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Abstract

The analysis of inflammatory cytokines and chemokines produced during Hepatitis C virus (HCV) 

infection has advanced our understanding of viral-host interactions and identified predictors of 

treatment response. Administration of interferons (IFN) made it difficult to interpret biomarkers of 

immune activation during treatment. Direct acting antiviral (DAA) regimens without IFN are now 

being used to treat HCV with excellent efficacy. To gain insight into HCV-host interactions 

occurring before, during and after HCV treatment we performed a case-control study that 

measured serial plasma levels of IP-10, MCP-1, MIP-1β, and IL-18 in 131 patients with chronic 

HCV treated with sofosbuvir (SOF) plus ribavirin (RBV). A linear regression analysis using 

baseline factors identified strong positive associations between elevated ALT and pre-treatment 

IP-10 and between the presence of cirrhosis and elevated pre-treatment IL-18. Mean IP-10, 

MCP-1, MIP-1β and IL-18 levels all decline on therapy but display different dynamics late in 

treatment and following cessation of therapy. On treatment IP-10 and MIP-1β levels were 

significantly higher in individuals who achieved sustained virologic response (SVR). Logistic 

regression analyses examining treatment response in all patients demonstrated significant 

associations between higher baseline MIP-1β levels and smaller decreases in MIP-1β early in 

treatment and SVR. Higher early MIP-1β levels were also significantly associated with SVR in 

subsets of patients with cirrhosis and individuals with GT3 infection, two factors associated with 

decreased responsiveness to treatment. Conclusion: Our study shows that changes in IP-10 levels 

Corresponding author: David L. Wyles, MD, 9500 Gilman Dr, MC 0711, La Jolla, CA 92093, (858) 822-1779, FAX: (858) 822-5362, 
(dwyles@ucsd.edu)..
Aaron F. Carlin: acarlin@ucsd.edu
Paula Aristizibal: paristizabal@rchsd.org
Qinghua Song: Qinghua.Song@gilead.com
Huan Wang: Huan.Wang@gilead.com
Matthew S. Paulson: mpaulson71@gmail.com
Luisa M. Stamm: Luisa.Stamm@gilead.com
Robert T. Schooley: rschooley@ucsd.edu

Disclosures: DLW is a paid consultant of and receives research support from Gilead Sciences paid to UC Regents for involvement in 
clinical trials. RTS is a member of the Gilead Sciences Scientific Advisory Board and receives research support from Gilead Sciences. 
Support for both activities is paid to the Regents of the University of California. QS, HW, MSP and LMS are employees of Gilead 
Sciences.

HHS Public Access
Author manuscript
Hepatology. Author manuscript; available in PMC 2016 October 01.

Published in final edited form as:
Hepatology. 2015 October ; 62(4): 1047–1058. doi:10.1002/hep.27971.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mirror HCV RNA suggesting IP-10 is an indicator of innate immune viral recognition. MIP-1β 

levels remained elevated in GT2/3 patients who achieved SVR suggesting differential immune 

activation in those who respond to SOF/RBV therapy and a potential role in predicting treatment 

responses.
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INTRODUCTION

HCV causes significant human morbidity and mortality infecting approximately 3% of the 

world's population (1, 2). HCV infection is a leading cause of liver disease, cirrhosis, and 

hepatocellular carcinoma and consequently it is a principal indication for liver 

transplantation in the U.S. and Europe (3, 4). HCV is a single stranded RNA virus that 

replicates at very high rates using an error prone RNA-dependent RNA polymerase 

generating 10 fold higher circulating viral diversity than Human Immunodeficiency Virus 

(HIV) (5-7). Extrapolating from HIV, where durable viral suppression requires the 

concurrent use of three or more potent anti-virals with varying mechanisms of action to 

overcome high HIV mutation rates, one may hypothesize that HCV therapy would similarly 

require 3 or more potent anti-viral drugs from several classes to achieve viral eradication (8, 

9). Surprisingly, HCV treatment with DAA regimens containing one (with RBV) or two 

direct antivirals have shown remarkable efficacy achieving up to 90-95% SVR rates in 

certain populations (10-14). One possible explanation for this unanticipated efficacy is that 

suppression of HCV by DAAs releases host immune responses from active HCV 

suppression augmenting the effectiveness of HCV therapies (15).

SOF, a potent nucleotide NS5B polymerase inhibitor, in combination with RBV is approved 

for the treatment of GT2 and GT3 chronic HCV infection based on the results of multiple 

phase 3 clinical trials (12-14). Despite the improved efficacy of this regimen over pegylated-

IFN (peg-IFN) plus RBV, a subset of patients does not achieve SVR. Multivariable logistic 

regression analysis of demographic and clinical data in the POSITRON, FISSION and 

FUSION studies identified infection with HCV GT3 and cirrhosis as independent predictors 

of relapse after treatment (12, 13).

In the pre-DAA treatment era, analysis of circulating chemokines or cytokines improved our 

understanding of immune responses to HCV infection and identified predictors of treatment 

response (16-19). Higher baseline levels of IFNγ-inducible protein 10 (IP-10), a CXC 

chemokine produced in response to IFNγ, are inversely correlated with rates of SVR during 

therapy with IFN and RBV (16-18, 20, 21). Interleukin 18 (IL-18) levels are elevated during 

HIV and HCV disease and decrease after viral suppression (22-27) and human gene 

polymorphisms in IL-18 have been associated with differences in hepatitis B or C viral 

clearance (28-33). Macrophage inflammatory protein 1β (MIP-1β), a CC chemokine 

expressed in the portal vein endothelium involved in macrophage and lymphocyte 

recruitment, was significantly higher after 24 hours of peg-IFN treatment in patients who 
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achieved SVR compared to those who relapsed (19, 34, 35). Monocyte chemoattractant 

protein 1 (MCP-1) is a CC chemokine that recruits monocytes and T-cells to areas of 

inflammation and elevated MCP-1 levels have been associated with rapid progression to 

liver failure in patients with HCV (36). The first line treatment for HCV has transitioned 

from IFN based therapy to DAA containing regimens, and it is not known if cytokines or 

chemokines can act as predictors of treatment response. Additionally, due to direct immune 

stimulation exerted by peg-IFN, a cornerstone of previous treatment regimens, it has been 

difficult to interpret the relationship of circulating cytokines and chemokines during therapy 

with the coincident immune responses. Since DAAs do not directly stimulate cellular 

immunity, analysis of immune molecules during treatment with IFN-free regimens has the 

potential to provide new insight into immune responses during HCV therapy.

In order to gain new insight into host-HCV interactions and potentially identify predictors of 

therapeutic response we measured serum chemokines and cytokines (IP-10, MCP-1, 

MIP-1β, IL-18) in 131 patients treated with SOF plus RBV for chronic HCV infection.

EXPERIMENTAL PROCEDURES

Study Population and Study Design

We conducted a case-control study of 131 patients with GT2 or GT3 HCV treated with SOF 

(Gilead Sciences) 400 mg orally once daily plus RBV (Ribasphere, Kadmon) orally in 

divided dose according to body weight (1000 mg daily <75 kg and 1200 mg daily ≥75 kg). 

Enrolled patients from three previous published studies (FISSION, POSITRON, or 

FUSION) (12, 13) had plasma samples collected at multiple time points including a pre-

treatment baseline, on drug at weeks 1 (w1), 2 (w2), and 12 (w12) and at 4 weeks post-

treatment (4wPT). The FISSION trial was a multicenter, randomized, open-label, active-

control study comparing SOF plus RBV versus peg-IFN alfa-2a plus RBV in previously 

untreated patients (13). The POSITRON trial was a multicenter, blinded, placebo controlled 

study comparing SOF and RBV with placebo in patients for whom treatment with peg-IFN 

was not an option. The FUSION trial was a multicenter, blinded, active-control study 

involving patients who did not respond to treatment with peg-IFN (12). Full study designs 

and details are available online (at http://www.clinicaltrials.gov). For the current study, 

cases and controls were selected based on treatment response (Relapse or SVR). Cases and 

controls were further stratified based on HCV genotype (GT2 or GT3) and cirrhosis status 

(cirrhosis or no cirrhosis). Subjects were randomly selected from SOF plus RBV treated 

patients enrolled in the FISSION, FUSION, and POSITRON studies in an attempt to obtain 

20 individuals in each of the stratified groups shown at the top of Table 1. However, due to 

the high frequency of SVR in individuals with GT2 infection treated with SOF + RBV we 

were unable to analyze 20 individuals for all groups (Table 1). SVR was defined as absence 

of detectable plasma HCV RNA 12 weeks or more after completion of therapy. Relapse was 

defined as presence of plasma HCV RNA 12 weeks or more after completion of therapy. 

Baseline data collected include standard clinical laboratory testing (baseline Alanine 

Aminotransferase (ALT) treated as a binary categorical variable (<1.5 upper limit of normal 

(ULN) or ≥1.5 ULN), creatinine clearance, serum HCV RNA levels, IL28B genotype (CC 

vs. CT or TT), HCV genotype (GT2 or GT3), body mass index ((BMI) <30 or ≥ 30) and 
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cirrhosis status (cirrhosis or no cirrhosis); and demographic variables age, sex, race (White, 

Black, American Indian/Alaskan native, Asian) and ethnicity (Hispanic vs. non-Hispanic). 

Individuals in this analysis were pooled from three prospective clinical trials. To determine 

if the study origin of the patients were associated with treatment outcome, study (FISSION, 

POSITRON, FUSION) was included as a categorical independent variable in the logistic 

regression analysis. In the FUSION study, some individuals were randomized to 12 versus 

16 weeks of SOF plus RBV therapy. Thus, treatment duration (12 or 16 weeks) was 

included as an independent binary variable in the logistic regression analyses. Treatment-

experienced (n = 65) individuals are defined as those who received any duration of IFN 

therapy for treatment of HCV. This group includes IFN treatment failures (n = 41) and 

individuals who were intolerant of IFN therapy (n = 24). Banked plasma samples were then 

analyzed retrospectively to determine IP-10, MCP-1, MIP-1β, and IL-18 levels by 

immunoassay as described below.

Cytokine Measurements

The Meso Scale Discovery multiplexed immunoassay was used to measure IP-10, MCP-1, 

MIP-1β, and IL-18 (Meso Scale Discovery, Rockville, MD). The assay was performed per 

the manufacturer's recommendations using plasma from the patients taken from each of the 

study time points. Each sample was tested in duplicate and the average was calculated.

HCV Genotype and Quantification

HCV RNA level were measured using the COBAS TaqMan HCV Test version 2.0 (Roche 

Molecular Systems), with the lower limit of quantification equal to 25 IU per milliliter. For 

all analyses involving HCV viral load, an undetectable viral load was given a numeric 

quantity of 24 IU/ml that is just below the limit of detection for this assay. HCV genotype 

was determined using the Siemens Versant HCV Genotype 2.0 Assay.

IL28b Genotyping

IL-28b genotype was determined using PCR amplification and sequencing of the 

rs12979860 single-nucleotide polymorphism (37).

STATISTICAL ANALYSIS

We compared demographic, clinical, and treatment differences (Sex, Race, Ethnicity, BMI, 

cirrhosis status, IL28B genotype, baseline ALT, Study origin, Treatment duration) between 

patients with and without SVR using Fisher's exact test. Levene's test was applied to all 

continuous demographic, clinical, and cytokine variables to ensure equality of variances 

between patients who did or did not achieve SVR. Continuous variables were analyzed for 

differences using independent samples t tests with appropriate correction for those variables 

that did not display equality of variances. The untransformed cytokine data (IP-10, MCP-1, 

MIP-1β, or IL-18) demonstrated non-normal distributions. Log10-based transformation of 

cytokine levels improved normality. The goal was to identify potential predictors of 

outcome that could be measured early during treatment prior to failure or success of 

treatment, thus only cytokine data from baseline, week 1 and week 2 were used in the 

logistic regression analyses. Demographic and clinical characteristics included as 
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independent variables in the logistic regression analyses were patient sex, age, BMI, race, 

ethnicity, baseline creatinine clearance, baseline ALT, baseline log10HCV plasma RNA, 

cirrhosis status and IL28b genotype. Differences in response to therapy (SVR v. Relapsers) 

were evaluated first in a univariable logistic regression model to determine unadjusted odds 

of achieving SVR with 95% confidence intervals (95% CI). Variables that achieved a p-

value ≤ 0.20 in an unadjusted analysis were included in an additive multivariable model. A 

stepwise (backward/forward) logistic regression was used to determine the final model that 

best predicted SVR. Variables were then tested for interactions and if significant were 

included in the final model. Variables that achieved a p-value of ≤ 0.05 are specifically 

denoted. To determine if baseline demographic variables and HCV viral load levels were 

significantly associated with baseline log10 transformed IP-10, MCP-1, MIP-1β, or IL-18 we 

used a univariable linear regression analysis. Variables that achieved a p-value ≤ 0.20 in an 

unadjusted analysis were included in an additive multivariable model. A stepwise 

(backward/forward) linear regression was used to determine the final model that best 

predicted individual cytokine levels. The models that provided the fit best for each cytokine 

on the basis of Akiake's Information Criterion are displayed as the adjusted regression 

coefficient. Individual factors that achieved a p-value of ≤ 0.05 in the multivariable model 

are specifically denoted. Publicly available packages in R (v. 3.1.1; R Foundation for 

Statistical Computing, Vienna, Austria) were used for all analyses and figure creation.

RESULTS

Characteristics of the study participants

Cases and controls for this observational analysis were selected based on treatment response 

(SVR vs Relapse) with stratification by viral genotype (GT2 vs GT3) and pre-treatment 

clinical status (Cirrhotic vs Non-Cirrhotic) (Table 1). Accordingly, patient groups are similar 

with respect to cirrhosis status (Table 1). However, due to the efficacy of SOF plus RBV 

therapy in patients with GT2, fewer patients with GT2 (40%) and treatment failure (40%) 

were included in this analysis. The study participants were selected predominantly from the 

POSITRON and FUSION clinical trials. The majority received 12 weeks of SOF plus RBV 

therapy (85%) while nineteen individuals from FUSION received 16 weeks of therapy 

(15%). The study participants were mostly middle-aged (mean age 52.4, SD 10.1)) white 

(87%) non-Hispanic (92%) men (66%). The IL28b genotypes of the participants were CC 

(54%), CT (33%), and TT (13%). Slightly more patients (59%) had baseline ALT levels ≥ 

1.5 × upper limit of normal ULN, were not obese (BMI<30, 60%), and had high baseline 

HCV viral loads (mean 6.29 million IU/ml).

The effects of baseline demographics and clinical characteristics on baseline cytokine 
levels

To determine if demographic and clinical characteristics are correlated with baseline IP-10, 

MCP-1, MIP-1β, and IL-18 levels we performed a univariable and multivariable linear 

regression analysis; results of which are detailed in Table 2. In a univariable analysis 

elevated levels of baseline log10IP-10 were associated with elevated ALT (Figure 1A). 

Additionally, elevated baseline log10IP-10 showed a weak inverse correlation with log10 

plasma HCV RNA level (Supplementary Figure 1A). After stepwise multivariable 
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regression elevated baseline ALT and lower HCV viral load were significant independent 

predictors of higher baseline IP-10 levels (Table 2). The positive correlation between higher 

IP-10 and elevated ALT has been previously described in treatment naïve individuals with 

chronic HCV infection (15). Using a similar approach, a univariable analysis demonstrated 

that increasing age and decreasing creatinine clearance were significantly associated with 

elevated baseline MCP-1 and MIP-1β (Table 2 and Supplementary Figure 1B). Increasing 

age remained a significant independent predictor of both increasing baseline MCP-1 and 

MIP-1β in our best-fit multivariable model (Table 2). In both univariable and multivariable 

analyses of IL-18, the presence of cirrhosis and the CC IL28b genotype were significantly 

associated with elevated baseline log10IL-18 (Figure 1D and Table 2). This strong positive 

association between cirrhosis and elevated IL-18 is similar to findings from previous studies 

that demonstrated associations between cirrhosis, the degree of liver disease, or the activity 

and severity of HCV infection and elevated IL-18 levels (25, 38, 39).

IP-10, MCP-1, MIP-1β, IL-18 levels during SOF plus RBV therapy

To gain insight into the immune response during DAA therapy for chronic HCV we 

measured IP-10, MCP-1, MIP-1β, and IL-18 plasma levels at baseline, w1, w2, and w12 on 

SOF plus RBV therapy, and 4wPT. Following initiation of therapy mean IP-10, MCP-1, 

MIP-1β, and IL-18 levels all decreased (Figure 2A-D). On average patients achieving SVR 

(red line) had significantly increased levels of IP-10 and MIP-1β at weeks one, two, and 

twelve weeks on therapy compared to patients who relapsed (blue line) (Figure 2A-C). At 

4wPT mean IP-10 significantly increased only in individuals with relapse. IL-18 levels fell 

at a relatively constant rate throughout the study in both outcome groups and did not 

increase 4wPT (Figure 2D).

Our analysis revealed no significant differences in these four cytokines at 4wPT between 

patients that achieved SVR or relapse. We wondered whether the lack of a clear separation 

in some of the cytokines at 4wPT was because some individuals who relapsed late had 

cytokine profiles similar to those who achieved SVR at this early post-treatment time point. 

To determine if the timing of viral relapse was associated with differences in circulating 

cytokines we compared patients with early viral rebound (plasma HCV RNA level ≥1000 

IU/ml at 4wPT) and late viral rebound (HCV Plasma HCV RNA <1000 IU/ml at 4wPT). In 

individuals who experienced relapse there was a weak but significant positive linear 

association between log10HCV plasma HCV RNA level and log10IP-10 at 4wPT (p-value 

<0.006) (Figure 3A). Additionally, individuals with early viral rebound had significantly 

higher mean log10IP-10 levels at 4wPT compared to individuals with late viral rebound 

(Tukey HSD p-value = 0.003) (Figure 3B). In addition, to discover differences in post-

treatment cytokine levels in early versus late rebounders we found that individuals with 

early viral rebound had significantly lower baseline MIP-1β levels compared to those with 

late viral rebound or SVR (Figure 3C). By w1 MIP-1β levels in both groups of relapsers 

were similar and remained so throughout treatment. No statistically significant differences in 

circulating IL-18 were found, however, we did detect a trend towards increasing IL-18 in 

relapsers with early viral rebound compared to those with late viral rebound or SVR. This 

trend appeared to develop during treatment and thus preceded the development of detectable 

plasma HCV RNA (Figure 3D).
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Analysis of treatment outcome based on demographic and clinical variables and cytokine 
levels

Our analysis of cytokines early in treatment demonstrated significant differences in IP-10 

and MIP-1β based on treatment outcome. To test the hypothesis that specific demographic 

variables, clinical characteristics or cytokine (IP-10, MCP-1, MIP-1β, or IL-18) levels early 

in treatment could potentially serve as predictors of treatment outcome (SVR v. Relapse) in 

patients with GT2 and GT3 treated with SOF and RBV, we performed a univariable and 

multivariable logistic regression analysis. Compared to individuals who failed treatment, 

those that achieved SVR were more likely to have significantly higher w1 log10IP-10 (p-

value 0.05, t-test) and log10MIP-1β (p-value 0.002, t-test) levels as well as higher w2 

log10IP-10 (p-value 0.02, t-test) and log10MIP-1β (p-value <0.001, t-test) (Table 3). After 

mixed (backwards and forward) stepwise regression, in a multivariable model elevated 

baseline log10MIP-1β (OR 1.32 (1.08, 1.66) 95%CI, p-value 0.01) and smaller changes in 

log10MIP-1β during the first two weeks of therapy (OR 0.74 (0.58, 0.91) 95%CI, p-value 

0.008) were independent predictors of SVR (Table 3).

Analysis of treatment outcomes in patients stratified by cirrhosis status

Cirrhosis is associated with worse treatment outcomes in patients treated with SOF plus 

RBV (12, 13). To determine if cirrhosis changes the predictive capacity of demographic, 

clinical, and cytokine (IP-10, MCP-1, MIP-1β, or IL-18) data on treatment outcomes, we 

analyzed subsets of patients with or without cirrhosis. Patients with cirrhosis (n=65) (Table 

1) who achieved SVR were less likely to be Hispanic (p-value 0.03, Fisher exact test) and 

more likely to have higher plasma Log10MIP-1β at w1 (p-value 0.001, t-test) and w2 (p-

value 0.01, t-test) (Table 4). After mixed stepwise regression higher Log10MIP-1β at 

baseline (OR 1.67 (1.11, 2.79)) and a smaller decline in Log10MIP-1β levels between 

baseline and w1 (OR 0.59 (0.37, 0.88)) were independent predictors of SVR in patients with 

cirrhosis (Table 4).

In patients without cirrhosis (n=66) (Table 1), individuals who achieved SVR were 

significantly more likely to have higher w1 and w2 IP-10 levels as well as higher plasma w2 

MIP-1β compared to individuals who failed therapy (Supplementary Table 1). A mixed 

stepwise regression identified higher baseline Log10IP-10 (OR 1.28 (1.06, 1.62)) levels and 

a smaller decrease in log10MIP-1β during the first two weeks (OR 0.72 (0.53, 0.94)) of 

therapy as independent predictors of SVR in patients without cirrhosis.

Analysis of treatment outcomes in patients stratified by HCV genotype

Although SOF plus RBV therapy has excellent overall efficacy, patients with GT3 infection 

are more likely to fail therapy than patients with GT2 infection (12, 13). To determine 

significant predictors of treatment efficacy in GT3 infection we performed a univariable and 

multivariable analysis of patients infected with GT3 (n=78) (Table 1). Individuals who 

attained SVR were significantly more likely to have higher baseline Log10IP-10 levels (p-

value 0.05, t-test), w1 Log10MIP-1β levels (p-value 0.05 t-test) and have received 16 weeks 

of therapy (p-value 0.01 Fisher exact test) compared to those who relapsed in an unadjusted 

analysis (Table 5). After mixed stepwise regression, longer duration therapy (16 weeks) (OR 

1.80 (1.59, 31.0)), higher w1 Log10MIP-1β (OR 1.35 (1.04, 1.80)) and a larger decrease in 
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Log10IP-10 (OR 1.32 (1.04, 1.71)) between baseline and w1 on therapy were independent 

predictors of SVR in patients with GT3 infection (Table 5). To determine if these results 

were restricted to GT3 infection we conducted a similar analysis in individuals infected with 

GT2 HCV (n = 53). Similar to our analysis of GT3 infection, in individuals with GT2 

infection higher early levels of MIP-1β were significantly associated with SVR in 

univariable and multivariable analyses (Supplementary table 2).

Analysis of treatment outcomes in patients stratified based on prior treatment with IFN

We performed univariable and multivariable analysis on the subsets of individuals who were 

treatment-experienced (n = 65) or treatment-naïve (n = 66). In a univariable analysis, 

treatment-experienced individuals who attained SVR showed a non-statistically significant 

trend towards higher w1 MIP-1β levels (p-value 0.06 t-test) and longer treatment duration 

(16 weeks) (p-value 0.06 Fisher exact test) (Supplementary table 3). A mixed stepwise 

regression identified 16 weeks of treatment (OR 6.53 (1.52, 36.7)), lower baseline 

Log10MCP1 (OR 0.51 (0.26, 0.88) and higher week 1 Log10MIP-1β (OR 1.62 (1.06, 2.68) 

as significant independent predictors of SVR in treatment experienced patients. In treatment-

naïve individuals, SVR was significantly associated with higher baseline, w1 and w2 IP-10 

as well as higher w1 and w2 MIP-1β (Supplementary table 4). After mixed stepwise logistic 

regression, both increased baseline Log10IP-10 (OR 1.37 (1.08, 1.83)) and w2 Log10MIP-1β 

(OR 1.42 (1.07, 2.00)) were significant independent predictors of SVR in treatment-naïve 

individuals.

Previous IFN treatment failure, especially in those individuals with cirrhosis and GT3 

infection, have been associated with lower SVR rates in individuals treated with SOF plus 

RBV (12, 14). In the subset of individuals with cirrhosis and genotype 3 infection who had 

previously failed IFN therapy (n = 27), a univariable analysis demonstrated a significant 

association between higher baseline HCV levels and SVR (p-value 0.01 t-test) 

(Supplementary table 5). The mixed stepwise logistic regression analysis identified longer 

treatment duration, higher baseline HCV levels, lower MCP1 at baseline, and higher w1 

MIP-1β as statistically significant independent predictors of SVR (Supplementary table 5). 

In the larger subset of all individuals who failed IFN therapy regardless of HCV genotype 

and liver histology (n = 41) only w1 MIP-1β was statistically associated with SVR in a 

univariable (p-value 0.03 t-test) and multivariable (OR 1.49 (1.05, 2.40)) analysis 

(Supplementary table 6).

DISCUSSION

In this case-control study we measured plasma IP-10, MCP-1, MIP-1β, and IL-18 in a cohort 

of 131 patients pooled from the FISSION, POSITRON, and FUSION trials who were 

infected with HCV GT2 or GT3 and treated with SOF plus RBV. Of the cytokines tested 

MIP-1β and IP-10 showed significant differences based on treatment outcome. After logistic 

regression analysis, a best-fit multivariable model included higher baseline MIP-1β levels 

and smaller decreases in MIP-1β levels early in treatment as predictive of SVR. Previously, 

the FISSION, POSITRON, and FUSION trials identified patients infected with HCV GT3 

and/or cirrhosis as more likely to relapse after treatment. When we analyzed patients with 
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cirrhosis, baseline MIP-1β and early changes in MIP-1β remained significant independent 

predictors of treatment outcome with elevated levels at baseline and smaller changes during 

w1 of treatment predicting SVR. In patients infected with HCV GT3 higher w1 MIP-1β and 

larger declines in IP-10 during the first week of treatment were significant independent 

predictors of SVR in a multivariable model. To our knowledge only one previous study has 

reported a significant association of MIP-1β with HCV treatment outcome (19). In that 

study, Florholmen et al. analyzed individuals treated with peg-IFN and found that MIP-1β 

was significantly higher at 24 hours in patients who achieved SVR compared to those who 

relapsed. Additional studies will be needed to confirm the predictive capacity of early 

MIP-1β levels on treatment response and determine whether MIP-1β levels will be 

predictive in treatment with other DAA regimens and in other viral genotypes.

After initiation of SOF plus RBV, plasma HCV RNA decreases rapidly and mean 

circulating IP-10, MCP-1, MIP-1β, and IL-18 levels decline at varying rates. IP-10, MCP-1, 

and MIP-1β display similar temporal response curves during treatment characterized by 

rapidly decreasing levels during w1 leading to a nadir between w1 and w12 on therapy. 

Following completion of therapy IP-10 levels rise in non-responders in a manner correlated 

with HCV viremia at 4wPT. This suggests that the sharp increase in w4PT IP-10 in 

individuals with relapse is at least in part driven by increasing viral replication with 

subsequent IFN stimulated IP-10 production.

Higher baseline, w1, or w2 MIP-1β levels or smaller decreases in MIP-1β early in treatment 

were found to be important predictors of treatment outcome in all patient groups and 

subgroups analyzed in our cohort. Our analysis of patients based on timing of viral relapse 

found that individuals with early viral rebound had significantly lower baseline MIP-1β 

levels. If we consider individuals who demonstrate later viral rebound after cessation of 

therapy (late rebound) to have had a better response than individuals who develop high viral 

loads very soon after cessation of therapy (early rebound) this data is consistent with the 

cumulative data presented here that lower MIP-1β levels are associated with poorer response 

to SOF plus RBV therapy.

Regarding IL-18 levels, analysis of patients with early versus late viral rebound 

demonstrated that individuals with early viral rebound showed a non-statistically significant 

trend towards higher IL-18 levels. This difference is interesting given previous data 

identifying elevated plasma IL-18 as an indicator of sustained HCV viremia in patients with 

acute infection (22). In this study, IL-18 levels diverged in patients with early viral rebound 

and the divergence began prior to cessation of therapy and detectable viral rebound. 

Although not statistically significant this data provides some suggestion that higher IL-18 

levels late in therapy may precede eventual viral relapse. It will be interesting to analyze 

IL-18 levels at later time points following therapy to see if IL-18 levels in those with early 

rebound reach statistically higher levels and if individuals with late viral rebound begin to 

show increasing IL-18 levels over those with SVR.

Higher baseline or early on-treatment IP-10 levels were significantly associated with SVR in 

our overall analysis or in subgroups of patients without cirrhosis, GT3 infection, or in 

individuals who are treatment naïve. Previous studies from the IFN treatment era found the 
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opposite correlation that lower baseline IP-10 levels were associated with SVR (16-18, 20, 

21). It had been proposed that individuals with lower baseline IP-10 levels had better 

responses to IFN therapy because the therapeutic IFN was able to stimulate a larger net 

increase in IFN stimulated genes (ISGs) that collectively induce an antiviral state and 

eradicate HCV. This paradoxical difference in IP-10 and prediction of treatment response 

with DAA therapy requires additional investigation to both corroborate these findings and 

begin to develop a mechanistic understanding.

The subgroup analysis of individuals with cirrhosis and genotype 3 infection who failed IFN 

therapy identified higher early MIP-1β (week 1), longer treatment duration (16 weeks), 

lower baseline MCP and higher baseline HCV as independent predictors of SVR in a 

multivariable model. It is unclear why a higher baseline HCV RNA should be associated 

with SVR based on our current understanding of HCV treatment. The number of individuals 

in this subgroup is small (n = 27) compared to the number of predictor variables and 

therefore the results of this subgroup analysis should be cautiously interpreted. When the 

subgroup population was expanded to include all individuals who previously failed IFN 

therapy (n = 41), baseline HCV viral load was no longer significantly associated with SVR. 

Additional studies will be needed to further define important predictors in this difficult to 

treat population.

A major limitation of this study is its case-control design that is exploratory and hypothesis 

generating in nature. Additional, prospective studies will be needed to solidify the 

associations described herein. The patient population is primarily male, white, and non-

Hispanic and this may limit the ability of our results to be generalized to all populations. 

However, it should be noted that these patients were selected from Phase 3 studies with 

multicenter international designs and this enrollment strategy increases the potential for 

generalizability of our results. Our logistic regression analysis of treatment outcomes in 

patients with GT3 infection, included serum samples taken from patients treated with SOF 

and RBV for 12 (FISSION, POSITRON) or 16 weeks (FUSION). A subsequent clinical trial 

(VALENCE(14)) has demonstrated higher rates of SVR in patients with GT3 infection after 

24 weeks of treatment. It is unclear if higher Log10MIP-1β levels will be predictive of 

treatment outcome in longer duration treatment. Lastly, the described analysis was limited to 

studying the levels of only four cytokine/chemokines that were potentially important in 

HCV infection. Measurements of additional cytokines or serum biomarkers could 

significantly improve the overall predictive capacity of our multivariable models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations

HCV hepatitis c virus

IFN interferon

DAA direct acting antiviral

SOF sofosbuvir

RBV ribavirin

SVR sustained virologic response

HIV Human Immunodeficiency Virus

peg-IFN peg-interferon

IP-10 IFNγ-inducible protein 10

IL-18 interleukin 18

MIP-1β Macrophage inflammatory protein 1β

MCP-1 Monocyte chemoattractant protein 1

GT2 genotype 2

GT3 genotype 3

w1 week 1 on treatment

w2 week 2 on treatment

w12 week 12 on treatment

4wPT 4 weeks post treatment

ALT Alanine Aminotransferase

ULN upper limit of normal

BMI body mass index

PRR pattern recognition receptor
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Figure 1. 
Correlates of baseline cytokine/chemokine levels. (A) Comparison of baseline Log10IP-10 

and baseline ALT. (B) Comparison of Log10IL-18 at baseline by cirrhosis status. t test p-

value <0.001 ***. ULN = Upper limit of normal; ALT, Alanine Aminotransferase.
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Figure 2. 
Temporal dynamics of cytokines and chemokines during HCV infection and treatment. (A) 

Mean IP-10 (B) MCP-1 (C) MIP-1β (D) IL-18 levels (pg/ml) at baseline, weeks 1, 2, and 12 

on SOF and RBV, and 4 weeks post-treatment by treatment outcome. t test p-value <0.01 

**, <0.05 *. 4 wks PT, 4 weeks post treatment; SVR, sustained virologic response.
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Figure 3. 
Changes in cytokines and chemokines based magnitude of viral rebound at 4 weeks post-

treatment. (A) Association of Log10IP-10 and HCV Log10HCV viral RNA at 4 weeks post 

treatment. Mean (B) IP-10 (C) MIP-1β (D) IL-18 at baseline, weeks 1, 2, and 12 on SOF and 

RBV, and 4 weeks post-treatment in individuals with SVR, early and late viral rebound. 

ANOVA p-value <0.01 **, <0.05 *. 4 wks PT, 4 weeks post treatment; SVR, sustained 

virologic response. Early rebound is defined as the presence of ≥ 1000 IU/ml HCV RNA at 

4 weeks post treatment.
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Table 1

Baseline demographic and clinical characteristics with virologic outcomes.

Relapse SVR Total

Genotype 2 Cirrhosis 8 19 27

No Cirrhosis 6 20 26

Genotype 3 Cirrhosis 18 20 38

No Cirrhosis 21 19 40

Total 53 78 131

Study FISSION 2 (2%)

POSITRON 88 (67%)

FUSION 41 (31%)

Treatment Duration 12 weeks 112 (85%)

16 weeks 19 (15%)

Race AA 10 (8%)

AI/AN 2 (2%)

Asian 5 (4%)

White 114 (87%)

Ethnicity Hispanic 11 (8%)

Non-Hispanic 120 (92%)

BMI < 30 79 (60%)

≤ 30 52 (40%)

IL28b Genotype CC 71 (54%)

CT 43 (33%)

TT 17 (13%)

ALT < 1.5×ULN 54 (41%)

≥ 1.5×ULN 77 (59%)

Age in years 52.4 (10.1)

Plasma Log10HCV RNA (IU/ml) 6.29 (0.82)

Creatinine Clearance in ml/min 117.9 (33.5)

Number and (Percentage) noted for all categorical variables

Mean and (SD) noted for all continuous variables

AA, African American; AI/AN, American Indian/Alaskan Native; ULN, upper limit of normal; HCV, Hepatitis C Virus; ALT, Alanine 
Aminotransferase; BMI, Body Mass Index; SVR, Sustained Virologic Response; GT2, genotype 2; GT3, genotype 3
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Table 3

Correlates of sustained virologic response (SVR) in all patients treated with Sofosbuvir and Ribavirin.

Relapse SVR P-value OR (95% CI)
a

Unadjusted Adjusted

Sex Female 14 (10.7%) 31 (23.7%)
0.14

b Reference --

Male 39 (29.8%) 47 (35.9%) 0.54 (0.25, 1.15)

Log10IP10 baseline
d 2.299 (0.299) 2.398 (0.351)

0.10
c 1.10 (0.99, 1.24) --

Log10MIP1β baseline
d 1.276 (0.208) 1.334 (0.211)

0.12
c 1.15 (0.97, 1.37)

1.32 (1.08, 1.66)
*

Log10IP10 week 1
d 1.983 (0.233) 2.084 (0.317)

0.05
c 1.14 (1.00, 1.32) --

Log10MIP1β week 1
d 1.116 (0.181) 1.236 (0.230)

0.002
c 1.32 (1.11, 1.61) --

Log10IP10 week 2
d 1.950 (0.205) 2.062 (0.336)

0.02
c 1.16 (1.02, 1.35) --

Log10MIP1β week 2
d 1.115 (0.151) 1.235 (0.238)

<0.001
c 1.34 (1.12, 1.64) --

Δ Log10MIP1β w0-1
d 0.160 (0.191) 0.103 (0.184)

0.10
c 0.85 (0.69, 1.03) --

Δ Log10MIP1β w0-2
d 0.160 (0.184) 0.099 (0.207)

0.09
c 0.85 (0.70, 1.02)

0.74 (0.58, 0.91)
**

Variables meeting p-value <0.2 threshold for inclusion in initial multivariable analysis are reported. Percentages have been rounded and might not 
total 100.

*** p <0.001; calculated in final multivariable model

“--” indicates variables that were dropped from the exploratory multivariable model

Mean and (SD) noted under Relapse and SVR for all continuous variables

Number and (Percentage) noted for all categorical variables

a
Univariable (unadjusted) and multivariable (adjusted) ORs are presented.

b
P-values calculated by Fisher Exact Test

c
P-values calculated by independent sample t tests

d
Odds ratios were calculated per 0.1 unit increase

*
p <0.05

**
p<0.01
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Table 4

Correlates of sustained virologic response (SVR) in patients with cirrhosis.

Relapse SVR P-value OR (95% CI)
a

Unadjusted Adjusted

Sex F 4 (6.2%) 14 (21.5%)
0.09

b 1 [Reference]

M 22 (33.8%) 25 (38.5%) 0.32 (0.082, 1.06) --

Ethnicity Hispanic 5 (7.7%) 1 (1.5%)
0.03

b 1 [Reference]

Non-Hispanic 21 (32.3%) 38 (58.5%) 9.05 (1.34, 179.54) 7.64 (0.98, 161.3)

Log10MIP1β baseline
d 1.240 (0.209) 1.332 (0.208)

0.08
c 1.25 (0.98, 1.65) 1.67 (1.11, 2.79)*

Log10MIP1β week 1
d 1.114 (0.191) 1.280 (0.197)

0.001
c 1.65 (1.21, 2.45) --

Log10MIP1β week 2
d 1.119 (0.162) 1.241 (0.225)

0.01
c 1.38 (1.06, 1.87) --

Δ Log10MIP1β w0-1
d 0.126 (0.158) 0.053 (0.185)

0.10
c 0.77 (0.55, 1.04) 0.59 (0.37, 0.88)*

Δ Log10MIP1β w0-2
d −0.005 (0.105) 0.039 (0.146)

0.16
c 1.32 (0.89, 2.03) --

Variables meeting p-value <0.2 threshold for inclusion in initial multivariable analysis are reported. Percentages have been rounded and might not 
total 100.

“--” indicates variables that were dropped from the exploratory multivariable model

Mean and (SD) noted under Relapse and SVR for all continuous variables

Number and (Percentage) noted for all categorical variables

a
Univariable (unadjusted) and multivariable (adjusted) ORs are presented.

b
P-values calculated by Fisher Exact Test

c
P-values calculated by independent sample t tests

d
Odds ratios were calculated per 0.1 unit increase
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Table 5

Correlates of SVR in patients infected with Genotype 3 HCV

Relapse SVR P-value OR (95% CI)
a

Unadjusted Adjusted

Treatment Duration (wks) 12 36 (46.2%) 26 (33.3%)
0.01

b 1 [Reference]
6.0 (1.73, 28.1)

1 [Reference]
1.80 (1.59, 31.0)*

16 3 (3.8%) 13 (16.7%)

Clinical Trial FUSION 9 (11.5%) 18 (23.1%)
0.06

b 1 [Reference]
0.35 (0.13, 0.91)

--

POSITRON 30 (38.5%) 21 (26.9%)

Log10HCV RNA baseline
e 6.064 (0.804) 6.334 (0.750)

0.13
c 1.58 (0.885, 2.966) --

Log10IP-10 baseline
d 2.331 (0.262) 2.459 (0.298)

0.05
c 1.19 (1.01, 1.43) --

Log10MIP1β week 1
d 1.124 (0.166) 1.215 (0.234)

0.05
c 1.26 (1.00, 1.61) 1.40 (1.08, 1.89)*

Log10IP-10 week 2
d 1.953 (0.173) 2.062 (0.345)

0.09
c 1.17 (0.99, 1.43) --

Log10MIP1β week 2
d 1.111 (0.132) 1.202 (0.258)

0.06
c 1.25 (1.00, 1.61) --

A Log10IP-10 w0-1
d 0.328 (0.227) 0.402 (0.235)

0.16
c 1.15 (0.95, 1.42) 1.34 (1.06, 1.75)*

Variables meeting p-value <0.2 threshold for inclusion in initial multivariable analysis are reported. Percentages have been rounded and might not 
total 100.

“--” indicates variables that were dropped from the exploratory multivariable model

Mean and (SD) noted under Relapse and SVR for all continuous variables

a
Univariable (unadjusted) and multivariable (adjusted) ORs are presented.

b
P-values calculated by Fisher Exact Test

c
P-values calculated by independent sample t tests

d
Odds ratios were calculated per 0.1 unit increase

e
Odds ratio was calculated per 1 log10 increase in viral load
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