % | 94.2 | 1000 | 0.30
Logyo HCV RNA (1U/mL) | 6.5 (0.5) | 6.5 (0.6) | 0.66
ALT, UIL |  mos@n | es1w40z | <0001
AST, U/L | 78.2 (53.3) | 51.5 (21.5) | <0.0001
AST:ALT ratio | 0.8(0.3) |  os02 | o
Total bilirubin, mg/dL | 0.7 (0.4) | 0.7(0.3) | 0.32
Albumin, g/dL | 40(03) | 4003 | oo
Alkaline Phosphatase, U/L | 91.6 (42.6) | 88.0 (24.5) | 0.45
Platelets x1000/mm 2 | 187.4 (60.2) | 200.4 (53.1) | 0.26
Ishak Fibrosis score | 3.2(0.6) | 3.1(0.6) | 0.62
Ishak Fibrosis score 1.00

*2,% 13.3 13.8

34, % 86.7 86.2
Histology Activity Index | 7.3(2.0) | 7.2(1.9) | 0.94
Steatosis | 1.3(1.0) | 1.3(1.1) | 1.00
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Variable® No Statin use (N=514) | Statin use (N=29) | P-value:
Steatosis 0.20
*<1% 21.0 24.1
*1-5% 395 41.4
*6-33% 28.6 13.8
« 234% 10.9 20.7
Metformin use, % | 10.3 | 48.2 | <0.0001
Other lipid-lowering agent use®, % | 33 | 58.6 <0.0001
Randomization to treatment group, % | 49.6 | 55.2 | 0.57

*
Variables expressed as Mean (SD) unless indicated otherwise.
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Other lipid-lowering agents include: fibrates (clofibrate, fenofibrate, gemfibrozil), niacin, ezetimibe, bile acid sequestrants (cholestyramine,

colesevelam, colestipol)
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Table 3
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Mean change in Ishak fibrosis score, HAI, and serum ALT level over the 3.5-year study observation period,
by continuous statin use

Variable Mean Change (SD) | p-valuel
Ishak Fibrosis Score

Statin Use (N=26) -0.34 (0.94)

0.006
No Statin Use (N=430) | +0.42 (1.42)

HAI

Statin Use (N=26) -1.27 (2.16)

0.15
No Statin Use (N=430) | - 0.52 (2.78)

ALT, U/L

Statin Use (N=29) -15.8 (40.5)

0.06
No Statin Use (N=461) | - 22.0(93.2)

P values obtained using analysis of covariance adjusted for Ishak fibrosis score, HAI score and ALT at baseline.
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