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Abstract
Background & Aims—It is recommended that patients with chronic hepatitis C virus (HCV)
genotype 3 infections receive 24 weeks of treatment. A rapid virologic response (RVR, at week 4)
predicts a sustained virologic response (SVR), although not all patients with an RVR achieve an
SVR. We explored the relationships among hepatic steatosis, level of HCV RNA, relapse, and
RVR in a phase 3 randomized controlled trial of 932 patients infected with HCV genotype 2 (n =
427) or 3 (n = 505) who received 24 weeks of therapy with interferon-α.

Methods—In patients with an RVR (HCV RNA <43 IU/mL), the presence of an SVR was
modeled using multivariate logistic regression as a function of age, sex, weight, body-mass index,
insulin resistance, steatosis, and levels of γ-glutamyl transpeptidase, alanine transaminase, liver
fibrosis, and baseline HCV RNA.

Results—RVR, SVR, and relapse rates among patients with HCV genotype 3 were 79.6%,
79.2%, and 15.6%, respectively; corresponding rates among patients with HCV genotype 2 were
86.7%, 84.3%, and 10.1%. An RVR had high predictive value for an SVR in patients with HCV
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genotypes 2 (88.9%) and 3 (88.1%). The strongest independent predictors of relapse in patients
with genotype 3 and an RVR were steatosis (odds ratio 3.0; P=.003) and HCV RNA ≥400,000 IU/
mL (2.5; P=.04). Relapse rates in patients with steatosis were 17.4% and 20.9% for low and high
baseline levels of HCV RNA, respectively; corresponding rates in those without steatosis were
2.5% and 8.8%.

Conclusions—Steatosis was associated with significantly higher rates of relapse, irrespective of
viral load, in patients infected with HCV genotype 3 who had an RVR. Further studies are needed
to determine if longer treatment durations are effective in patients with an RVR and these risk
factors.
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Chronic hepatitis C virus (HCV) infection is a global health problem with an estimated
prevalence of 2%, representing 120 to 130 million people.1 There is significant geographic
variation in the prevalence and distribution of HCV genotypes. Although HCV genotype 1
predominates in Europe, North and South America, and Japan, genotype 3 accounts for 35%
to 55% of chronic HCV infections in regions such as the Indian subcontinent, Southeast
Asia, and Australasia.2,3 In comparison with other genotypes, genotype 3 is also associated
with a higher incidence of hepatic steatosis and rapid progression of liver fibrosis.2,4–6

Furthermore, emerging direct-acting antiviral therapies, such as telaprevir, appear to have
reduced efficacy in genotype 3, indicating that pegylated interferon (IFN)-α (Peg-IFNα) and
ribavirin are likely to remain the standard-of-care for now. Current recommended therapy
for genotype 2 or 3 is 24 weeks of Peg-IFNα and a fixed-dose of ribavirin (800 mg/d).
Although sustained virologic response (SVR) rates for genotypes 2 and 3 (range 70% to
85%) are higher than for genotype 1, the rates observed for genotype 3 are consistently
lower than for genotype 2.7–11 To tailor therapy, a shorter duration of treatment (12 to 16
weeks) has been explored, although an increase in relapse rates has been observed, most
notably in patients who did not achieve a rapid virologic response at week 4 (RVR).8–10

Conversely, lengthening treatment duration and weight-based ribavirin may be beneficial for
patients with genotype 3 who do not achieve an RVR.12–14 Very few studies, however, have
been powered to assess host-viral factors associated with relapse in patients with genotype2
and 3 separately.15

Hepatitis C virus genotype 3 is associated with the presence of hepatic steatosis, with rates
of up to 70% that are consistently higher than those reported in other genotypes.4 The
impact of underlying steatosis on treatment outcomes in genotype has been explored in a
number of studies with variable results. Several studies have suggested no association
between steatosis and SVR in genotype,16,17 particularly when HCV-RNA levels18 or
insulin resistance19 were considered. Other reports, however, have indicated the absence of
steatosis as a significant predictor of SVR in these patients.7 This may relate to cohort
differences in steatosis grading and prevalence, treatment regimens, or HCV-RNA
thresholds, or failure to consider host metabolic factors such as insulin resistance. Of note,
however, the association of steatosis with RVR in genotype 2 or 3 has not been clearly
established. The aim of the present study was to further explore the inter-relationship
between steatosis, HCV-RNA levels, and relapse in the context of RVR in a well-
characterized cohort of patients with chronic HCV genotype 2 or 3 enrolled in a phase 3
trial.
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Materials and Methods
Study Design

Overall, 932 treatment-naïve patients with chronic HCV genotype 2 (n = 427) or 3 (n = 505)
were enrolled in a global, phase 3, randomized, active controlled study (ACHIEVE-2/3;
ClinicalTrials.gov identifier NCT00411385) of albinterferon alfa-2b vs Peg-IFNα-2a
(Pegasys; Hoffmann-La Roche, Inc, Nutley, New Jersey), plus fixed-dose ribavirin
(Ribasphere; Three Rivers Pharmaceuticals, Warrendale, Pennsylvania; 800 mg/d), for 24
weeks.20 Study design, inclusion and exclusion criteria, and final study results have been
reported previously.20 Hepatitis C virus-RNA levels were assessed by real-time polymerase
chain reaction (CE-marked COBAS® Ampliprep/COBAS® Taqman® HCV Test, Roche
Diagnostics, Basel, Switzerland). The limit of quantitation for this assay was 43 IU/mL and
the limit of detection 15 IU/mL (testing performed by LabCorp, Raritan, New Jersey). The
primary efficacy endpoint was SVR, defined as HCV-RNA level <15 IU/mL at week 48.
Rapid virologic response was defined as HCV-RNA <43 IU/mL.

Pretreatment percutaneous liver biopsies were centrally evaluated for METAVIR fibrosis
stage (F), METAVIR inflammatory activity, and hepatic steatosis grade by a central blinded
pathologist. Steatosis was graded as the percentage of hepatocytes containing
macrovesicular fat droplets: grade 0, 0%–5%; grade 1, 6%–30%; grade 2, 31%–60%; and
grade 3, ≥61%.

Statistical Methods
The presence of relapse was modeled using multivariate logistic regression implementing a
backward elimination approach. Potential predictors predefined in the study analysis plan
included sex; weight ≥75 kg; body mass index (BMI) ≥30 kg/m2; age ≥45 years; alanine
aminotransferase >15x the upper limit of normal (ULN); γ-glutamyl transpeptidase (GGT) ≤
ULN; advanced fibrosis (F3–4); Asian region vs the rest of the world; baseline HCV RNA
≥400,000 IU/mL; insulin resistance (homeostasis model assessment–insulin resistance index
>2); and steatosis as a dichotomous variable (grade ≥1 or >5% fat). When treatment group
effects were added to the modeling, these results remained unchanged. Pooled data from
each of the 3 treatment groups were, therefore, used for the analysis. All P values reported
are 2-sided; a significance level of .05 was used for all analyses. All analyses were
performed using SAS®9 (SAS Institute Inc., Cary, North Carolina) and R (version 1.9.1)
statistical software, and are presented in the intention-to-treat population.

Results
Patient Demographics

The characteristics of the study population according to HCV genotype are presented in
Table 1. Most patients with genotype 3 were Caucasian (75%), while Asian patients
comprised nearly half of the genotype 2 population (44%). Patients with genotype 3 were
predominantly men (63%) and younger in age than those with genotype 2 (mean age ±
standard deviation [SD] 40.4 ± 10 vs 49.3 ± 10.8 years; P <.001). As expected, there was a
higher prevalence of hepatic steatosis in patients with genotype 3 vs 2 (46% vs 27%; P <.
001). Although body weight was higher in patients with genotype 3 vs 2 (mean ± SD 75.8 ±
17.1 vs 72.8 ± 17.9 kg; P = .01), there were no differences between genotypes for BMI or
homeostasis model assessment–insulin resistance. The 2 genotypes were similar with respect
to baseline viral load (mean ± SD 6.0 ± 0.9 log10 IU/mL for both genotypes) and presence of
F3–4 (11%–12%).
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Virologic Response
Virologic response rates (RVR, SVR, and relapse) in all patients are shown in Figure 1A.
Overall, SVR rates were lower in patients with HCV genotype 3 vs 2 (79.2% vs 84.3%; P
= .04); this was a result of lower RVR rates with genotype 3 vs 2 (79.6% vs 86.7%; P = .
004). Further, relapse rates were higher with genotype 3 vs 2 (15.6% vs 10.1%; P = .001).
The SVR rates in patients with an RVR were high in both genotypes 2 and 3 (88.9% and
88.1%, respectively; Figure 1B).

Independent Predictors of Relapse
There were 402 patients with HCV genotype 3 who achieved an RVR. Multivariate
modeling in these patients indicated that hepatic steatosis (>5%) was the strongest
independent predictor of relapse (odds ratio [OR] 3.0 [95% confidence interval (CI) 1.5–
6.1]; P = .003; Figure 2A). Other predictors were HCV-RNA level ≥400,000 IU/mL (OR
2.5 [95% CI 1.0–6.3]; P = .04), BMI ≥30 (2.2 [1.0–4.8]; P = .04), age ≥45 years (2.2 [1.2–
4.2]; P = .02), and GGT >ULN (2.1 [1.1–4.1; P = .03). In the 103 patients with genotype 3
without an RVR, F3–4 (OR 7.6 [95% CI 1.6–35.8]; P = .01) and age ≥45 (2.4 [1.0–5.7]; P
= .04) were the independent predictors of relapse (Figure 2B).

Given the importance of hepatic steatosis as a predictor of relapse in patients with HCV
genotype 3 and an RVR, the association of baseline factors with steatosis was examined in
these patients (Figure 3). High baseline HCV-RNA level was the strongest predictor of
steatosis (OR 6.3 [95% CI 3.6–10.8]; P <.001). Other factors associated with steatosis
included high baseline alanine transaminase (OR 2.5 [95% CI 1.6–4.0]), weight >75kg (2.2
[1.4–3.5]), and age ≥45years (1.9 [1.2–3.1]). When the multivariate modeling was extended
for all patients with genotype 3 (irrespective of RVR status), these predictors remained the
same.

It is noteworthy that while viral load was the strongest predictor of hepatic steatosis,
steatosis remained the strongest independent predictor of relapse when controlling for viral
load and other factors. In patients with HCV genotype 3 and an RVR with low baseline
HCV-RNA levels, relapse rates were 17.4% and 2.5% in patients with and without steatosis,
respectively (P = .003; Figure 4); the corresponding rates in such patients with high baseline
HCV-RNA levels were 20.9% and 8.9%, respectively (P = .008). These data suggest the
importance of steatosis regardless of viral load with respect to elevated relapse rates.

The predictors of relapse in patients with HCV genotype 2 are shown in Figure 5. In the 370
patients with genotype 2 who achieved an RVR, the strongest predictors for relapse were
baseline HCV-RNA level ≥400,000 IU/mL (OR 2.5 [95% CI 1.1–5.8]; P = .036) and weight
≥75 kg (OR 2.5 [1.3–4.8]; P = .007). In the 57 patients with genotype 2 without an RVR,
BMI ≥30 kg/m2 was the only significant predictor of SVR failure (OR 5.2 [1.5–17.7; P = .
009). Further, SVR rates were significantly higher in these patients with a BMI < vs ≥30 kg/
m2 (67% vs 28%; P = .006). This may reflect the higher proportion of Asian patients, as has
been described previously.20 Most patients in this group (n = 54; 95%) had a high baseline
HCV-RNA level.

Discussion
This study of a large well-characterized cohort of patients with chronic HCV genotypes 2
and 3 provides the first report that hepatic steatosis significantly increases the risk of relapse
independently of HCV-RNA levels in patients with genotype 3 who achieve an RVR with
IFN-based regimens. In patients with genotype 2 and an RVR, higher HCV-RNA levels and
body weight were associated with relapse. Insulin resistance was not associated with relapse
in patients with either genotype 2 or 3 irrespective of RVR status. As individualized or
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response-guided therapy for genotypes 2 and 3 evolves, these data highlight the need for a
comprehensive approach considering genotype, RVR status, and steatosis when considering
shortening or extending therapy for a given patient.

Several studies have shown that RVR consistently remains an important determinant of SVR
in patients with HCV genotype 2 or 3.10,21–23 The most remarkable observation in the
present study was the high relapse rate despite achieving an RVR in patients with genotype
3 and hepatic steatosis regardless of baseline HCV-RNA level. Several studies have
indicated that steatosis is an independent predictor of virologic response only in patients
with genotypes other than 3.16,17,24 This suggests that the underlying pathogenic
mechanisms of steatosis differ between genotype 3 and other genotypes, and may influence
response to IFN-based therapy.

Steatosis in genotype 3 is associated with intrahepatic HCV RNA25 and greater quasispecies
diversity than in other genotypes.26 This study showed, however, that HCV-RNA levels had
limited impact on relapse rate in patients with steatosis. The interactions between HCV
genotype 3 and host-signaling pathways that affect response to therapy and/or impact liver
fibrosis and steatosis are being actively explored. Mechanisms invoke altered IFNα
signaling, and altered cytokine and gut hormones that are associated with virologic response
in genotype 3.27,28 Recently, single nucleotide polymorphisms on a linkage disequilibrium
block encompassing 2 IFNλ genes—encoding type III IFNλ2 (IL28A) and IFNλ3 (IL28B)—
have been implicated in response to IFN-based therapy.29 The IL28B “responder” single
nucleotide polymorphism has been associated with higher GGT levels and possibly liver
steatosis.30 Although elevated GGT levels were a predictor of relapse in patients with
genotype 3 and RVR in this study, there was no independent association of GGT with
steatosis in these patients. Further, IL28B polymorphisms are associated with lower
endogenous IFN responses, higher lipid levels in genotypes other than 3,31 and achievement
of SVR in patients without RVR with genotypes other than 2 and 3.32 Thus IL28B
polymorphisms alone are unlikely to explain the complex host-viral associations between
steatosis and early and late IFN responses in genotype 3 that result in relapse following
RVR. Polymorphisms in other host genes, such as patatin-like phospholipase domain-
containing protein 3 or adiponutrin, were shown to influence the degree of fibrosis and
steatosis in patients with chronic HCV, and should be explored further in the context of
response to therapy.33,34

This study suggests that patients with HCV genotype 3 with hepatic steatosis who achieve
an RVR have higher relapse rates. Although biopsy is deemed unnecessary in genotypes 2
and 3, there are no simple alternatives that can accurately assess steatosis, which appears to
be an important determinant of relapse in patients with genotype 3 and an RVR. Studies are
planned to further evaluate the roles of immunoregulatory cytokines and other host-viral
responses in patients with genotype 3 and high viral loads who achieve an RVR and then
relapse with or without steatosis.
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Abbreviations used in this paper

BMI body mass index

CI confidence interval

F fibrosis stage

GGT γ-glutamyl transpeptidase

HCV hepatitis C virus

IFN interferon

OR odds ratio

Peg-IFNα pegylated IFNα

RVR rapid virologic response at week 4

SD standard deviation

SVR sustained virologic response

ULN upper limit of normal
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Figure 1.
Virologic response rates in genotypes (Gt) 2 and 3. A, rapid virologic response at week 4
(RVR), sustained virologic response (SVR), and relapse rates. B, SVR rates in patients with
and without RVR.
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Figure 2.
Independent predictors of relapse in patients with hepatitis C virus (HCV) genotype 3 (A)
with and (B) without rapid virologic response. BMI, body mass index; CI, confidence
interval; F, fibrosis score; GGT, γ-glutamyl transpeptidase; ULN, upper limit of normal.
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Figure 3.
Independent predictors of hepatic steatosis in patients with hepatitis C virus (HCV)
genotype 3 who achieved rapid virologic response. ALT, alanine transaminase; CI,
confidence interval; ULN, upper limit of normal.
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Figure 4.
Relapse rates in patients with hepatitis C virus genotype 3 and rapid virologic response
based on baseline viral load (VL) and hepatic steatosis.
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Figure 5.
Independent predictors of relapse in patients with hepatitis C virus (HCV) genotype 2 (A)
with and (B) without rapid virologic response. BMI, body mass index; CI, confidence
interval.
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Table 1

Baseline Characteristics of Patients With Chronic Hepatitis C Virus Genotype 2 or 3

Genotype 2 (n = 427) Genotype 3 (n = 505) P valuea

Sex, n (%) .004

 Male 228 (53) 317 (63)

 Female 199 (47) 188 (37)

Race, n (%) <.001

 Caucasian 211 (49) 377 (75)

 Asian 187 (44) 116 (23)

 Black/African heritage 13 (3) 4 (1)

 Other 16 (4) 8 (2)

Age

 Mean ± SD, y 49.3 ± 10.8 40.4 ±10.0 <.001

 <45 y, n (%) 128 (30) 317 (63) <.001

 ≥45 y, n (%) 299 (70) 188 (37)

Weight

 Mean ± SD, kg 72.8 ± 17.9 75.8 ± 17.1 .01

 <75 kg, n (%) 269 (63) 263 (52) <.001

 ≥75 kg, n (%) 158 (37) 242 (48)

BMI

 Mean ± SD, kg/m2 26.1 ± 5.0 26.0 ± 4.9 .79

 <30 kg/m2, n (%) 340 (80) 410 (81) .55

 ≥30 kg/m2, n (%) 87 (20) 95 (19)

HOMA-IR n =362 n = 402

 Mean ± SD 3.0 ± 2.8 3.4 ± 4.5 .12

 Insulin resistant, n (%)b 178 (49) 209 (52) .44

Steatosis, n (%)c 115 (27) 232 (46) <.001

ALT, n (%)

 >1.5x ULN 187 (44) 285 (56) <.001

 ≥1.5x ULN 240 (56) 220 (44)

GGT, n (%)

 ≤ULN 328 (77) 363 (72) .087

 >ULN 99 (23) 142 (28)

HCV RNA

 Mean ± SD, log10 IU/mL 6.0 ± 0.9 6.0 ± 0.9 .96

 ≥400,000 IU/mL, n (%) 302 (71) 347 (69) .51

 <400,000 IU/mL, n (%) 125 (29) 158 (31)
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Genotype 2 (n = 427) Genotype 3 (n = 505) P valuea

Fibrosis n =424 n = 498

 F3–4, n (%) 50 (12) 54 (11) .65

 F0–2, n (%) 374 (88) 444 (89)

ALT, alanine transaminase; BMI, body mass index; f, fibrosis stage; GGT, γ-glutamyl transpeptidase; HCV, hepatitis C virus; HOMA-IR,
homeostasis model of assessment–insulin resistance; SD, standard deviation; ULN, upper limit of normal.

a
2-sided P value for comparison of genotypes obtained from Pearson chi-square or t test.

b
Defined as HOMA-IR >2.

c
Defined as fat grade >5% on baseline biopsy or HOMA-IR score >4.5 and triglyceride level >180 mg/dL if biopsy data were missing.
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