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Abstract

AIM: To compare hepatitis C virus (HCV) titers in
patients with chronic hepatitis C with and without
exposure to 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors (statins).

METHODS: Medical records were reviewed for 6463
patients with documented HCV infection at a single
center between March 2004 and September 2006.
Patients with confirmed viremia and meeting inclusion
criteria were assigned to one of three groups: Group
A (n = 50), dyslipidemic patients with statin usage
during HCV RNA polymerase chain reaction (PCR)
determination; Group B (7 = 49), dyslipidemic patients
with prior or future statin usage but not at the time of
HCV RNA PCR determination; and Group C (7 = 102),
patients without statin usage during the study period.
The primary analysis explored the effect of statin
therapy on HCV viremia. Secondary analyses assessed
class effect, dose response, and effect of other lipid-
lowering therapies on HCV viral titers.

RESULTS: Median HCV RNA titers did not significantly
differ among the three groups (Group A: 4550000 IU/mL,
Group B: 2850000 IU/mL, Group C: 3055000 IU/mL).

For those subjects with longitudinal assessment of HCV
viremia prior to and while on statins, there were no
significant differences between pre- and post-HCV viral
titers. Additionally, no differences in HCV titers were
observed at any dose level of the most prescribed statin,
simvastatin. However, hypertriglyceridemia independently
correlated with HCV titers, and niacin exposure was
associated with significantly lower viral titers (P < 0.05).

CONCLUSION: There was no apparent effect of
statins on HCV viral replication in this analysis. Further
investigation is warranted to explore the possible
antiviral properties of triglyceride-lowering agents and
their potential role as adjuncts to standard HCV therapy.

© 2009 The WIG Press and Baishideng. All rights reserved.

Key words: Hepatitis C; 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitor; Statins; Geranylgeranyl;
Prenylation

Peer reviewer: Dr. Sk Md Fazle Akbar, Assistant Professor,
Third Department of Internal Medicine, Ehime University
School of Medicine, Shigenobu-Cho, Ehime 791-0295, Japan

Forde KA, Law C, O’Flynn R, Kaplan DE. Do statins reduce
hepatitis C RNA titers during routine clinical use? World J
Gastroenterol 2009; 15(40): 5020-5027 Available from: URL:
http://www.wjgnet.com/1007-9327/15/5020.asp DOI: http://
dx.doi.org/10.3748/wjg.15.5020

INTRODUCTION

Hepatitis C virus (HCV) infection affects approximately
1.8% of the United States population“’z]. The burden
of disease is markedly increased in the United States
Veteran population with 4%-19% of veterans being
seropositive for antibodies against the virus®, Pegylated
interferon combined with ribavirin is the current standard
therapy for HCV and is curative in approximately
40%-50% of patients. However, the adverse effects and
contraindications to therapy limit the applicability and
utilization of this regimen in many infected personsm.
The potential sequelae of chronic HCV infection, the
limitations of current therapy, and the large economic
burden of this disease provide a critical impetus for the
pursuit of novel therapeutic agents.
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Recent studies using HCV replicon systems suggest
a potential therapeutic role for the lipid-lowering agents
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, commonly referred to as statins,
in chronic HCV infection. These studies are predicated
on cardinal observations of the HCV life cycle. Firstly,
HCV virions circulate in plasma in association with
low density lipoprotein (LDL) particles. Secondly, the
LDL receptor and the high density lipoprotein (HDL)
scavenger receptor B1 putatively facilitate HCV entry into
hepatocytesm. Thirdly, and perhaps more importantly,
HCV replication depends on the formation of a
“membranous web” replication complex[g’()]. Within this
endoplasmic reticulum-based replication complex, host
proteins are found to be closely associated with HCV
nonstructural proteins. The process which links these
host and HCV proteins, termed prenylation, appeats to
depend on two distinct host protein pools, farnesyl and
geranylgeranyl, both protein products of the cholesterol
synthesis pathway. Therefore, statins, agents which block
the formation of the lipid precursors for prenylation,
could theoretically interfere with viral replication[m].

Indeed, in vitro studies using HCV replicon-bearing
hepatoma cell lines do suggest that statins inhibit
HCV replication by disrupting the formation of viral
replication complexes, an effect that can be reversed
by the addition of mevalonate or geranylgeraniol,
synthetic proteins in the cholesterol pathwaym’m.
Further, the combination of interferon-¢o and fluvastatin
in experimental models exhibited strong synergistic
inhibitory effects on HCV RNA replication suggesting
that fluvastatin, in particular, but potentially other statins,
could be useful as an adjunct to interferon-o based
therapym. While the findings from these studies have
been invaluable, the applicability to human use remains
in question.

The effect of statins on HCV replication in human
subjects has been prospectively addressed in two small
studies with mixed results'™'Y. O’Leary ez a/'” found
no reduction in HCV RNA titers at week 4 and week
12 relative to baseline levels. In contrast, another study
identified a non-sustained, non-dose-related, reduction
in HCV RNA titers in 50% of those treated. Neither
study, however, explicitly addressed the efficacy of
individual statin drugs, viral genotype, or controlled for
exposure to non-statin lipid-lowering agents. In order to
examine a larger number of exposed subjects, to assess
the relative efficacy of individual statin formulations,
to control for potential confounders, and to determine
whether further prospective trials might be warranted,
we performed a cross-sectional and longitudinal analysis
of HCV RNA viral loads in chronic HCV patients who
received a statin for therapy of dyslipidemia.

MATERIALS AND METHODS

Ethics

This study protocol was reviewed and approved by the
Institutional Review Board of the Philadelphia Veterans
Affairs Medical Center (VAMC).

Selection of patient groups

We performed a retrospective analysis of chronic HCV-
infected patients who were seen at the Philadelphia
VAMC from March 14, 2004 to September 14, 2006 and
who had at least one quantitative HCV RNA polymerase
chain reaction (PCR) test performed using the Tagman®
assay (Roche Diagnostics, Indianapolis, IA). Screening
for viral hepatitis is part of routine intake for all primary
care clinic patients at the Philadelphia VAMC. Patient
level data was extracted from the facility’s Hepatitis C
Registry, an automated system that registers all patients
with positive HCV antibody testing from clinical
laboratory data and facilitates acquisition of additional
clinical information from the Computerized Patient
Record System (CPRS) and Veterans Health Information
Systems and Technology Architecture databases. Charts
of patients identified as HCV antibody-positive were
queried as to the presence and type of confirmatory
PCR testing, Those without confirmatory PCR testing
and those without detectable viremia by quantitative
Tagman® HCV PCR assay were excluded. Patients
were also excluded if HIV antibody, HIV RNA and/or
HBsAg were positive or if antiretroviral drugs were
present in the medication profile. Patients with acute
HCYV, defined as seroconversion within 2 years of
exposure, and patients with chronic kidney disease,
defined as serum creatinine greater than 2 mg/dL, were
also excluded.

Pharmacy records were then examined to identify
the start and stop dates of HMG-CoA reductase
inhibitors, niacin, clofibrate, ezetimibe, and interferon-q
preparations. Interferon-ou based therapy was confirmed
through review of progress note documentation in the
CPRS. HCV RNA titers obtained during interferon-o
therapy were annotated. Utilizing refill data and chart
review, patients in whom the HCV RNA determination
date(s) occurred at least 30 d after initiation of HMG-
CoA reductase inhibitor therapy, in whom exposure to
the statin drug spanned at least 60 d, and in whom the
duration of statin therapy included the date of HCV RNA
determination were designated as Group A. Two control
groups who also met the inclusion criteria were selected
for comparison. Subjects with hypercholesterolemia for
whom a statin medication was prescribed but either had
HCV RNA titers drawn prior to the statin initiation date
or in whom statin therapy was discontinued at least 60 d
prior to the HCV RNA determination were selected as
dyslipidemic controls Group B. Group C was chosen from
a pool of HCV positive subjects without documented
statin exposure during the evaluation period. Analysis of
this group was performed with and without exclusion
of subjects with total cholesterol levels greater than 200
mg/dL. Using the date of closest correlation to the HCV
RNA titer obtained, laboratory data, including basic
chemistries, liver associated enzymes, coagulation panels,
and lipid profiles were extracted for each group. The
longitudinal results of HCV RNA titers during ongoing
statin therapy were also recorded for those patients in
Group A with more than one HCV RNA determination
within the study period.
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Variables Median (range) P-value
Group A Group B Group C All Group Avs Group A vs
(n = 50) (n = 49) (n = 102) Group B Group C

Gender (male/female) 50/0 49/0 100/2 0.38

Race (white/black/other/unknown) 15/28/0/7 11/31/0/7 18/64/0/20 0.74

Ethnicity (hispanic/non-hispanic/unknown) 2/44/4 1/38/3 3/78/21 0.15

Prior interferon-alpha therapy (%) 14 8 3 0.042 0.32 0.015
HCV genotype (1/2/3/not-typed) 34/4/1/1 32/5/0/0 70/5/0/0 0.26

Age (yr) 56 (47-87) 55 (42-80) 56 (41-83) 0.60

Body mass index 29.1 (18.9-47.8) 28.1 (20.8-43.6) 26.8 (17.1-41.8) 0.0021 0.24 0.001
Albumin (g/dL) 4 (3-5) 4 (3-4) 4 (2-5) 0.37

ALT (U/L) 46 (11-388) 40 (12-207) 53 (15-345) 0.09 0.19 0.035
AST (U/L) 37 (18-199) 36 (16-136) 53 (22-304) <0.0001 0.24 0.002
Alkaline phosphatase (U/L) 74 (28-215) 79 (44-162) 77 (40-1106) 0.23

Total bilirubin (mg/dL) 0(0-2) 0 (0-1) 0(0-2) 0.01 0.40 0.060
Creatinine (mg/dL) 1(0-1) 1(0-1) 1(0-2) 0.24

International normalized ratio 1(0-2) 0 (0-1) 1(0-3) 0.48

Platelets (x 1000/mL) 242 (129-758) 242 (122-450) 208 (55-606) 0.020 0.97 0.024
Total cholesterol (mg/dL) 177 (110-304) 187 (71-277) 161 (75-260) 0.0002 0.21 0.038
HDL cholesterol (mg/dL) 40 (25-70) 42 (26-69) 41 (21-110) 0.16

LDL cholesterol (mg/dL) 114 (45-222) 122 (64-187) 93 (22-173) <0.0001 0.29 0.006
Triglycerides (mg/dL) 120 (35-384) 114 (44-443) 105 (39-467) 0.31

Group A: Cases (HCV PCR+ with concomitant statin exposure); Group B: Dyslipidemic control (HCV PCR+ with non-coincident statin exposure); Group C:

Unexposed control (HCV PCR+, no statin exposure).

HCV Ab+ Exposure to No exposure to
1 = 6463 > statin — statin
n =101 n = 1354
HCV PCR- l l
negative Confirmed
n =652 . Random
continuous . .
. sampling with
statin exposure
30dat th goal 2 controls:
HCV PCR HCV PCR+ >t :;éRe 1 case
available qualitative only |me_o 50 n =102
n = 3588 n=413 n=
Group A Group C
HCV PCR+ (cases) (ucr;i:f;?;d
amplicor only
n = 840
Exposure to
HIV+, .
HBSA statin not
Tagman HCV+ Lol scg+, 5 concomitant
n = 1683 serum &r > & with HCV PCR
acute HCV
n =49
n =228
Group B
Tagman HCV+, (dyslipidemic
no exclusions controls)
n = 1455

Figure 1 Patient assignment algorithm.

Statistical analysis

Comparisons of frequency data were performed with
XZ or Fisher’s exact testing as appropriate. All group-
wise comparisons were performed using non-parametric
tests including Kruskal-Wallis or Mann-Whitney U tests.
Regression analysis was conducted to explore the effect
of potential confounders on the primary study endpoint,
HCV RNA titers. All analyses were conducted with JMP
7 software (SAS Institute, Cary, NC) and/or STATA 9.2

(College Station, TX). P-values < 0.05 were considered
significant.

RESULTS

Patient selection and characteristics

A total of 6463 patients were found to be HCV antibody-
positive (+). Fifty HCV-infected patients who met
criteria for statin exposure with concomitant HCV RNA
determination (Group A), 49 HCV-infected dyslipidemic
patients not on a statin at the time of HCV RNA
determination (dyslipidemic controls, Group B) and 102
statin-unexposed HCV-infected controls (Group C), were
analyzed (Figure 1).

Patients in the three groups were similar in terms
of age, gender, race, ethnicity, HCV genotype, serum
albumin, alanine aminotransferase (ALT), alkaline
phosphatase, total bilirubin, creatinine, international
normalized ratio, platelets, HDL cholesterol, triglyceride
levels and exposure to non-statin lipid-lowering agents
(Table 1). Among Group A, the median duration from
first statin exposure to HCV RNA determination was
288 d (range 34-1435, data not shown). Group A, when
compared to Group C, had a significantly higher median
body mass index (BMI) (29.1 »5 26.8, P < 0.01), platelet
count (243 X 1000/mL »s 208 X 1000/mlL, P < 0.05),
total cholesterol level (177 mg/dL »s 161 mg/dL, P <
0.01), and LDL levels (114.3 mg/dL »s 93.4 mg/dL, P
< 0.01). However, there were no significant differences
between Group A and Group B. Group C had a
significantly higher median aspartate aminotransferase
level (54 U/L »s 37 U/L, P < 0.01) and ALT level (53
U/L »s 46 U/L, P < 0.05) when directly compared with
Group A.
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Figure 2 Hepatitis C RNA titers relative to HMG-coA reductase inhibitor exposure. Log HCV RNA viral load (IU/mL) in Group A, Group B, and Group C subjects. A:
Entire cohort; B: Genotype 1 patients; C: Genotype 2 patients; D: Patients in which genotype was not available. Box plots indicate median, 25th and 75th percentiles

(box), and 5th and 95th percentiles. P-value obtained by Kruskal-Wallis test.

HCV RNA titers and statin usage

Median HCV RNA titer in Group A was 4550000 IU/mL
»s 2850000 IU/mL in Group B »s 3055000 IU/mL
in Group C (Figure 2A). The similarity in serum titers
suggest that in this cohort there was no evidence that as
a class HMG-CoA reductase inhibitors exhibit antiviral
properties 71 vivo. To confirm that there was no genotype-
specific effect of HMG-CoA reductase inhibitors, we
analyzed each known HCV genotype separately for
genotype 1, genotype 2 and untyped subjects in all groups.
We again found no significant differences between these
groups for any genotype (Figure 2B-D).

Statin preparations, HCV RNA titers, and dose response
Among Group A, 42 (84%) received simvastatin, 5 (10%)
lovastatin, 2 (4%) pravastatin and 1 (2%) fluvastatin.
When comparing HCV RNA titers among patients
receiving any of the four statin agents, there were no
differences observed (Figure 3A). Furthermore, there
was no apparent antiviral effect of simvastatin, the
most prescribed statin in this cohort, at any dose level
(Figure 3B). However, when comparing the two most
commonly used agents in our cohort, there was a trend
towards lower HCV RNA titers in subjects who received
lovastatin relative to simvastatin. To further investigate
whether or not the trend towards lower HCV RNA titers
in lovastatin users might be significant, we compared

HCV RNA titers in active lovastatin users in Group
A and former or future lovastatin users in Group B.
However, no significant trend towards a lower HCV viral
load could be identified (Figure 3C). Thus, there was
no class effect of HMG-CoA reductase inhibitors and
further conclusions regarding specific statin formulations
cannot be made.

Serum total cholesterol and HCV RNA titers

The lack of apparent anti-viral effect of statins
theoretically could have resulted from neutralization
from a pro-viral effect of hypercholesterolemia rather
than a lack of effect of the statin in individual patients.
To control for this potential confounder, we correlated
viral titers and total cholesterol for Group A (Figure 4A),
Group B (Figure 4B), and Group C subjects (Figure 4C)
and found no evidence of a relationship between total
serum cholesterol and HCV RNA titers in any group.
Further, there was no correlation of HCV RNA titers
and HDL, LDL, or triglyceride levels (data not shown).
Thus, hypercholesterolemia itself did not appear to
mediate a pro-viral effect or to be related to cholesterol
metabolism in a fashion that may negate any anti-viral
effect of statin preparations.

BMI and HCV RNA titers
As noted above, Group A subjects had a significantly
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Figure 3 Antiviral effects of individual HMG-CoA reductase inhibitors. A: Log
HCV RNA viral load (IU/mL) for Group A subjects who received simvastatin (n = 42),
lovastatin (n = 5), fluvastatin (n = 2) and pravastatin (n = 1); B: Log HCV RNA viral
load (IU/mL) for simvastatin-exposed subjects who were receiving 10 mg (n = 4),
20 mg (n = 8), 40 mg (n = 20), 80 mg (n = 10). P-value obtained by Kruskal-Wallis
Test; C: Pairwise comparison of median HCV RNA titers in lovastatin-exposed
Group A subjects and Group B subjects who received lovastatin but were not being
treated at the time of the RNA determination. P-value from Wilcoxon sign rank test.

higher median BMI (29.1 »5 26.8, P < 0.01) than Group C,
but no significant difference in BMI was found between
Group A and B. To assess any potential interaction of
BMI on HCV RNA titers, we performed regression
analysis that demonstrated no association between BMI

and HCV RNA titer in either Group A or Group C.

Hypertriglyceridemia, other lipid lowering agents and
HCV RNA titers

In order to assess serum triglyceride levels as a confo-

unding variable, we analyzed the association between
serum triglycerides as well as triglyceride-directed therapy
on HCV RNA dters. As shown in Table 1, 6/50 in Group
A, 2/49 in Group B and 5/102 in Group C received
non-statin lipid lowering therapy at the time of HCV
RNA determination. Of these, a total of 10 exposures
wete to niacin (5/6 in Group A, 2/2 in Group B, and
3/5 in Group C). After excluding patients on niacin and
gemfibrozil, the presence of triglyceride levels greater
than 250 mg/dL was associated with a higher median
HCV RNA tter (> 250 mg/dL: 6760000 IU/mL »s <
250 mg/dL: 3130000 TU/mL, P < 0.05, Figure 4D) and
triglycerides were weakly but significantly correlated with
HCV viral titers (R* = 0.023, P < 0.05, data not shown).
After excluding two patients taking gemfibrozil, niacin-
exposure, irrespective of statin exposure, was associated
with lower median HCV RNA titers (exposed: median
835000 TU/mL »s unexposed: 3350000 IU/mL, P <
0.05, Figure 4E). Compared to 13 patients with untreated
hypertriglyceridemia (defined as triglycerides > 250
mg/dL), niacin-exposute was associated with a 1.16-log
reduction in median HCV RNA titer (P < 0.05). Similar
analyses for fibric acid derivatives or ezetimibe were not
possible due to the limited number of exposed patients.

Longitudinal effect of statin therapy

Twenty-eight Group A subjects (23 simvastatin,
one fluvastatin and four lovastatin) had more than
one determination of HCV RNA titer, allowing for
longitudinal assessment of changes in HCV viremia
during the duration of HMG-CoA reductase exposure.
In the vast majority of non-interferon-treated subjects,
there was cither a modest increase or no change in
HCV RNA titers during such therapy (Figure 5). In 11
of these 28 subjects, an HCV RNA determination was
made prior to and after the institution of statin therapy.
Within this subgroup, there was no significant difference
between pre- and post-statin levels of HCV viremia.
In two of three lovastatin-exposed subjects with initial
HCV RNA testing within 1 mo (range: -15 to +17 d)
of initiation of interferon, HCV RNA titers declined
by 0.7-1.1 log between 9-16 mo. Only two subjects
with repeated assessments were exposed to interferon
during the observation period. These data imply that
statin exposure in this cohort was not associated with
significant inhibition of viral replication for individuals
with longitudinal follow-up.

DISCUSSION

The sustained virologic response rate of chronic
hepatitis C in registration trials with currently approved
interferon-a based antiviral therapy ranges from
44%-54%"" but varies widely by genotype, ethnicity
and underlying histology. In practice, at centers similar to
the study site, HCV treatment response rates range from
20% for genotype 1 to 43%-52% for genotypes 2.3,
Suboptimal response and significant toxicity continue to
spur the development of novel anti-HCV therapies.

The capacity of HMG-CoA reductase inhibitors
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fluvastatin (big dotted line, n = 1) for patients with more than one determination
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to impede HCV replicon replication 7z vitro in a dose-
dependent fashion raised hope that this commonly
prescribed and acceptably safe class of medications could
serve as an adjunct to standard interferon-based therapy.
Data from such 7z vitro studies further demonstrated
a hierarchy of statin-induced viral inhibition, with the
greatest effect demonstrated with fluvastatin followed
by atorvastatin, simvastatin, and lovastatin, respectively.
These in vitro findings prompted a pilot study in which

10 subjects with chronic hepatitis C and laboratory
evidence of dyslipidemia were treated with atorvastatin
20 mg daily. However, no significant changes in HCV
RNA titers were demonstrated at the atorvastatin dose
administered though such subjects did have a significant
lowering of LDL and total cholesterol"”. This first study
did not examine the effect of fluvastatin, the most potent
statin identified in iz vitro experiments. A more recent
small, uncontrolled study of 22 patients given fluvastatin
at doses ranging from 20-80 mg/d found transient,
0.5-log reductions in HCV RNA titers in 50% of treated
subjects"!, but did not correlate these responses with the
lipid lowering therapeutic effect of statins or specifically
explore viral genotypes and other medications used.

In order to validate the need for further prospective
study of the effect of statins on HCV viral replication
in clinical practice, we performed a cross-sectional
study of a larger number of subjects and controlled
for potential confounders such as viral genotype,
cholesterol levels, triglyceride levels and exposure to
other lipid lowering medications. We found exposure to
different statin preparations, primarily simvastatin, during
routine clinical use, was not associated with a change in
HCV viral titers. In a limited number of subjects with
longitudinal measures of HCV viral load pre- and post-
initiation of statin therapy, our data suggested that there
was no evidence of clinically significant change in HCV
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RNA titers. Specifically for simvastatin, the statin for
which we had the most data, we were unable to show a
dose-dependent association with reduced HCV titers,
contrasting with 7 vitro studies"". Given the small number
of fluvastatin-exposed subjects at our institution (7 = 2),
we were unfortunately not able to analyze the effect of
exposure to the most potent 7 vitro inhibitor.

A plausible explanation for the discrepancy between
our 7z vivo and others’ in vitro results may rest with
the pharmacokinetic properties of statins. There is
a significant first pass effect for all statins with the
exception of pravastatin“sj. Intrahepatic concentrations
of statins with routine use, however, have not been
to our knowledge well documented in the literature.
Serum levels of such agents after prolonged therapy are
significantly lower than the statin concentrations that
were used in replicon systems. For example, the maximal
serum concentration of fluvastatin dosed at 40 mg daily
1s approximately 0.589 },Lrnol/ Lm], approximately 10-fold
lower than effective statin concentrations for inducing
viral inhibition in the replicon systems' 7

Additionally, replicon-bearing cell lines are highly
adapted and behave quite differently from in vivo
hepatocytes. For instance, Huh7 cells exposed to
interferons are exquisitely responsive to the agent
regardless of viral genotypelzol. This is in direct contrast
to the disparate rates of sustained virologic response
observed clinically with interferon therapy. It is possible
that the adaptations that confer interferon sensitivity
also confer statin sensitivity, explaining the iz vifro results.
Alternatively, the specific dependence on prenylation
of nonstructural proteins for establishment of the viral
replication complex might be a feature of cell-culture
models for which alternative pathways may be present
in vivo. The HCV might also develop resistance mutations
under selection pressure induced by statin therapy, an
effect that could be demonstrated zia sampling at regular
intervals eatly after initial statin exposure for early viral
load changes and sequence evolution. Lastly, pro-viral
effects of statins might occur vz induction of LDL-
receptor expression which may paradoxically facilitate
viral uptake into uninfected hepatocytesm].

Another possible explanation for the lack of difference
between our study groups could be the presence of a
significant confounding variable. For example, obesity,
which is associated with non-response to interferon-
based antiviral therapylzzj, and hypercholesterolemia, were
significantly more prevalent in Groups A and B than
C. We, however, did not find within any of the groups
an association of HCV RNA titers with height, weight
or body-mass index (data not shown) nor with total
cholesterol; therefore we do not believe that differences in
these variables could explain our negative findings. Since
hypertriglyceridemia was directly associated with viral titer,
the excess of hypertriglyceridemia cases in Group A could
contribute to a type Il error. However, when we controlled
for triglycerides in the regression analysis, statin exposure
remained insignificantly associated with HCV RINA titer.

While not powered for an analysis of non-statin
lipid lowering medications and their effect on HCV

viral load, our analysis unexpectedly identified a possible
direct association of triglycerides and viremia and a
suggestion that niacin may have antiviral properties
in vivo. Recent work with human serum™ and with
primary hepatocytes”! suggests that HCV is co-secreted
with VLDL, implicating triglyceride metabolism as an
additional critical step in the viral lifecycle. Given these
preliminary findings as well as a biologically plausible
mechanism for the action of triglyceride lowering
medications on HCV replication, these findings merit
further investigation in a larger dataset and, if confirmed,
in a prospective clinical trial.

There are several limitations of this analysis that we
would like to acknowledge. First, the cross-sectional
design inherently precludes determining causality
and is inherently weaker than prospective evaluation.
Further, given the limited number of subjects with
measurements prior to and after the initiation of statin
therapy, we cannot definitively rule out an association
between statins and reduction in HCV viral replication.
Secondly, the sample size remained relatively small after
applying our exclusion criteria, raising the possibility
of a type I error and specifically that of finding no
association when one does indeed exist. Thirdly, there
were no direct measurements of patient adherence with
prescribed statin therapy, an important factor since poor
adherence may make the medication in question appear
to be less efficacious. Fourthly, the preferred statin agent
on the formulary during the observation period was
not the most highly active agent 7 vitro. Lastly, there is
a small possibility that patients in Group B could have
received a statin agent prescribed by a non-VA physician,
which was not recorded in the VA electronic medical
record. Since there is significant financial incentive for
most veterans to obtain medications through the VA, we
believe the impact of this factor is quite small.

In summary, in this single center, retrospective
analysis, there was no evidence of an apparent effect of
statins on HCV viral replication. Unexpectedly, we found
that triglyceride lowering agents such as niacin may have
HCV antiviral properties 7z vivo. Therefore, we suggest
exploration of this result. Additionally, the potential
antiviral efficacy of drugs such niacin in chronic hepatitis
C as adjuncts to interferon-based therapies merit further
investigation.
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COMMENTS

Background

Interferon and ribavirin are the mainstay of treatment for chronic hepatitis C
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infection. Unfortunately, this combination is only effective in approximately
50% of all-comers. Therefore, novel therapies must be explored. Cardinal
observations of the hepatitis C virus (HCV) life cycle have demonstrated that
the lipid metabolism pathway is implicated in viral entry and replication within
the hepatocyte. 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors,
referred to commonly as statins, have been shown to not only disrupt lipid
metabolism within the hepatocyte but also halt HCV viral replication in in vitro
models of chronic HCV infection. Relatively few studies have explored the effect
of statins on HCV viral replication in vivo.

Research frontiers

Though in vitro studies using HCV replicon-bearing hepatoma cell lines do
suggest that statins inhibit HCV replication, the applicability of use in humans with
chronic hepatitis C infection remains in question. In this study, the authors attempt
to, but are unsuccessful in, demonstrating a significant reduction in HCV viral
titers with routine use of statins in a cohort of patients infected with hepatitis C.

Innovations and breakthroughs

The results did not suggest an effect of statins on HCV viral replication.
However, the investigators did find preliminarily that triglyceride lowering agents
may in fact lower levels of HCV viremia. Though significant, this finding was
noted in a small number of patients and given that the study was not powered
for this question, this should be viewed as hypothesis generating.

Applications

By continuing to explore potential adjunct therapies to current HCV anti-viral
therapies, it is likely that some highly effective adjunct(s) will be discovered.
This study, while not demonstrating a significant effect of statins in this cohort,
does provide some preliminary data to support further investigation of lipid
altering medications and their potential effect on HCV.

Terminology

The process which links host and HCV proteins during intrahepatic viral
replication is termed prenylation. Prenylation is dependent on two distinct
host protein pools, farnesyl and geranylgeranyl, both protein products of the
cholesterol synthesis pathway.

Peer review

This is a well written manuscript. The study suffers from the limitations of a
retrospective cohort study and may have not detected a difference in HCV viral
titers because longitudinal assessment was not made for all subjects prior to
and after initiation of statin therapy. The authors need to comment on these
limitations in the discussion.
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