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treatments in patients with chronic hepatitis C.

Methods: Among 691 patients with chronic hepatitis C who achieved an
SVR to DAAs, 51 underwent liver biopsy 41 + 20 weeks after the end of
treatment despite normal transaminase levels. In 20 patients, liver biopsy
specimens obtained a median of 1.2 years before the start of treatment
were available.

Results: Among the 51 patients who underwent post-SVR biopsies, the
grade of inflammation was A0 in 18 patients, Al in 24, A2 in 8, and A3 in
1; the stage of fibrosis was FO in 3 patients, F1 in 20, F2 in 15, F3in 9,
and F4 in 4. Among the 9 post-SVR biopsy specimens with moderate-to-
severe inflammation (=A2), 4 showed S1-to-S3 steatosis (>5% of
hepatocytes affected). In the 20 paired biopsy specimens, the
inflammation grade significantly regressed (P = 0.0043), but the fibrosis
stage did not (P = 0.45). Histological improvement, defined as a >=2-point
decrease in the Knodell inflammatory score and no worsening of the
fibrosis, was found in 11 (55%) patients. The iron accumulation had
significantly regressed (P = 0.0093), but the steatosis had not (P = 0.10).
Conclusions: Even if transaminases become normal after obtaining an SVR,
significant histological inflammation of unknown cause was found in some
patients. Additionally, improvement in liver fibrosis was not evident in the
short term.

ONI
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Background: Interferon-free, direct-acting antiviral (DAA) treatments can result in a
sustained virologic response (SVR) in nearly 100% of patients with chronic hepatitis C
virus (HCV) infection.

Aims: To evaluate histological improvement after achieving an SVR to DAA treatments
in patients with chronic hepatitis C.

Methods: Among 691 patients with chronic hepatitis C who achieved an SVR to DAAs,
51 underwent liver biopsy 41 + 20 weeks after the end of treatment despite normal
transaminase levels. In 20 patients, liver biopsy specimens obtained a median of 1.2
years before the start of treatment were available.

Results: Among the 51 patients who underwent post-SVR biopsies, the grade of
inflammation was AQ in 18 patients, Al in 24, A2 in 8, and A3 in 1; the stage of fibrosis
was FO in 3 patients, F1 in 20, F2 in 15, F3 in 9, and F4 in 4. Among the 9 post-SVR
biopsy specimens with moderate-to-severe inflammation (>A2), 4 showed S1-to-S3
steatosis (>5% of hepatocytes affected). In the 20 paired biopsy specimens, the
inflammation grade significantly regressed (P = 0.0043), but the fibrosis stage did not
(P = 0.45). Histological improvement, defined as a >2-point decrease in the Knodell
inflammatory score and no worsening of the fibrosis, was found in 11 (55%) patients.
The iron accumulation had significantly regressed (P = 0.0093), but the steatosis had
not (P =0.10).

Conclusions: Even if transaminases become normal after obtaining an SVR, significant
histological inflammation of unknown cause was found in some patients. Additionally,

improvement in liver fibrosis was not evident in the short term.
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Key summary

Summarize the established knowledge on this subject

® A sustained virologic response (SVR) to interferon-based therapy resulted in
histological improvements in the grade of inflammation and stage of fibrosis in

patients with chronic hepatitis C virus (HCV) infection.

What are the significant and/or new findings of this study?

® Histological improvement, defined as a significant decrease in inflammatory score
with no worsening of fibrosis, was observed also in patients with an SVR to
direct-acting antiviral (DAA) treatment.

® The residual inflammation after obtaining an SVR was attributable to
steatohepatitis at least in some patients, but was of unknown cause in others.

® Although fibrous bundles/septa bridging between portal tracts became thin after
DAA therapy, improvement in liver fibrosis was not evident in this short-term
study.

® Hepatic iron overload commonly observed in patients with chronic HCV infection

could be improved after achieving an SVR to DAAs.

htpp://mc.manuscriptcentral.com/UEGH
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Introduction

An estimated 71 million people were chronically infected with hepatitis C virus (HCV)
worldwide, and approximately 399,000 people die annually from hepatitis C-related
causes, including mainly cirrhosis and hepatocellular carcinoma (HCC) [1]. A sustained
virologic response (SVR) is merely a surrogate marker for the virologic cure of HCV
infection, and the ultimate goal of anti-HCV treatments is to prevent the development of
cirrhosis and its complications. Until recently, peginterferon-ribavirin regimens had
been the standard of care for patients with chronic hepatitis C. In the era of interferon
therapy, a number of studies showed histologically that an SVR resulted in
improvements in the grade of inflammation and stage of fibrosis in the long term [2—4].

Nowadays, interferon-free, direct-acting antiviral (DAA) treatments can result in an
SVR in nearly 100% of patients with chronic HCV infection. However, long-term
outcomes of patients treated with DAAs remain unknown. An increasing number of
studies have shown that a DAA-induced SVR can lead to improvement in non-invasive,
clinical variables [5]. However, histological improvement after achieving an SVR to
DAA treatment remains to be evaluated in patients with chronic hepatitis C.

Liver biopsy is indeed invasive, but still considered the ‘gold standard’ for
diagnosing chronic liver diseases, grading inflammatory activity, and staging liver
fibrosis [6]. In chronic hepatitis C, it is also important to identify co-morbidities, such as
autoimmune hepatitis, steatohepatitis, and hemochromatosis. In addition, liver biopsy
provides other valuable information. For example, previous studies showed that a
majority of chronically HCV-infected patients with persistently normal alanine
aminotransferase (ALT) levels have some degree of histological liver damage [7]. In
patients with persistently elevated ALT levels after obtaining an SVR, occult HCV

infection has sometimes been described [8]. We previously reported that occult HCV
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infection is extremely rare (if any) in patients who have had an SVR to DAAs [9].

The aim of this study was to evaluate the short-term histological characteristics after
achieving an SVR to DAA treatment in patients with chronic hepatitis C. First, we
assessed the post-SVR liver biopsy specimens obtained from 51 patients with chronic
hepatitis C treated with interferon-free DAA regimens. The presence of occult HCV
infection was also determined by sensitive polymerase chain reaction assays. Second, in
the 20 patients for whom pre-treatment biopsy specimens were available, histological

improvement was also elucidated by comparing the paired biopsy specimens.
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Methods

Patients

During the period from September 2014 through June 2017, a total of 706 non-
transplant patients with chronic hepatitis C started to receive interferon-free DAA
treatments in our hospital. Patients were excluded if they had used immunomodulatory
drugs, decompensated cirrhosis, viable HCC, hepatitis B surface antigen or had other
likely causes of chronic liver disease. None of the patients showed evidence of
coinfection with human immunodeficiency virus. The procedures in this study were in
accordance with the Helsinki Declaration of 1964 (2013 revision) and were approved by
the Ethics Committee of Osaka City University Graduate School of Medicine (No.

2905). Written informed consent was obtained from each patient.

Treatment

Patients with HCV genotype la or 1b infection were treated with ledipasvir 90
mg/sofosbuvir 400 mg for 12 weeks (n = 335), daclatasvir 30 mg plus asunaprevir 200
mg for 24 weeks (n = 152), ombitasvir 25 mg/paritaprevir 150 mg/ritonavir 100 mg for
12 weeks (n = 25), or elbasvir 50 mg plus grazoprevir 100 mg for 12 weeks (n = 22).
Patients with HCV genotype 2a or 2b infection were treated with sofosbuvir 400 mg
plus weight-based ribavirin 600—1,000 mg (» = 172). An SVR was defined as no

detectable HCV RNA at the end of treatment and 24 weeks after treatment.

Clinical evaluations
Blood cell counts and routine biochemical tests were performed with the use of standard
procedures. Hepatitis B surface antigen and core antibody were detected by

chemiluminescence enzyme immunoassay. Genotypes of HCV were identified using an
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HCYV genotype primer kit (Institute of Immunology Co., Ltd., Tokyo, Japan). Serum
HCV RNA was measured with the use of the COBAS TagMan assay (Pleasanton, CA,
USA) [10] (with a lower limit of quantification of 15 IU/mL) and Abbott RealTime
assay (Des Plaines, IL, USA) [11] (with a lower limit of quantification of 12 [U/mL).
Serum a-fetoprotein levels were determined by chemiluminescence enzyme
immunoassay. Serum concentrations of type IV collagen 7S domain were measured by
radioimmunoassay. The genetic polymorphisms rs8099917 near the interleukin 28B
gene were examined in patients who consented to genetic analyses [12]. Liver stiffness
and controlled attenuation parameter (CAP) values were measured by transient

elastography (FibroScan®; EchoSens, Paris, France) [13,14].

Liver biopsy
The flow of patients is shown in Figure 1. A total of 691 (97.9%) of the 706 patients
achieved an SVR (331/335 [98.8%] to ledipasvir/sofosbuvir, 145 of 152 patients
[95.8%] to daclatasvir plus asunaprevir, 24 of 25 patients [96.0%] to
ombitasvir/paritaprevir/ritonavir, 22 of 22 patients [100%] to elbasvir plus grazoprevir,
and 169 of 172 patients [98.3%] to sofosbuvir plus ribavirin). Among the 691 patients,
57 consented to undergo liver biopsy after having SVR. After excluding 6 patients who
had abnormal ALT levels (> 42 U/L for men and > 27 U/L for women), 51 patients with
normal ALT levels after having an SVR were included in analyses (referred to as
‘patients with post-SVR biopsy’). In 20 patients, liver biopsy specimens taken a median
(interquartile range) of 1.2 (0.4—2.4) years before the start of DAA treatment were
available (referred to as ‘patients with paired biopsy’).

Liver biopsy specimens were obtained from each patient with a 15-gauge Tru-Cut

needle under ultrasound guidance 41 = 20 weeks after the end of treatment. Liver

htpp://mc.manuscriptcentral.com/UEGH
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tissues were fixed in formalin immediately after biopsy and embedded in paraffin. A
portion of each biopsy specimen was also immediately placed in RNAlater (Qiagen,
Valencia, CA) and temporarily stored at —20°C. We attempted to amplify the HCV RNA
from 25 ng of the extracted RNA from the liver needle biopsy specimen by the sensitive
Abbott RealTime assay. Four-micrometer-thick sections were stained with
hematoxylin-eosin, Azan-Mallory, orcein, and Prussian blue stains. All liver biopsy
specimens were evaluated by an experienced histopathologist (Y.1.) blinded to the
clinical data. The histological findings were assessed by grading the inflammatory
activity and staging fibrosis according to the Knodell scoring system [15] and the
METAVIR scoring system [16]. Iron deposition was evaluated on a scoring system
proposed by Rowe et al. [17], based on Prussian blue staining as follows: grade 0
(granules absent/barely discernible at x400 magnification), grade 1+ (granules barely
discernible at x250); grade 2+ (discrete granules resolved at x100); grade 3+ (discrete
granules resolved at x25); and grade 4+ (masses visible at x10 or grossly visible).
Steatosis was graded in accordance with the NAFLD activity score as follows: S1 (5%
to 33% of hepatocytes affected), S2 (34% to 66% affected), and S3 (>66% affected)
[18]. A liver sample was considered adequate if it was longer than 15 mm and contained

6 or more portal tracts.

Statistical analysis

Statistical analysis was performed with R software (The R Foundation for Statistical
Computing, Vienna, Austria). Distributions of continuous variables were analyzed by
the Mann—Whitney U-test. Differences in proportions were tested by Fisher’s exact test.
The significance of changes in values between two time points was evaluated by the

Wilcoxon signed-rank test. The significance of correlations was evaluated by

htpp://mc.manuscriptcentral.com/UEGH
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Spearman’s rank analysis. A P value of <0.05 was considered to be significant.
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Results

Changes in clinical parameters in the study group as a whole

As expected, serum ALT, a-fetoprotein, and type IV collagen 7S levels decreased
significantly and platelet count increased significantly in the study group as a whole at
the end of treatment and 12 weeks after treatment (Supplementary Fig. 1). In the 141
patients for whom valid elastography data were available before treatment and 12 to 48
weeks after treatment, liver stiffness significantly decreased, and the CAP marginally

increased (Supplementary Fig. 2).

Characteristics of patients with post-SVR biopsy

Although patients with post-SVR biopsy were significantly younger than patients
without biopsy at the start of therapy (Supplementary Table 1), other baseline
characteristics did not differ among the two groups. The characteristics of the patients
with post-SVR biopsy at the start of therapy and at the biopsy are shown in Table 1.
Because patients who had abnormal ALT levels after treatment were excluded, the mean

ALT level was 19 + 12 U/L at the time of biopsy.

HCV RNA detection in serum and in liver of patients with post-SVR biopsy

Rates of undetectable HCV RNA in serum during and after treatment are shown in
Figure 2. The rates were lower with the Abbott RealTime assay than with the COBAS
TagMan assay during treatment. Of interest, even patients in whom the serum
HCV-RNA remained positive on the Abbott RealTime assay at the end of treatment
could achieve an SVR after treatment. HCV RNA was not detected in the post-SVR
liver biopsy specimens of the 51 patients, including the 4 patients who remained

positive for serum HCV-RNA at the end of treatment.

10
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Histological evaluations of post-SVR biopsy

The results of the histological evaluations of hepatic inflammation, fibrosis, iron
deposition, and steatosis in the 51 post-SVR biopsy specimens are shown in Figure 3.
The only one biopsy specimen with severe inflammation (A3) post-SVR showed active
lymphocyte and plasma cell infiltrates in the portal area, suggesting autoimmune
hepatitis (Supplementary Fig. 3). Among the 8 post-SVR biopsy specimens with
moderate inflammation (A2), 4 showed S1 to S3 steatosis (>5% of hepatocytes affected),
3 of which also showed hepatocellular ballooning, characterizing steatohepatitis

(Supplementary Fig. 4).

Changes in histology in patients with paired biopsy

The characteristics of patients with paired biopsy at the start of therapy and at the time
of biopsy are shown in Table 2. The changes in histological findings in the 20 patients
with evaluable biopsy pairs are shown in Figure 4. The METAVIR grade of
inflammation (improved in 13 patients /unchanged in 6/worsening in 1) had
significantly regressed (P = 0.0043), but the stage of fibrosis (improved in 5
patients/unchanged in 11/worsening in 4) had not (P = 0.45). The histological
improvement, defined as a >2-point decrease in the Knodell inflammatory score and no
worsening of the fibrosis score, was found in 11 (55%) of the 20 patients. The grade of
iron accumulation (improved in 11 patients/unchanged in 7/worsening in 2) had
significantly regressed (P = 0.0093), but the steatosis score (improved in 1
patient/unchanged in 14/worsening in 5) had not (P = 0.10). A representative case of a
74-year-old woman is presented in Figure 5. The inflammatory score decreased after
obtaining an SVR, as did the grade of iron accumulation. The stage of fibrosis was

unchanged (F2), but fibrous bundles/septa bridging between portal tracts became thin.

11
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Discussion

To our knowledge, this is the first report to evaluate histological outcomes in patients
with chronic hepatitis C who achieved an SVR to interferon-free DAA treatments. We
examined 51 liver biopsy specimens obtained with informed consent after achieving an
SVR. In the first part of this study, 18% of the post-SVR liver biopsy specimens showed
clinically significant inflammation (>A2) despite normal ALT values. In the second part
of this study, regression in fibrosis was not evident in the 20 paired biopsies in the short
term, although histological improvement, defined as a significant decrease in
inflammatory score with no worsening of fibrosis, was found in the majority of patients
who achieved an SVR to DAAs.

Steatohepatitis was one of possible causes of the residual inflammation in the
post-SVR liver biopsy specimens. In this study, both the histological grade of steatosis
and CAP (as determined by transient elastography) increased slightly but not
significantly after the treatment. Schlevogt et al. reported that DAA-induced SVR is
associated with weight gain during long-term follow-up [19]. Body weight did not
change significantly in our patients during the short term (Tables 1 and 2). In a
previous study of 214 patients who received daclatasvir plus asunaprevir therapy [20],
the CAP was elevated significantly after treatment. In the era of interferon-based
therapies, intrahepatic steatosis was reported to be one of the independent predictors of
the development of HCC after treatment [21]. Patients with steatohepatitis should be
carefully followed up with periodical liver function testing and abdominal imaging even
after achieving an SVR.

In the remaining post-SVR biopsies, the cause of the residual inflammation remains
unknown. Whitcomb et al. [22] reported that among the 36 allograft liver biopsy

specimens from patients who achieved an SVR after receiving a liver transplant for

12
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chronic HCV infection, 69% had histologic features of active inflammation. Nearly all
patients had been treated with interferon-based regimens. They raised the possibility
that chronic HCV infection might induce a dysfunctional immune response, which
remains active despite viral eradication, and suggested that the inflammatory reaction to
HCYV persists in the liver tissue long after serologic clearance. In the present study, the
grade of residual inflammation did not correlate with the interval from the
end-of-treatment to the post-SVR biopsy (r = 0.11, P = 0.64, data not shown).

We believe that the occult HCV infection could not be the cause. Elmasry et al [23]
reported that positive- and negative-strand HCV RNA was detected in 4 liver tissue
specimens from 9 patients in whom serum ALT levels did not normalize despite an SVR
to DAAs for post-transplant recurrent HCV infection. Responding to their report, we
previously demonstrated that HCV RNA was not found in any liver samples obtained
from 25 non-transplant patients with sustained normal ALT levels after having an SVR
[9]. In the present study, we confirmed the same results in an additional 26 patients,
including some in whom serum HCV RNA remained positive on the Abbott RealTime
HCYV assay at the end of treatment, and then achieved an SVR [24,25].

Previous studies [5] reported that liver stiffness regressed after attaining an SVR,
but it remains unclear whether such improvement in the results of non-invasive tests
might really reflect the reversal of liver fibrosis or reduced inflammation (or both).
Knop et al. [26] showed that the dynamics of the improvement in liver stiffness were
more pronounced between baseline and end of treatment than between baseline and 24
weeks after treatment. Taken together with our paired biopsy results, the short-term
improvement in non-invasive test results are mainly attributable to reduced
inflammation.

In patients with chronic hepatitis B, large clinical trials of entacavir or tenofovir

13
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disoproxil fumarate showed both short- and long-term histological improvements at 1
year and 3-7 years, respectively [27,28]. Sun et al. [29] recently proposed a
classification to evaluate the dynamic changes in the quality of fibrosis, namely
predominantly progressive or predominately regressive and indeterminate, which
displayed an overall balance between progressive and regressive scarring. As shown in
Figure 5, predominately regressive scarring (defined as most [> 50%] fibro-septal
stroma in the liver biopsy specimens showing features of scars with thin, densely
compacted stroma and largely dark staining on the connective tissue stain) was found in
4 post-SVR biopsies, but none of the pre-treatment biopsies (data not shown). Because
previous studies (including ours [30,31]) have shown that progressive fibrosis in liver
despite an SVR is closely associated with development of HCC, longer observation is
required.

Hepatic iron overload is commonly observed in patients with chronic HCV infection,
and can cause liver damage by increasing oxidative stress. The mechanisms involve
mainly impaired hepcidin expression and the altered expression of other
iron-metabolism-related genes. Previous studies in the interferon era [32,33] showed
that successful HCV eradication restored the relative impairment of hepcidin production.
In this study, we showed in liver biopsy specimens for the first time that SVR to DAAs
also can improve the iron overload condition.

Prati et al. [34] proposed updated upper limits of normal for ALT (30 U/L for men
and 19 U/L for women), which were more sensitive for identifying persons with HCV
infection. We further divided our subjects with ‘normal’ ALT into two groups according
to the updated upper limits of normal (<30 U/L or 31-42 U/L for men and <19 U/L or
20-27 U/L for women) (Supplementary Table 2). The grade of inflammation was

higher in patients whose ALT was normal but 31-42 U/L in men or 20-27 U/L in

14
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women than in those whose ALT was <30 U/L in men or <19 U/L in women (P =
0.0011).

Our study had several limitations. First, because this was a retrospective study of a
real-world cohort, the timing of liver biopsy was not uniform. In particular, the first
paired biopsy specimens were taken a median (interquartile range) of 1.2 (0.4-2.4)
years before the start of DAA treatment. However, previous studies showed that the rate
of fibrosis progression was only 0.10-0.133 fibrosis unit per year in the natural history
of untreated patients with chronic hepatitis C [2,35]. Therefore, the stage of liver
fibrosis was probably unchanged during the lag time in the majority of patients. Second,
there may be a selection bias, since the difference in age was significant between
patients with post-SVR biopsy and patients without post-SVR biopsy. However, the
proportions of patients with cirrhosis and other baseline characteristics did not differ
between patients with post-SVR biopsy and those without biopsy. Lastly, because of the
limited number of patients and short duration of observation, it was difficult to evaluate
the impact of a SVR to DAAs on the regression of liver fibrosis in our study. Large,
long-term studies are needed to draw final conclusions.

In summary, histological improvement, defined as a significant decrease in
inflammatory score with no worsening of fibrosis, was observed in 55% of the patients
with an SVR to DAA treatment. However, improvement in liver fibrosis was not evident
in this short-term study. Even if ALT normalized after obtaining an SVR, clinically
significant histological inflammation remained in 16% of the patients. The residual
inflammation was attributable to steatohepatitis at least in some patients, but was of

unknown cause in others.

15

htpp://mc.manuscriptcentral.com/UEGH



Page 17 of 38 United European Gastroenterology Journal

Acknowledgments

oNOYTULT D WN =

The authors are grateful to Ms. Yoko Yasuhara, Ms. Sanae Deguchi, and Ms. Ayano
10 Fujikawa for their assistance in collecting the data, to Dr. Saori Itami for her technical
12 assistance, and to Dr. Masaaki Korenaga and Dr. Misako Sato-Matsubara for their

14 valuable comments on this study.

18 Declaration of conflict of interest
20 Norifumi Kawada has received lecture fees from Gilead Sciences Inc., AbbVie Inc., and

22 MSD K.K., and research grants from Gilead and AbbVie.

26 Funding

28 This work was supported in part by JSPS KAKENHI Grant Number 16K09369.

32 Ethics approval
The procedures in this study were in accordance with the Helsinki Declaration of 1964
(2013 revision) and approved by the Ethics Committee of Osaka City University

38 Graduate School of Medicine on 23 July 2015 (No. 2905).

Informed consent

Written informed consent was obtained from each patient.

60 htpp://mc.manuscriptcentral.com/UEGH



oNOYTULT D WN =

United European Gastroenterology Journal Page 18 of 38

References

1.

World Health Organization. Hepatitis C: fact sheet. October 2017.

http://www.who.int/mediacentre/factsheets/fs164/en/

Shiratori Y, Imazeki F, Moriyama M, Yano M, Arakawa Y, Yokosuka O, et al. Histologic
improvement of fibrosis in patients with hepatitis C who have sustained response to
interferon therapy. Ann Intern Med. 2000; 132: 517-24.

Bruno S, Battezzati PM, Bellati G, Manzin A, Maggioni M, Crosignani A, et al. Long-term
beneficial effects in sustained responders to interferon-alfa therapy for chronic hepatitis C. J
Hepatol. 2001; 34: 748-55.

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL, Hoffmann J, Di Bisceglie AM.
Clinical, virologic, histologic, and biochemical outcomes after successful HCV therapy: a
S5-year follow-up of 150 patients. Hepatology 2009; 49: 729-738.

Singh S, Facciorusso A, Loomba R, Falck-Ytter YT. Magnitude and Kinetics of Decrease in
Liver Stiffness After Antiviral Therapy in Patients With Chronic Hepatitis C: A Systematic
Review and Meta-analysis. Clin Gastroenterol Hepatol. 2018; 16: 27-38.¢e4.

Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD; American Association for
the Study of Liver Diseases. Liver biopsy. Hepatology. 2009; 49: 1017—44.

Okanoue T, Minami M, Makiyama A, Sumida Y, Yasui K, Itoh Y. Natural course of
asymptomatic hepatitis C virus-infected patients and hepatocellular carcinoma after
interferon therapy. Clin Gastroenterol Hepatol. 2005; 3(10 Suppl 2): S89-91.

Attar BM, Van Thiel D. A New Twist to a Chronic HCV Infection: Occult Hepatitis C.
Gastroenterol Res Pract. 2015; 2015: 579147.

Enomoto M, Murakami Y, Kawada N. Detection of HCV RNA in Sustained Virologic
Response to Direct-Acting Antiviral Agents: Occult or Science Fiction? Gastroenterology.

2017; 153(1): 327-328.

17

htpp://mc.manuscriptcentral.com/UEGH



Page 19 of 38

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

16.

17.

United European Gastroenterology Journal

Zitzer H, Heilek G, Truchon K, Susser S, Vermehren J, Sizmann D, et al.
Second-generation Cobas AmpliPrep/Cobas TagMan HCV quantitative test for viral load
monitoring: a novel dual-probe assay design. J Clin Microbiol. 2013; 51(2): 571-7.
Vermehren J, Yu ML, Monto A, Yao JD, Anderson C, Bertuzis R, et al. Multi-center
evaluation of the Abbott RealTime HCV assay for monitoring patients undergoing antiviral
therapy for chronic hepatitis C. J Clin Virol. 2011; 52(2): 133-7.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura K, Sakamoto N, et al.
Genome-wide association of IL28B with response to pegylated interferon-alpha and
ribavirin therapy for chronic hepatitis C. Nat Genet. 2009; 41: 1105-9.

Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, et al. Transient
elastography: a new noninvasive method for assessment of hepatic fibrosis. Ultrasound Med
Biol. 2003; 29: 1705-13.

Sasso M, Miette V, Sandrin L, Beaugrand M. The controlled attenuation parameter (CAP):
a novel tool for the non-invasive evaluation of steatosis using Fibroscan. Clin Res Hepatol
Gastroenterol. 2012; 36: 13-20.

Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz N, et al. Formulation and
application of a numerical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis. Hepatology. 1981; 1: 431-5.

The French METAVIR Cooperative Study Group. Intraobserver and interobserver variations
in liver biopsy interpretation in patients with chronic hepatitis C. Hepatology. 1994; 20 (1 Pt
1): 15-20.

Rowe JW, Wands JR, Mezey E, Waterbury LA, Wright JR, Tobin J, et al. Familial
hemochromatosis: characteristics of the precirrhotic stage in a large kindred. Medicine

(Baltimore). 1977; 56: 197-211.

18

htpp://mc.manuscriptcentral.com/UEGH



oNOYTULT D WN =

18.

19.

20.

21.

22.

23.

24.

25.

United European Gastroenterology Journal Page 20 of 38

Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, et al. Design
and validation of a histological scoring system for nonalcoholic fatty liver disease.
Hepatology. 2005; 41: 1313-21.

Schlevogt B, Deterding K, Port K, Siederdissen CHZ, Sollik L, Kirschner J, et al.
Interferon-free cure of chronic Hepatitis C is associated with weight gain during long-term
follow-up. Z Gastroenterol. 2017; 55: 848-856.

Ogasawara N, Kobayashi M, Akuta N, Kominami Y, Fujiyama S, Kawamura Y, et al. Serial
changes in liver stiffness and controlled attenuation parameter following direct-acting
antiviral therapy against hepatitis C virus genotype 1b. J Med Virol. 2018; 90: 313-319.
Asahina Y, Tsuchiya K, Nishimura T, Muraoka M, Suzuki Y, Tamaki N, et al. a-fetoprotein
levels after interferon therapy and risk of hepatocarcinogenesis in chronic hepatitis C.
Hepatology. 2013; 58: 1253-62.

Whitcomb E, Choi WT, Jerome KR, Cook L, Landis C, Ahn J, et al. Biopsy Specimens
From Allograft Liver Contain Histologic Features of Hepatitis C Virus Infection After Virus
Eradication. Clin Gastroenterol Hepatol. 2017; 15: 1279-1285.

Elmasry S, Wadhwa S, Bang BR, Cook L, Chopra S, Kanel G, et al. Detection of Occult
Hepatitis C Virus Infection in Patients Who Achieved a Sustained Virologic Response to
Direct-Acting Antiviral Agents for Recurrent Infection After Liver Transplantation.
Gastroenterology 2017; 152: 550-553.

Sidharthan S, Kohli A, Sims Z, Nelson A, Osinusi A, Masur H, et al. Utility of hepatitis C
viral load monitoring on direct-acting antiviral therapy. Clin Infect Dis 2015; 60: 1743-51.
Ogawa E, Furusyo N, Murata M, Shimizu M, Toyoda K, Hotta T, et al. Comparison of the
Abbott RealTime HCV and Roche COBAS Ampliprep/COBAS TagMan HCV assays for

the monitoring of sofosbuvir-based therapy. Antivir Ther 2017; 22: 61-70.

19

htpp://mc.manuscriptcentral.com/UEGH



Page 21 of 38

oNOYTULT D WN =

26.

27.

28.

29.

30.

31.

32.

33.

United European Gastroenterology Journal

Knop V, Hoppe D, Welzel T, Vermehren J, Herrmann E, Vermehren A, et al. Regression of
fibrosis and portal hypertension in HCV-associated cirrhosis and sustained virologic
response after interferon-free antiviral therapy. J Viral Hepat. 2016; 23: 994-1002.

Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, et al. Long-term entecavir therapy
results in the reversal of fibrosis/cirrhosis and continued histological improvement in
patients with chronic hepatitis B. Hepatology. 2010; 52: 886-93.

Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, et al. Regression of
cirrhosis during treatment with tenofovir disoproxil fumarate for chronic hepatitis B: a
S5-year open-label follow-up study. Lancet. 2013; 381: 468—75.

Sun Y, Zhou J, Wang L, Wu X, Chen Y, Piao H, et al. New classification of liver biopsy
assessment for fibrosis in chronic hepatitis B patients before and after treatment.
Hepatology. 2017; 65: 1438—1450.

Kobayashi S, Takeda T, Enomoto M, Tamori A, Kawada N, Habu D, et al. Development of
hepatocellular carcinoma in patients with chronic hepatitis C who had a sustained
virological response to interferon therapy: a multicenter, retrospective cohort study of 1124
patients. Liver Int. 2007; 27: 186-91.

Motoyama H, Tamori A, Kubo S, Uchida-Kobayashi S, Takemura S, Tanaka S, et al.
Stagnation of histopathological improvement is a predictor of hepatocellular carcinoma
development after hepatitis C virus eradication. PLoS One. 2018; 13: e0194163.

Fujita N, Sugimoto R, Motonishi S, Tomosugi N, Tanaka H, Takeo M, et al. Patients with
chronic hepatitis C achieving a sustained virological response to peginterferon and ribavirin
therapy recover from impaired hepcidin secretion. J Hepatol. 2008; 49: 702—10.

Ryan JD, Altamura S, Devitt E, Mullins S, Lawless MW, Muckenthaler MU, et al.
Pegylated interferon-a induced hypoferremia is associated with the immediate response to

treatment in hepatitis C. Hepatology. 2012; 56: 492—-500.

20

htpp://mc.manuscriptcentral.com/UEGH



oNOYTULT D WN =

United European Gastroenterology Journal

34. Prati D, Taioli E, Zanella A, Della Torre E, Butelli S, Del Vecchio E, et al. Updated
definitions of healthy ranges for serum alanine aminotransferase levels. Ann Intern Med.
2002; 137: 1-10.

35. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in patients
with chronic hepatitis C. The OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.

Lancet. 1997; 349: 825-32.

21

htpp://mc.manuscriptcentral.com/UEGH

Page 22 of 38



Page 23 of 38

oNOYTULT D WN =

United European Gastroenterology Journal

Table 1. Characteristics of the 51 patients with post-SVR biopsy

At the start of At the post-SVR

treatment biopsy
Gender (Female/male) 28/23
Age (years) 63.6+10.3 64.6 +10.3
Body mass index (kg/m?) 243433 244+32
Diabetes (%) 14 (27%)
Treatment-naive (%) 29 (57%)
Clinical cirrhosis (%) 7 (14%)
Past HCC treatment (%) 4 (8%)
Interleukin-28B genotype TG/GG 17 (33%)
HBcAb-positive 20 (39%)
HCV genotype (1a/1b/2a/2b) 0/36/10/5
HCV RNA (Log;o IU/mL) 6.1+0.8 Undetectable
ALT (IU/L) 68 + 68 19+12
a-fetoprotein (ng/mL) 9.5+19.7 49+45
Type IV collagen 7S domain (ng/mL) 5.8+£2.8 51+1.6
Platelet count (X103/},LL) 163 £47 178 + 54

NOTES: Patients with HCV genotype 1b infection were treated with
ledipasvir/sofosbuvir (n = 23), daclatasvir plus asunaprevir (n = 10), elbasvir plus
grazoprevir (n = 2), or ombitasvir/paritaprevir/ritonavir (n = 1). Patients with HCV
genotype 2a or 2b infection were treated with sofosbuvir plus ribavirin (n = 15). Liver

biopsy specimens were obtained 41 + 20 weeks after the end of treatment.
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Table 2. Characteristics of the 20 patients with paired biopsy

At the start of At the post-SVR

treatment biopsy
Gender (female/male) 13/7
Age (years) 62.0+10.9 63.1+10.7
Body mass index (kg/m?) 23.6+3.4 23.5+33
Diabetes (%) 3 (15%)
Treatment-naive (%) 8 (40%)
Clinical cirrhosis (%) 3 (15%)
Past HCC treatment (%) 1 (5%)
Interleukin-28B genotype TG/GG 9 (45%)
HBcAb-positive 6 (30%)
HCYV genotype (1a/1b/2a/2b) 0/15/41
HCV RNA (Log;o IU/mL) 6.1+0.8 Undetectable
ALT (IU/L) 85+91 21+16
a-fetoprotein (ng/mL) 16.2+31.2 54+5.7
Type IV collagen 7S domain (ng/mL) 9.4+£98 53+£22
Platelet count (X103/},LL) 154 £45 173 £55
Liver stiffness (kPa) 11.5+6.4 7.7+5.4
Controlled attenuation parameter (dB/m) 222 +48 231+ 54
Grade of inflammation (A0/A1/A2/A3) 1/11/8/0 9/7/3/1
Stage of fibrosis (FO/F1/F2/F3/F4) 1/7/6/5/1 3/7/5/2/3
Grade of iron deposition (+0/+1/+2/+3/+4) 6/8/1/4/1 14/2/2/2/0
Grade of steatosis (S0/S1/S2/S3/S4) 13/7/0/0/0 10/9/1/0/0

NOTES: Patients with HCV genotype 1b infection were treated with
ledipasvir/sofosbuvir (n = 6), daclatasvir plus asunaprevir (n = 7), or elbasvir plus
grazoprevir (n = 2). Patients with HCV genotype 2a or 2b infection were treated with
sofosbuvir plus ribavirin (n = 5). Liver biopsy specimens were obtained 44 + 22

weeks after the end of treatment.
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Supplementary Table 1. Baseline characteristics of the patients with and without

post-SVR biopsy

Patients without

post-SVR biopsy

Patients with

post-SVR biopsy P value

(n=655) (n=1>51)
Age (years) 66.1 £12.3 63.6£10.3 0.014
Gender (Female/male) 345/310 28/23 0.77
Treatment-naive 417 (64%) 29 (57%) 0.37
Clinical cirrhosis (%) 114 (17%) 7 (14%) 0.70
Past HCC treatment (%) 77 (12%) 4 (8%) 0.50
Interleukin-28B genotype TG/GG 151 (33%) 17 (33%) >0.99
HBcAb-positive 20 (39%) 234 (38%) 0.88
HCV genotype (1a/1b/2a/2b) 7/485/97/63 0/36/10/5 0.72
HCV RNA (Log;o IU/mL) 6.0+£0.8 6.1 £0.8 0.17
ALT (IU/L) S51+44 68 + 68 0.19
a-fetoprotein (ng/mL) 14.6 £42.2 9.5+19.7 0.55
Type IV collagen 7S (ng/mL) 6.0+£2.6 5.8+£2.8 0.78
Platelet count (X103/},LL) 162 £ 62 163 £47 0.99
Regimen (SOF+LDV/SOF+RBV/
312/157/142/23/21 23/15/10/2/1 0.91

DCV+ASV/GZR+EBR/OBV+PTVr)

ASYV, asunaprevir; DCV, daclatasvir; EBR, elbasvir; GZR, grazoprevir; HBcAb, hepatitis

B core antibody; LDV, ledipasvir; OBV, ombitasvir; PTVr, paritaprevir + ritonavir; RBYV,

ribavirin; SOF, sofosbuvir
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Supplementary Table 2. METAVIR grade of inflammation and stage of fibrosis according to ALT levels

Patients with normal ALT levels  Patients with normal ALT levels Patients with abnormal ALT levels

of <30 U/L for men and <19 U/L  of 31-42 U/L for men and 20-27 of > 42 U/L for men and > 27 U/L

for women (n = 40) U/L for women (n = 11) for women (n = 6)
Grade of inflammation
16/21/2/1 2/3/6/0 2/3/1/0
(AO/A1/A2/A3)
Stage of fibrosis
3/19/11/5/2 0/1/4/4/2 0/1/3/1/1

(FO/F1/F2/F3/F4)

Among patients with normal ALT levels, the grade of inflammation was higher in men whose ALT level was 31-42 U/L or women

whose ALT level was 20-27 U/L than in men whose ALT level was <30 U/L or women whose ALT level was <19 U/L (P =0.0011).
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Figure Legends

Figure 1

Study flowchart. Fifty-one patients with normal ALT levels after having SVR were
referred to as ‘patients with post-SVR biopsy’. Twenty patients in whom liver biopsy
specimens were taken a median of 1.2 years before the start of DAA treatment were

referred to as ‘patients with paired biopsy’.

Figure 2

Rates of undetectable HCV RNA in serum of the 51 patients with post-SVR biopsy
during and after treatment. Serum HCV RNA was not detected at the end of treatment
or at 12 weeks post-treatment in any SVR patient with use of the TagMan assay. In
contrast, with use of the RealTime assay, serum HCV RNA remained positive at the end

of treatment in 4 (8%) patients, but became negative at 4-12 weeks post-treatment.

Figure 3

Results of the histological evaluations of hepatic inflammation (A), fibrosis (B), iron
deposition (C) and steatosis (D) in the 51 post-SVR biopsy specimens. The grade of
inflammation was A0 in 18 patients, Al in 24, A2 in 8, and A3 in 1; the stage of fibrosis
was FO in 3 patients, F1 in 20, F2 in 15, F3 in 9, and F4 in 4; the grade of iron
deposition was 0 in 29 patients, 1+ in 10, 2+ in 6, 3+ in 5, and 4+ in 1; and the grade of

steatosis was S0 in 29 patients, S1 in 15, S2 in 6, and S3 in 1.

Figure 4
Changes in histological findings in the 20 patients with evaluable pairs of biopsy

specimens. The grade of inflammation (A) had significantly regressed (P = 0.0043), but
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the stage of fibrosis (B) had not (P = 0.45). The grade of iron accumulation (C) had

significantly regressed (P = 0.0093), but the score of steatosis (D) had not (P = 0.10).

Figure 5

Liver biopsy specimens obtained from a 74-year-old woman with genotype 1b infection
who relapsed after peginterferon-ribavirin plus faldaprevir treatment previously and
then achieved an SVR to ledipasvir/sofosbuvir treatment (Azan-Mallory and Prussian
blue stains; original magnification, all x100): METAVIR score of A2F2 before therapy
(A) and A1F2 after therapy (B). Fibrous bundles/septa bridging between portal tracts are
thinner in post-SVR (arrowheads). As aminotransferases decreased (AST from 35 to 33
U/L and ALT from 31 to 26 U/L), the inflammatory score also decreased after obtaining

an SVR, as did the grade of iron accumulation evaluated with Prussian blue stain.
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Supplementary Figures

Supplementary Figure 1

Changes in serum ALT (A), a-fetoprotein (B), type IV collagen 7S levels (C), and
platelet count (D) during and after DAA treatment in the study group as a whole. EOT,

end of treatment. *, P < 0.05.

Supplementary Figure 2
Changes in liver stiffness (A) and CAP (B) in the 141 patients in whom valid

elastography data were available before therapy and 12—-48 weeks post-treatment.

Supplementary Figure 3

Liver biopsy specimens obtained from a 63-year-old woman with genotype 2a infection
who relapsed after peginterferon-ribavirin treatment previously and then achieved an
SVR to sofosbuvir plus ribavirin treatment (hematoxylin-eosin stain; original
magnification, both x100): METAVIR score of A1F3 before therapy (A) and A3F4 after
therapy (B). Despite normalized aminotransferases (AST from 46 to 23 U/L and ALT
from 70 to 19 U/L), active lymphocyte and plasma cell infiltrates were observed in the

portal area, and autoimmune hepatitis was a possible cause of the severe inflammation.

Supplementary Figure 4

Liver biopsy specimens obtained from a 74-year-old woman with genotype 1b infection
who did not respond to peginterferon-ribavirin treatment previously and then achieved
an SVR to daclatasvir plus asunaprevir treatment [hematoxylin-eosin stain; original
magnification, (A) x100, (B) x200]: METAVIR score of A2F4 before therapy (A) and

A2F4 after therapy (B). Despite decreased aminotransferases (AST from 106 to 42 U/L
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and ALT from 97 to 27 U/L), steatosis, lobular inflammation, and hepatocyte ballooning
(arrowhead) were observed in the post-SVR specimen, and steatohepatitis is a possible

cause of the residual inflammation.
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