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Background and Goal: Patients infected with hepatitis C virus
(HCV) with elevated low-density lipoprotein (LDL) levels achieve
higher sustained virologic response (SVR) rates after peginterferon
(PegIFN)/ribavirin treatment versus patients with lower LDL. Our
aim was to determine whether SVR rates in patients with low/
elevated LDL can be improved by dose intensification.

Study: In PROGRESS, genotype 1 patients with baseline HCV
RNAZ400,000 IU/mL and body weight Z85 kg were randomized
to 48 weeks of 180mg/wk PegIFN a-2a (40 kDa) plus ribavirin (A:
1200mg/d; B: 1400/1600mg/d) or 12 weeks of 360mg/wk PegIFN
a-2a followed by 36 weeks of 180mg/wk, plus ribavirin (C: 1200
mg/d; D: 1400/1600mg/d). This retrospective analysis assessed
SVR rates among patients with low (<100mg/dL) or elevated
(Z100mg/dL) LDL. Patients with high LDL (n=256) had higher

baseline HCV RNA (5.86�106 IU/mL) versus patients with low
LDL (n=262; 4.02�106 IU/mL; P=0.0003).

Results: Multiple logistic regression analysis identified a significant
interaction between PegIFN a-2a dose and LDL levels on SVR
(P=0.0193). The only treatment-related SVR predictor in the
nested multiple logistic regression was PegIFN a-2a dose among
patients with elevated LDL (P=0.0074); therefore, data from the
standard (A+B) and induction (C+D) dose arms were pooled.
Among patients with low LDL, SVR rates were 40% and 35% in
the standard and induction-dose groups, respectively; SVR rates
in patients with high LDL were 44% and 60% (P=0.014),
respectively.

Conclusions: Intensified dosing of PegIFN a-2a increases SVR rates
in patients with elevated LDL even with the difficult-to-cure
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characteristics of genotype 1, high baseline viral load, and high
body weight.

Key Words: chronic hepatitis C, low-density lipoprotein, pegylated

interferon, ribavirin, sustained virologic response

(J Clin Gastroenterol 2013;47:271–279)

Hepatitis C is a major global health problem and it is
estimated that approximately 3% of the world’s pop-

ulation is infected with the hepatitis C virus (HCV).1

Moreover, despite significant advances in the treatment for
chronic hepatitis C, response rates remain suboptimal.
With the current standard of care, peginterferon (PegIFN)
a plus ribavirin, treatment-naive patients infected with
HCV genotype 1 achieve sustained virologic response
(SVR) rates of only 40% to 53%.2–6

Treatment outcome can be influenced by several patient
and viral characteristics, including age, sex, obesity, race/
ethnicity, viral load, HCV genotype, and hepatic stea-
tosis.3,4,7–12 Recent evidence also suggests that low-density
lipoproteins (LDL) may impact on virologic response; when
treated with PegIFN/ribavirin, patients with elevated LDL
achieve higher SVR rates compared with patients who have
lower LDL.13–15 Host genetic polymorphisms on the IL28B
gene have also been shown to strongly influence the SVR
rate; the CC genotype of rs12979860 is associated with a
better response to interferon-based therapy than non-CC
genotypes.16 Interestingly, evidence suggests that patients
with the CC genotype have higher baseline LDL levels than
non-CC patients.17

The understanding of the potential mechanism re-
sponsible for the improved virologic response to elevated
baseline LDL levels is limited. However, the natural history
of HCV infection is known to involve interactions with
several serum lipoproteins and lipoprotein receptors.18–21

The LDL receptor is a membrane glycoprotein and is one
of several proteins involved in viral entry into hep-
atocytes.19,22,23 The importance of the receptor in viral
entry is supported by data that show HCV viral load in-
creases with LDL receptor expression.23 Data from in vitro
studies suggest that LDL may competitively inhibit the
binding of HCV to the LDL receptor.18,24 Thus, elevated
LDL levels may limit available LDL receptors on hep-
atocytes, reducing the overall infectivity of the hepatocytes
with HCV25 and increasing exposure of the virus to the host
immune response in the serum.15

The intriguing interrelationship between baseline
LDL, HCV RNA, and host IL28B genotype with response
to PegIFN a/ribavirin treatment raises the possibility that
the dose-response relationship for PegIFN a/ribavirin may
differ between patients with low versus elevated pretreat-
ment LDL levels. However, the impact of pretreatment
LDL levels on the virologic efficacy of a dose intensification
regimen with PegIFN a/ribavirin has not been investigated.
Data from the recently completed PROGRESS study
provide an opportunity to address this issue.26

PROGRESS, a large, randomized international study
investigated the effect of a 12-week fixed-dose induction
regimen of PegIFN a-2a (40 kDa) and/or a high-dose
weight-based ribavirin dosage regimen on SVR rates (pri-
mary endpoint) in 1175 patients with difficult-to-cure
characteristics (HCV genotype 1, high viral load, and body
weight Z85 kg).26 The study showed that intensification
therapy with this 12-week induction regimen is not more

effective with regards to SVR rates than the standard-dose
regimen of 48 weeks of PegIFN a-2a/ribavirin.26

We retrospectively analyzed data from the PROG-
RESS database to assess the virologic response and safety
of PegIFN a-2a/ribavirin in patients infected with HCV
genotype 1 who had either low or elevated fasting baseline
LDL levels and to determine whether dose intensification of
PegIFN a-2a can increase virologic response in patients
with difficult-to-cure characteristics.

MATERIALS AND METHODS

Patients
Patients enrolled in PROGRESS (N=1175) were

HCV treatment-naive adults with difficult-to-cure charac-
teristics including body weight Z85 kg, HCV genotype 1
infection, and a high baseline viral load (serum HCV
RNAZ400,000 IU/mL).26 This retrospective analysis in-
cluded all patients who were randomized and received at
least 1 dose of study treatment, had a baseline fasting LDL
record, and did not receive statins or lipid-regulating agents
at baseline (N=518). Registration: clinicaltrials.gov
NCT00394277.

Study Design
PROGRESS was a randomized, double-blind, inter-

national study; the complete study design and protocol
have been published elsewhere.26

All patients received 48 weeks of treatment with
PegIFN a-2a (40 kDa) (Pegasyss, Roche, Basel, Switzer-
land) plus ribavirin (Copeguss, Roche, Basel, Switzerland).
Patients were randomized (1:1:2:2) to one of the 4 treatment
regimens: (A) PegIFN a-2a 180mg/wk plus ribavirin 1200mg/
d; (B) PegIFN a-2a 180mg/wk plus ribavirin 1400mg/d (body
weight <95kg) or 1600mg/d (body weight Z95kg); (C)
PegIFN a-2a 360mg/wk for 12 weeks, then 180mg/wk for 36
weeks plus ribavirin 1200mg/d; or (D) PegIFN a-2a 360mg/
wk for 12 weeks, then 180mg/wk for 36 weeks plus ribavirin
1400mg/d (<95kg) or 1600mg/d (Z95kg).

In the event of laboratory abnormalities or adverse
events (AEs), the dose of either study drug could be reduced
in a stepwise manner that maintained blinding. Treatment
with PegIFN a-2a monotherapy could be continued if rib-
avirin therapy was interrupted, but ribavirin monotherapy
was not allowed. Use of hematopoietic growth factors was
allowed during treatment at the discretion of the inves-
tigator.

The study was conducted in accordance with the
Declaration of Helsinki; the protocol was approved by
Institutional Review Boards at each center, and each pa-
tient provided written informed consent.

Outcomes
For this retrospective analysis, low LDL was defined

as <100mg/dL (<2.6mmol/L) and elevated LDL as
Z100mg/dL (Z2.6mmol/L). The LDL cut-off value of
100mg/dL was selected on the basis of the National Cho-
lesterol Education Program’s clinical practice guidelines
(endorsed by the American Heart Association, American
College of Cardiology, and National Institute of Health)
which defines LDL cholesterol <100mg/dL as optimal.27,28

Serum HCV RNA was determined by real-time poly-
merase chain reaction assay (COBAS AmpliPrep/COBASs

TaqMans HCV test; detection limit 15 IU/mL, Roche
Diagnostics North America, Indianapolis, IN).
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The primary efficacy endpoint in PROGRESS was
SVR (undetectable serum HCV RNA at the end of un-
treated follow-up; study week 72). Patients with missing
end-of-follow-up serum HCV RNA results were deemed
nonresponders in the intention-to-treat analysis. Secondary
outcomes included the percentage of patients with un-
detectable HCV RNA at week 4 [rapid virologic response
(RVR)], week 12 (complete early virologic response), and
week 48 [end of treatment (EOT) response], and relapse
rate, calculated as the percentage of patients with an EOT
response who reverted to an HCV RNA-positive state
during follow-up. Safety assessments were performed
throughout treatment and follow-up.

Statistical Analysis
Patients from all 4 treatment arms were stratified by

pretreatment LDL level (low and elevated LDL). Multiple
logistic regression (MLR) analyses were performed to in-
vestigate the effect of study treatment and LDL level on
SVR, adjusted for other relevant predictors for response. In
addition to the main treatment factors (high-dose PegIFN
level, high-dose ribavirin level), their interaction with LDL
with respect to SVR was investigated in the MLR models.
In the event of significant interactions, the treatment effect
was estimated, nested by LDL. Virologic response and re-
lapse rates between the pooled dose groups (A+B vs.
C+D to compare standard vs. induction PegIFN dose)
were analyzed by Cochran-Mantel-Haenszel tests stratified
by country and the dosing factor pooled (ie, by ribavirin
dose for the comparison of A+B vs. C+D). Corre-

sponding common odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated.

RESULTS
A total of 518 patients were included in this retro-

spective analysis; 262 patients with low LDL levels and 256
with elevated baseline LDL; none was receiving treatment
with statins or other lipid-regulating agents at baseline.

MLR Analysis
MLR analysis with SVR as the dependent variable

identified a significant interaction between PegIFN a-2a
dose and LDL level on SVR (P=0.0193), but not between
ribavirin and LDL (P=0.21). MLR analyses also identi-
fied the following independent factors to be significantly
associated with SVR (P<0.05): younger than 40 versus
older than 40 years, genotype 1b versus 1a, steatosis <5%
versus Z5% and HCV RNA<800,000 versus Z800,000 IU/
mL (Fig. 1). An equivalent nested MLR model, applied to
estimate the treatment effect within the 2 LDL groups, re-
vealed that the only treatment-related independent predictor of
SVR was PegIFN a-2a dose; this was observed only in patients
with elevated baseline LDL (P=0.0074) (Fig. 1). Ribavirin
dose had no significant association with SVR rate. Therefore,
data from groups A and B and from groups C and D were
pooled for all further analyses.

Patient Characteristics
A total of 249 patients (95%) with low baseline LDL

completed 12 weeks of PegIFN a-2a treatment (A+B,
98%; C+D, 94%) and 191 (73%) completed 48 weeks

FIGURE 1. Multiple logistic regression analysis of baseline host and viral factors associated with sustained virologic response. CI indicates
confidence interval; HCV, hepatitis C virus; LDL, low-density lipoprotein; OR, odds ratio.
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(A+B, 75%; C+D, 72%). Similarly, a total of 246 (96%)
patients with elevated baseline LDL completed 12 weeks
(A+B, 99%; C+D, 95%), whereas 206 (80%) completed
48 weeks (A+B, 80%; C+D, 81%). Twenty-four weeks
of untreated follow-up were completed by 191 (73%)
patients with low baseline LDL (A+B, 75%; C+D, 72%)
and 202 (79%) patients with elevated LDL (A+B, 78%;
C+D, 80%).

Baseline characteristics were similar in all treatment
groups, irrespective of baseline LDL (Table 1). However,
those with elevated LDL had higher HCV RNA compared
with patients with low LDL. The majority of patients in
each treatment group were male (81% to 85%) and white
(84% to 91%), with a mean age of 43 to 45 years. Baseline

data in the individual treatment arms were also comparable
(data not shown).

Virologic Response
Patients with elevated LDL had consistently higher

virologic response rates at week 4 (RVR; Fig. 2A), 12
(complete early virologic response; Fig. 2B), and 48
(EOT; Fig. 2C) compared with patients with low LDL, for
either pooled treatment group. Virologic response rates
during treatment were not significantly different between
the pooled treatment groups (A+B and C+D) in patients
with low LDL. In patients with high LDL, RVR was sig-
nificantly greater in the pooled induction-dose group
(32.3%; arms C+D) relative to the standard-dose group

TABLE 1. Baseline Characteristics of Patients by LDL Subgroup and Treatment

Low LDL (<100mg/dL) High LDL (Z100mg/dL)

Parameters

PegIFN

180 lg
(A+B)

PegIFN 360/

180 lg
(C+D) Total

PegIFN

180 lg
(A+B)

PegIFN

360/180lg
(C+D) Total

N 83 179 262 89 167 256
Male, n (%) 69 (83) 148 (83) 217 (83) 76 (85) 136 (81) 212 (83)
Age (y) (range) 43.5 (19-74) 43.4 (18-85) 43.5 (18-85) 44.6 (18-70) 44.7 (20-70) 44.6 (18-70)
Race, n (%)
White 74 (89) 151 (84) 225 (86) 78 (88) 152 (91) 230 (90)
Black 8 (10) 24 (13) 32 (12) 10 (11) 9 (5) 19 (7)
Asian 0 0 0 0 3 (2) 3 (1)
American Indian 0 0 0 1 (1) 0 1 (<1)
Native Hawaiian 0 0 0 0 1 (<1) 1 (<1)
Other 1 (1) 4 (2) 5 (2) 0 2 (1) 2 (<1)

Hispanic ethnicity, n (%) 11 (13) 18 (10) 29 (11) 7 (8) 19 (11) 26 (10)
Weight (kg) (SD) 98.7 (13.2) 98.3 (15.7) 98.4 (14.9) 98.4 (12.5) 93.0 (7.6) 94.9 (9.9)
Body mass index (kg/m2) (SD) 31.7 (5.2) 31.5 (5.6) 31.5 (5.5) 31.0 (4.7) 29.9 (3.4) 30.3 (3.9)
HCV RNA level, IU/mL�106 (SD) 3.54 (4.21) 4.24 (5.62) 4.02 (5.22) 5.47 (6.98) 6.07 (7.75) 5.86 (7.48)
HCV RNAZ800,000 IU/mL, n (%) 66 (80) 140 (78) 206 (79) 76 (85) 147 (88) 223 (87)
ALT, U/L (SD) 59.9 (35.2) 61.6 (49.7) 61.0 (45.6) 61.0 (41.1) 59.1 (39.9) 59.8 (40.3)
ALT quotient >3, n (%) 13 (16) 34 (19) 47 (18) 17 (19) 20 (12) 37 (14)
HCV genotype, n (%)
1a 30 (36) 63 (35) 93 (35) 27 (30) 60 (36) 87 (34)
1b 51 (61) 115 (64) 166 (63) 62 (70) 107 (64) 169 (66)
1, subtype not specified 1 (1) 1 (<1) 2 (<1) 0 0 0
Other 1 (1) 0 1 (<1) 0 0 0

LDL, mg/dL (mmol/L) 74.3 (1.9) 74.5 (1.9) 74.4 (1.9) 124.0 (3.2) 127.2 (3.3) 126.1 (3.3)
HDL, mg/dL (mmol/L) 47.3 (1.2) 47.4 (1.2) 47.4 (1.2) 47.8 (1.2) 48.9 (1.3) 48.6 (1.3)
TG, mg/dL (mmol/L) 137.1 (1.5) 133.8 (1.5) 134.9 (1.5) 131.4 (1.5) 128.7 (1.5) 129.7 (1.5)
Steatosis, n (%)*

<5 54 (65) 123 (69) 177 (68) 63 (71) 132 (79) 195 (76)
5-33 17 (20) 27 (15) 44 (17) 18 (20) 22 (13) 40 (16)
>33-66 10 (12) 26 (15) 36 (14) 7 (8) 12 (7) 19 (7)
>66 2 (2) 3 (2) 5 (2) 1 (1) 1 (<1) 2 (<1)

NAS, n (%)
0-2 53 (64) 129 (72) 182 (69) 65 (73) 133 (80) 198 (77)
3-4 25 (30) 36 (20) 61 (23) 19 (21) 27 (16) 46 (18)
Z5 5 (6) 14 (8) 19 (7) 5 (6) 7 (4) 12 (5)

Histologic diagnosis of bridging
fibrosis/cirrhosis, n (%)

13 (16) 10 (6) 23 (9) 11 (12) 15 (9) 26 (10)

Ishak score (SD) 8.7 (2.8) 8.2 (2.5) 8.4 (2.6) 8.6 (2.6) 8.3 (2.4) 8.4 (2.5)
HOMA-IR score (SD) 5.8 (6.2) 10.1 (19.8) 8.6 (16.5) 5.8 (6.8) 4.8 (4.5) 5.0 (5.3)
Median HOMA-IR score 4.5

n=41
3.7

n=78
4.0

n=119
4.0

n=41
3.5

n=90
3.6

n=131

Data presented as mean unless otherwise stated. Conversion factors for mg/dL to mmol/L: 0.02586 (HDL, LDL); 0.01129 (triglycerides).
NAS comprises 3 histologic features, scored semiquantitatively: steatosis (0-3); lobular inflammation (0-3); hepatocellular ballooning (0-2).
*Steatosis in liver biopsy specimens defined as percentage of cells with fatty changes/high-powered field.
ALT indicates alanine aminotransferase; ALT quotient, baseline ALT/upper limit of normal for the local laboratory; HCV, hepatitis C virus; HDL, high-

density lipoprotein; HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; LDL, low-density lipoprotein; PegIFN, peginterferon; NAS, Non-
alcoholic fatty liver disease activity score; TG, triglycerides.
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(16.9%; arms A+B) (OR 2.42; 95% CI, 1.24, 4.73;
P=0.008).

SVR rates were also consistently higher (Fig. 3A) in
patients with elevated LDL relative to those with low LDL
in the pooled standard and induction-dose groups. There
were no significant differences in SVR rates between the
pooled induction (35.2%) and standard-dose (39.8%)
groups in patients with low LDL (OR 0.84; 95% CI, 0.48,
1.47; P=0.536). However, in patients with high LDL, SVR
rates were significantly greater in the pooled induction-dose
group (59.9%) versus the standard-dose (43.8%) group
(OR 2.04; 95% CI, 1.16, 3.59; P=0.014).

SVR rates in the individual treatment arms were
comparable to the rates in the pooled groups; in patients
with low LDL, SVR rates in groups A, B, C, and D were
36.6%, 42.9%, 43.0%, and 28.0%, respectively. In patients

with elevated LDL, SVR rates were 34.1%, 53.3%, 60.9%,
and 58.8%.

Relapse Rates
In the pooled standard-dose group, relapse rates were

similar (Fig. 3B) in patients with elevated and low LDL
(32.1% vs. 34.0%, respectively). In the pooled induction-
dose group, relapse rates were lower in patients with high
LDL (18.0%) versus patients with low LDL (38.6%).
Among patients with elevated LDL, the induction dose
significantly reduced the relapse rate relative to the stand-
ard dose (OR 0.44; 95% CI, 0.20, 0.96; P=0.037). Relapse
rates in the pooled treatment groups were similar to those
in the 4 individual treatment groups (data not shown).

Safety and Tolerability
Twenty (8%) patients with low LDL withdrew from

PegIFN a-2a treatment for safety reasons (AEs/inter-
current illness, laboratory abnormality, death): 6 receiving
standard dose (7%) and 14 receiving induction dose (8%).
Nineteen patients with elevated LDL (7%) withdrew for
safety reasons: 8 receiving standard dose (9%) and 11 re-
ceiving induction dose (7%). Rates of withdrawal from
ribavirin treatment because of safety reasons were similar.

FIGURE 2. Rapid virologic response (RVR) (A), complete early
virologic response (cEVR) (B) and end of treatment response
(EOT) (C) rates in patients with low and elevated low-density
lipoprotein (LDL) levels.

FIGURE 3. Sustained virologic response (SVR) (A) and relapse
rates (B) in patients with low and elevated low-density lip-
oprotein (LDL) levels.
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Four deaths were reported during treatment and follow-up;
2 in the standard-dose group in patients with low LDL
(2%) and 2 in the induction-dose group in patients with
elevated LDL (1%). No deaths were related to either study
drug at the opinion of the investigator.

Pyrexia, headache, fatigue, chills, asthenia, and myal-
gia were the most common reported AEs in both pooled
treatment groups in patients with low and elevated LDL
(Table 2). The incidence of individual AEs was generally
similar between the pooled treatment groups and irre-
spective of LDL level. The incidence of serious AEs during
the first 12 weeks of treatment and for the entire treatment/
follow-up duration was low (Table 2) and similar across the
pooled treatment groups in patients with low and elevated
LDL. The incidence of laboratory abnormalities during
treatment and follow-up were generally similar in treatment
groups and patient populations.

DISCUSSION
Elevated pretreatment LDL cholesterol as a positive

predictor of treatment response in patients with chronic
hepatitis C has previously been reported17,29–31 and is re-
affirmed by the findings of our retrospective analysis. A
novel and clinically important finding of our analysis,
however, is that this treatment response can be further
augmented in genotype 1 patients with elevated baseline
LDL and difficult-to-cure characteristics when treated with
high-dose PegIFN a-2a induction therapy plus ribavirin.

Patients with elevated baseline LDL had higher viral
loads and achieved higher SVR rates compared with pa-
tients with low baseline LDL and lower viral loads. Al-
though this may appear counterintuitive given that high
viral load is generally identified as a negative predictor of
SVR, higher pretreatment LDL levels were, as previously
reported,13,17 associated with higher RVR and SVR rates.

TABLE 2. Adverse Events and Laboratory Abnormalities

Low LDL (<100mg/dL) High LDL (Z100mg/dL)

Parameters

PegIFN

180 lg
(A+B)

PegIFN 360/

180 lg
(C+D) Total

PegIFN

180 lg
(A+B)

PegIFN 360/

180 lg
(C+D) Total

N 83 179 262 89 167 256
Total patients with Z1 AE, n (%) 78 (94) 173 (97) 251 (96) 85 (96) 167 (100) 252 (98)
Total no. AEs 565 1278 1843 624 1364 1988
Patients with Z1 SAE, n (%) 6 (7) 11 (6) 17 (6) 8 (9) 15 (9) 23 (9)
Total SAEs, n 6 16 22 8 22 30
Patients with Z1 SAE; first 12wk, n (%) 1 (1) 6 (3) 7 (3) 4 (4) 6 (4) 10 (4)
Total SAEs; first 12wk, n 1 9 10 4 9 13
Deaths, n (%) 2 (2) 0 2 (<1) 0 2 (1) 2 (<1)
AEs Z10% in at least 1 group, n (%)
Pyrexia 41 (49) 109 (61) 150 (57) 42 (47) 97 (58) 139 (54)
Headache 31 (37) 79 (44) 110 (42) 25 (28) 65 (39) 90 (35)
Fatigue 26 (31) 74 (41) 100 (38) 32 (36) 65 (39) 97 (38)
Chills 15 (18) 51 (28) 66 (25) 18 (20) 51 (31) 69 (27)
Asthenia 17 (20) 48 (27) 65 (25) 20 (22) 46 (28) 66 (26)
Myalgia 18 (22) 43 (24) 61 (23) 23 (26) 50 (30) 73 (29)
Insomnia 20 (24) 28 (16) 48 (18) 14 (16) 46 (28) 60 (23)
Cough 16 (19) 31 (17) 47 (18) 13 (15) 20 (12) 33 (13)
Arthralgia 15 (18) 29 (16) 44 (17) 19 (21) 41 (25) 60 (23)
Decreased appetite 13 (16) 30 (17) 43 (16) 10 (11) 31 (19) 41 (16)
Nausea 14 (17) 25 (14) 39 (15) 15 (17) 44 (26) 59 (23)
Pruritus 13 (16) 26 (15) 39 (15) 14 (16) 30 (18) 44 (17)
Irritability 14 (17) 22 (12) 36 (14) 14 (16) 24 (14) 38 (15)
Weight decreased 10 (12) 23 (13) 33 (13) 10 (11) 28 (17) 38 (15)
Alopecia 7 (8) 25 (14) 32 (12) 10 (11) 28 (17) 38 (15)
Diarrhea 9 (11) 23 (13) 32 (12) 9 (10) 21 (13) 30 (12)
Depression 10 (12) 18 (10) 28 (11) 11 (12) 23 (14) 34 (13)
Rash 9 (11) 18 (10) 27 (10) 10 (11) 24 (14) 34 (13)
Anemia 9 (11) 17 (9) 26 (10) 8 (9) 21 (13) 29 (11)
Dizziness 10 (12) 13 (7) 23 (9) 5 (6) 17 (10) 22 (9)
Neutropenia 8 (10) 15 (8) 23 (9) 9 (10) 12 (7) 21 (8)
Vomiting 7 (8) 10 (6) 17 (6) 5 (6) 17 (10) 22 (9)
Dry skin 5 (6) 11 (6) 16 (6) 18 (20) 23 (14) 41 (16)
Injection site erythema 3 (4) 13 (7) 16 (6) 9 (10) 12 (7) 21 (8)
Dry mouth 4 (5) 11 (6) 15 (6) 6 (7) 16 (10) 22 (9)

Specific laboratory abnormalities during treatment and follow-up, n (%)
Hemoglobin 8.5-10.0 g/dL 13 (16) 26 (15) 13 (15) 29 (17)
Hemoglobin <8.5 g/dL 4 (5) 8 (4) 3 (3) 4 (2)
Neutrophils <0.5�109/L 5 (6) 7 (4) 2 (2) 13 (8)
Platelets 20,000 to <50,000�106/L 4 (5) 6 (3) 3 (3) 5 (3)
Platelets <20,000�106/L 0 0 1 (1) 2 (1)

AE indicates adverse event; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PegIFN, peginterferon; SAE, serious adverse event.
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Patients achieving RVR have been reported to have low
relapse rates (<10%)32 and, as a result, most patients with
an RVR achieve an SVR. The results from our study are
consistent with this observation. Moreover, the increase
in SVR observed in patients with elevated baseline LDL
was almost identical to the increase in RVR rates, which
suggests that this is a direct result of the rapid response
achieved.

The primary PROGRESS study reported similar SVR
rates across all treatment arms (38% to 44%).26 However,
in our retrospective analysis, we found that the induction-
dose regimen (pooled across both ribavirin doses) sig-
nificantly improved the RVR, SVR, and relapse rates in
patients with elevated LDL, relative to the pooled stand-
ard-dosing regimen. Consistent with this finding, MLR
analyses identified PegIFN a-2a dose (induction vs. stand-
ard) as the only treatment-related independent predictor of
SVR and this was observed only in patients with elevated
LDL. In patients with low LDL, PegIFN a-2a dose had no
predictive value on SVR and did not benefit, with regards
to RVR, SVR, or relapse, from intensified dosing.

There was a marked difference in mean Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR)
scores between patients who received the standard-dose
regimen (5.8) and the induction-dose regimen (10.1) in the
low LDL group. However, HOMA-IR data were available
from only 48% of patients and the apparent difference in
mean values was due to the presence of outliers. Indeed, the
median value was actually lower in the induction-dose
group (Table 1).

Importantly, no safety or tolerability concerns were
raised with the intensified dosing regimen and dis-
continuations from treatment because of safety reasons
were similar irrespective of baseline LDL or randomization
to standard or induction dosing. The proportion of patients
with serious AEs was similar regardless of baseline LDL
and treatment group. The incidence of laboratory abnor-
malities was also similar across treatment groups, although
the incidence of reductions in neutrophil count (<0.5�109/
L), a common AE of PegIFN a therapy, was slightly higher
in the induction-dose group in patients with elevated LDL.
Nevertheless, there were no differences in withdrawal rates
between the treatment or patient groups and, therefore,
differences in response rates reported here cannot be at-
tributed to any safety or discontinuation issues. In addition,
one of the eligibility criteria was no use of statins or other
lipid-regulating agents; statin use before antiviral therapy
has been associated with improved SVR rate relative to that
for nonstatin users (53% vs. 39%; P=0.02).13

These data suggest that higher doses of PegIFN a-2a
plus ribavirin may be a potential treatment option for
genotype 1 patients with elevated LDL and difficult-to-cure
characteristics, and that the LDL levels may act as a
useful clinical marker in helping to drive treatment
decisions. Other biomarkers that may also potentially be
useful in deciding which patients may benefit from higher
doses of PegIFN a-2a plus ribavirin include viral load
(>800,000 IU/mL), genotype (genotype 1b), and steatosis
score (<5%).

Mechanisms underlying the association between LDL
levels and SVR rates remain unclear. One postulate is that
elevated LDL serum concentrations reduce the number of
LDL receptors located on hepatocytes, thus decreasing the
overall infectivity of the hepatocytes.13 However, this
mechanism would not be consistent with the improved SVR

rates associated with statin use, as discussed. Alternatively,
it has been suggested that oxidized LDL may directly in-
teract with the viral particle, changing the biophysical
properties of the HCV, particularly its lipid membranes
which would impact negatively on cellular entry of the
virus.33

These hypothesized mechanisms, however, do not ac-
count for the augmented virologic response reported here in
response to intensified dosing of PegIFN a-2a. Our findings
suggest that the high-dose induction therapy of PegIFN
a-2a in patients with elevated LDL may overcome the in-
herent innate immune issues found in patients with difficult-
to-cure characteristics, namely heavy weight, high viral
load, and genotype 1 infection. Our understanding of the
underlying mechanism for this improved virologic response
is limited and more studies are required to confirm these
data.

Evidence suggests that the ability to clear HCV RNA
early during treatment and to achieve an SVR is dependent
on host genetic polymorphisms located close to the IL28B
gene, which encodes for interferon l.16 We did not assess
IL28B polymorphisms in this study, but the CC genotype of
rs12979860 has been shown to be significantly associated
with elevated LDL cholesterol and with apolipoprotein B
(the main apolipoprotein constituent of LDL) and total
cholesterol (mostly carried by LDL cholesterol).17 Current
data indicate that the IL28B genotype is the most im-
portant baseline predictor of SVR34; therefore, had IL28B
data been available and included in the model, it is likely
that the predictive effect of elevated baseline LDL for SVR
observed in this study would have been attenuated or lost.
However, in the absence of IL28B testing, given potential
costs and the fact that IL28B testing is not available uni-
versally, baseline LDL levels are a good baseline surrogate
marker for predicting SVR.

Interestingly, Li et al17 reported that, while both high
levels of baseline LDL and the rs12979860 CC genotype
were associated with SVR when examined individually in
their own multivariable models, when both parameters were
included in the same multivariable model, the effect of LDL
was attenuated and the association with treatment response
was no longer significant. However, the effect of rs12979860
genotype remained highly significant. Therefore, the asso-
ciation between treatment response and LDL level is likely
to be because of the relationship between IL28B genotype
and baseline LDL level.17 Indeed, it has been speculated
that, as certain soluble LDL receptor isoforms can be
induced in response to interferon stimulation, non-CC
rs12979860 genotypes may induce soluble isoforms of LDL
receptors.14 These soluble receptors would associate with
plasma LDL, in turn decreasing LDL levels and facilitating
easier entry of the virus into the hepatocyte. Further pro-
spective evaluation assessing IL28B in genotype 1 patients
with elevated pretreatment LDL levels and receiving in-
duction therapy is required to help elucidate whether IL28B
plays a role in the mechanism responsible for the efficacy of
induction dosing in this patient population.

The main limitation to the present study is the retro-
spective nature of the analysis and the fact that patients
with high or low LDL were not randomized to standard
versus induction-dosing regimens. Thus, only prospective,
randomized clinical trials can definitively answer the ques-
tion as to whether induction dosing of PegIFN a-2a plus
ribavirin is associated with higher SVR rates in patients
with high LDL and difficult-to-cure characteristics.
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The treatment paradigm for HCV has now changed
with the development of potent direct-acting antiviral
agents, combined with PegIFN/ribavirin. The first 2 HCV
protease inhibitors, telaprevir and boceprevir have recently
been approved for use in combination with PegIFN plus
ribavirin.35 The addition of a protease inhibitor to PegIFN/
ribavirin significantly enhances the percentage of patients
with genotype 1 HCV who achieve an RVR, and this
translates into high SVR rates (approximately 70% to
80%).36–40 In addition, over 90% of treatment-naive, gen-
otype 1 HCV patients with an extended RVR achieve an
SVR.39 Given these high SVR rates, the predictive value of
baseline factors such as elevated LDL may need to be re-
assessed with triple therapy regimens.

Only limited data are available on the impact of IL28B
genotype on the efficacy of protease inhibitor-based triple
therapy; however, it appears that virological response
rates are higher in patients treated with IL28B CC geno-
types.41–43 This is not surprising given that PegIFN is an
integral component of triple therapy regimens. SVR rates
are high in treatment-naive patients with HCV genotype 1
infection who receive protease inhibitor-based triple ther-
apy; however, in patients who have not responded to a
previous course of PegIFN plus ribavirin SVR rates are
much lower. For example in patients with a previous null
response, defined as <2 log drop in HCV RNA during
treatment with PegIFN plus ribavirin, the SVR rate was
just 29% after treatment with a 48-week telaprevir-based
regimen.40 Thus, the practical value of knowledge of
baseline factors that influence the response to interferon-
based therapies is most relevant in previous nonresponders
to PegIFN plus ribavirin. Strategies to increase response
rates or shorten the duration of therapy in this population,
including investigation of induction therapy regimens, re-
main highly relevant.

In summary, this retrospective analysis suggests that in
patients with chronic hepatitis C and elevated LDL pre-
treatment, intensified dosing of PegIFN a-2a can increase
the SVR rate even in patients with the difficult-to-cure
characteristics of genotype 1, high baseline viral load
Z400,000 IU/mL and body weight Z85 kg. Patients with
high LDL, which is associated with favorable IL28 geno-
types, may therefore benefit from high-dose induction
therapy with PegIFN a-2a (40 kDa) plus ribavirin. Until
IL28B genotypes become introduced into treatment para-
digms, these findings suggest that LDL levels can be used as
a good clinical surrogate for prediction of response to
therapy.
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