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Background.  Sustained virological response rates (SVRs) to directly acting antiviral (DAA) therapy for hepatitis C virus (HCV) 
are lower in decompensated cirrhosis. Markers of innate immunity predict nonresponse to interferon-based HCV treatment; how-
ever, whether they are associated with the response to DAAs in patients with decompensation is not known.

Methods.  Information on demographics, adherence, viral kinetics, and resistance were gathered prospectively from a cohort 
with decompensated cirrhosis treated with 12 weeks of DAAs. C-X-C motif chemokine-10 (CXCL-10) level and T-cell and natural 
killer (NK) cell phenotype were analyzed pretreatment and at 4 and 12 weeks of treatment.

Results.  Of 32 patients, 24 of 32 (75%) achieved SVR (responders). Eight of 32 (25%) experienced relapse after the end of 
treatment (nonresponders). There were no differences in demographics or adherence between groups. Nonresponders had higher 
CXCL-10; 320 pg/mL (179 461) vs 109 pg/mL (88 170) in responders (P < .001) and differential CXCL-10 dynamics. Nonresponders 
had lower NK cell frequency, higher expression of activation receptor NKp30, and lower frequency of the NK subset CD56−CD16+.

Conclusions.  Nonresponders to DAAs displayed a different NK phenotype and CXCL-10 profile to responders. Nonresponders 
did not have poorer adherence or baseline virological resistance, and this shows that immunological parameters are associated with 
treatment response to interferon-free treatment for HCV in individuals with decompensated cirrhosis.
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With the advent of directly acting antiviral (DAA) therapy for 
hepatitis C virus (HCV), there has been a great increase in the 
number of patients who can expect to achieve sustained viro-
logical response (SVR). In contrast to the historical treatment 
of pegylated interferon (IFN) and ribavirin, DAAs deliver SVR 
rates in the order of 90%–95% and higher [1, 2]. Suppression 
of HCV viral load is almost universal, but a small percentage 
of patients experience relapse posttreatment. Patients with 
decompensated cirrhosis have lower SVR rates than those 
with compensated cirrhosis, with 10%–15% experiencing 
virological relapse [3–5]. The reasons for this are not clearly 
defined but may include altered hepatic exposure to DAAs 
secondary to portosystemic shunting or the existence of viral 
reservoirs within the fibrotic matrix [6]. Tolerability of ribavirin-  
containing regimens is also poorer in decompensated disease. 
Little is known about predictors of failure to achieve SVR with 

DAAs. Although numerous clinical parameters predicted poor 
response to pegylated IFN treatment (eg, age, ethnicity, human 
immunodeficiency virus [HIV] coinfection, insulin resistance, 
and interleukin [IL]-28b genotype), none of them have been 
shown to be associated with virological relapse after DAA-
based therapy [1, 7–9].

One of the hallmarks of HCV persistence is the failure of 
both innate and adaptive antiviral immune responses to clear 
HCV. This results in continual immune activity in the presence 
of ongoing viremia. Hepatitis C virus ribonucleic acid (RNA) 
is detected in host cells by Toll-like receptor 3 (TLR-3) or cyto-
solic RIG-1 helicase-mediated pathways, leading to transcrip-
tional activation of type 1 IFN. Type 1 IFN binds to the cell 
surface receptor and activates the Jak-STAT pathway, which 
induces transcription of IFN-stimulated genes (ISGs), which 
have antiviral activity [10]. During chronic HCV infection, viral 
replication is sustained despite persistently high ISG expres-
sion. Increased type 1 IFNs also activate natural killer (NK) 
cells, which, in the context of HCV, display a polarized pheno-
type with increased cytotoxicity, proapoptotic TRAIL produc-
tion, and decreased cytokine production [11]. CD4 and CD8 
T-cell responses are elicited during acute HCV infection but are 
unable to contain the virus in most individuals; during chronic 
infection T-cell responses are only detectable at low levels [12]. 
Persistent antigenic stimulation results in T-cell exhaustion 
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with a sequential loss of antiviral function. The innate immune 
response contributes to the inadequacy of the adaptive response, 
because abrogation of IFN signaling in animal models reduces 
T-cell exhaustion [13]. One hypothesis is that this interaction 
protects the host from T cell-mediated damage in situations in 
which virus cannot be removed.

Features of the specific immune response seen in chronic 
HCV have been associated with a poor response to pegylated 
IFN [14–16]. Whether they are also associated with the response 
to DAAs has not yet been ascertained.

The UK Early Access Program was established specifically to 
treat patients with decompensated cirrhosis with IFN-free DAAs. 
Compared with other patient populations, this is a group that is 
more likely to experience treatment failure. Hence, it provides a 
unique opportunity (1) to clarify whether HCV-induced immune 
dysfunction influences virological response to DAAs and (2) to 
identify useful clinical or immunological predictors. In the current 
study, we prospectively followed a cohort of 32 decompensated 
cirrhotic patients. We gathered data on patient demographics, 
clinical parameters, viral factors, and adherence data. Sequential 
blood cell immunophenotyping and serum cytokine profiling 
were performed to explore the immunological consequences of 
HCV treatment and to identify predictors of response to therapy.

METHODS

Patient Cohort

We recruited all patient with chronic HCV infection and Child-
Pugh B or C cirrhosis who initiated treatment with DAAs at 
King’s College Hospital as part of the NHS England Early 
Access Program between August and November 2014. All 
patients were considered eligible to participate in the current 
study, provided they had not previously received a liver trans-
plant or were HCV-HIV coinfected. Patients received 12 weeks 
of sofosbuvir with either daclatasvir or ledipasvir. All patients 
received weight-based ribavirin. Patients who underwent liver 
transplantation or died during treatment or experienced major 
infectious complications were excluded from the final analysis. 
All patients provided written informed consent. Adherence 
data was gathered by questionnaire, patient self-report, and pill 
count at each clinic visit.

Treatment outcome was achieving SVR, which was defined as 
“response”, and failure to achieve an SVR, which includes viro-
logical relapse or breakthrough, was defined as “nonresponse”. 
In addition to the cirrhotic cohort, we later recruited a smaller 
cohort of noncirrhotic patients as a comparison group. These 
were patients who attended between March and June 2015 and 
were matched to the decompensated cirrhotic cohort by age, 
genotype, and gender (Supplementary Table).

Samples

Ethylenediaminetetraacetic acid plasma samples were taken 
pretreatment (TW0), at treatment week 4 (TW4), and at the 

end of treatment (TW12) and frozen at −80°C within 2 hours 
of the blood draw. Sodium heparin samples were taken at the 
same time point to isolate peripheral blood mononuclear cells 
(PBMCs) by density gradient centrifugation. The PBMCs were 
cryopreserved in freezing media at −140°C.

Hepatitis C Virus Viral Load Measurements

Hepatitis C virus RNA was assayed using the Roche  
COBAS AmpliPrep/COBAS TaqMan HCV Test, version 2.0. 
Nonresponders underwent retrospective next-generation 
sequencing for HCV resistance-associated mutations at base-
line and posttreatment with a threshold detection of 10% for 
NS3, NS5a, and NS5b regions.

Plasma Cytokine Levels

Measurement of the following cytokines was carried out using 
the Randox Biochip cytokine array (Randox Laboratories Ltd, 
Crumlin, London, UK): IL-1 α, IL-1β, IL-2, IL-4, IL-6, IL-8,  
IL- 10, IL-12, tumor necrosis factor-α, transforming growth fac-
tor (TGF)-β, and IL-17α. C-X-C motif chemokine-10 (CXCL-10), 
IFN-γ, and λ1, λ2, and λ3 were measured using IP-10 Quantikine 
ELISA, Human IFN-gamma Quantikine ELISA, and Human 
IL-29/IL-28B (IFN-lambda 1/3) DuoSet ELISA (R&D Systems 
Europe, Abingdon, UK).

Blood Immunophenotyping

We carried out immunophenotyping of total PBMC to quantify 
CD4 and CD8 effector T-cell subsets, T-regulatory (T-reg) cell fre-
quencies, and NK cell frequency and activation receptor profile. 
Flow cytometry was performed on a BD FACS Canto, and data were 
analyzed with FlowJo software (TriStar Inc., Ashland, OR) using 3 
panels of liquid monoclonal antibodies. All the experiments were 
performed on frozen PBMCs. To assess T cells, thawed PBMCs 
were labeled with allophycocyanin (APC) viability dye (Thermo 
Fisher Scientific, UK), APC Cy7 anti-CD4 (OKT4; BioLegend, 
London, UK), PerCP anti-CD8 (SK1; BioLegend), PE anti-CCR7 
(G043H7; BioLegend), PeCy7 anti-CD45RA (HI100; BioLegend), 
and fluorescein isothiocyanate (FITC) anti-PD-1 (clone E12.2H7; 
BioLegend). T-cell subsets were characterized as follows: naive T 
cells CD45RA+CCR7+, central memory T cells CD45RA−CCR7+, 
effector memory T cells CD45RA−CCR7−, and terminally differ-
entiated TEMRA effector cells CD45RA+CCR7−. T-regulatory 
cells were defined as CD4+CD25highFoxP3+ using FITC viability 
dye (Thermo Fisher Scientific, Northumberland, UK), APC Cy7 
anti-CD4 (OKT4; BioLegend, London, UK), and APC anti-CD25 
(2A3; BD Bioscience, Oxford, UK). In addition, intracellular Foxp3 
was performed after cell permeabilization (eBioscience, Scotland, 
UK) using PE anti-FOXP3 (259D; BioLegend). Natural killer T 
cells (NKT) and NK cells were defined as CD56+, CD3 positive 
and negative, respectively, and were stained with FITC viability 
dye (Thermo Fisher Scientific), PeCY7 CD3(eBioscience), APC 
Cy7 anti-CD56 (HCD56; BioLegend), PerCPCy5.5 anti-CD16 
(3G8; BioLegend), PE anti-NKp30 (Miltenyi Biotec, Bisley, UK), 
and APC anti-NKG2D (1D11; BioLegend).
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Statistical Analysis

Continuous variables are expressed as medians (interquartile 
range). Continuous variables were compared using Mann-
Witney U test, and discreet variables were compared using 
Fisher’s exact test. Univariate logistic analysis was carried out 
with treatment outcome as the dependent variable; variables 
that were significant in univariate were included in multivariate 
logistic analysis. P values of <.05 were deemed statistically sig-
nificant. All statistical analysis was carried out using SPSS (IBM 
SPSS Statistics V22.0).

RESULTS

Demographic Factors, Hepatitis C Virus (HCV) Virological Kinetics, HCV 
Resistance, and Adherence Do Not Differ Between Responders and 
Nonresponders to Directly Acting Antiviral Therapy

Of 47 patients treated under the Early Access Program within 
this time period, 7 had exclusion criteria and 8 developed a 
complication, ie, they received transplants or died before the 
end of treatment; therefore, 32 patients were included in the 
analysis. Twenty-four of 32 (75%) patients achieved SVR12 
and were defined as responders. Eight of 32 (25%) patients 
relapsed posttreatment and were defined as nonresponders. 
No patient experienced virological breakthrough on treat-
ment. All patients were cirrhotic with Child-Pugh score of 
B7 or greater. The majority of patients were men; ethnicity, 
age, gender, and model for endstage liver disease (MELD) 
score did not differ between responders and nonrespond-
ers, although there was a trend towards a higher prevalence 
of genotype 3 (G3) in the nonresponders. The majority of 
patients were treated with sofosbuvir/ledipasvir including 
4 of 6 patients with G3 in the responder group and 5 of 5 
patients with G3 in the nonresponder group. Demographics 

of the participants are shown in Table 1. All patients achieved 
undetectable HCV RNA by week 10, and 72% of patients 
achieved undetectable HCV by treatment week 8. There were 
no differences in baseline or on treatment HCV RNA levels 
between the responders and nonresponders at any timepoint. 
Adherence as measured by number of late or missed doses 
did not differ significantly between responders and nonre-
sponders (Table 2). After next-generation sequencing of the 
HCV virus in nonresponders at baseline and posttreatment, 
no patient had baseline resistance; however, 2 of the nonre-
sponders developed mutations in the NS5 region (1 devel-
oped Y93H, 1 developed Q30R).

Before Initiating Directly Acting Antiviral Therapy, Nonresponders Exhibit 
Higher CXCL10 Serum Level and Increased Frequency of Circulating 
NKp30-Positive Natural Killer Cells

Nonresponders had higher median pretreatment CXCL-10 lev-
els; 320 pg/mL (179 461) compared with 109 pg/mL (88 170) 
in responders (P < .001). To evaluate whether decompensated 
cirrhotic patients with HCV infection exhibit different CXCL-
10 serum levels than those observed in noncirrhotic patients, 
we recruited an additional cohort of 23 noncirrhotic patients. 
The median CXCL-10 level in this group was 258 pg/mL (range, 
163–368), which was significantly higher than the decompen-
sated responder group (P < .001) but not significantly different 
from the nonresponder group (P = .23).

The baseline NK cell phenotype differed between responders 
and nonresponders. Responders demonstrated a significantly 
higher NK cell frequency: 7.01% (4.3, 7.9) vs 4.3% (2.9, 5.3) in 
nonresponders (P = .018). Responders also had significantly 
higher frequencies of the NK subset CD56−CD16+ (P = .004). 
Total NKG2D expression did not differ between the groups, but 
total NKp30 expression on NK cells was significantly higher at 

Table 1.  Baseline Demographic and Liver Disease Characteristics of Responders and Nonresponders to DAA Therapy

Characteristic Responders n = 24 Nonresponders n = 8 P Value for Comparison

Age 57 (46, 61) 58 (52, 63) ns

Male gender 13 (54%) 6 (75%) ns

Treatment regimen SOF/LDV 21 (87%) 8 (100%) ns

SOF/DCV 3 (13%) 0

Genotype 1 14 (58%) 2 (25%) ns

2 2 (8.5 %)  0

3 6 (25%) 5 (63%)

4 2 (8.5 %) 1 (12%)

Genotype 3 vs non-3 6 (25%) 5 (63%) .08

HCC 3 (12.5%) 3 (37.5%) .14

MELD score 12.5 (10.7, 14.2) 11 (9.7, 14.4) .3

Childs-Pugh Score B/C 20 CP B
4 CP C

8 CP B .5

Previous IFN-based HCV treatment Treatment naive 12 3 ns

Toxicity stop 4 2

Responder relapser 6 2

Nonresponder 2 1

Abbreviations: CP, Childs-Pugh; DCV, daclatasvir; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; LDV, ledipasvir; MELD, model for end-stage liver disease; ns, not 
significant; SOF, sofosbuvir.
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baseline in nonresponders: 68.4% (range, 45.6–88.7) vs 38.9% 
(range, 15.8–67.5), P = .03 (Figure 3). Responders had signif-
icantly higher CD4 TEMRA at baseline compared with non-
responders: 7.7% (range, 3.8–11.4) vs 3.3% (range, 1.9–4.9),  
P = .03. Otherwise, no differences between the phenotype of 
CD4 and CD8 cells were found (Figure 4).

Of the cytokines assayed at baseline, only TGF-β was signif-
icant in univariate analysis, with higher levels associated with 
nonresponse (P  =  .04). In univariate analysis, with treatment 
outcome as the dependent variable, baseline CXCL-10, TGF-β, 
and total NKp30 and NK cell frequency were significant at the 
0.05 level. In the final logistic regression model of baseline vari-
ables, only CXCL-10 remained significant with a P value of .02, 
the model predicted 95% of responders to DAA therapy.

The Dynamics of CXCL-10 Serum Levels During Directly Acting Antiviral 
Treatment Differ Between Responders and Nonresponders

CXCL-10 was significantly higher in nonresponders than in 
responders both at baseline and at the end of treatment: 215 pg/mL  
(115 378) compared with 93 pg/mL (44 166) (P = .041) in 
responders. However, all of the nonresponders experienced a 
fall in CXCL-10 from baseline to TW4, and responders showed 
an increase in CXCL-10 from baseline to TW4 (P = .002 for 
difference in CXCL-10 fold change). Among responders, those 

who achieved undetectable HCV RNA by week 6 of treatment 
had a significantly greater fold increase in CXCL-10 at TW4 
compared with those who only suppressed HCV RNA at TW6 
or later (P = .04) (Figure 1). Nonresponse to DAA therapy is 
associated with lower NK cell frequency, elevated NK NKp30 
expression, and an increase in CD56−CD16+ NK cells during 
treatment.

Natural killer cell frequency was higher at baseline and TW4 
in responders; however, total NKp30 expression on NK cells 
was higher at baseline, on treatment, and at the end of treatment 
in nonresponders. No changes over the course of treatment in 
either responders or nonresponders were noted (Figure 3).

Baseline frequencies of the NK cell subset CD56−CD16+ 
were significantly higher in responders 5.1% (range, 2.5–8.5) 
than nonresponders 2.1% (range, 1.2–3.1) (P = .004). The 
frequency of the CD56−CD16+ population decreased over 
the course of treatment in responders but increased in non-
responders so that by the end of treatment, numbers were 
similar: 4.0% (2.5, 8.5) in responders and 3.8% (2.2, 5.1) 
in nonresponders (Figure 4). The fold change from pre-
treatment to end of treatment was significantly different 
between responders and nonresponders (P value for fold  
change = .001).
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Figure 1.  C-X-C motif chemokine-10 ([CXCL-10] pg/mL) change over time by groups: rapid decline in hepatitis C virus (HCV) ribonucleic acid (RNA) (undetectable by week 
6 and achieved sustained virological response rate [SVR]), slower HCV RNA decline (undetectable after week 6 and achieved SVR), nonresponder (did not achieve SVR). The  
* signifies P < .05, the black line shows comparison between groups at a time point, and the gray box shows difference in fold change between groups over time.

Table 2.  Virological Characteristics of Responders and Nonresponders to DAA Therapy

Characteristic Responders n = 24 Nonresponders n = 8 P Value

Baseline HCV RNA IU/mL 8.8 E5 (2.6 E7, 1.1 E6) 8.8 E5 (2.9E5, 2.1 E6) .6

TW4 HCV RNA IU/mL 15 (0, 15) 15 (3.7, 19.8) .3

TW12 HCV RNA IU/mL Not detected all patients Not detected all patients N/A

Number undetectable at TW4 10 (42%) 2 (25%) .3

Log drop HCV RNA TW0–TW4 4.8 (4.2, 5.4) 4.8 (4.2, 5.6) .8

Week achieved HCV RNA negative 6 (3.2, 6.7) 6 (4.5, 8) .2

Number of doses late/missed in 
12 weeks

1 (1, 2) 2 (1.5, 3.5) .1

Baseline resistance associated 
substitution (RAS)

N/A Wild-type virus in 8 of 8 patients N/A

Posttreatment RAS N/A 1 patient developed Y93H substitution in NS5a, 1 patient developed Q30R 
substitution in NS5a

N/A

Abbreviations: HCV, hepatitis C virus; N/A, nonapplicable; RAS, resistance-associated substitutions; RNA, ribonucleic acid; TW0, pretreatment; TW4, treatment week 4; TW12, end of 
treatment.
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The TGF-β was significantly higher at TW4 in nonrespond-
ers: 3.2  µg/L (range, 2.5–9.1) compared with 1.8  µg/L (range, 
1.5–2.6) in responders (P =  .02) (Figure 2). There was no dif-
ference in levels of IFN-γ, λ1, λ2, and λ3 or other cytokines at 
baseline or on treatment.

Responders and nonresponders exhibited similar frequencies 
of CD4 and CD8 effector T-cell subsets throughout the 3 time-
points (Figure  5). In contrast, T-reg cell frequencies differed 
between the 2 groups: although there was no difference at base-
line, T-reg frequency decreased in responders and increased in 
nonresponders during treatment (P = .02 for difference in fold 
change) (Figure 5).

DISCUSSION

There are few studies that have described the characteristics of 
individuals who fail to respond to DAAs, and the majority of 
these have focused on HCV viral resistance [17, 18]. We show 
that in patients with decompensated cirrhosis, nonrespond-
ers to DAA therapy did not have baseline HCV resistance 

mutations nor poorer adherence than responders. However, the 
data reported here indicate that there is an association between 
the response to DAA and a number of immunological param-
eters. CXCL-10 serum levels and NK immunophenotype were 
particularly informative.

 CXCL-10 is a chemokine known to be released from HCV-
infected livers as a result of increased ISG expression. Serum 
CXCL-10 is highly correlated with intrahepatic CXCL-
10 mRNA expression [14] and is often used as a surrogate 
marker of hepatic ISG expression [19]. Thus, increased serum 
CXCL-10 and elevated pretreatment ISG expression are both 
predictors of nonresponse to pegylated IFN-based treatment 
[20, 21].

We found that in patients with decompensated cirrhosis, 
elevated baseline CXCL-10 was associated with nonresponse 
to DAAs. There are few data on CXCL-10 levels in the context 
of decompensation because these patients are often excluded 
from studies [22]. In our study, the majority of patients with 
decompensation responded to DAAs, and this group had 
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significantly lower CXCL-10 levels than a noncirrhotic com-
parison group. The lower CXCL-10 levels in decompensation 
may reflect the reduced number of hepatocytes; lower HCV 
RNA and transaminase levels are also seen in decompensated 
disease [23]. However, the nonresponder patients had similar 
CXCL-10 levels to the noncirrhotic group, in whom SVR rates 
exceed 95%.

Directly acting antiviral treatment resulted in a decrease in 
CXCL-10 in all nonresponders but an increase in CXCL-10 lev-
els in responders, with the fastest virological responders show-
ing the greatest increase. Our findings that elevated CXCL-10 
at baseline is associated with nonresponse, but upregulation of 
CXCL-10 on treatment is associated with response is directly 
analogous to the well reported mechanism of ISG expression as 
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a predictor of response to pegylated IFN [14]. That IFN signal-
ing still plays a role even in IFN-free treatment fits with hepatic 
gene expression data from Meissner et al [24], who showed that 
hepatic IFN-α expression increased during successful IFN-
free treatment for HCV. At the end of 12 weeks of treatment, 
a cross-sectional comparison between responders and non-
responders showed that hepatic ISG expression was higher in 
responders [24]. These authors suggest an ongoing role for IFN 
signaling even during DAA therapy for HCV.

Our finding that CXCL-10 increased in responders on DAA 
treatment differs from the results of Meissner et  al [25] and 
Spaan et  al [25] who found a consistent decline in CXCL-10 
in all patients as HCV RNA declined. A  potential explana-
tion for our dissimilar findings is that all of our patients had 
decompensated cirrhosis, whereas in the other studies most 
patients were noncirrhotic, and none were decompensated. 
Two pathways of hepatic CXCL-10 induction are known: (1) 
a direct signaling pathway where recognition of HCV RNA by 
pattern recognition receptors triggers transcription within the 
hepatocyte; and (2) indirect production in response to type I, 
II, and III IFNs produced by Kupffer cells, stellate cells, and 
sinusoidal epithelial cells (nonparenchymal cells [NPCs]) [26]. 
In decompensated cirrhosis, with a reduced hepatocyte mass 
and elevated IFN-γ levels [27], CXCL-10 production may be 
primarily driven by the production of IFNs by NPC. We also 
saw a significant elevation in CXCL-10 level at the end of treat-
ment in nonresponders. This may represent an ongoing innate 
immune response to low-level residual HCV viremia before 
overt virological relapse.

The parallel with the relationship linking overactivation 
of the innate immune system with nonresponse to pegylated 
IFN extends to our findings in NK cells. We found that non-
responders demonstrated a different NK cell profile compared 
with responders, with proportions of NK cells expressing the 
natural cytotoxicity receptor NKp30 higher in nonrespond-
ers at all timepoints. NKp30 is an activation receptor that is 
upregulated in response to IFN-α [28, 29], and high NKp30 
expression before IFN-based therapy predicts nonresponse to 
treatment and is analogous to upregulated ISG expression as 
a marker of overactivation of the innate immune system [30]. 
We also saw a decline in T-reg cells over the course of treatment 
in responders but an increase in nonresponders. T-regulatory 
cells are suppressed by IFN, and their activity favors HCV 
chronicity, so upregulation of IFN signaling during treatment 
in responders could explain the decline in T-reg cells seen in 
this group [31].

That responders had a higher frequency of the CD56−CD16+ 
NK cells subset was an unexpected finding. The CD56−CD16+ 
subset of NK cells is enriched in patients with HIV and HCV 
infection and is a dysfunctional subset with impaired cytotox-
icity and cytokine production and a loss of polyfunctionality 
likened to exhaustion seen in T cells [32]. This subset declined 

over the course of treatment in responders while increasing in 
nonresponders.

We considered other causes for the difference in response 
between the groups. We first considered the number of patients 
with G3 infection. G3, which has been most challenging in the 
DAA era, was slightly overrepresented in the nonresponder 
group, although this was not statistically significant. Most of the 
patients with G3 were treated with sofosbuvir/ledipasvir and 
ribavirin, which is not a currently recommended treatment, but 
it was the only option available at the time of the study. It seems 
unlikely that this was the main reason for nonresponse because 
the majority of G3 patients in the responder group also received 
this combination. We also considered whether the higher pro-
portion of patients with G3 in the nonresponders could explain 
the immunological differences observed. Although CXCL-
10 levels are lower in genotype 3 HCV than G1 [20], G3 does 
upregulate IFN signaling in NPCs to a greater extent than G1 
HCV [33]. Because we hypothesize that in decompensated 
cirrhosis the source of CXCL-10 is NPCs, this could partially 
explain the higher levels seen in the nonresponders.

Another factor to consider is the relatively higher number 
of hepatocellular carcinoma (HCC) cases in the nonresponder 
group. This difference was also not significant, although with 
small group numbers type 2 errors may occur. The presence of 
HCC may play a role, because HCC has recently been revealed 
as a risk factor for failing DAA therapy [34]. This could either 
be because HCC serves as a sanctuary for virus, or it could be 
because the immune deficits that predispose to HCC also pre-
dispose to nonresponse to DAAs. An immune evasion tech-
nique of HCC is to increase myeloid-derived suppressor cells 
that inhibit NK via NKp30; elevated NK NKp30 expression in 
HCC is also associated with worse prognosis [35, 36].

Limitations of our study include the small number of sub-
jects, although because our patients had decompensated cir-
rhosis, we report a relatively high number of nonresponders. 
The differences that we describe between responders and non-
responders may not be generalizable to the general population 
of noncirrhotic patients with HCV. We were also confined to 
investigating the peripheral immune response rather than the 
hepatic response.

CONCLUSIONS

With well tolerated DAAs, response rates in patients with 
decompensated cirrhosis remain lower than in those without 
cirrhosis. This study shows that responders and nonrespond-
ers to DAAs differ in their immunological characteristics and 
not all nonresponse is a function of poor adherence. Although 
nonresponders may subsequently achieve an SVR with longer 
course of treatment [37], failing 12 weeks of treatment is 
undesirable because there is a risk of further decompensa-
tion and death. Baseline CXCL-10 is a simple test that could 
predict response to therapy in the majority of patients with 
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decompensated cirrhosis and allow an extended duration of 
treatment in patients with higher levels.

In summary, we show that in patients with decompensated 
cirrhosis, nonresponders to DAA therapy displayed differences 
in CXCL-10 profile and NK phenotype. This supports an ongo-
ing role for the innate immune system even in IFN-free treat-
ment for HCV.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.

Acknowledgments
Finanical support.  K. C.  is funded by a National Institute for Health 

Research Doctoral Research Fellowship.
Potential conflicts of interest.  All authors: No reported conflicts of 

interest. All authors have submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the editors consider relevant to 
the content of the manuscript have been disclosed.

References
1.	 Afdhal N, Zeuzem S, Kwo P, et al. Ledipasvir and sofosbuvir for untreated HCV 

genotype 1 infection. N Engl J Med 2014; 370:1889–98.
2.	 Sulkowski MS, Gardiner DF, Rodriguez-Torres M, et al. Daclatasvir plus sofosbu-

vir for previously treated or untreated chronic HCV infection. N Engl J Med 2014; 
370:211–21.

3.	 Charlton M, Everson GT, Flamm SL, et al. Ledipasvir and sofosbuvir plus riba-
virin for treatment of HCV infection in patients with advanced liver disease. 
Gastroenterology 2015; 149:649–59.

4.	 Poordad F, Schiff ER, Vierling JM, et al. Daclatasvir with sofosbuvir and ribavirin 
for hepatitis C virus infection with advanced cirrhosis or post-liver transplanta-
tion recurrence. Hepatology 2016; 63:1493–505.

5.	 Curry MP, O’Leary JG, Bzowej N, et al. Sofosbuvir and velpatasvir for HCV in 
patients with decompensated cirrhosis. N Engl J Med 2015; 373:2618–28.

6.	 Kwo P, Agrawal S. Treating hepatitis C virus in patients with decompensated cir-
rhosis: why is it so difficult and does a sustained response rate rescue the patient 
from liver transplantation? Clin Liver Dis 2015; 6:133–35.

7.	 Berry L, Irving W. Predictors of hepatitis C treatment response: what’s new? 
Expert Rev Anti Infect Ther 2014; 12:183–91.

8.	 Rockstroh JK, Nelson M, Katlama C, et al. Efficacy and safety of grazoprevir (MK-
5172) and elbasvir (MK-8742) in patients with hepatitis C virus and HIV co-in-
fection (C-EDGE CO-INFECTION): a non-randomised, open-label trial. Lancet 
HIV 2015; 2:e319–27.

9.	 European Association for the Study of the Liver. EASL recommendations on 
treatment of hepatitis C 2016. J Hepatol 2017; 66:153–94.

10.	 Meylan E, Curran J, Hofmann K, et al. Cardif is an adaptor protein in the RIG-I 
antiviral pathway and is targeted by hepatitis C virus. Nature 2005; 437:1167–72.

11.	 Golden-Mason L, Rosen HR. Natural killer cells: multifaceted players with key 
roles in hepatitis C immunity. Immunol Rev 2013; 255:68–81.

12.	 Klenerman P, Thimme R. T cell responses in hepatitis C: the good, the bad and 
the unconventional. Gut 2012; 61:1226–34.

13.	 Teijaro JR, Ng C, Lee AM, et al. Persistent LCMV infection is controlled by block-
ade of type I interferon signaling. Science 2013; 340:207–11.

14.	 Sarasin-Filipowicz M, Oakeley EJ, Duong FH, et al. Interferon signaling and treat-
ment outcome in chronic hepatitis C. Proc Natl Acad Sci U S A 2008; 105:7034–9.

15.	 Oliviero B, Mele D, Degasperi E, et al. Natural killer cell dynamic profile is asso-
ciated with treatment outcome in patients with chronic HCV infection. J Hepatol 
2013; 59:38–44.

16.	 Feld JJ, Nanda S, Huang Y, et  al. Hepatic gene expression during treatment 
with peginterferon and ribavirin: identifying molecular pathways for treatment 
response. Hepatology 2007; 46:1548–63.

17.	 Gozlan Y, Ben-Ari Z, Moscona R, et  al. HCV genotype-1 subtypes and resist-
ance-associated substitutions in drug-naive and in direct-acting antiviral treat-
ment failure patients. Antivir Ther 2017. doi: 10.3851/IMP3123.

18.	 Wyles D, Dvory-Sobol H, Svarovskaia ES, et al. Post-treatment resistance analysis 
of hepatitis C virus from phase II and III clinical trials of ledipasvir/sofosbuvir. J 
Hepatol 2017; 66:703–10.

19.	 Askarieh G, Alsiö A, Pugnale P, et  al. Systemic and intrahepatic interferon-  
gamma-inducible protein 10  kDa predicts the first-phase decline in hepa-
titis C virus RNA and overall viral response to therapy in chronic hepatitis C. 
Hepatology 2010; 51:1523–30.

20.	 Fattovich G, Covolo L, Bibert S, et al. IL28B polymorphisms, IP-10 and viral load 
predict virological response to therapy in chronic hepatitis C. Aliment Pharmacol 
Ther 2011; 33:1162–72.

21.	 Lagging M, Romero AI, Westin J, et al. IP-10 predicts viral response and ther-
apeutic outcome in difficult-to-treat patients with HCV genotype 1 infection. 
Hepatology 2006; 44:1617–25.

22.	 Romero AI, Lagging M, Westin J, et al. Interferon (IFN)-gamma-inducible pro-
tein-10: association with histological results, viral kinetics, and outcome during 
treatment with pegylated IFN-alpha 2a and ribavirin for chronic hepatitis C virus 
infection. J Infect Dis 2006; 194:895–903.

23.	 Duvoux C, Pawlotsky JM, Bastie A, et al. Low HCV replication levels in end-stage 
hepatitis C virus-related liver disease. J Hepatol 1999; 31:593–7.

24.	 Meissner EG, Wu D, Osinusi A, et  al. Endogenous intrahepatic IFNs and 
association with IFN-free HCV treatment outcome. J Clin Invest 2014; 
124:3352–63.

25.	 Spaan M, van Oord G, Kreefft K, et al. Immunological analysis during interfer-
on-free therapy for chronic hepatitis C virus infection reveals modulation of the 
natural killer cell compartment. J Infect Dis 2016; 213:216–23.

26.	 Brownell J, Wagoner J, Lovelace ES, et  al. Independent, parallel pathways to 
CXCL10 induction in HCV-infected hepatocytes. J Hepatol 2013; 59:701–8.

27.	 Dirchwolf M, Podhorzer A, Marino M, et al. Immune dysfunction in cirrhosis: 
distinct cytokines phenotypes according to cirrhosis severity. Cytokine 2016; 
77:14–25.

28.	 Edlich B, Ahlenstiel G, Zabaleta Azpiroz A, et al. Early changes in interferon sig-
naling define natural killer cell response and refractoriness to interferon-based 
therapy of hepatitis C patients. Hepatology 2012; 55:39–48.

29.	 Gill US, Peppa D, Micco L, et al. Interferon alpha induces sustained changes in 
NK cell responsiveness to hepatitis B viral load suppression in vivo. PLoS Pathog 
2016; 12:e1005788.

30.	 Bozzano F, Picciotto A, Costa P, et  al. Activating NK cell receptor expression/
function (NKp30, NKp46, DNAM-1) during chronic viraemic HCV infection 
is associated with the outcome of combined treatment. Eur J Immunol 2011; 
41:2905–14.

31.	 Golding A, Rosen A, Petri M, et al. Interferon-alpha regulates the dynamic bal-
ance between human activated regulatory and effector T cells: implications for 
antiviral and autoimmune responses. Immunology 2010; 131:107–17.

32.	 Björkström NK, Ljunggren HG, Sandberg JK. CD56 negative NK cells: origin, 
function, and role in chronic viral disease. Trends Immunol 2010; 31:401–6.

33.	 Mitchell AM, Stone AE, Cheng L, et al. Transmitted/founder hepatitis C viruses 
induce cell-type- and genotype-specific differences in innate signaling within the 
liver. MBio 2015; 6:e02510.

34.	 Prenner S, VanWagner LB, Flamm SL, et al. Hepatocellular carcinoma decreases 
the chance of successful hepatitis C virus therapy with direct-acting antivirals 
[epub ahead of print]. J Hepatol 2017; doi:10.1016/j.jhep.2017.01.020.

35.	 Cariani E, Pilli M, Barili V, et  al. Natural killer cells phenotypic characteriza-
tion as an outcome predictor of HCV-linked HCC after curative treatments. 
Oncoimmunology 2016; 5:e1154249.

36.	 Hoechst B, Voigtlaender T, Ormandy L, et al. Myeloid derived suppressor cells 
inhibit natural killer cells in patients with hepatocellular carcinoma via the 
NKp30 receptor. Hepatology 2009; 50:799–807.

37.	 Lawitz E, Flamm S, Yang J, et al. Retreatment of patients who failed 8 or 12 weeks 
of ledipasvir/sofosbuvir-based regimens with ledipasvir/sofosbuvir for 24 weeks. 
In: 50th Annual Meeting of the European Association for the Study of the Liver; 
April 22–26, 2015; Vienna, Austria: EASL—The International Liver Congress.


