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Abstract
Soluble inflammatory mediators (SIM) can be predictive of treatment outcome in an-
tiviral treatment of chronic hepatitis C. Recently, it was shown that a subgroup of pa-
tients can be cured with four weeks of therapy. We here profiled patients for 70 SIM 
before and during treatment of hepatitis C with glecaprevir/pibrentasvir (GLE/PIB) 
+/− ribavirin. Proximity extension assay was performed in a total of 32 patients. Pre- 
treatment SIM profiles did not distinguish patients achieving an SVR (n = 21) from pa-
tients experiencing antiviral relapse (n = 11). However, after 4 weeks of therapy, eight 
markers were identified that could distinguish patients with SVR from the relapsed 
group, namely MMP- 10, CCL20, CXCL11, FGF- 23, TNF, MCP- 2, IL- 18R1 and CXCL10. 
Thus, this study shows that a distinct on- treatment immune profile is associated with 
cure of HCV infection after ultrashort treatment.
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1  |  INTRODUC TION

The estimated global prevalence of chronic hepatitis C is about 
1%.1 In the absence of a prophylactic vaccine for hepatitis C virus 
(HCV) infection, direct acting antivirals (DAA) have played a major 
role in revolutionizing HCV therapy with an overall effectiveness 
of 98%. International guidelines for treatment of chronic HCV rec-
ommend 8– 12 weeks of treatment with DAA. However, emerging 
evidence suggests that short duration treatment regimens given for 
6 weeks or less can be sufficient for distinct subgroups of patients 
with chronic hepatitis C.2– 4 Hence, shortening therapy could im-
prove real world access especially among active drug users where 
compliance is a major concern. Nonetheless, the target population 
for short duration treatment is still not clear and determining which 
patients could benefit from short duration treatment would be a sig-
nificant progress. Soluble mediators together with cellular compo-
nents play an essential role in regulating the immune network. It is 
well established that persistent infection with HCV causes profound 
alterations in the inflammatory milieu and limited data suggests 
that these imprints are not completely restored after clearance.5,6 
Soluble inflammatory mediators (SIM) could serve as biomarkers for 
prediction of disease severity or treatment outcome. We have pre-
viously shown that based on the expression of SIMs, patients with 
SVR clearly differed from the ones that relapsed before the start of 
DAA therapy in chronic hepatitis C patients.5

The overall aim of this study was to analyse whether distinct 
SIMs differ between patients who achieve SVR and patients with 
treatment failure for patients who were treated with 4 weeks of 
glecaprevir/pibrentasvir with or without ribavirin.7,8 The underlying 
hypothesis was that SIMs as predictive biomarkers could help to dis-
tinguish the SVR from the relapsed group after an ultrashort course 
of antiviral therapy.

1.1  |  Study population

In this study, a total of 32 patients were evaluated. The patients 
were randomized to glecaprevir/pibrentasvir (GLE/PIB) +/− ribavirin 
for four weeks. Study details have recently been reported.8 In total, 
17 received GLE/PIB and 15 patients received GLE/PIB plus ribavi-
rin. Overall, 21 patients achieved SVR and 11 experienced treatment 
failure. Blood plasma was collected from (EDTA) anticoagulated pe-
ripheral blood samples, taken at two distinct time points at baseline 
(BL) and by the end of treatment (EOT) and stored at −20°C until 
analysis.

1.2  |  Protein analysis

Plasma samples were thawed, and 20μl of each sample was ana-
lysed by Olink where proximity extension analysis (PEA, Olink AB) 
was performed. A pre- defined panel simultaneously measuring 92 
inflammation- related proteins in plasma was used (Inflammation 

panel). The panel included cytokines, chemokines, growth factors 
and ligands according to established SOPs.6,9 For more information 
regarding limit of detection, reproducibility, and validation, see the 
supplementary materials and methods section. Of these, 70 mark-
ers showed expression above limit of detection and did pass the in-
ternal quality control for the assay (Table 2). Briefly, in PEA, a pair 
of oligonucleotide- labelled antibodies, Proseek probes, bind to the 
target protein in the plasma sample. When the 2 Proseek probes are 
in close proximity, a new polymerase chain reaction target sequence 
is formed by a proximity- dependent DNA polymerization event. This 
complex is subsequently detected and quantified using standard 
real- time qPCR. The generated normalized protein expression unit 
is on a log2 scale, where a larger number represents a higher protein 
level in the sample. The quantification cycle (Cq) values from a DNA 
extension control are subtracted from the measurement of the Cq 
value, an interpolate control, is corrected for and finally a correction 
factor is subtracted to yield a normalized protein expression (NPX) 
value which is log2 transformed. For more information regarding 
the limit of detection, reproducibility, and validation, please see the 
manufacturer's homepage (www.olink.com).

1.3  |  Statistics

Data were analysed using Graph Pad Prism v8 (Graph Pad Software,). 
In general, quantitative comparisons were performed using para-
metric student t test for normally distributed values. Principal com-
ponent analysis (PCA) was performed using Qlucore Omics Explorer 
v3.2 (Qlucore, Lund, Sweden). Repetitive t testing was used in PCA 
to compare groups to each other. For analysis, p values were set to 
0.05 and a Q value of <0.2. Correction for multiple t testing was 
performed using the false discovery rate (FDR) approach using the 
Benjamini– Hochberg method.

1.4  |  Ethics

Patients gave informed written consent for the study. The study was 
approved by The Danish health Medicines Authorities, Eudra CT no: 
2017– 005179– 21, and the Regional Committees on Health Research 
Ethics for Southern Denmark ID S- 20180013.

2  |  RESULTS

2.1  |  Patient cohort

We selected patients from a previously published cohort for whom 
samples for SIM profiling were available at baseline and week 4 of 
treatment. Of note, none of the patients had liver cirrhosis. All pa-
tients were negative for human immunodeficiency virus (HIV) and 
hepatitis B virus (HBV). Characteristics of patients are shown in 
Table 1.

http://www.olink.com
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2.2  |  Distinct pattern of soluble inflammatory 
mediators distinguishes patients with SVR from those 
with viral relapse

Overall, 32 samples were analysed at baseline and 30 samples were 
analysed at end of treatment (EOT). Two patients from the ribavirin 
group had missing samples by the end of treatment. Out of 92 mark-
ers, 70 markers that showed expression above the limit of detection 
and passed internal quality criteria of the assay were included in the 
study. Patients with SVR differed from those with viral relapse in the 
expression levels of the measured SIMs at the end of treatment as 
shown by the principal component analysis (PCA, Figure 1A). A dis-
tinct clustering of both patient groups could be seen in the PCA plot 
which represents the strength of difference based on all included 
markers. To identify SIMs that showed significant differences be-
tween the two groups, violin plots were generated (Figure 1B). 
These plots compared the two groups SVR (dark grey) and non- SVR 
(light grey) at the two time points. In total, 8 markers distinguished 
SVR from patients with treatment failure namely MMP- 10, CCL20, 
CXCL11, FGF- 23, TNF, MCP- 2, IL- 18R1 and CXCL10. At baseline, 
MMP- 10 and CCL20 showed significant difference between the 
two groups. Overall, the expression of markers in the SVR group 
was higher as compared to the non- SVR group with the exception 
of MMP- 10. Table 2 shows the calculated p values for all included 
markers for the SVR vs non- SVR group at cessation of therapy.

The expression of markers declined in the majority from base-
line to EOT. In total, 34 markers showed significant difference in 
expression from baseline to end of treatment (Figure 2). Amongst 
them, 8 markers showed significant difference within the SVR group 
compared with 11 markers in the relapsed group. The remaining 
15 showed decline within both groups. At the cessation of therapy, 
AIXN1, MMP- 1, FGF- 21 and CXCL5 were upregulated.

Some of the patients in this study were treated with ribavirin, 
and therefore, it was possible to investigate the influence of ribavi-
rin. Figure S1A shows a PCA for the two groups of patients either 
administered with GLE/PIB or with GLE/PIB+ribavirin. There was 

TA B L E  1  Baseline characteristics in relation to SVR 12 status

SVR 12 
(n = 21)

Non- SVR 
(n = 11)

Ribavirin +/− 11/10 4/7

Age, median (IQR) 43(40– 45) 40(36– 45)

Sex (male/female) 14/7 9/2

Genotype 3/non 3 11/10 2/9

INFλ3 CC/non CC 8/13 1/10

Weight in Kgs, median (IQR) 85(74– 102) 82 (68– 94)

HCV RNA (log10 IU/ml) median (IQR) 6.5 
(5.8– 6.8)

6.6 (6.2– 7.0)

Years since infected, median (IQR) 22 (10– 27) 21 (18– 26)

ALT(U/L) at baseline median (IQR) 53 (41– 70) 56 (42– 107)

Abbreviations: INFλ3, Interferon lambda 3; SVR, Sustained virologic 
response.

TA B L E  2  List of markers that were measured using proximity 
extension assay. SVR vs Non- SVR group at cessation of therapy

Proteins p value Significance

IL8 0.6498 ns

VEGFA 0.532 ns

CD8A 0.3644 ns

GDNF 0.8273 ns

CDCP1 0.7178 ns

CD244 0.4817 ns

IL7 0.0924 ns

OPG 0.3106 ns

LAP TGF- beta−1 0.1554 ns

uPA 0.933 ns

IL6 0.0957 ns

MCP−1 0.1802 ns

CXCL11 0.0357 *

AXIN1 0.3242 ns

TRAIL 0.2473 ns

CXCL9 0.2557 ns

CST5 0.3942 ns

OSM 0.6532 ns

CXCL1 0.4266 ns

CCL4 0.0868 ns

CD6 0.6091 ns

SCF 0.7451 ns

IL18 0.3591 ns

TGF- alpha 0.2695 ns

MCP−4 0.7734 ns

CCL11 0.9585 ns

TNFSF14 0.8386 ns

FGF−23 0.0133 *

MMP−1 0.565 ns

LIF- R 0.2921 ns

FGF−21 0.151 ns

CCL19 0.1476 ns

IL−15RA 0.1257 ns

IL−10RB 0.361 ns

IL−18R1 0.0038 **

PD- L1 0.3263 ns

CXCL5 0.1911 ns

TRANCE 0.278 ns

HGF 0.175 ns

IL−12B 0.2458 ns

MMP−10 0.065 ns

IL10 0.3286 ns

TNF 0.014 *

CCL23 0.8952 ns

CD5 0.1657 ns

(Continues)
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no difference between the two groups with regard to their SIM ex-
pression at the end of treatment. Only four markers namely OSM, 
CCL28, IL- 10B and IL12- B showed significant difference at EOT but 
this effect was also observed at baseline with the exception of OSM 
that had no difference at EOT (Figure S1B). Finally, we also evaluated 
the correlation of various SIMs to a routine clinical parameter namely 
liver ALT at the end of treatment. As seen from the heat map Figure 3, 
we observed a negative correlation for the relapsed group indicating 
that some level of inflammatory activity is required to prevent relapse.

3  |  DISCUSSION

We here show using a high throughput multi analyte profiling study 
that soluble inflammatory mediators primarily differ between SVR 

patients and patients experiencing virological relapse at the end of 
4 weeks of treatment for chronic hepatitis C but not at baseline.

Lower expression levels of distinct SIMs at EOT were asso-
ciated with relapse while higher levels were found in patients 
with SVR. Thus, this finding could indicate that a certain level of 
immune activation is required to control residual viremia if sup-
pression of viral replication by DAA is terminated early. This is 
supported by the observation that one patient obtained SVR12 
despite being HCV- RNA positive 4 weeks after end of treatment, 
suggesting cure by immune- mediated clearance of HCV and not 
DAA inhibition of the viral replication. Of note, differences in 
SIM levels were not apparent before treatment but appeared 
only during therapy when viremia was suppressed. Eight markers 
were identified that could differentiate the two groups. For SVR 
patients, MMP- 10 was lower at baseline and seven markers de-
creased less during treatment compared with non- SVR patients 
(CXCL10, TNF, CXCL11, MCP- 2, IL- 18R1, CCl20 and FGF- 23). It 
has long been known that CXCL10 levels are associated with 
treatment outcome in interferon alpha- based chronic hepati-
tis C with higher levels at baseline indicating a lower chance of 
SVR.10,11 In our study, CXCL10 levels declined during interferon- 
free treatment in all patients which is in accordance with pre-
vious studies investigating other antiviral regimens.5 Overall, 
CXCL10 levels are considered as a general marker of activation 
of the immune system. This can also explain the increased lev-
els of some of the other markers that distinguish relapse and 
SVR patients. A possible role of FGF- 23, which participates in 
phosphate and vitamin D metabolism has not been studied yet 
in detail in the context of hepatitis C. Whether FGF- 23 directly 
contributes to regulate anti- HCV immunity or even HCV repli-
cation in hepatocytes is unknown. Similarly, the distinct role of 
the other identified SIMs remains to be investigated. A general 
activation of antiviral immunity in SVR patients is also in line with 
the observation that ALT levels were slightly higher at the end of 
treatment in these patients.

The findings reported here are to some extent in contrast to a 
previously published study that showed higher levels of SIMs asso-
ciated with treatment failure.5 It should be noted that there were 
major differences in patient's characteristics between the two stud-
ies. The study by Hengst et al. included patients with very advanced 
liver disease and patients received a different treatment regimen 
(sofosbuvir plus ribavirin). In contrast, patients in our study had 
very mild liver disease and were likely infected for a shorter time. 
Thus, the immune system may not have been as deeply exhausted 
in patients studied here as compared with the study by Hengst et al. 
Patients in the present study were younger with a median age of 
40 years as opposed to 60 in the previous study.5 The different 

Proteins p value Significance

CCL3 0.0657 ns

Flt3L 0.8305 ns

CXCL6 0.9588 ns

CXCL10 0.0443 *

4E- BP1 0.2019 ns

SIRT2 0.6022 ns

CCL28 0.4266 ns

DNER 0.9204 ns

EN- RAGE 0.4507 ns

CD40 0.0539 ns

IFN- gamma 0.0578 ns

FGF−19 0.9305 ns

MCP−2 0.0007 ***

CASP−8 0.7779 ns

CCL25 0.6554 ns

CX3CL1 0.2451 ns

TNFRSF9 0.2003 ns

NT−3 0.1102 ns

TWEAK 0.7687 ns

CCL20 0.0351 *

ST1A1 0.4116 ns

STAMBP 0.6466 ns

ADA 0.2197 ns

TNFB 0.1466 ns

CSF−1 0.6911 ns

Abbreviations: SVR, Sustained virologic response.

TA B L E  2  (Continued)

F I G U R E  1  Soluble inflammatory milieu differs between patients with a sustained viral response (SVR) to those with viral relapse at the 
end of treatment (EOT). (A) Principal component analysis (PCA) showed a distinct clustering of patients with SVR upon DAA treatment and 
patients with viral relapse. PCA was calculated using baseline values and end of treatment of all included soluble immune mediators. p values 
for analysis were set to 0.05 and a q value of <0.2. (B) Levels of SIMs that differed significantly between the SVR (dark grey) and non- SVR 
(light grey) patients is shown by violin plots. Significance was calculated using student's t test *p < 0.05, **p < 0.01, ***p < 0.001
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treatment regimen may also have led to difference in viral dynamics 
with impacts on SIM changes over time.

As some of the patients were treated with ribavirin, we evalu-
ated the effect of ribavirin on SIM over time. Several studies have 
suggested that ribavirin may enhance the host adaptive antiviral 
immune response by augmenting the Th1 response pattern that 
may eventually lead to increased activity of cytotoxic lymphocytes 
and secretion of antiviral cytokines such as IFN- gamma and TNF- 
alpha. However, in the context of type I interferon- based therapies, 
the effects of ribavirin on immune cell populations have been con-
troversial.12 We did see significant change in SIM during ribavirin 

treatment (OSM, IL10, IL12 and CCL28), but except for OSM the dif-
ference was also present at baseline, and not associated with SVR. 
Thus, the differences observed at end of treatment between SVR 
and relapse patients in SIM expression could not be explained by 
ribavirin exposure.

Shortened treatment could be of relevance in high risk patients 
to eliminate HCV. However, it is challenging to identify patients who 
could benefit from short treatment. We here show that SIMs during 
shortened treatment can distinguish patients with SVR and those 
who relapse. Nonetheless, baseline SIMs were not able to identify 
differences between the two groups. Thus, in clinical practice, a 

F I G U R E  2  Expression level of several analytes that showed difference between baseline and end of treatment. Paired t test was 
calculated using graph pad prism and significance is shown by asterisks p < 0.05
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future study may need to test SIMs, for example at week 3 of ther-
apy which could lead at week 4 to the decision to continue or to stop 
antiviral treatment.

The major strength of this study is that a very large number of 
markers were investigated using novel technology. The most im-
portant limitation is the small sample size, which reduces the gen-
eralizability. Longitudinal sampling with additional follow- up was 
not included, and lastly, immune cell data were not evaluated in the 
current study.

In summary, in this study, we investigated soluble inflammatory 
mediators using a high throughput assay and identified eight mark-
ers that differed between SVR & non- SVR patients after four weeks 
of treatment suggesting that activation of the immune system is im-
portant to obtain SVR in hepatitis C patients treated with ultrashort 
DAA regimens.
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