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Abstract

Background/purpose In Japan, there is a growing population of patients with chronic hepatitis C virus (HCV) infection
who failed a direct-acting antiviral (DAA)-based regimen. In this Phase 3 study, we evaluated sofosbuvir—velpatasvir plus
ribavirin in Japanese patients with genotype 1 or 2 HCV infection who previously received DAAs.

Methods Patients were randomized 1:1 to receive sofosbuvir—velpatasvir plus ribavirin for 12 or 24 weeks. Randomization
was stratified by HCV genotype and presence of cirrhosis. The primary endpoint was sustained virologic response 12-week
post-treatment (SVR12).

Results Of 117 participants, 81% had HCV genotype 1 infection, 33% had cirrhosis, and 95% had NS5A resistance-
associated substitutions (RAS) at baseline. Overall, SVR12 rates were 97% (58/60; 95% CI 88-100%) with 24 weeks of
treatment and 82% (47/57; 95% CI 70-91%) with 12 weeks. For HCV genotype 1 and 2 infected patients, the SVR12 rates
with 24 weeks of treatment were 98% and 92%, respectively. In both treatment groups, SVR12 rates in HCV genotype 1
patients were statistically superior to a historical control rate of 50% (p < 0.001). For patients with NS5A RASs at
baseline, 85% (46/54) in the 12-week group and 96% (54/56) in the 24-week group achieved SVR12. The most common
adverse events were upper respiratory tract viral infection, anemia, and headache. Three (2.6%) patients discontinued
treatment because of adverse events.

Conclusion Sofosbuvir—velpatasvir plus ribavirin was highly effective and well tolerated in Japanese patients who pre-
viously failed a DAA-based regimen. Baseline NS5A RASs did not affect treatment outcomes.

Keywords DAA-experienced - NS5B polymerase inhibitor - NS5A inhibitor - Antiviral resistance - Salvage therapy

Abbreviations DAA  Direct-acting antiviral
ASV Asunaprevir DCV  Daclatasvir
BMI Body mass index ELB Elbasvir
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GLE Glecaprevir
GRZ Grazoprevir
GT Genotype

HCV  Hepatitis C virus

LDV Ledipasvir

LLOQ Lower limit of quantification
OMB  Ombitasvir

PAR Paritaprevir

PIB Pibrentasvir

RAS Resistance-associated substitution
RBV Ribavirin

SMV  Simeprevir

SOF Sofosbuvir

SVR Sustained virological response
TVR Telaprevir

ULN Upper limit of normal

VAN  Vaniprevir

VEL Velpatasvir

Introduction

In Japan, there is a growing population of patients with
chronic hepatitis C virus (HCV) infection who did not
achieve sustained virologic response (SVR) with a direct-
acting antiviral (DAA) regimen. The standard of care in
Japan for chronic HCV infection has been evolving since
the first DAA agent, telaprevir, was approved in 2011 for
use in combination with peginterferon-alfa and ribavirin. In
2014, the all-oral regimen of daclatasvir, HCV NS5A
inhibitor, and asunaprevir, HCV NS3/4A protease inhi-
bitor, was approved for patients with chronic HCV geno-
type 1 infection [1]. Although the combination provided an
interferon- and ribavirin-free treatment option, its overall
efficacy has been suboptimal compared to newer DAA-
based regimens. In a study of 222 Japanese patients with
HCV genotype 1b, 15% experienced virologic failure with
daclatasvir plus asunaprevir [2]. Failure rates were higher
(59%) in patients with baseline NS5A resistance-associated
substitutions (RASs), and treatment failure was associated
with the emergence of RASs in the gene sequences for both
NS5A and NS3/4. Separate analyses have evaluated the
RAS profiles of patients who failed treatment with dacla-
tasvir and asunaprevir. In one study, 63% of patients had
dual NS5A RASs at L31 and Y93 at the time of failure [3].
A second study demonstrated that 91% had RASs at the
time of virologic failure, including 52% with 2 RASs, 27%
with 3 RASs, and 6% with deletions at NS5A sites 29 or 32

[4].

At the time this study was initiated, Japanese patients
with HCV genotype 1 who had failed daclatasvir plus
asunaprevir had very limited and complicated treatment
options. The 2017 Japanese Society for Hepatology
guidelines for hepatitis C treatment recommended that
daclatasvir plus asunaprevir failures who were eligible to
receive interferon be retreated with the NS3/4A inhibitor
simeprevir plus peginterferon and ribavirin [5]. Those who
were intolerant to or ineligible for interferon were recom-
mended to receive ledipasvir—sofosbuvir as long as they
did not have multiple resistance mutations in the NS5A
region. For patients who did have multiple NS5A resis-
tance mutations, who comprise the majority of daclatasvir
plus asunaprevir failures [3, 4], a “wait-and-see” approach
was recommended. Such patients had limited retreatment
options, and they were typically excluded from clinical
trials of novel HCV drugs.

The combination of sofosbuvir, NS5B polymerase
inhibitor, with velpatasvir, NS5A inhibitor, is a once-daily,
oral, pan-genotypic single-tablet regimen that is well tol-
erated and leads to high SVR rates (95-99%) in patients
with or without compensated cirrhosis [6, 7]. Combining
sofosbuvir—velpatasvir with ribavirin has the potential to be
a salvage regimen for Japanese patients who have failed a
DAA-containing regimen. In a previous Phase 2 study of
patients who were DAA-experienced, treatment with
sofosbuvir—velpatasvir plus ribavirin for 24 weeks resulted
in SVR12 rates of 97% in patients with HCV genotype 1
and 93% in those with HCV genotype 2 [8]. In this Phase 3
study, we evaluated the efficacy and safety of sofosbuvir—
velpatasvir plus ribavirin for 12 or 24 weeks in Japanese
patients with genotype 1 HCV infection who were previ-
ously treated with NSS5A inhibitor or genotype 2 HCV
infection with any DAA-containing regimen.

Methods
Patients

Patients > 20 years old with plasma HCV RNA > 10* U/
mL and chronic genotype 1 or 2 HCV infection that had
previously not achieved SVR with a DAA-containing
regimen lasting at least 4 weeks were eligible to enroll. For
patients with HCV genotype 1, the DAA regimen must
have included NS5A inhibitor. Patients without cirrhosis or
with compensated cirrhosis were eligible for participation;
the presence of cirrhosis was determined by either (1) liver
biopsy with Metavir 4 or Ishak > 5 scores; (2) Fibros-
can > 12.5 kPa; or (3) FibroTest score > 0.75. Key
exclusion criteria included noncompliance with the most
recent DAA-containing regimen, previous discontinuation
of sofosbuvir and ribavirin because of intolerance, body
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weight < 40 kg, platelets < 50,000/uL, hemoglobin < 10
g/dL, alanine aminotransferase or aspartate aminotrans-
ferase > 10 x upper limit of normal (ULN); direct biliru-
bin > 1.5 x ULN; hemoglobin Alc > 8.5%; creatinine
clearance (Cockcroft—Gault) < 50 mL/min; albu-
min < 3 g/dL; International Normalized Ratio of pro-
thrombin time > 1.5 x ULN; infection with hepatitis B or
HIV; or porphyria.

Study design

This was a Phase 3, multicenter, open-label study. Via an
interactive web response system, patients were randomly
assigned 1:1 to 12 or 24 weeks of treatment with sofos-
buvir—velpatasvir (400 mg/100 mg) fixed-dose combina-
tion tablet once-daily and weight-based ribavirin
(REBETOL®, MSD KK) 600-1000 mg divided twice
daily. Randomization was stratified by cirrhosis status
(presence or absence) and HCV genotype (1 or 2).
Approximately 90 patients with HCV genotype 1 and 20
patients with HCV genotype 2 were targeted for enroll-
ment. Across the study population, approximately 20 were
to have compensated cirrhosis. After completing 12 or
24 weeks of treatment, all patients underwent follow-up
visits at post-treatment weeks 4, 12, and 24.

Study oversight

The study protocol was approved by the review board or
ethics committee of each institution prior to study initia-
tion. The study was conducted in accordance with the
International Conference on Harmonization Good Clinical
Practice Guidelines and the Declaration of Helsinki.
Patients provided written informed consent before under-
taking any study-related procedures.

Assessments

Screening assessments included measurement of plasma
HCV RNA level, HCV genotyping, IL28B genotyping, and
standard laboratory and clinical tests. HCV RNA levels
were quantified using the COBAS Ampliprep/COBAS
TagMan HCV Test, v2.0 (Roche Molecular Systems, Inc.,
Branchburg, NJ), which has a lower limit of quantitation
(LLOQ) of 15 IU/mL. HCV genotype and subtype was
determined using the Siemens VERSANT® HCV Geno-
type INNO-LiPA2.0 Assay. IL28B genotype was deter-
mined by polymerase chain reaction amplification of the
single-nucleotide ~ polymorphism  rs12979860,  with
sequence-specific forward and reverse primers and allele-
specific fluorescently labeled TagMan® minor groove
binder probes.

@ Springer

Plasma HCV RNA levels were evaluated at screening;
on day 1 of treatment; at treatment weeks 1, 2, 3, 4, 5, 6, 8,
10, and 12 for all patients and weeks 16, 20, and 24 for
those receiving 24 weeks of treatment; and at post-treat-
ment weeks 4, 12, and 24. Missing SVR values were
imputed as a success if bracketed by values that were ter-
med successes.

Plasma samples for viral sequencing were collected at
all treatment and follow-up visits, following the same
schedule as for HCV RNA evaluation. RASs present in
more than 15% of the sequence reads are reported. Deep
sequencing of the NS5A and NS5B coding regions was
performed on samples obtained from all patients at baseline
and from those with virologic failure at the time of failure.

Safety assessments included physical examinations and
vital sign assessments conducted at all study visits. In
addition, adverse events and concomitant medication
intake were ascertained and clinical laboratory assessments
were collected at screening, every treatment visit, and at
the post-treatment week 4 visit.

Endpoints

The primary efficacy endpoint was achievement of SVR12,
defined as having HCV RNA < LLOQ 12 weeks after
discontinuing study drugs. The primary safety endpoint
was discontinuation of study drugs due to adverse events.

Statistical analyses

Because of the limited number of patients with HCV
genotype 2 patients in this study, the sample size justifi-
cation was based on genotype 1 patients only. A sample
size of 45 HCV genotype 1 patients in each treatment
group was to provide over 90% power for the primary
efficacy analysis, which was to detect at least 27%
improvement in SVR12 rate from a historical control rate
of 50% using a two-sided exact one-sample binomial test at
significance level of 0.025 with Bonferroni alpha adjust-
ment. The 50% SVR null rate was derived from SVR rates
of 43% (59/137) and 59% (57/96) (116/233 = 50%) for
treatment-naive patients with genotype 1 HCV infection
and high viral loads treated with peginterferon and rib-
avirin for 48 weeks cited in the Japanese package inserts
for REBETOL® Capsules 200 mg (MSD, July 2015, 19th
version) and COPEGUS® Tablets 200 mg (Chugai Phar-
maceuticals, July 2015, 6th version), respectively. No sta-
tistical hypothesis testing was performed for the groups of
patients with HCV genotype 2. A point estimate with two-
sided 95% exact confidence interval using the binomial
distribution (Clopper—Pearson method) was constructed for
the SVR12 rates in each treatment group. Also explored in
post hoc analyses were factors associated with treatment
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failure. Exact logistic regressions were conducted using the
relapse rate in 3 groups: all patients, patients infected with
genotype 1 in both treatment groups combined, or patients
treated for 12 weeks. Analysis variables were selected
based on the size of the population and potential for
impacting treatment success. The factors analyzed included
sex, age group (< 65 or > 65 years), absence or presence
of cirrhosis, baseline HCV RNA (< 5 1logl10 IU/mL or > 5
log10 IU/mL), number of RAVs (< 2 or > 2), absence or
presence of the NS5A RAVs L31 in combination withY93,
adherence rate (< 80% or > 80%), treatment duration (12
or 24 weeks), and RBV dosage as a continuous variable
measured by number of tablets taken.

Results
Patient population

From August of 2016 through March of 2017, 117 patients
were treated at 18 study sites in Japan. The median age for
the study population was 64 years (range 21-81) (Table 1).
Thirty-three percent (39/117) of patients had cirrhosis.
Fifty-seven percent (67/117) had a non-CC IL-28B geno-
type. Among patients with genotype 1 infection, 97% (92/
95) had subtype 1b. Most patients (84%, 83/117) had
undergone 2 or more prior DAA treatment regimens. The
median (range) reported duration of the most recent prior
DAA treatment was 14 (7-36) weeks in the 12-week group
and 12 (6-36) in the 24-week group. Seventy-five percent
(88/117) of patients were previously treated with both
NSS5A and NS3/4 inhibitors, including 8 patients who had
also been treated with NS5B inhibitor. Among patients
with genotype 1 HCV infection, the most common prior
treatment regimen was daclatasvir plus asunaprevir (86%,
82/95), and, among patients with genotype 2 HCV infec-
tion, the most common prior DAA was sofosbuvir (91%,
20/22). Ninety-five percent of patients (110/116) had 1 or
more NS5A RASs at baseline, including 71% (82/116)
with 2 or more NS5A RASs. Of the 117 patients who were
enrolled, 114 (97%) completed treatment (Fig. 1).

Efficacy

Overall, SVR12 rates were higher with 24 weeks versus
12 weeks of treatment (Table 2). In the 12- and 24-week
treatment groups, 82% (47/57; 95% CI 70-91%) and 97%
(58/60; 95% CI 88-100%) of patients achieved SVR12,
respectively. Among patients with HCV genotype 1,
SVRI12 rates were 85% (40/47; 95% CI 72-94%) with
12 weeks and 98% (47/48; 95% CI 89-100%) with
24 weeks. The SVR12 rates of sofosbuvir—velpatasvir plus
ribavirin for 12 weeks (p <0.001) and 24 weeks

(p < 0.001) in HCV genotype 1 patients were both statis-
tically superior to the historical control rate of 50%. For
patients with HCV genotype 2, SVR12 rates were 70% (7/
10; 95% CI 35-93%) for 12 weeks and 92% (11/12; 95%
CI 62-100%) for 24 weeks. Comparatively, the difference
in SVRI12 rate for the treatment groups overall was sta-
tistically significant (24 weeks compared with 12 weeks for
all patients, p = 0.023); however, the differences in the
SVRI12 rates by genotype for the treatment groups were not
statistically significant (for patients with genotype 1, p =
0.0548; for patients with genotype 2, p = 0.4511).

Results were similar between patients with and without
cirthosis in both treatment groups (Table 3). In the
12 week group, SVR12 rates were 82% (32/39) for those
without cirrhosis and 83% (15/18) for those with com-
pensated cirrhosis. In the 24-week group, they were 95%
(37/39) in patients without cirrhosis and 100% (21/21) in
those with cirrhosis.

The SVRI12 rates for patients with genotype 1 HCV
infection previously treated with both NS5A and NS3/4
inhibitors, including those who had also used NS5B inhi-
bitor, were 86% (38/44) and 98% (40/41) in the 12- and
24-week groups, respectively. SVR12 rates were 86% (36/
42) and 98% (39/40) with 12 and 24 weeks of treatment,
respectively, in patients previously treated with daclatasvir
plus asunaprevir, 100% (3/3) and 100% (11/11) in those
previously treated with ledipasvir—sofosbuvir, and 100% (1/
1) and 100% (4/4) in patients previously treated with
daclatasvir plus asunaprevir and then ledipasvir—sofosbuvir.
The SVR12 rates in the 12- and 24-week groups for patients
with genotype 2 HCV infection previously treated with
sofosbuvir were 67% (6/9) and 91% (10/11), respectively.

No patients had virologic nonresponse. A total of 11
patients relapsed, 9 of whom were in the 12-week grosup.
One patient terminated treatment on day 8 because of an
adverse event and did not achieve SVR12. In post hoc
logistic regression analyses of relapse in the overall pop-
ulation (n = 116), the only factor that was statistically
significant was treatment duration, where the likelihood for
relapse was 5.5-fold higher with 12 weeks than with 24
weeks (p = 0.0399). For genotype 1 patients in both
treatment groups (n = 95) and in the 12 week group alone
(n = 47), no factor was statistically significant.

Viral resistance analyses

Among the 116 patients included in the resistance analysis
population, the prevalence of baseline NS5A RASs was
high and similar between the two treatment groups irre-
spective of genotype. Overall, 96% (54/56) in the 12-week
group and 93% (56/60) in the 24-week group had baseline
NS5A RASs. Most patients with genotype 1 HCV had 2 or
more NS5A RASs (overall 85%, 80/94), including Y93
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Table 1 Patient demographics and baseline characteristics

Sofosbuvir-velpatasvir + ribavirin

Genotype 1 Genotype 2 Total

12 weeks 24 weeks 12 weeks 24 weeks 12 weeks 24 weeks

(n=47) (n=48) (n=10) (n=12) (n=57) (n = 60)
Mean (range) age, years 63 (38-81) 64 (35-79) 59 (21-76) 61 (46-70) 62 (21-81) 63 (35-79)
Female, n (%) 29 (62) 28 (58) 5 (50) 5 (42) 34 (60) 33 (55)
Race, n (%)

Asian 47 (100) 48 (100) 10 (100) 12 (100) 57 (100) 60 (100)
Median (range) BMI, kg/m> 24 (18-33) 23 (18-30) 23 (21-29) 24 (18-36) 24 (18-33) 23 (18-36)
Genotype, n (%)

1 47 (100) 48 (100) - - 47 (82) 48 (80)

la 24 1) - - 24 12
1b 45 (96) 47 (98) - - 45 (79) 47 (78)
2 - - 10 (100) 12 (100) 10 (18) 12 (20)
2a - - 7 (70) 8 (67) 7 (12) 8 (13)
2b - - 3 (30) 4 (33) 3(5) 4(7)
Mean (SD) HCV RNA, 6.2 (0.47) 6.2 (0.51) 6.6 (0.46) 6.2 (0.86) 6.3 (0.49) 6.2 (0.58)
log;o IU/mL
HCV RNA > 800,000 IU/mL, 37 (79) 38 (79) 9 (90) 8 (67) 46 (81) 46 (77)
n (%)
No. of prior DAASs, n (%)

1 2 (4) 0 9 (90) 8 (67) 11 (19) 8 (13)

2 34 (72) 39 (81) 1 (10) 217 35 (61) 41 (68)

>3 11 (23) 9 (19) - 217 11 (19) 11 (18)
No. of prior treatment regimens,

n (%)

1 13 (28) 13 (27) 2 (20) 6 (50) 15 (26) 19 (32)

2 15 (32) 18 (38) 5 (50) 3 (25) 20 (35) 21 (35)

3 8 (17) 5 (10) 2 (20) 217 10 (18) 7 (12)

>4 11 (23) 12 (25) 1 (10) 1(8) 12 (21) 13 (22)
Cirrhosis, n (%)

Yes 16 (34) 18 (38) 2 (20) 3 (25) 18 (32) 21 (35)

No 31 (66) 30 (63) 8 (80) 9 (75) 39 (68) 39 (65)
Prior DAASs by class, n (%)

NS5A + NS3 + NS5B 44 (94) 41 (85) 1 (10) 2(17) 45 (79) 43 (72)

NS5B + NS3 - - 9 (90) 9 (75) 9 (16) 9 (15)

NS5A + NS5B 3 (6) 7 (15) - 1(8) 3(5) 8 (13)
Prior DAAS, n (%)

DCV 44 (94) 40 (83) - 1) 44 (77) 41 (68)

DCV + ASV 42 (89) 40 (83) - 1(8) 42 (74) 41 (68)

SOF 3 (6) 11 (23) 9 (90) 11 (92) 12 21) 22 (37)

LDV-SOF 3 (6) 11 (23) - 1(8) 3(5) 12 (20)

DCV + ASV and LDV-SOF 1(2) 4 8) - - 1(2) 4(7)

SMV 6 7

TVR 2 1

VAN - 1

GRZ + ELB 1 1

OMB + PAR 1 1

GLE + PIB 1 -

IL-28B, n (%)

@ Springer



56

Hepatology International (2018) 12:356-367

361

Table 1 (continued)

Sofosbuvir-velpatasvir 4 ribavirin

Genotype 1 Genotype 2 Total
12 weeks 24 weeks 12 weeks 24 weeks 12 weeks 24 weeks
(n=47) (n =48) (n=10) (n=12) (n=157) (n = 60)
CC 15 (32) 21 (44) 8 (80) 6 (50) 23 (40) 27 (45)
CT 28 (60) 20 (42) 1 (10) 6 (50) 29 (51) 26 (43)
TT 4(9) 7 (15) 1 (10) - 50 7 (12)
NS5A resistance-associated substitutions, n/n (%)
Without 1/46 (2) 2/48 (4) 1/10 (10) 2/12 (17) 2/56 (4) 4/60 (7)
With 45/46 (98) 46/48 (96) 9/10 (90) 10/12 (83) 54/56 (96) 56/60 (93)
1 5/46 (11) 6/48 (13) 9/10 (90) 8/12 (67) 14/56 (25) 14/60 (23)
>2 40/46 (87) 40/48 (83) - 2/12 (17) 40/56 (71) 42/60 (70)
Y93 any =+ other 41/46 (89) 39/48 (81) - - 41/56 (73) 39/60 (65)
L31 any =+ other 38/46 (83) 42/48 (88) 9/10 (90) 10/12 (83) 47156 (84) 52/60 (87)
P32 deletion + other 2/46 (4) 3/48 (6) - - 2/56 (4) 3/60 (5)

ASV asunaprevir, BMI body mass index, DAA direct-acting antiviral, DCV daclatasvir, ELB elbasvir, GLE glecaprevir, GT genotype, GRZ
grazoprevir, HCV hepatitis C virus, LDV ledipasvir, OMB ombitasvir, PAR paritaprevir, PIB pibrentasvir, SMV simeprevir, SOF sofosbuvir, TVR

telaprevir, VAN vaniprevir

Screened (N=132) |

n=1 Withdrew consent

Screened But Not Enrolled
n=14 Did not meet eligibility criteria

| Randomized (n=117) |

SOF/VEL + RBV

SOF/VEL + RBV

12 weeks 24 weeks
Initiated Treatment n=57 n=60
Completed Discontinued Completed || Discontinued
Treatment Treatment Treatment Treatment
n=56 n=1 (AE) n=58 n=2 (AE)
Completed FU-4 _ _ _ _
HCV RNA Assessment n=56 n=1 n=58 n=2
Withdrew consent | E=I| E=E| E=:| E=E|
Completed FU-12 _ _ _ -
HCV RNA Assessment n=55 I_ni, n=58 IT__?,

Fig. 1 Patient disposition throughout the study. FU-4 follow-up week 4, FU-12, follow-up week 12, HCV hepatitis C virus, RBV ribavirin, SOF

sofosbuvir, VEL velpatasvir
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Table 2 Treatment response to sofosbuvir-velpatasvir + ribavirin

Sofosbuvir-velpatasvir + ribavirin

Genotype 1 Genotype 2 Total
12 weeks 24 weeks 12 weeks 24 weeks 12 weeks 24 weeks
(n=47) (n=48) (n=10) (n=12) (n=57) (n = 60)
HCV RNA < 15 IU/mL, n/n (%)
On treatment
Week 1 12/47 (26) 11/48 (23) 0/10 4/12 (33) 12/57 (21) 15/60 (25)
Week 2 29/46 (63) 34/48 (71) 7/10 (70) 8/12 (67) 36/56 (64) 42/60 (70)
Week 4 45/46 (98) 47/48 (98) 10/10 (100) 12/12 (100) 55/56 (98) 59/60 (98)
Week 8 46/46 (100) 48/48 (100) 10/10 (100) 12/12 (100) 56/56 (100) 60/60 (100)
Week 12 46/46 (100) 47/47 (100) 10/10 (100) 12/12 (100) 56/56 (100) 59/59 (100)
Week 16 - 46/46 (100) - 12/12 (100) - 58/58 (100)
Week 24 - 46/46 (100) - 12/12 (100) - 58/58 (100)
After treatment
Week 4 42/47 (89) 47/48 (98) 7/10 (70) 12/12 (100%) 49/57 (86) 59/60 (98%)
Week 12 (SVR12) 40/47 (85) 47/48 (98) 7/10 (70) 11/12 (92%) 47/57 (82) 58/60 (97%)
95% CI 72-94% 89-100% 35-93% 62-100% 70-91% 89-100%
Week 24 (SVR24) 40/47 (85) 47/48 (98) 7/10 (70) 11/12 (92%) 47/57 (82) 58/60 (97%)
95% CI 72-94% 89-100% 35-93% 62—-100% 70-91% 89-100%
Virologic failure, n (%)
On treatment 0 0 0 0 0 0
Relapse 6 1 3 1 9 2
Completed treatment 6 1 3 1 9 2
Discontinued treatment 0 0 0 0 0 0
Other virologic outcome,
n (%)
Did not complete 1? 0 0 0 1 0

treatment

GT genotype, HCV hepatitis C virus, SVRI2 sustained virologic response 12 weeks after treatment

“Patient terminated participation on day 4 of treatment because of an adverse event (rash)

alone or in combination with other substitutions (overall
85%, 80/94) and P32 deletions (overall 5%, 5/94). The
majority of those with a Y93 RAS also had L31 RAS
(overall 89%, 71/80). Eighty-six percent (71/80) of patients
with genotype 2 infection had 1 or 2 NS5A RASs at
baseline (overall 86%, 19/22; genotype 2a 87%, 13/15;
genotype 2b 86%, 6/7). All patients with genotype 2
infection and NS5A RAVs had L31M.

SVR12 was achieved in 85% (46/54) and 96% (54/56)
of patients with baseline NS5A RASs in the 12- and
24-week groups, respectively (Table 3). Among those with
two or more baseline NS5A RASs, 85% (34/40) in the
12-week group and 98% (41/42) in the 24-week group
achieved SVRI12. For patients with HCV genotype 1,
SVRI12 was achieved in 85% (35/41) and 100% (39/39) of
those with any Y93 RAS, 82% (28/34) and 100% (37/37)
for those with Y93 combined with L31 RASs, and 100%
(2/2) and 67% (2/3) in patients with P32 deletions, in the
12- and 24-week groups, respectively. Among patients with

@ Springer

genotype 2 infection with L31M RASs, 78% (7/9) and 90%
(9/10) achieved SVR12 in the 12- and 24-week groups,
respectively.

Seven patients (n = 4 HCV genotype 1b infection, n = 3
HCV genotype 2b infection) had NS5B RASs at baseline
(n =3 in the 12-week group and n =4 in the 24-week
group). All achieved SVR12.

None of the 11 patients who relapsed across the treat-
ment groups developed treatment-emergent RASs at a
cutoff of 15% or 1%.

Safety

Eighty-one percent (46/57) of patients in the 12-week
group and 75% (45/60) of patients in the 24-week group
experienced an adverse event (Table 4). The most com-
monly reported adverse events were viral upper respiratory
tract infection (28%), anemia (23%), and headache (11%).
Anemia was reported at similar percentages in the 12- and
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Table 3 SVRI12 by cirrhosis, prior direct-acting antivirals, and baseline resistance-associated substitutions

Sofosbuvir-velpatasvir + ribavirin

Genotype 1 Genotype 2 Total
12 weeks 24 weeks 12 weeks 24 weeks 12 weeks weeks 24 weeks
Cirrhosis
Yes 81% (13/16) 100% (18/18) 100% (2/2) 100% (3/3) 83% (15/18) 100% (21/21)
No 87% (27/31) 97% (29/30) 63% (5/8) 89% (8/9) 82% (32/39) 95% (37/39)

Prior DAAs by class

NS5A + NS3 £+ NS5B 86% (38/44) 98% (40/41)

NS5B + NS3 - -
NS5A + NS5B 67% (2/3) 100% (7/7)
Prior DAAs

DCV 84% (37/44) 98% (39/40)
DCV + ASV 86% (36/42) 98% (39/40)

SOF 100% (3/3) 100% (11/11)
LDV/SOF 100% (3/3) 100% (11/11)

DCV + ASV and LDV/SOF 100% (1/1) 100% (4/4)

NS3-containing regimens 50% (4/8) 100% (8/8)

Other DAA combinations 100% (2/2)
NSS5A resistance-associated substitutions
Without 100% (1/1)
With 87% (39/45)
1 100% (8/8)
>2 85% (34/40)
Y93any + other 85% (35/41)
L31lany =+ other 84% (32/38)

P32 deletion + other 100% (2/2)

100% (1/1)

100% (2/2)
98% (45/46)
100% (6/6)
98% (39/40)
100% (39/39)
98% (41/42)
67% (2/3)

100% (1/1) 100% (2/2) 87% (39/45) 98% (42/43)

67% (6/9) 89% (8/9) 67% (6/9) 89% (8/9)

- 100% (1/1) 67% (2/3) 100% (8/8)

- 100% (1/1) 84% (37/44) 98% (40/41)
- 100% (1/1) 86% (36/42) 98% (40/41)
67% (6/9) 91% (10/11)  75% (9/12) 96% (21/22)
- 100% (1/1) 100% (3/3) 100% (12/12)
- - 100% (1/1) 100% (4/4)

- 0% (0/1) 50% (4/8) 89% (8/9)

100% (1/1) 100% (1/1) 100% (3/3) 100% (2/2)

0% (0/1) 100% (2/2) 50% (1/2) 100% (4/4)
78% (7/9) 90% (9/10) 85% (46/54) 96% (54/56)
78% (7/9) 88% (7/8) 86% (12/14) 93% (13/14)
- 100% (2/2) 85% (34/40) 98% (41/42)
- - 85% (35/41) 100% (39/39)
78% (7/9) 90% (9/10) 83% (39/47) 96% (50/52)

100% (2/2) 67% (2/3)

ASV asunaprevir, DAA direct-acting antiviral, DCV daclatasvir, GT genotype, LDV ledipasvir, SOF sofosbuvir

24-week treatment groups, 25% and 22%, respectively.
Four patients, all in the 24-week group, experienced a
Grade 3, serious adverse event; 2 had hepatocellular car-
cinoma, 1 had hepatic angiosarcoma, and 1 had pneumonia.
None of the serious adverse events was considered related
to study treatment.

Three patients had adverse events leading to premature
discontinuation of treatment. One of them, in the 12-week
group, discontinued on treatment day 8 because of rash and
did not achieve SVR12. The rash was considered related to
study treatment and resolved within 1 month. Another
patient, in the 24-week group, had hepatic angiosarcoma
that was considered unrelated to study treatment. This
patient discontinued study drugs on day 97 of treatment
and achieved SVR12. The third patient, also in the 24-week
group, experienced moderately severe depression that was
considered related to study treatment; the patient’s medical
history was notable for a prior episode of depression
related to treatment with peginterferon plus ribavirin. This
patient discontinued after 5 weeks of treatment and
achieved SVR12.

Ten patients had adverse events that led to ribavirin dose
reduction (n = 9) or interruption (n = 1). All ten patients
had anemia that was considered related to study treatment,
and one also had headache considered related to study
treatment. Seven of the ten reached SVR12; three experi-
enced relapse. All three had genotype 2 HCV and were in
the 12-week group.

No patients had Grade 4 laboratory abnormalities. The
only Grade 3 laboratory abnormalities that occurred in
more than one patient were hyperglycemia (n = 8), lym-
phocyte reduction (n =8), and decreased hemoglobin
levels (n = 6). All eight patients with Grade 3 hyper-
glycemia had a history of diabetes.

Discussion

In this Phase 3 study in Japan, sofosbuvir—velpatasvir plus
ribavirin was highly effective and well tolerated in patients
with HCV genotype 1 or 2 infection with or without
compensated cirrhosis who had not achieved sustained
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Table 4 Adverse events and laboratory abnormalities

Sofosbuvir-velpatasvir + ribavirin

12 weeks (n = 57) 24 weeks (n = 60)

No. (%) of patients with any adverse event
No. (%) of Grade 3 or 4 adverse events
No. (%) of patients with a serious adverse event
Adverse events leading to discontinuation of all study drug, n (%)
Deaths, n
Adverse events in > 5% of patients in either treatment group, n (%)
Upper respiratory tract viral infection
Anemia
Headache
Stomatitis
Eczema
Nausea
Pharyngitis
Pruritus
Back pain
Rash
Dry skin
Gastroenteritis
Malaise
Upper abdominal pain
Oral herpes
Upper respiratory tract inflammation
Serious adverse events, n (%)
Hepatocellular carcinoma
Hepatic angiosarcoma
Pneumonia
Laboratory abnormalities (Grade 3 or above), n (%)
Hyperglycemia, > 250 to 500 mg/dL
Lymphocytes, 350 to < 500/mm?>
Hemoglobin, 7.0 to < 9.0 g/dL or decrease > 4.5 g/dL
Hyponatremia, 121 to < 125 mmol/L
Neutrophils, 500 to < 750/mm?®
Platelets, 25,000 to < 50,000/mm’
White blood cells, 1000-1500/mm?>

46 (81) 45 (75)
0 4 (7
0 4 (7
1) 2(3)
0 0

20 (35) 13 (22)
14 (25) 13 (22)
11 (19) 2(3)
5(9) 3(5)
4 () 2 (3)
5(9) 1(2)
3(5) 3(5)
2 (4) 4 (7)
4(7) 12
24 309
0 4 (7)
0 4 (7)
1) 305
3(5) 0

0 3(5)
0 3(5)
0 2(3)
0 1(2)
0 1(2)
305 5(8)
1) 7(12)
2 @) 4 (7)
0 12
0 1 (2)
0 1(2)
0 1(2)

virologic response after the previous treatment with DAA-
containing regimens, including NS5A inhibitors. In this
study, extending duration of therapy with sofosbuvir—vel-
patasvir plus ribavirin to 24 versus 12 weeks resulted in
higher SVR rates, and the difference was statistically sig-
nificant. In a univariate regression analysis of all enrolled
patients, the only factor significantly associated with
relapse was shorter treatment duration, suggesting that 24
weeks of treatment is of benefit for all DAA-experienced
patients. The results with 24 weeks of treatment in the
current study are similar to a smaller, prior study of 24

@ Springer

weeks of sofosbuvir—velpatasvir plus ribavirin in DAA-
experienced patients, which resulted in SVR12 rates of
97% in patients with HCV genotype 1 and 93% in those
with HCV genotype 2 [8]. However, only 7% of patients in
the prior study were infected with HCV genotype 1b,
compared with 78% in the current study, and only 14% had
at least 1 NS5A RASs at baseline, compared with 92% of
the HCV genotype 1 patients in the current study.

The adverse event profile in this study was generally
similar to those reported in the previous studies of regi-
mens including sofosbuvir and ribavirin [9—-12]. Three
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patients (2.6%) discontinued treatment because of an
adverse event, yet despite the early discontinuation, 2 of
them achieved SVR12. Typical with ribavirin-containing
regimens, anemia occurred in approximately one-fifth of
patients but did not result in treatment discontinuation in
any patients.

The current Japanese treatment guidelines recommend
glecaprevir-pibrentasvir as the first-line retreatment option
for patients who have failed NS3/4A protease inhibitor and
NSS5A inhibitor, and who do not have baseline NS3/4 or
NS5A RASs. The Phase 3 CERTAIN-1 study evaluated
treatment with glecaprevir-pibrentasvir for 12 weeks in
Japanese patients [13]. Of the 33 DAA-experienced sub-
jects, 30 had previously been treated with daclatasvir and
asunaprevir, 2 with peginterferon and ribavirin and
simeprevir, and 1 with sofosbuvir and ribavirin. SVR12
was achieved by 94% (31/33) of patients, and both patients
with virologic failure had genotype 1b HCV infection and
P32 deletions in the NS5A region at baseline. One of the
two patients with virologic failure also had the NS3 RAS
D168V at baseline and emergent A156D/V at failure. In the
United States, glecaprevir-pibrentasvir is not recommended
for HCV genotype 1 patients who previously received both
NS5A and NS3/4A inhibitors, and instead sofosbuvir—ve-
lapatasvir—voxilaprevir is recommended [14]. One clear
benefit of sofosbuvir—velpatasvir plus ribavirin is that it can
be used in patients with decompensated cirrhosis.

The previous studies have shown that patients with
genotype 1b infection who were unsuccessfully treated
with daclatasvir plus asunaprevir frequently have complex
RAS profiles [3, 4]. Similar observations were made in this
study, as the majority of genotype 1 patients had 2 or more
NS5A RASs at baseline. Specific NS5A RASs associated
with daclatasvir plus asunaprevir treatment failures that
confer high levels of resistance to NS5A inhibitors include
dual mutations at Y93 and L31 as well as P32 deletions.
The dual NS5A RASs and P32 deletions have been asso-
ciated with relapse in ledipasvir—sofosbuvir and glecapre-
vir-pibrentasvir re-treatment studies [13, 15-17]. In this
study, the overall presence of NS5A substitutions or the
presence of specific NS5A substitutions at baseline had no
discernible effect on the rates of SVR12 with sofosbuvir—
velpatasvir plus ribavirin. All 37 patients in the 24-week
group with baseline Y93 and L31 RASs achieved SVR12.
Furthermore, 4 of the 5 patients enrolled in the current
study with a P32 deletion at baseline achieved SVR with 12
or 24 weeks of treatment.

The majority of patients in the current study with
genotype 2a (87% [13/15]) or genotype 2b (86% [6/7]) had
1 or more NS5A RASs at baseline, all with L31M. In
contrast, it was previously reported that worldwide 97% of
patients with HCV genotype 2a and 39% of patients with
HCV genotype 2b had L31M [18]. Our data suggest that

there may be a higher prevalence of L31M in HCV
genotype 2b strains circulating in Japan relative to the
global population, although this is based on a small number
of patients.

Prior studies have suggested that there is an association
between the duration of prior DAA treatment and success
in retreatment, with patients treated with shorter durations
of all-oral NS5A inhibitor-based DAA therapy
(4-8 weeks) having higher retreatment SVR rates com-
pared to those initially treated for longer durations
(10-12 weeks) [19, 20], a phenomenon, perhaps, resulting
from greater virologic resistance developing during longer
treatment. In the current study, the median duration of most
recent prior DAA treatment was 12—14 weeks, and 95% of
patients had baseline NS5A RASs. The high SVR12 (97%)
rate in among patients who received 24 weeks of treatment
demonstrates that the inclusion of ribavirin and the exten-
ded treatment duration are effective in treating this highly
treatment-experienced patient population infected with
resistant HCV.

This study was designed to evaluate two durations of
treatment with the same regimen of sofosbuvir—velpatasvir
and ribavirin. It did not include a ribavirin-free arm,
because the population consisted of DAA-experienced
patients expected to have complex resistance profiles who
would benefit from ribavirin in addition to two highly
potent direct-acting antivirals. As such, the study does not
give insight into whether the addition of ribavirin could be
unnecessary for some patients. The sample size precludes
meaningful analyses of subgroups of patients.

Further limitations of this study are the small number of
patients with genotype la or genotype 2 HCV infections.
The distribution of genotypes and subtypes is representa-
tive of the HCV population in Japan, which is predomi-
nantly genotype 1b [21]. The small sample size of HCV
genotype 2 patients makes it difficult to interpret the high
rate of relapse with 12 weeks of treatment, which does not
seem to be attributable to the presence of L31M RASs nor
the presence of cirrhosis. The three patients with genotype
la infection were all successfully treated in the current
study; however, the sample size is too small to predict
treatment outcomes in a larger population with this sub-
type. Another limitation of the study is that there were few
patients who had previously been treated with other next-
generation DAA regimens, such as glecaprevir—pi-
brentasvir (n = 1), elbasvir—grazoprevir (n =2), and
ritonavir-boosted ombitasvir—pariteprevir (n = 2); all of
these patients were successfully treated (data not shown).

In summary, sofosbuvir-velpatasvir plus ribavirin for
24 weeks was highly effective and well tolerated in Japa-
nese patients with chronic HCV genotype 1 or 2 infection
who previously failed treatment with a DAA. The presence
of NS5A or NS5B RASs at baseline, including those
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associated with virologic failure with other DAA regimens,
did not impact treatment outcomes. Sofosbuvir—velpatasvir
plus ribavirin for 24 weeks is an effective salvage regimen
for this population with limited treatment options.
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Abstract

Background In Japan, hepatitis C virus (HCV)-infected
patients with decompensated cirrhosis currently have no
treatment options. In this Phase 3 study, we evaluated
sofosbuvir-velpatasvir with or without ribavirin for
12 weeks in patients with any HCV genotype and
decompensated cirrhosis [Child-Pugh-Turcotte (CPT)
class B or C] in Japan.

Methods Patients were randomized 1:1 to receive sofos-
buvir—velpatasvir with or without ribavirin for 12 weeks.
Randomization was stratified by CPT class and genotype.
Sustained virologic response 12 weeks following comple-
tion of treatment (SVR12) was the primary efficacy
endpoint.
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Results Of the 102 patients enrolled, 57% were treatment
naive, 78% and 20% had genotype 1 and 2 HCV infection,
respectively, and 77% and 20% had CPT class B and C
cirrhosis, respectively, at baseline. Overall, 61% of patients
were female and the mean age was 66 years (range 41-83).
SVRI12 rates were 92% (47/51) in each group. Among
patients who achieved SVR12, 26% had improved CPT
class from baseline to posttreatment week 12. Most adverse
events (AEs) were consistent with clinical sequelae of
advanced liver disease or known toxicities of ribavirin.
Four patients (8%) who received sofosbuvir-velpatasvir
and seven (14%) who received sofosbuvir—velpatasvir plus
ribavirin experienced a serious AE. The 3 deaths (bacterial
sepsis, gastric varices hemorrhage, hepatocellular carci-
noma) were attributed to liver disease progression.

Conclusion Sofosbuvir—velpatasvir for 12 weeks provides
a highly effective and well-tolerated therapy for Japanese
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patients with HCV and decompensated cirrhosis. Ribavirin
did not improve efficacy but increased toxicity.

Keywords Sofosbuvir - Velpatasvir - Decompensated
cirrhosis - Advanced liver disease - Direct-acting antivirals

Abbreviations

AE Adverse event

BMI Body mass index

CI Confidence interval

CPT Child-Pugh-Turcotte

DAA Direct-acting antiviral

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

LLOQ Lower limit of quantification
MELD Model for end-stage liver disease

NI Nucleoside inhibitor

RAS Resistance-associated substitution

RNA Ribonucleic acid

SAE Serious adverse event

SVRxx Sustained virologic response at “xx” weeks
following completion of treatment

Introduction

Globally, the treatment of HCV infection has been trans-
formed with the development of direct-acting antiviral
(DAA) agents, which target viral proteins and cellular
processes essential to viral replication. These interferon-
free, DAA-based regimens are generally well-tolerated and
result in high rates of sustained virologic response (SVR)
across most patient populations. However, some regimens
containing protease inhibitors have been associated with
hepatotoxicity and hepatic decompensation, particularly in
patients with advanced cirrhosis thus precluding their use
in some patients, including those with decompensated
cirrhosis [1]. In contrast, ledipasvir/sofosbuvir and sofos-
buvir/velpatasvir have demonstrated both safety and effi-
cacy in patients with decompensated liver disease [2—4].
These studies were conducted in North America, Europe,
Australia, and New Zealand. Data are lacking in Japanese
patients, and there are no approved antiviral therapies
currently available for this population in Japan. The current
Japan Society of Hepatology (JSH) guidelines therefore do
not recommend the use of DAA agents in patients with
decompensated cirrhosis due to lack of safety or efficacy
data in Japanese patients [5].

Of the approximately 1.0—1.5 million people chronically
infected with hepatitis C virus (HCV) in Japan [5], approx-
imately 35,000-50,000 may have decompensated cirrhosis
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[6, 7]. Liver transplantation is a potential nonpharmaceutical
intervention; however, it is not commonly done in Japan,
with only 438 liver transplants performed in 2016 [8].
Patients with decompensated cirrhosis are at high risk for
development of hepatocellular carcinoma (HCC), bleeding
diatheses, and fulminant infections. One-year survival rates
in patients with Child—Pugh—Turcotte (CPT) class B or CPT
class C cirrhosis are 80% and 45%, respectively [9, 10]. A
retrospective cohort study of Japanese patients with CPT
class C cirrhosis on the liver transplant registry demonstrated
a mean survival time of less than 16 months and 2-year
survival probability was less than 40% [11]. Without avail-
able antiviral therapy and limited options for liver trans-
plantation in Japan [8], the prognosis for Japanese patients
with chronic HCV infection and decompensated cirrhosis is
poor. A safe and effective HCV treatment will address the
unmet medical need for this population.

Sofosbuvir—velpatasvir (400/100 mg) is a fixed-dose
combination that combines 2 DAAs. Sofosbuvir is a
nucleotide analog that is a potent, pangenotypic and
selective NS5B polymerase inhibitor, and velpatasvir is a
potent, pangenotypic, next-generation HCV NSS5SA inhi-
bitor. Sofosbuvir-velpatasvir is approved in the US,
European Union, and other regions for the treatment of
genotypes 1-6 chronic HCV infection in patients with and
without compensated cirrhosis and for use with ribavirin in
patients with decompensated cirrhosis [12, 13].

The ASTRAL-4 study evaluated 12 and 24 weeks of
treatment with sofosbuvir—velpatasvir with or without rib-
avirin in HCV-infected patients with CPT class B decom-
pensated cirrhosis in the US [4]. Rates of sustained
virologic response 12 weeks post treatment (SVR12) were
83% in patients who received 12 weeks of sofosbuvir—
velpatasvir, 94% in patients who received 12 weeks of
sofosbuvir—velpatasvir plus ribavirin, and 86% in patients
who received 24 weeks of sofosbuvir—velpatasvir. Notably,
the numeric difference in SVR12 rates in genotype 1b and
genotype 2 HCV-infected patients who received sofosbu-
vir—velpatasvir for 12 weeks or sofosbuvir—velpatasvir
with ribavirin for 12 weeks did not differ substantially.

In this Phase 3 study, we evaluated the efficacy and safety
of the fixed-dose combination tablet of sofosbuvir-vel-
patasvir with or without ribavirin for 12 weeks in Japanese
HCV-infected patients with decompensated cirrhosis.

Methods
Patients
Eligible patients were 20 years of age and older with

chronic HCV infection, quantifiable HCV RNA at screen-
ing, and CPT score 7-12, inclusive. The calculation of the
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CPT score at screening used either the international nor-
malized ratio or prothrombin activation percentage for the
coagulation parameter, at the investigator’s discretion
(Supplemental Table 1). Patients were to have liver
imaging within 4 months of baseline to exclude HCC.
Patients were excluded from this study if they had a pos-
itive test result for hepatitis B surface antigen or human
immunodeficiency virus, had HCC within 2 years prior to
screening, any recurrence of HCC after curative treatment
(e.g., successful treatment with surgical resection or
radiofrequency ablation), prior treatment with an NSS5A
inhibitor, or creatinine clearance < 50 mL/min as calcu-
lated by the Cockcroft-Gault equation using actual body
weight. Use of concomitant amiodarone was prohibited
from 60 days prior to day 1 and throughout the treatment
period. Full eligibility criteria are provided in the supple-
mentary information.

Study design and randomization

This was a Phase 3, multicenter, open-label study. Via an
interactive web response system, patients were randomly
assigned 1:1 to sofosbuvir—velpatasvir with or without
ribavirin for 12 weeks. Randomization was stratified by
genotype (genotype 1 vs. non-genotype 1) and CPT class at
screening (CPT class B vs C). For the purposes of ran-
domization, a patient with nondefinitive or mixed HCV
genotype results was considered non-genotype 1. Across
the study population, at least 15 patients were to have non-
genotype 1 HCV infection and approximately 10% of
patients were to have CPT class C cirrhosis. Enrollment of
patients with CPT class C cirrhosis began after an inde-
pendent data monitoring committee evaluated the safety
data through 4 weeks of treatment from the first 20 patients
with CPT class B cirrhosis.

Sofosbuvir—velpatasvir (400/100 mg) fixed-dose com-
bination was administered once daily. Ribavirin (REBE-
TOL, MSD KK) was administered with food twice daily.
For patients with CPT class B cirrhosis at screening dosing
was based on body weight (600 mg daily in patients
< 60 kg, 800 mg for patients > 60-80 kg, and 1000 mg
for those > 80 kg). All patients with CPT class C cirrhosis
received 600 mg daily regardless of weight.

All patients provided written informed consent to par-
ticipate, and the study was conducted consistent with the
ethical standards, including but not limited to the Interna-
tional Council for Harmonisation guideline for Good
Clinical Practice, the original principles embodied in the
Declaration of Helsinki, and the J-GCP (Ministerial Ordi-
nance on Good Clinical Practice for Drugs). This study was
approved by an institutional review board at each study site
prior to the initiation of any screening or study-specific
procedures.

Study assessments

Screening assessments included HCV genotyping, IL28B
genotyping, and standard laboratory and clinical tests.
HCV genotype and subtype were determined using the
Siemens VERSANT HCV Genotype INNO-LiPA2.0
Assay. IL28B genotype was determined by polymerase
chain reaction amplification of the single-nucleotide poly-
morphism rs12979860, with sequence-specific forward and
reverse primers and allele-specific fluorescently labeled
TagMan minor groove binder probes. Plasma HCV RNA
levels were evaluated at screening; at day 1 of treatment, at
weeks 2, 4, 8, and 12 during treatment, and at weeks 4, 12,
and 24 after the end of treatment. HCV RNA levels were
quantified using the COBAS Ampliprep/COBAS TagMan
HCV Test, v2.0 (Roche Molecular Systems, Inc., Branch-
burg, NJ), which has a lower limit of quantification
(LLOQ) of 15 IU/mL.

Deep sequencing of the HCV NS5A and NS5B genes
was performed for all patients at baseline and from those
with virologic failure at the time of failure (DDL Diag-
nostic Laboratory, Rijswijk, Netherlands). RASs present in
more than 15% of the sequence reads are reported. The
resistance analysis population is comprised of patients with
viral sequence data and virologic outcome data available.

Safety assessments included monitoring of adverse
events (AEs) and clinical laboratory tests at all on-treat-
ment visits; AEs were also collected up to 30 days after the
last dose of study drug. Samples for clinical laboratory tests
were collected at each posttreatment visit (4, 12, and
24 weeks after the last dose of study drug). All AEs and
laboratory values were graded according to a standardized
scale and AEs were coded using the Medical Dictionary for
Regulatory Activities (MedDRA), Version 20.1.

Endpoints

The primary efficacy endpoint was SVRI12, defined as
HCV RNA < LLOQ (i.e., < 15 ITU/mL) 12 weeks after the
end of treatment. Secondary efficacy endpoints included
the change from baseline in the CPT and MELD scores at
12 weeks after end of treatment. CPT score for all baseline
and post-baseline visits were calculated using prothrombin
activation percentage for the coagulation parameter. The
primary safety endpoint was discontinuation of study drugs
due to AEs.

Statistical analysis
Point estimates with 2-sided 95% exact confidence inter-
vals (CIs) for SVR12 based on the Clopper—Pearson

method were provided for each treatment group. In the
primary efficacy analysis, the SVRI12 rate for patients in
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Table 1 Baseline demographics and disease characteristics

Sofosbuvir-velpatasvir
12 weeks N = 51

Sofosbuvir-velpatasvir plus
ribavirin 12 weeks N = 51

Mean age (range) (years)
Female sex
Mean body mass index (range) (kg/mz)
HCV genotype and subtype
Genotype 1
Genotype la
Genotype 1b
Genotype 2
Genotype 2 (no confirmed subtype)
Genotype 2a
Genotype 2a/2c
Genotype 2b
Genotype 3b
Mean HCV RNA (range) (log;o IU/mL)
IL28B CC genotype
CPT B [7-91°
MELD score < 15
Ascites
None
Mild/moderate
Severe
Encephalopathy
None
Medication-controlled
No prior HCV treatment
Mean estimated glomerular filtration rate (range) (mL/min)°

66 (43, 82)
33 (65)
26.5 (20.4, 43.0)

66 (41, 83)
29 (57)
25.8 (18.3, 58.6)

41 (80) 39 (76)
1(2) 0

40 (78) 39 (76)

9 (18) 11 (22)
5(10) 5(10)

0 2 @

2 4) 12

2 (4) 4 (8)

1) 0

5.7 (3.7-7.1) 5.8 (4.2-7.0)
33 (65) 37 (73)

40 (78) 39 (76)

46 (90) 48 (94)

19 37) 16 31)

32 (63) 33 (65)

0 24

23 (45) 22 (43)

28 (55) 29 (57)

27 (53) 31 (61)

93 (40, 183) 89 (42, 299)

Data presented are n (%) unless stated otherwise
CPT Child-Pugh-Turcotte

?One patient with missing HCV genotype was subsequently determined to have genotype 2a HCV infection by BLAST analysis

®The CPT score was calculated using prothrombin activation percentage for the coagulation parameter

“The estimated glomerular filtration rate was calculated using the Cockcroft-Gault equation

each treatment group was compared to the spontaneous
clearance rate of 1% using a 2-sided exact l-sample
binomial test with Bonferroni alpha adjustment (each at
the 0.025 significance level).

Results

Baseline characteristics and disposition

Demographics and baseline characteristics are presented in
Table 1. Of 155 patients screened, a total of 102 patients

were enrolled at 33 sites in Japan, of which 100 (98%)
completed treatment (Supplemental Fig. 1). All 53 patients
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who were excluded from study participation did not meet
eligibility criteria (Supplemental Table 2). Demographics
and baseline characteristics of the patients enrolled were
generally balanced across both treatment groups and con-
sistent with an older population with advanced liver dis-
ease. Overall, most patients were female (61%). The mean
age was 06 years (range 41-83), and 58% were > 65 years
of age. Most patients had /L28B CC genotype (69%) and
were treatment naive (57%). Among the 44 treatment-ex-
perienced patients, only 1 had previously been treated with
a DAA (simeprevir in combination with peginterferon alfa-
2a and ribavirin for 23 weeks); all others had been treated
with interferon alone or in combination with ribavirin.
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Table 2 Virologic response during and after treatment

Sofosbuvir-velpatasvir 12 weeks

Sofosbuvir-velpatasvir plus ribavirin 12 weeks

N =51 N =51
HCV RNA < 15 TU/mL, n/n (%)
On treatment
Week 2 23/51 (45) 26/51 (51)
Week 4 49/51 (96) 46/51 (90)
Week 8 51/51 (100) 49/51 (96)
Week 12 51/51 (100) 49/49 (100)

After treatment

Week 4 (SVR4) 48/51 (94)
Week 12 (SVR12) 47/51 (92)
95% CI 81-98
Relapse after the end of treatment 4 (8)
Discontinued treatment due to adverse 0
events

49/51 (96)
47/51 (92)
81-98
24
24

Overall, 80 patients (78%) had genotype 1 HCV infec-
tion [1 patient (1%) had HCV genotype la and 79 (77%)
patients had HCV genotype 1b], 20 patients (20%) had
genotype 2 HCV infection, and 1 patient (1%) had geno-
type 3 HCV infection. There was 1 patient who had an
HCV genotype that was unable to be determined by LiPA
or NS5B Sanger, but was later determined to have geno-
type 2a HCV infection by BLAST analysis. At baseline,
77% of patients were CPT class B (score 7-9), 20% were
CPT class C (score 10-12), and 3% were CPT class A
(score 6).

Efficacy
Virologic response

The SVR12 rates were 92% (47/51; 95% CI 81-98%) in
each treatment group (Table 2). Both treatment groups met
their primary efficacy endpoints with SVR12 rates that
were statistically superior compared with the spontaneous
clearance rate of 1% (p < 0.001).

When examined by genotype, SVR12 rates were high
for patients with genotype 1 or 2 regardless if they received
12 weeks of sofosbuvir—velpatasvir or sofosbuvir-vel-
patasvir plus ribavirin (rates ranged from 89 to 100%,
Table 3). The 1 patient with genotype 3 HCV infection in
the study who was randomized to the sofosbuvir—vel-
patasvir group did not achieve SVR12. When examined by
baseline CPT class, SVR12 rates were high in patients with
CPT class B cirrhosis (> 95%) in both treatment groups
(Table 3). Of the patients with baseline CPT class C

Table 3 Rates of SVR12 by subgroup

Sofosbuvir-velpatasvir
12 weeks N =51

Sofosbuvir—velpatasvir plus
ribavirin 12 weeks N = 51

Overall 47/51 (92) 47/51 (92)

SVRI12

Genotype
la 0/1 (0) _
1b 39/40 (98) 35/39 (90)
2 8/9 (89) 12/12 (100)*
3 0/1 (0) -

Baseline

CPT class
A 1/1 (100) 2/2 (100)
B 38/40 (95) 38/39 (97)
C 8/10 (80) 7/10 (70)

“Includes 1 patient who was initially categorized as missing HCV
genotype, and subsequently determined to have genotype 2a by
BLAST analysis

cirrhosis, 80% (8/10) and 70% (7/10) in the sofosbuvir—
velpatasvir and sofosbuvir-velpatasvir plus ribavirin
groups, respectively, achieved SVRI12.

A total of 8 patients did not achieve SVRI12, with 6
patients experiencing virologic relapse (Supplemental
Table 3). No patients had virologic non-response. In the
sofosbuvir-velpatasvir group, 4 of 51 patients (8%)
relapsed. In the sofosbuvir-velpatasvir plus ribavirin
group, 4 of 51 patients (8%) did not achieve SVR12. Of
these 4 patients, 2 relapsed and 2 discontinued treatment
early due to AEs and subsequently died.
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Table 4 Shift of CPT class from baseline to posttreatment week 12

Posttreatment week 12 CPT class, n (%) Overall N = 94

Baseline CPT class

CPTA(5-6)N=3

CPT B (7-9) N=176 CPT C (10-15) N =15

CPT A (5-6) 3 (100)
CPT B (7-9) 0
CPT C (10-15) 0

19 (25) 0
55 (72) 5 (33)
2(3) 10 (67)

CPT Child-Pugh Turcotte

Table 5 Adverse events and grade 3 and 4 laboratory abnormalities

Sofosbuvir-velpatasvir 12 weeks

Sofosbuvir-velpatasvir plus ribavirin

N =51 12 weeks N =51
Number (%) of patients experiencing any

Adverse event 35 (69) 44 (86)
Grade 3 or above adverse event 2 (4) 5 (10)
Serious adverse event 4 (8) 7 (14)
Adverse event leading to discontinuation of sofosbuvir/ 0 24
velpatasvir
Adverse event leading to discontinuation of ribavirin N/A 9 (18)
Adverse event leading to modification or interruption of N/A 18 (35)
ribavirin
Deaths 0 3 (6)
Common adverse events (> 10% either group)

Anemia 0 20 (39)

Nasopharyngitis 7 (14) 3 (6)

Diarrhea 0 7 (14)

Laboratory abnormalities (> 10% either group)

Hemoglobin < 10 g/dL 2 (4) 7 (14)
Lymphocytes, < 500/mm?> 0 5 (10)
Platelets, 25,000-50,000/mm?> 1(2) 6 (12)
Hyperglycemia, > 250-500 mg/dL 5 (10) 9 (18)
Total bilirubin, > 2.5 x ULN 6 (12) 12 (24)

Toxicity grade must have increased at least 1 toxicity grade from baseline value (missing was considered grade 0) to be included. Patients were
counted once at maximum toxicity grade for each laboratory test. Data were included up to the last dose date of any study drug + 30 days

Changes in liver function

Of all patients who achieved SVR12 in either arm, 26%
(24/91) improved in CPT class and 2% (2/91) worsened in
CPT class from baseline to posttreatment week 12
(Table 4). Improvement in CPT score was primarily driven
by increase in albumin levels with 79% of the patients with
improved CPT scores having increase in albumin (Sup-
plemental Table 4). Similar changes were observed in
MELD score with 27% (25/94) having improved MELD
score and 15% (14/94) with worsening MELD score.
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Analysis of resistance

Among the 100 patients included in the resistance analysis
population, 41% (41/100) had baseline NS5A RASs. No
patient had NS5B nucleoside inhibitor (NI) RASs.

In the sofosbuvir—velpatasvir group, 97% (33/34) of
patients without baseline NS5A RASs and 82% (14/17) of
patients with baseline NSSA RASs achieved SVR12. Of
the 41 patients with genotype 1 HCV infection, there was 1
patient without baseline NS5A RASs and 1 patient with
baseline NS5A RASs who relapsed. In the sofosbuvir—
velpatasvir plus ribavirin group, 96% (24/25) of patients
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without baseline NS5A RASs and 96% (23/24) of patients
with baseline NS5A RASs achieved SVR12. Of the 37
patients with genotype 1 HCV infection, there was 1
patient without baseline NS5A RASs and 1 patient with
baseline NS5A RASs who relapsed.

Of the 6 patients who experienced virologic relapse
across both treatment groups, 4 had treatment-emergent
NS5A RASs. No patient in either treatment group had
NS5B NI RASs detected at baseline or relapse.

Safety

More patients treated with sofosbuvir—velpatasvir plus
ribavirin experienced AEs (86%, 44/51) compared with
patients treated with sofosbuvir—velpatasvir (69%, 35/51)
(Table 5). No consistent, clinically significant trends were
observed when looking at AE rates by CPT class, nor by
age group.

Despite all the patients in the study having advanced
liver disease, most AEs reported in this study were Grade 1
(mild) or Grade 2 (moderate) in severity. The most com-
mon AEs in the sofosbuvir-velpatasvir group were
nasopharyngitis (14%) and in the sofosbuvir—velpatasvir
plus ribavirin group they were anemia (39%) and diarrhea
(14%).

Patients in the sofosbuvir—velpatasvir plus ribavirin
group experienced AEs consistent with ribavirin toxicity.
Eighteen of 51 patients (35%) had AEs that led to modi-
fication or interruption of ribavirin and 9 patients (18%)
had AEs that led to discontinuation of ribavirin, with
anemia being the most common in both instances.

Four patients (8%) in the sofosbuvir—velpatasvir group
and 7 patients (14%) in the sofosbuvir—velpatasvir plus
ribavirin group had serious adverse events (SAEs), and
most were not considered treatment-related by the inves-
tigator (Supplemental Table 5). The only SAEs that
occurred in > 1 patient were femur fracture (2 in the
sofosbuvir—velpatasvir plus ribavirin group) and hepatic
encephalopathy (1 in the sofosbuvir—velpatasvir group, 2 in
the sofosbuvir—velpatasvir plus ribavirin group). Two of
the three SAEs of hepatic encephalopathy occurred in
patients with CPT class C cirrhosis.

Three patients in the study developed HCC, all of whom
were diagnosed following treatment (on posttreatment day
1, posttreatment day 70 and posttreatment day 124). Two
of the patients had CPT class B at baseline and one had
CPT class C. The investigator did not consider these events
related to study drug. There were 4 patients enrolled who
had a history of HCC, none of whom experienced recur-
rence during the study.

Three deaths occurred during the study and all 3 patients
received treatment with sofosbuvir—velpatasvir plus rib-
avirin. The ages of the patients who died were 51, 59 and

67 years; all 3 patients had CPT class C at baseline. Two of
these patients discontinued study drugs early due to AEs
not related to treatment. All 3 deaths occurred after treat-
ment was stopped (posttreatment days 5 and 17 for the 2
patients that discontinued study drugs prematurely, and
posttreatment day 158 for the patient that completed
12 weeks of study treatment). All of the deaths were due to
progression of end-stage liver disease (septicemia, portal
hypertension leading to gastrointestinal bleeding, and
HCC) and none were considered to be related to study
drugs by the investigator (Supplemental Table 6). No other
patients discontinued sofosbuvir—velpatasvir in the study.

Fewer patients in the sofosbuvir—velpatasvir group had
Grade 3 or 4 laboratory abnormalities compared with the
sofosbuvir—velpatasvir plus ribavirin group (27 vs 53%,
respectively) (Table 5). The observed laboratory abnor-
malities were consistent with those expected in a popula-
tion with decompensated liver disease and, in the
sofosbuvir—velpatasvir plus ribavirin group, consistent with
the known toxicities of ribavirin. Post-baseline hemoglobin
values < 10 g/dL were observed in 2 patients (4%) in the
sofosbuvir—velpatasvir group and 7 patients (14%) in the
sofosbuvir—velpatasvir plus ribavirin group. Additional
information about laboratory abnormalities is provided in
the supplementary information (Supplemental Fig. 2).

Discussion

In this Phase 3 study conducted in Japan, sofosbuvir—vel-
patasvir for 12 weeks was highly effective and generally
safe and well-tolerated in patients with decompensated
cirrhosis. The current study enrolled mostly patients with
genotype 1b or 2, consistent with the Japanese population
of HCV-infected patients. The identical SVR12 rates of
92% in the 2 treatment groups suggest that addition of
ribavirin to sofosbuvir—velpatasvir did not improve efficacy
for Japanese patients with decompensated cirrhosis. These
results were comparable to those for the similar subpopu-
lation enrolled in the ASTRAL-4 study, in which 12 weeks
of treatment with sofosbuvir—velpatasvir without ribavirin
resulted in SVR12 rates of 89% (16 of 18) and 100% (4 of
4) in patients with genotype 1b and 2, respectively [4]. Of
note, the addition of ribavirin was most beneficial in
patients with genotype 3 HCV infection in the ASTRAL-4
study, where the response was 35% higher in the group
who received ribavirin (85%, 11 of 13 patients) compared
to those who did not in either the sofosbuvir—velpatasvir
12 week group (50%, 7 of 14 patients) or 24 week group
(50%, 6 of 12 patients).

Clinical attention to safety is appropriate in this patient
population with advanced liver disease with high expected
morbidity and mortality. In the current study, the AE

@ Springer



70

94

J Gastroenterol (2019) 54:87-95

profile was consistent with the clinical sequelae of
advanced liver disease and with the known toxicities of
ribavirin. In the sofosbuvir—velpatasvir plus ribavirin
group, 49% of patients needed significant modifications to
their ribavirin dosing, primarily due to anemia. Overall
sofosbuvir-velpatasvir was well-tolerated with the majority
of AEs being Grade 1 or 2. Only 2 patients, both in the
sofosbuvir-velpatasvir plus ribavirin group, discontinued
sofosbuvir—velpatasvir for AEs that were not considered
related to study drugs; both of these patients subsequently
died due to progression of their liver disease. The safety
profile observed in the current study, including the rate of
deaths, was consistent with those observed in previous
overseas trials of sofosbuvir-velpatasvir with and without
ribavirin as well as ledipasvir—sofosbuvir with ribavirin in
larger populations of patients with decompensated cirrho-
sis, despite the fact that the mean age of patients in the
current study was 8-9 years older than in the overseas
studies [2-4].

As interferon-free DAA-based regimens have only
recently become available for the treatment of HCV, the
clinical benefits of their use in patients with decompensated
cirrhosis are being characterized. Achievement of SVR12
is associated with early improvements in liver function, as
demonstrated by reductions in CPT and MELD scores
through posttreatment week 12, in both the current study as
well as previous studies of sofosbuvir-based regimens in
this population [2—4]. In terms of long-term benefits of
achieving SVR with DAA-based regimens in patients with
decompensated cirrhosis, several studies have compared
the survival rates of patients successfully treated with
sofosbuvir-based regimens to historical matched controls
from transplant waitlists and have demonstrated a decrease
in mortality [14, 15]. There is also a growing body of
literature demonstrating a reduction in risk of de novo
HCC, consistent with observations in the interferon era
[16-18].

Our study has several limitations, mostly related to
characteristics of the enrolled patients. Although repre-
sentative of the Japanese HCV-infected patient population,
there was a lack of genotype diversity. The study included
few patients with more severe cirrhosis (CPT class C) and
none with baseline CPT score greater than 12. Patients who
had been previously treated with DAAs were not included.
Lastly, although early improvements in liver function were
demonstrated through the study posttreatment period, the
long-term clinical benefit of achievement of SVR in
patients with decompensated liver disease can only be
demonstrated through follow-up of the patients after the
study.

In conclusion, treatment with sofosbuvir—velpatasvir for
12 weeks is the optimal regimen for Japanese patients with
decompensated cirrhosis. The SVRI12 rate was high

@ Springer

regardless of genotype or CPT class. Addition of ribavirin
to the regimen did not improve efficacy and was associated
with more adverse events and laboratory abnormalities.
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investigate the association between HLA alleles and HCC. HLA allele association testing revealed that
HLA-A*33:03 (OR=1.97, P=4.58 X 10~*) was significantly associated with disease progression to HCC.
Conditioning analysis of each of the three SNPs on the HLA class | region abolished the association of
HLA-A*33:03 with disease progression to HCC. However, conditioning the HLA allele could not eliminate
the association of the three SNPs, suggesting that additional genetic factors may exist in the HLA class

I region.

Hepatitis B (HB) is a potentially life-threatening liver infection caused by hepatitis B virus (HBV), and approxi-
mately 248 million people worldwide are estimated to be chronically infected with HBV'. The clinical course of
HBYV infection is variable, including acute self-limiting infection, fulminant hepatic failure, inactive carrier state,
and chronic hepatitis with progression to liver cirrhosis and hepatocellular carcinoma (HCC). Although some
HBYV carriers spontaneously eliminate the virus, every year 2-10% of individuals with chronic HB (CHB) develop
liver cirrhosis, and a subset of these individuals suffer from liver failure or HCC2. Around 600,000 new HCC cases
are diagnosed annually worldwide, and it is relatively common in Asia-Pacific countries and sub-Saharan Africa.
More than 70% of HCC patients are diagnosed in Asia®. In contrast, HCC is relatively uncommon in the USA,
Australia, and European countries*!. The majority of HCC cases develop in patients with cirrhosis, which is most
often attributable to chronic HBV infection followed by chronic hepatitis C virus infection in the Asia-Pacific
region®.

Human leucocyte antigen (HLA) proteins present self and non-self peptides to T cell receptors (TCRs) to
maintain self-tolerance and adapted immunity. The HLA region resides on the short arm of chromosome 6, desig-
nated as 6p21.3. It is about 3.6 Mb in length and more than 200 functional and nonfunctional genes®’ are located
in the region. The whole HLA region is divided into three subgroups, which are designated as class I, II, and III.
The HLA class I region contains 19 HLA class I genes including 3 classical (HLA-A, -B, and -C), 3 non-classical
(HLA-E, -F, and -G), and 12 non-coding genes or pseudogenes. The HLA class II region contains classical class IT
alpha- and beta-chain genes of HLA-DR, -DQ, and -DP. All HLA class I and class IT molecules can present pep-
tides to T cells, but each protein binds a different range of peptides. The presence of several different genes of each
HLA class means that any one individual is equipped to present a much broader range of peptides than if only one
HLA molecule of each class were expressed at the cell surface. A total of 17,695 HLA alleles (12,893 in class I and
4,802 in class II) were released by The IPD-IMGT/HLA database release 3.31.0 in January 2018 (https://www.ebi.
ac.uk/ipd/imgt/hla/). Of the 12,893 class I alleles, 4,181, 4,950, and 3,685 alleles were registered in HLA-A, -B, and
-C genes, respectively. Of 4,802 class IT alleles, 2,146, 1,178, and 965 alleles were registered in HLA-DRBI, -DQBI,
and -DPBI genes, respectively.

Recent genome-wide association studies (GWAS) of chronic HBV carriers with or without HCC in Chinese
populations reported that one SNP (rs17401966) in KIF1B, two SNPs (rs9272105 and rs455804) in HLA-DQA1/
DRBI and GRIK1, and two SNPs (rs7574865 and rs9275319) in STAT4 and HLA-DQ were associated with disease
progression to HCC®*°. A number of candidate genes have been investigated by genetic association studies to eval-
uate their roles in susceptibility to HCC. The findings from these studies, however, are inconclusive due to insuf-
ficient evidence and a lack of independent validation. All three papers referred to in this manuscript performed
GWAS and replication studies using only Chinese population samples. For example, the study by Zhang et al.'°
used 2,310 cases and 1,789 controls of Chinese ancestry and identified one intronic SNP in KIFIB associated
with HBV-related HCC. This result, however, was not replicated in several other populations'"'?). These findings
suggest that GWAS and subsequent replication studies should be conducted in populations other than Chinese.

In this study, we performed GWAS using Japanese CHB patients with and without HCC and a replication
study using East Asian populations including Japanese, Hong Kong Chinese, and Thai.

Results

GWAS and replication study of HBV-related HCC. We conducted a GWAS using samples from 473
Japanese HBV-positive HCC patients and 516 HBV carriers including CHB and asymptomatic carrier (ASC)
individuals by analyzing 447,830 autosomal SNPs. Figure 1 shows a genome-wide view of the SNP associa-
tion data based on allele frequencies. There were 110 SNPs with P values < 10~* in the GWAS (Supplementary
Materials, Table S1). Of the 110 SNPs, 65 and 4 SNPs were located on the HLA class I and II regions, respec-
tively. These results suggested that HBV-related HCC could be associated with SNPs located in the HLA region,
although associations did not reach the genome-wide significance level. Outside the HLA region, there were 41
SNPs with P values < 10~* and 4 SNPs showed P values < 107>.

In order to validate these suggestive associations, we selected seven SNPs based on the following criteria: P val-
ues < 10~* in the HLA region and <107° outside the HLA region and only SNPs with the lowest P value or highest
OR were selected when multiple SNPs showed strong LD. Three independent sets of HBV-related HCC cases,
CHB and ASC controls (replication-1: Japanese 153 cases and 614 controls; replication-2: Hong Kong Chinese
94 cases and 187 controls; and replication-3: Thai 185 cases and 198 controls), and the original GWAS set of 989
Japanese samples (473 cases and 516 controls) were genotyped and used in a subsequent replication analysis. Of
the seven SNPs, four (rs2523961, rs1110446, and rs3094137 located on HLA class I region, and rs2295119 located
on HLA class II region) were validated, and consistent associations were observed between the original GWAS set
and replication sets (Table 1). For these four SNPs, no heterogeneity of association was observed between the orig-
inal GWAS samples and the replication samples. Two SNPs in the HLA region (rs2523961 and rs1110446) showed
a genome-wide significant association (rs2523961: OR=1.91, P=6.42 x 107!% and rs1110446: OR=1.93,
P =2.52 x 107! using the combined Japanese samples (GWAS and replication-1) (Table 1). Moreover, the
meta-analysis with the combined Japanese samples and two independent sample sets (Hong Kong Chinese and
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Figure 1. GWAS result. GWAS included 989 samples [473 Japanese HCC cases and 516 Japanese HBV carrier
(CH and ASC) controls]. P-values were calculated using the chi-square test for allele frequencies among 447,830
SNPs.

Thai) confirmed associations for the two SNPs (rs2523961: P=5.81 x 10~'!; and rs1110446: P=9.09 x 10~3),
while the remaining two SNPs showed a marginal association (rs3094137: OR=1.76, P=3.91 x 10~ 7; and
rs2295119: OR=0.63, P=5.51 x 1077).

Association test for imputed HLA alleles. The two SNPs showing genome-wide significant associa-
tions were located on HLA class I region, and the marginally associated SNP was located on HLA class I and
II region. To investigate the association of HLA alleles, we performed two-field HLA genotype imputation for
six HLA loci (HLA-A, -B, -C, -DRBI, -DQBI, and -DPBI) using 989 genome-wide genotyping data used for the
GWAS. Imputed HLA alleles were filtered (Call Threshold < 0.5) before performing association analysis for each
HLA locus. The results of association tests in HLA-A, -B, -C, -DRBI, -DQBI, and -DPBI alleles are shown in
Table 2 and Supplementary Materials, Table S2. To avoid false-positive results due to multiple testing for 77 HLA
alleles, significance levels were set at 0.000649 (=0.05/77). A protective effect of HLA-DPB1702:01 (OR=0.59,
P =5.23 x 107°) was observed as previously reported!. We also detected that HLA-A"33:03 was significantly
associated with disease progression to HCC (OR=1.97, P=4.58 x 10~*) (Table 2).

Using GTEx-generated eQTL data!*, we checked for correlations between the three SNPs and HLA-A gene
expression levels. The SNP rs2523961 was correlated with HLA-A gene expression in various tissues (muscle:
P=6.1 X102 heart: P=2.3 x 107'%,2.1 X 10~'}; esophagus: P=2.8 X 1072, 1.8 x 10~ artery: P=4.7 x 102,
3.9 x 1071 thyroid: P=1.4 x 107!}; pancreas: P=3.3 x 107’ brain: P=1.9 x 1078, 2.2 X 1077; nerve:
P=3.2x 1078 testis: P=5.5 x 1077; lung: P=1.7 x 10~°). The SNP rs1110446 was also associated with HLA-A
gene expression in muscle (P =5.5x 107"%), skin (P=6.2 x 107", 4.4 X 107?), artery (P=8.7 X 1075, 1.1 x 107%),
esophagus (P =2.5 x 107°), and whole blood (P =5.1 x 107°). These results suggest that these SNPs affected
HLA-A gene expression.

Conditioning each of the three SNPs on the HLA class I region (Supplementary Material, Fig. Sla—c) abol-
ished the association of HLA-A"33:03 (P > 0.05), but conditioning of A"33:03 could not eliminate the association
of the three SNPs (rs2523961: OR = 1.69, P="7.06 x 104 rs1110446: OR = 1.65, P=9.33 x 10% and rs3094137:
OR=1.54,P=5.68 x 10~?) (Fig. 2). These conditional analyses suggest that additional genetic factors other than
HLA-A allele exist in the HLA class I region. In contrast to the class I region, conditional analysis controlling for
the SNP rs2295119 using DPB1°02:01 allele suggests that DPBI allele could abolish the association of rs2295119
on the HLA class II region (P >0.05) (Supplementary Material, Fig. S1e).

Discussion

In the current GWAS, we found a marginal association between an SNP (rs2295119) located in the HLA-DPB
region and HBV-related HCC. Moreover, the association analysis of HLA-DPBI alleles and the conditional anal-
ysis with HLA-DPB1702:01 suggested that DPB1°02:01 was the major protective allele in the HLA class II region.
Recent GWAS also showed that SNPs located in the HLA class II region (HLA-DQA1/DRBI° and HLA-DQ®) were
associated with HBV-related HCC in the Chinese population. We focused on the p-values of the HLA class II
region (HLA-DQ and -DR) and six other gene regions (KIF1B, UBE4B, PGD, 8p12, GRIK1 and STAT4) reported
in previous studies and revealed the SNPs of four regions (HLA-DQ and -DR, 8p12, and STAT4) had p-values
of less than 0.00625 (0.05/8). There were 52, 10 and 1 SNP with P < 0.00625 located on HLA-DQ/DR, 8p12, and
STATH4, respectively, and the lowest p-value of each region was 0.00102 (rs9271894 on HLA-DQAI, OR = 1.46),
0.00278 (rs8084 on HLA-DRA, OR=1.32), 0.00049 (rs13250548 on 8p12, OR=0.68), and 0.0019 (rs6752770 on
STAT4, OR = 1.44).

We also identified significant associations in the HLA class I region, especially around the HLA-A locus. The
association test of imputed HLA alleles and conditional analyses with HLA-A"33:03 suggested that HLA-A"33:03
is the susceptibility allele for HCC. We performed additional conditional analyses controlling for the SNP
on chromosome 6 using A*33:03 and DPB1°02:01 alleles. This indicated that HLA-A and DPBI alleles could
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152523961 | A/G GWAS Japanese 12 | 174 287 10209 |11 |111 394 | 0.129 2.57E-07 %i0524_2 66)
(class T) Combined Japanese 19 | 219 |388 |0.205 |23 |238 |867 |0.126 |6.42E-10 (1i9516—2 37)
- Hong Kong 1.55
RephcatlonZ Chinese 1 25 68 0.144 |2 34 151 0.102 0.118 (0.90-2.66)
Replication3 Thai 13 |54 108 | 0.229 |6 49 142 | 0.155 0.059 364998—2 28)
Meta-analysis® 5.81E-11
rs1110446 | T/C GWAS Japanese 14 177 282 0217 |11 |114 |391 0.132 4.44E-08 %ilé)O—Z 75)
(class I) Combined Japanese 21 222 |383 |0.211 |24 |[245 |861 |0.130 |2.52E-10 (li957—2 37)
- Hong Kong 1.52
Replication2 Chinese 2 22 70 0.138 |1 35 151 0.099 0.138 (0.90-2.62)
Replication3 Thai 14 | 66 100 |0.261 |5 51 142 | 0.154 0.002 gi9237_2 92)
Meta-analysis® 9.09E-13
1s3094137 | A/G | GWAS Japanese 9 150 |314 |0.178 |10 |97 409 |0.113 | 9.65E-05 zi7;11—2 31)
(class I) Combined Japanese 13 | 191 421 0.174 |19 | 203 |906 |0.107 3.91E-07 (1i721_2 19)
- Hong Kong 1.93
Replication2 Chinese 0 8 86 0.043 | 0 9 178 | 0.024 0.201 (0.71-5.21)
Replication3 | Thai 0 |19 |160 [0053 |0 |15 |181 |0038 |0.468 (60-3.03)
Meta-analysis® 9.83E-05
rs2295119 | T/G GWAS Japanese 18 | 139 |316 |0.185 |41 | 191 284 | 0.265 5.77E-06 ((](']5;7_0 74)
(class IT) Combined Japanese 27 | 179 |420 |0.186 |78 | 417 |635 |0.254 |5.51E-07 ?(']6533_0 76)
- Hong Kong 0.78
Replication2 Chinese 2 22 70 0.138 |5 54 128 | 0.171 0.318432 (0.47-1.28)
Replication3 Thai 4 39 136 | 0.131 |3 50 143 | 0.143 0.285443 ((](']’_727_1 25)
Meta-analysis® 4.88E-07

Table 1. Four SNPs in the HLA region associated with disease progression to HCC. *Results of meta-analysis
were calculated by the DerSimonian-Laird method. PResult of logistic regression analysis adjusted for age and
sex.

abolish the association in the HLA class II region but were not sufficient to abolish the association in the HLA
class I region (Fig. 2 and Supplementary Material, Fig. S1f). Therefore, not only the HLA-A allele but also addi-
tional genetic factor(s) likely exist in the HLA class I region. There are several genes in this region including
HLA-A, HCGY, HLA-J, HCG8, ZNRD1-AS1, ZNRDI, PPP1R11, RNF39, TRIM31, and TRIM40 (shown in Fig. 2).
Although these genes include pseudogenes and poorly characterized genes, some are associated with various
diseases. The zinc ribbon domain-containing 1 (ZNRD1) protein is associated with cell growth of gastric cancer
cells'®, angiogenesis of leukemia cells'®, and HIV-1/AIDS disease progression'”'8. In addition, ZNRDI knock-
down inhibits the expression of HBV mRNA and promotes the proliferation of HepG2.2.15 cells', suggesting that
ZNRD1 is one of the possible additional genetic factors at the HLA class I region. The tripartite motif-containing
31 (TRIM31) protein is essential for promoting lipopolysaccharide-induced Atg5/Atg7-independent autophagy?.
Moreover, TRIM40 is downregulated in gastrointestinal carcinomas and chronic inflammatory lesions of the
gastrointestinal tract?!.

Non-self antigens, such as virus-infected cells and cancer cells, and HLA class I molecules are generally rec-
ognized by the TCRs on CD8+ T lymphocytes, resulting in T cell activation??. The activated T cells divide and
some of their progeny differentiate into lymphocytes capable of killing cells (cytotoxic T lymphocytes: CTLs)
displaying the same peptides (such as tumor-specific peptides) on their HLA class I molecules. These CTLs target
tumor-specific antigenic peptides and eliminate them. In other words, CTLs cannot eliminate cancer cells without
HLA class I molecules even if the person has tumor-specific peptides. Cancer cells therefore need to escape from
the immune system for patients to be identified as having cancer.

In this study, we identified a significant association between HLA-A"33:03 and HBV-related HCC. In addition
to HLA-A"33:03, previous studies and this study suggested that HLA-DR, -DQ, and -DP were associated with
disease progression®”"*. Functional analysis of HLA class I and II proteins could be an important step in deter-
mining the pathology of HBV-related HCC.
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02:01 105 1.8 | 113 113 |0.7733 1.04 | 0.78-1.40
02:06 80 9.0 [106 106 | 0.2462 083 [ 0.60-1.14
02:07 38 43 |40 40 |08174 107 | 0.66-1.72
11:01 53 59 |94 9.4 | 0.005757 061 |0.42-0.87
24:02 331 371|393 394 | 03198 091 |0.75-1.10
26:01 72 81 |89 89 |05636 090 |0.64-1.26
26:03 18 20 |22 22 108732 091 | 0.46-1.80
31:01 112 126 |90 9.0 |0.01384 145 | 1.07-1.97
33:03 76 85 |45 45 | 0.00046 197 |1.33-295

Table 2. Association analyses of HLA-A alleles.

Figure 2. Association plots of the HLA class I region on chromosome 6 HLA region. (a) The major genetic
determinant of HBV-related HCC risk to HLA class I genes. (b) Conditional analysis controlling for the effect of
HLA-A*33:03.
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Methods

Ethics statement. All study protocols conformed to the relevant ethical guidelines, as reflected in the a pri-
ori approval by the ethics committee of the University of Tokyo, and by the ethics committees of all participating
universities and hospitals. All participating studies obtained informed consent from all participants in this study
and all samples were anonymized.

Samples. Samples from 3,133 individuals who had HBV-derived chronic hepatitis, ASC, liver cirrhosis, or
HCC and patients with other HBV-related symptoms were collected by 26 universities and hospitals (Hokkaido
University Hospital, Teine Keijinkai Hospital, Iwate Medical University Hospital, Musashino Red Cross Hospital,
The University of Tokyo Hospital, Saitama Medical University Hospital, Chiba University Hospital, Kitasato
University Hospital, Kohnodai Hospital, Shinshu University Hospital, Kanazawa University Hospital, Nagoya
City University Hospital, Kyoto Prefectural University of Medicine Hospital, National Hospital Organization
Osaka National Hospital, Osaka City University Hospital, Hyogo College of Medicine, Tottori University
Hospital, Ehime University Hospital, Yamaguchi University Hospital, Kawasaki Medical College Hospital,
Okayama University Hospital, Nagasaki Medical Center, Kurume University Hospital, Saga University Hospital,
Eguchi Hospital, and Kyusyu University Hospital). The Japanese Public Health Cancer-based Prospective (JPHC)
Study samples® in Japan were used for the replication study. Hong Kong Chinese samples were collected at the
University of Hong Kong. Thai samples were collected at Chulalongkorn University.

HBV status was measured based on serological results for HBsAg and anti-HBc with a fully automated chemi-
luminescent enzyme immunoassay system (Abbott ARCHITECT, Abbott Japan, Tokyo, Japan or LUMIPULSE
G1200, Fujirebio, Inc., Tokyo, Japan). For clinical staging, ASC state was defined by the presence of HBsAg with
normal ALT levels over 1 year (examined at least four times at 3-month intervals) and without evidence of liver
cirrhosis. CH was defined by elevated ALT levels (1.5 times the upper limit of normal [35IU/L]) persisting for
over 6 months (by at least three bimonthly tests). HCC was diagnosed by ultrasonography, computerized tomog-
raphy, magnetic resonance imaging, angiography, tumor biopsy, or by a combination of these.

SNP genotyping and data cleaning. For the GWAS, we genotyped 1,356 Japanese samples using the
Affymetrix Axiom Genome-Wide ASI 1 Array (Affymetrix, Inc., Santa Clara, CA, USA) according to the man-
ufacturer’s instructions and determined the genotype calls of 600,307 SNPs using the Genotyping Console
v4.2.0.26 software (Supplementary Material, Fig. S2a). To increase the samples for genotyping, we used not only
CHB patients with and without HCC but also patients with HBV-related other symptoms such as liver cirrhosis.
All samples used for genotyping passed a Dish QC >0.82 and overall call rate >97%. The average Dish QC for
1,356 samples was 0.969 (0.883-0.993) and the average call rate reached 99.42% (97.47-99.87%). All genotyped
samples passed a heterozygosity check, and 25 duplicated samples were identified in identity by descent (IBD)
testing. A principal component analysis (PCA) found seven outliers could be excluded by the Smirnov-Grubbs
test, and we showed that all the remaining samples (n=1,324) formed a single cluster with the HapMap Japanese
(JPT) samples but not with the Han Chinese (CHB), Northern and Western European (CEU), and Yoruban
(YRI) samples. We then applied the following thresholds for SNP quality control in data cleaning: SNP call rate
of >95%, minor allele frequency of >3% and Hardy-Weinberg equilibrium P value of >0.001. A total of 447,830
SNPs on autosomal chromosomes passed the quality control filters and were used for subsequent GWAS. For the
association study of HBV-related HCC, we selected 481 HBV-related HCC patients (cases) and 538 HBV carriers
(CH and ASC patients, controls) from 1,324 samples and performed IBD testing and PCA again for these sam-
ples. Twenty-three related samples and seven outliers were excluded by IBD testing and PCA (Supplementary
Material, Fig. S3), respectively. We finally used 473 cases and 516 controls for GWAS. A quantile-quantile plot of
the distribution of test statistics for the comparison of genotype frequencies in the cases and controls showed that
the inflation factor X\ was 1.016 for all tested SNPs and was 1.009 when SNPs in the HLA region were excluded
(Supplementary Material, Fig. S4). All cluster plots for SNPs with P values of <10~* were checked visually and
SNPs with ambiguous genotype calls were excluded.

In the replication stage, we selected seven SNPs with P values of <1077 from the results of the chi-square test
in the GWAS. A TagMan SNP genotyping assay (Applied Biosystems, Foster City, CA, USA) was used to confirm
the genotypes at each SNP. We genotyped 989 and 767 Japanese samples for the validation of the GWAS and for
the replication study, respectively. We further genotyped 281 Hong Kong Chinese and 383 Thai samples for the
replication study (Supplementary Materials, Table S3).

Statistical analysis. The characteristics of analyzed samples are shown in Supplementary Materials,
Table S3. For the GWAS and replication study, the chi-square test was applied to a two-by-two contingency
table in the allele frequency model. Meta-analysis was performed using the DerSimonian-Laird method
(random-effects model) in order to calculate the pooled OR and its 95% confidence interval. Fisher’s exact test in
a two-by-two contingency table was used to examine the association between HLA alleles and disease progression
of HBV patients. To avoid false-positive results due to multiple testing, the resulting P-values were adjusted based
on the number of observed alleles with frequencies >0.5% in cases and controls. Conditional logistic regression
analysis was performed for SNPs and HLA alleles. This analysis was performed as implemented in Plink v1.07
software?, conditioning on HLA-A"33:03 and DPB1"02:01 to each of the other SNPs. Other statistical analyses
were performed using the SNP & Variation Suite 7 software (Golden Helix, Bozeman, MT, USA) and statistical
software R v2.6. Manhattan plot of conditioning of each SNP or HLA allele was generated by LocusZoom®.

HLA imputation. SNP data from 989 samples were extracted from extended MHC (xMHC) regions ranging
from 25759242 bp to 33534827 bp based on hg19 position. Two-field HLA genotype imputation was performed
for a total of six HLA class I and class II genes using the HIBAG R package?®’. For HLA-A,-B, -DRBI, -DQBI,
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and -DPBI, a Japanese imputation reference? was used for HLA genotype imputation. For HLA-C, the HIBAG
Asian reference?” was used for HLA genotype imputation. We applied post-imputation quality control using
call-threshold (CT > 0.5); the call rate of successfully imputed samples ranged from 88.7 to 98.5% for the six HLA
classes. In total, we imputed 5,650 HLA genotypes in HLA class I and class II genes.
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a p value<0.001. The factors associated with bullying were
the younger age group, shorter length of service, shifting
work, non-managerial position and the designation as a
doctor.

Conclusion A significant proportion of healthcare workers had
been bullied, and bullying exposure was shown to be associ-
ated with depression and low self-esteem. Hence, regular
screening for bullying, depression and low self-esteem should
be done to enable early intervention.

CHANGES IN TWENTY YEARS OF THE
EPIDEMIOLOGICAL STATUS OF NEEDLESTICK/SHARPS
INJURIES REPORTED TO JAPAN-EPINET THROUGH A
NATION-WIDE SURVEILLANCE NETWORK

12T Yoshikawa*, 'K Wada, ")) Lee, 'T Mitsuda, 'H Kuroshi, "M Aminaka, 'U Morisawa,
'K Morikane, "H Kunishima, 'K Kidouchi, 'K Moriya. 'The Research Group for Occupational
Infection Control and Prevention in Japan (JRGOICP), “Research Centre of Overwork-Related
Disorders (RECORDS), National Institute of Occupational Safety and Health (JNIOSH), Japan

10.1136/0emed-2018-ICOHabstracts.976

Introduction This study aimed at examining annual logs of
needlestick/sharps injuries (NSIs) collected through a voluntary
nation-wide surveillance network in twenty-years for prevent-
ing occupational blood-borne infections. The emphasis was
placed on revealing the past and current situations of NSIs in
health care settings.

Methods Japan-EPINet format was developed by the technical
support of the International Healthcare Worker Safety Centre,
University of Virginia in the United States in 1996. Japan-EPI-
Net Surveillance (JES) was conducted by the Research Group
for Occupational Infection Control and Prevention in Japan
(JRGOICP). Data were analysed in four phases of the nation-
wide surveillance network of AIDS referral hospitals out of a
total of 364 registered, a total number of hospital-year was
1879. These hospitals reported employees’ percutaneous inju-
ries on a voluntary basis.

Results A total of 65,032 NSIs were reported to Japan-EPINet
from 1996 to 2015. The rate of hepatitis C antibody positive
cases of the total NSIs decreased from 69.9% (1,511/2,161)
in 1996 to 11.5% (714/6,201) in JES2015. The proportion of
NSIs due to ‘recapping’ decreased (28.7%, 6.9% respectively).
Devices caused to NSIs by winged steel needles (25.3%,
8.6%) and vacuum tube phlebotomy needles (4.8%, 1.7%)
were decreased, disposal syringe (28.5%, 26.2%) and IV cath-
eter (6.7%, 5.2%) were fairly decreased. The proportion of
Suture needle (10.3%, 16.9%) and pre-filled cartridge syringe
(2.8%, 8.3%) were increased.

Discussion The changes of characteristics NSIs in Japan in
twenty-year suggested that recognition of the risks of NSIs
was vital for promoting the effective use of safety-engineered
needle/sharp devices and point-of-use disposal containers
because the rate of hepatitis C antibody positive cases among
voluntary reported NSIs. The creation of the nation-wide sur-
veillance network was effective for monitoring and evaluating
NSIs and for focusing on implementation of effective
countermeasures.

PREPARATION OF HAZARDOUS DRUGS IN BIOLOGICAL
SAFETY CABIN (BSC): THE CHALLENGE OF GETTING
HEALTHIER WORK ENVIRONMENTS

"MAmparo Benavent Benavent, 2MAmparo Ortufio Moreno. "Hospital Clinic Universitar
Valencia, Spain; ZHospita/ La Fe, Valencia, Spain

10.1136/0emed-2018-ICOHabstracts.977

Introduction Hazardous drugs are an important risk to health
care workers. Some of these products may even be potentially
carcinogenic.

In different Spanish hospitals it was observed that only

Cytostatics drugs were prepared in biological safety cabins,
leaving workers exposed to the rest of hazardous non cyto-
static drugs.
Methods A bibliographical review of scientific articles and
researches has been carried out, together with the laws on
occupational health and recommendations of the Spanish
organisms.

In the USA, research promoted the development of policies
of prevention and the incorporation of these drugs in the list
NIOSH.

Result After analysing the information obtained, we detected
the following problems: HD’s are prepared in hospitalisation
rooms, where the right conditions to protect workers are non-
existent; In many cases, health care workers are given only
personal protective equipment to avoid exposure; Specific
health control isn’t performed in most cases; National legisla-
tion obliges the risk to be taken into account for the worker.
Although there are no long-term epidemiological studies, pro-
tective measures should be taken.

Discussion In many hospitals in our country HD’s are not
prepared in biological safety cabins. Health workers are
unaware that they are exposed to these risks and no specific
health training or monitoring is performed. Collaborative epi-
demiological researches should be promoted among Public
Health Units, which have information on the prevalence rate
of cancer diseases, and those responsible for occupational
health prevention.

250 HOW THE WORKING BACKS PROGRAMME HELPED
STAFF MANAGE BACK PAIN, REMAIN IN WORK AND
REDUCE ABSENTEEISM

Bulfin Siobhan*, Tuohy Niamh, A Purcell, A O'Reilly. St. Vincent's University Hospital,
Dublin, Ireland

10.1136/0emed-2018-ICOHabstracts.978

Introduction The Working Backs Programme (WBP) is
designed for staff reporting back pain as a result of work or
whose work performance is affected. It’s a comprehensive
approach including medical assessment, provision of informa-
tion and education, a designated physiotherapy and ergonomic
staff referral service and a referral pathway for further investi-
gations and/or review. The effectiveness was evaluated by an
initial audit in 2012 and subsequent audits in 2015 and 2016.
Methods Data was collected through questionnaires at initial
consultation and post discharge for comparison. This included
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Abstract

Background Although the epidemiology of hepatitis C virus
(HCV) infection among children may be rapidly changing,
few reports have characterized large nationwide cohorts of
children with HCV infection. We, therefore, sought to clarify
the epidemiology and natural history of HCV infection in
Japanese children born over the last three decades.
Methods Sixty-five pediatric centers retrospectively and
prospectively recruited consecutive, otherwise-healthy HCV-
infected children born during 1986 to 2015.

Results Entry criteria were met by 348 children. Age at
initial diagnosis of infection has decreased significantly in
recent years. Cirrhosis and hepatocellular carcinoma were
not identified. Prevalence of spontaneous clearance and of
interferon treatment with/without ribavirin were 9 and
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54%, respectively. Maternal transmission has increased
significantly, representing over 99% of cases in the last
decade. No transfusion-related cases have been seen after
1994. HCV genotype 2 has increased to become the most
prevalent in Japanese children. Histopathology examina-
tion of liver specimens showed no or mild fibrosis in most
children with chronic hepatitis C; none showed cirrhosis.

Conclusions This largest nationwide cohort study of Asian
children with HCV infection spanned the last three dec-
ades. None of these Japanese children developed cirrhosis
or hepatocellular carcinoma. Maternal transmission
increased to account for 99% of cases during the last
decade. Genotype 2 now is most prevalent in these chil-
dren. Histopathologically, most children with chronic
hepatitis C showed mild fibrosis or none.

Keywords Natural history - Maternal transmission -
Genotype - Liver histopathology - Cirrhosis

Abbreviations
HCV Hepatitis C virus
anti-HCV  Anti-HCV antibody

SVR Sustained virologic response
IFN Interferon

RBV Ribavirin

CHC Chronic hepatitis C

SD Standard deviation

DAAs Direct-acting antiviral agents
Introduction

Hepatitis C virus (HCV) infection is a major cause of liver
disease. Recent estimates showed an increase in its world-
wide prevalence over the last decade to 2.8%, amounting to
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over 185 million infections [1-3]. In Japan, estimated
prevalence of HCV infection in adults has been 0.8 to 1.2%
[4]. Prevalence is lower in children, estimated at 0.012% at
ages 5-9 years, 0.010% at 10-14 years, and 0.022% at
15-19 years [5]. The low prevalence of HCV infection in
children reflects disappearance of transmission by blood
transfusions and other medical procedures, and also reduced
mother-to-child (i.e., vertical or perinatal) transmission,
even though this form of transmission currently is respon-
sible for most new infections in developed countries [6-9].
Among HCV genotypes, genotype 1 is most prevalent
worldwide (49.1%), followed by genotypes 3 (17.9%), 4
(16.8%), and 2 (11.0%). Genotypes 5 and 6 are responsible
for the remaining infections, representing less than 5% [3]. In
Japanese adults, relative prevalence of genotype 1 has
declined while that of genotype 2 has increased; nonetheless,
genotype 1 (65%) remains more prevalent than genotype 2
(34%) [4, 10]. Taken together, these data raise the question of
possible rapid changes in the epidemiology of HCV infection
among Japanese children, but few large nationwide cohort
studies of children with HCV infection have been under-
taken, particularly in the last decade [9, 11, 12]. To evaluate
the extent of these changes, which could alter the future
burden of HCV infection, we investigated epidemiologic
features of a large nationwide cohort of children with HCV
infection in Japan. Specifically, we aimed to clarify the
epidemiology and natural history of HCV infection in
Japanese children who were born over the last three decades.

Methods
Study design

This study was designed and conducted within the frame-
work of the “Observatory for HCV Infection and Hepatitis
C in Japanese Children,” established in 2011 by the
Hepatology Group of the Japanese Society for Pediatric
Gastroenterology, Hepatology and Nutrition (JSPGHAN)
with the aim of taking a census of children with HCV
infection and investigating clinical aspects and outcomes of
liver disease in this inadequately studied population. Sixty-
five pediatric centers in Japan were involved in this survey.
Over approximately 4 years, each of these centers retro-
spectively and prospectively collected all anti-HCV anti-
body (anti-HCV)-positive cases in children born from 1986
to 2015. Baseline and follow-up clinical information were
obtained from patient records. Patient characteristics,
clinical diagnosis at last visit, treatment, type of exposure,
HCYV genotype, and histopathologic features of liver biopsy
specimens were determined. Features of the patients were
evaluated in three groups defined by birth year: 1986—1995,
1996-2005, and 2006-2015. Some of these patients have

@ Springer

been involved in previous studies [12-14]. The study
protocol complied with the ethical guidelines of the Dec-
laration of Helsinki of 1975 (2004 revision) and was
approved by the ethics committee of Osaka General
Medical Center and other participating centers.

Patients

Inclusion criteria were age between 0 and 16 years at initial
diagnosis, birth between 1986 and 2015, HCV RNA posi-
tivity in at least one serum sample, follow-up for at least
1 year after the infection was diagnosed at the observatory
center, and absence of coinfection with human immunod-
eficiency virus (HIV) or hepatitis B virus (HBV).

Clinical definitions were as follows. Spontaneous sustained
clearance (in untreated HCV RNA-positive patients) signified
disappearance of HCV RNA from at least two consecutive
serum samples. Carriers were HCV RNA-positive patients
with persistently normal serum alanine aminotransferase
(ALT) concentrations. Chronic hepatitis was diagnosed in
HCV RNA-positive patients with persistently increased ALT
for more than 6 months or a liver biopsy specimen showing
chronic hepatitis. Sustained virologic response (SVR) indi-
cated HCV RNA negativity for 24 weeks following conclu-
sion of interferon (IFN) treatment with/without ribavirin
(RBYV). Evidence of cirrhosis was diagnosed by liver biopsy or
by clinical findings (jaundice, fatigue and/or edema), blood
tests (hyperbilirubinemia, thrombocytopenia, hypoalbu-
minemia, and/or coagulopathy), and/or abdominal imaging
including the liver using ultrasonography, computed tomog-
raphy and/or magnetic resonance imaging (ascites, nodularity
of the liver, and/or atrophy of the liver).

Type of HCV exposure

Putative types of HCV exposure were evaluated by con-
cordant results of HCV genotype between mother and child
and by ascertaining family history and past surgical and
transfusion histories.

HCYV RNA and genotype

HCV RNA was quantified in fresh or well-preserved stored
sera by commercial quantitative assays such as real-time
PCR (COBAS Ampliprep/COBAS TagMan HCV test,
Roche) in 90% of subjects, amplicor HCV monitor
(COBAS Amplicor HCV Monitor test v 2.0, Roche) in 8%
and branched DNA probe (Quantiplex HCV RNA 2.0,
Bayer) in 2%. Genotype was assessed by genotyping assay
using reverse transcription PCR of the core region with the
genotype-specific primers in 82% of subjects and by
serotyping assay in 18% according to the international
classification [15, 16].
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Histopathology

Histopathology of the liver was evaluated using initial liver
biopsy specimens obtained from children with chronic
hepatitis C (CHC) before they had received any IFN
treatment with/without RBV. Liver biopsy specimens were
assessed pathologically based on the New Inuyama Clas-
sification of chronic hepatitis [17], in which chronic hepatic
disease is characterized according to degree of fibrosis
(F) as follows: FO (no fibrosis, equivalent to Ishak stage 0),
F1 (fibrosis evident as portal expansion, equivalent to Ishak
stage 1-2), F2 (bridging fibrosis, equivalent to Ishak stage
3), F3 (bridging fibrosis with lobular distortion, equivalent
to Ishak stage 4), or F4 (cirrhosis, equivalent to Ishak stage
5-6) [17, 18]. Additionally, the classification assesses
chronic hepatic disease activity (A) based on degree of
lymphocytic infiltration and necrosis of hepatocytes as
follows: AO (no necro-inflammatory reaction), Al (mild
necro-inflammatory reaction), A2 (moderate necro-in-
flammatory reaction), and A3 (severe necro-inflammatory
reaction) [17].

Statistical analysis

Continuous variables are expressed as mean =+ standard
deviation (SD) and categorical variables as frequencies and
percentages. Chi squared, Fisher’s exact, ANOVA, Tukey—
Kramer, and Pearson correlation tests were used as
appropriate. All statistical analysis was performed using
GraphPad Prism version 6.05 software (GraphPad Soft-
ware, San Diego, CA, USA). Tests were two-sided. P val-
ues below 0.05 were considered to indicate statistical
significance.

Results

During this survey, participating centers enrolled 441
consecutive anti-HCV-positive children, among whom 348
children met entry criteria. Based on birth year, they were
assigned to one of three groups: group 1, including 49
children born between 1986 and 1995; group 2, including
175 born between 1996 and 2005; or group 3, including
124 born between 2006 and 2015 (Fig. 1). Ninety-three
children were excluded from this study for the reasons such
as unknown RNA positivity, follow-up for less than 1 year,
or presence of coinfection with HIV or HBV.

Patient features
Table 1 summarizes distribution of gender, age at initial

diagnosis of infection, age at last clinical visit, clinical
diagnosis at last visit, and treatment in the three groups.

Fig. 1 Flow chart of this study. This chart summarizes entry criteria
and distribution of patients into groups according to birth year. HCV
hepatitis C virus, anti-HCV anti-HCV antibody, n number of patients,
HIV human immunodeficiency virus, HBV hepatitis B virus, DOB
date of birth

Girls accounted for 56% of patients. Age at initial
diagnosis of infection had decreased significantly in
recent years (P < 0.0001). As for clinical diagnosis at
last visit, frequencies of spontaneous clearance, carrier
state, chronic hepatitis, and SVR were 9, 34, 4, and
40%, respectively. Carriers had increased significantly in
recent years (P < 0.0001), and SVR had decreased sig-
nificantly (P < 0.0001). Cirrhosis and hepatocellular
carcinoma were not identified. The overall fraction of
patients who received IFN treatment with/without RBV
in recent years was 54%, having decreased significantly
(P < 0.0001).

Type of HCV exposure

Table 2 characterizes the 348 children based on putative
type of exposure to HCV in the three groups. Maternal
transmission, the most frequent source of infection in all
groups, accounted for 90% of infections overall, with a
significant increase in recent years (P < 0.0001), increas-
ing to over 99% in the last decade. Transfusion was the
second most frequent source of infection in the earliest
decade, while no transfusion-related cases have been seen
since 1994. Only 17 cases (5%) were ascribed to other
putative sources of infection, horizontal transmission or
unknown source.
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Table 1 Demographic and clinical features of the 348 children enrolled in the study

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P
(n = 348) (n = 49) (n = 175) (n = 124) values®
Male, n (%) 154 (44) 21 (43) 79 (45) 54 (44) 0.9418
Age at diagnosis of infection, 377+ 452 76.7 £ 59.6 43.0 £ 44.1 13.0 £ 16.0 <0.0001
months®®
Age at last visit, months®® 130.7 £ 70.2 240.6 + 49.6 148.9 £ 38.0 61.7 + 28.8 <0.0001
Clinical diagnosis at last visit, n (%)
Spontaneous clearance 30 (9) 12 13 (8) 16 (13) 0.0525
Carrier® 120 (34) 9 (19) 45 (26) 66 (53) <0.0001
Chronic hepatitis 15 (4) 1(2) 6 (3) 8 (6) 0.3134
Sustained virologic responsed 139 (40) 33 (67) 88 (50) 18 (15) <0.0001
During treatment 16 (5) 1) 9(5) 6 (5) 0.6488
Unknown 28 (8) 4 (8) 14 (8) 10 (8) 0.9993
Cirrhosis/HCC 0/0
Treatment (IFN with/without 188 (54) 37 (76) 118 (67) 33 (27) <0.0001

RBV), 1 (%)

n number of patients, HCC hepatocellular carcinoma, IFN interferon, RBV ribavirin

% Comparison among the 3 groups by Chi squared or ANOVA tests
b

c

d

P < 0.0001, Group 1 vs. Group 2, Group 1 vs. Group 3, and Group 2 vs. Group 3 by Tukey—Kramer test
P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test
P = 0.0364, Group 1 vs. Group 2; P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test

¢ P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test

f Mean + standard deviation

Table 2 Putative types of exposure to HCV infection in 348 children

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P
(n = 348) (n = 49) (n=175) (n=124) values®
Maternal, n (%)° 314 (90) 30 (61) 161 (92) 123 (99) <0.0001
Horizontal, n (%) 2 (1) 0 2(1) 0 0.3700
Transfusion, 17 (5) 17 (35) 0 0 <0.0001
n (%)°
Unknown, n (%)¢ 15 4) 24 12 (7) 1(1) 0.0398

n number of patients
% Comparison among the three groups by Chi squared test
b

c

4 P = 0.0176, Group 2 vs. Group 3 by Fisher’s exact test

HCYV genotype

Table 3 characterizes 298 of the children based on the
HCV genotypes in the three groups. Overall relative
prevalences of genotypes 1, 2, and 3 were 42, 57, and 1%,
respectively. Genotype 1 has decreased significantly in
recent years (P = 0.0427), while genotype 2 has increased
(P = 0.0775).
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P < 0.0001, Group 1 vs. Group 2 and Group 1 vs. Group 3; P = 0.0054, Group 2 vs. Group 3 by Fisher’s exact test
P < 0.0001, Group 1 vs. Group 2 and Group 1 vs. Group 3 by Fisher’s exact test

Histopathology

Table 4 summarizes the demographic and clinical features
of 147 children with CHC who underwent liver biopsy
between 1995 and 2015, while Table 5 presents the
histopathologic features of the liver according to the New
Inuyama Classification [17]. Mean age at biopsy was
8.9 £+ 4.0 years. The distribution of degree of necro-
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Table 3 HCV genotype in 298 children

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P

(n = 298) (n = 44) (n = 158) (n = 96) values®
Genotype 1, 126 (42) 25 (57) 68 (43) 33 (34) 0.0427

n (%)°

Genotype 2, n (%) 169 (57) 19 (43) 89 (56) 61 (64) 0.0775
Genotype 3, n (%) 3(1) 0 1(1) 2(2) 0.4095

n number of patients
# Comparison among the three groups by Chi squared test
> P = 0.0162, Group 1 vs. Group 3 by Fisher’s exact test

Table 4 Demographic and clinical features of 147 children with
chronic hepatitis C who underwent liver biopsy between 1995 and
2015

Male, n (%) 70 (48)
Age at biopsy, years” 89 +40
Duration of infection, years® (maternal transmission, 84 +3.6
n = 127)
Type of exposure, n (%)
Maternal 127 (86)
Transfusion 10 (7)
Horizontal or unknown 10 (7)
HCV genotype (n = 131), n (%)
Genotype 1 63 (48)
Genotype 2 66 (50)
Genotype 3 22

n number of patients
? Mean =+ standard deviation

inflammatory activity (A0, Al, A2, and A3) was 5, 74, 20,
and 1%, respectively. The distribution of degree of fibrosis
(FO, F1, and F2) was 33, 58, and 9%, respectively. F3 and
F4 were not seen. No significant correlation was found
between degree of fibrosis and age at biopsy or duration of
infection (Supplementary Figs. 1 and 2). Degree of fibrosis
was not related to gender, type of exposure, or genotype
(Supplementary Tables 1 to 3).

Discussion

Few reports describing large nationwide cohorts of children
with HCV infection are available, although recent reports
concerning adults indicate that the epidemiology of HCV
infection is  changing  dramatically = worldwide
[1-3, 9, 11, 12]. We investigated the epidemiologic fea-
tures of Japanese children with HCV infection to clarify
natural history and trends over the last three decades.
Previous large nationwide cohort studies of children with

Table 5 Histopathologic features of liver biopsy specimens from 147
children with chronic hepatitis C

N (%) A0 (5) Al (74) A2 (20) A3 (1)
FO (33) 6 34 8 0
F1 (58) 2 70 12 1
F2 (9) 0 5 9 0

n number of patients, A0 no necro-inflammatory reaction, A/ mild
necro-inflammatory reaction, A2 moderate necro-inflammatory reac-
tion, A3 severe necro-inflammatory reaction, FO no fibrosis, FI
fibrosis with portal expansion, F2 bridging fibrosis

HCV infection describe epidemiologic features observed
about two decades before 2006 [9, 11, 12]. Our investi-
gation represents the largest nationwide cohort study of
Asian children with HCV infection over a 30-year period,
including children born during the most recent decade,
2006-2015. Additionally, we included a large pediatric-age
survey of HCV histopathologic features, characterizing 147
children with CHC.

Since HCV was discovered in 1989 [19, 20], the Japa-
nese Red Cross has screened blood donors for anti-HCV
with a first-generation assay beginning in 1989, or, since
1992, a second-generation assay [21]. The present study
shows that because of screening, transfusion transmission
has decreased dramatically, and transfusion-related cases
have disappeared after 1994. Three patients had putative
transfusion transmission between 1992 and 1994, most
likely because risk of fibrinogen-transmitted HCV infection
was yet to be eliminated in Japan during that period [22].
At present maternal transmission accounts for 99% of
cases, representing nearly the sole route for pediatric-age
HCV infection. Comparing group 2 (born from 1996 to
2005) with group 3 (2006-2015), ages at time of diagnosis
steadily decreased. We believe that this change reflects
heightened awareness of maternal transmission of HCV
among Japanese obstetricians and pediatricians; nearly all
pregnant women in Japan now are screened for anti-HCV.
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Girls were somewhat more numerous than boys among
our subjects (56%) and spontaneous clearance occurred in
9% of patients, in essential agreement with previous reports
[9, 11, 23]. IFN treatment with/without RBV was given to
54% of patients. Suzuki et al. reported that pegylated IFN
monotherapy and pegylated IFN combined with RBV both
produced encouraging results against HCV infection and
were well tolerated and reasonably safe in Japanese chil-
dren and adolescents with CHC, including some enrolled in
this study [13]. Interestingly, our survey identified no
patients with cirrhosis. Bortolotti et al. reported that 2% of
untreated children with HCV infection progressed to
decompensated cirrhosis before 16 years of age [9]. We
believe that none of our subjects showed cirrhosis because
of racial differences, because roughly half of them received
IFN therapy with/without RBV, or because of both factors.

Relative prevalence of HCV genotypes is changing
worldwide. We found genotype 1 to be decreasing, as did a
previous report of children with HCV infection in Italy
[11]. Genotype 2 was increasing in our Japanese survey, in
contrast with increases in genotypes 3 and 4 in Italy [11].
Notably, genotype 2 has become most prevalent (57%) in
our pediatric survey, although a recent report concerning
adults stated relative prevalences of genotypes 1 and 2 in
Japan in 2011 as 65 and 34%, respectively [4]. Toyoda
et al. reported that genotype 1 remains most common in
adults born before 1970, although genotype 2 has become
most prevalent in adults born in or after 1970. Additionally,
about half of these younger infected adults had a history of
intravenous drug use or tattooing (though not of blood
transfusion) [24]. These results suggest that in Japan
genotype 2 may have spread to young adults by drug use or
tattooing and then to children by maternal transmission.
Up-to-date knowledge of genotype frequencies in Japanese
children will be important in considering future treatment
options against HCV infection.

Histopathology examination of liver specimens from
most children with CHC showed fibrosis to be absent or
mild, with inflammation predominating. No cirrhosis was
found. Table 6 summarizes the largest studies of liver
biopsy findings in children with CHC from Europe, the US,
and Japan [14, 25, 26]. Kage et al. reported that the liver
showed absent or mild fibrosis in most untreated Japanese
children with CHC, as well as absence of cirrhosis. How-
ever, transmission was different in that study, with trans-
fusion accounting for 85% of cases [14]. In the present
study, even though 86% of our patients who underwent
liver biopsy had maternal transmission, we observed sim-
ilar histopathologic features in untreated Japanese children
with CHC, including absence of fibrosis in 33% of patients
and absence of cirrhosis in all. In contrast, Guido et al.
reported that liver histopathology showed cirrhosis in 1%
of untreated children with CHC in Italy and Spain [25],
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while Goodman et al. found the frequency in the US to be
2% [26]. Additionally, fibrosis was absent in smaller per-
centages of specimens in these studies than ours (28% [25]
and 14% [26] vs. 33%). Thus, Japanese children with CHC
might have less risk of fibrosis and cirrhosis than chroni-
cally infected children in some Western countries. Some
reports of adults with CHC have associated patient age and
duration of infection with progression of fibrosis [27, 28].
In children with CHC, the present study and Goodman
et al. showed no significant correlations of degree of
fibrosis with age at biopsy or duration of infection,
although Guido et al. found degree of fibrosis to correlate
with both patient age and duration of infection [26, 29].
Additionally, Mohan et al. reported that sequential biopsy
specimens demonstrated progression of fibrosis in children
with CHC, aged 8.6 & 4.1 years at the first biopsy and
14.5 £ 4.0 years at the second [30]. Accordingly, severity
of fibrosis might be more closely related to age or duration
of infection in adolescence and young adulthood than in
childhood.

New direct-acting antiviral agents (DAAs) now are
being developed at a remarkable pace. Combining DAAs
targeting different stages in the viral proliferation cycle has
proven highly effective, permitting development of IFN-
free and largely RBV-free regimens that might be better
tolerated. Such oral regimens now have shown cure rates
exceeding 90% in most adult populations [31-33]. We
soon should be able to treat children with HCV infection
using the new DAAs [34]. The results of our study, par-
ticularly, those concerning genotype trends and
histopathologic features, should be useful to pediatric
hepatologists in Japan and elsewhere in considering treat-
ment of children with HCV infection using the new DAAs.

HCV/HIV coinfection is highly prevalent in Asia [35].
Omata et al. reported that maternal transmission of HCV is
affected significantly by coinfection with HIV, and safety
and efficacy of recently developed DAAs and those under
development in reducing maternal transmission, particu-
larly in the presence of HIV coinfection, require further
investigation [36]. In the present study, maternal trans-
mission accounted for 99% in the last decade. We therefore
should undertake curative treatment using new DAAs in
young women with HCV/HIV coinfection before preg-
nancy in order to prevent maternal transmission.

An important limitation of this study is the retrospective
nature of data from most patients, particularly those who
are older. The group born from 1986 to 1995 is smaller
than groups born from 1996 to 2005 or from 2006 to 2015,
probably because of loss of patient record accessibility at
pediatric centers following transition to adult health care.
Clinical diagnosis at last visit and prevalence of treatment
clearly differ between subjects born from 1986 to 2005 and
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Table 6 Liver histologic findings in large studies of children with chronic hepatitis C

Author Year Country Patients Age at biopsy years, Type of exposure, % Fibrosis, %
mean + SD
Maternal Transfusion None Mild Bridging Cirrhosis

Kage et al. [14] 1997 Japan 109 8.8 +4.2 11 85 96* 4 0

Guido et al. [25] 1998 Italy/ 80 9.1 £48 60 24 28 55 16

Spain
Goodman et al. 2008 US 121 9.8 £3.7 78 7 14 80 4 2
[26]
Present study 2017 Japan 147 89+ 4.0 86 7 33 58 9 0

Fibrosis staging as follows: none, FO or Ishak 0; mild, F1 or Ishak 1-2; bridging, F2-3 or Ishak 3—4; cirrhosis, F4 or Ishak 5-6

SD standard deviation

* Total of none and mild

those born from 2006 to 2015 because of differing length
of the follow-up period.

In conclusion, we clarified the epidemiologic features
and natural history of Japanese children with HCV infec-
tion over the last three decades. To our knowledge, this is
the largest nationwide cohort study from Asia. Age at
initial diagnosis of infection has decreased significantly.
Cirrhosis and hepatocellular carcinoma did not develop.
The proportion of maternal transmission significantly
increased in the last decade to 99%. No transfusion-related
cases have been seen since 1994. Genotype 2 has become
most prevalent among Japanese children. Histopathologic
examination of the liver showed fibrosis to be absent or
mild in most children with CHC.
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Aim: Sustained suppression of hepatitis B surface antigen
(HBsAg) production after interferon (IFN) treatment has not been
reported for children with genotype C chronic hepatitis B virus
(HBV) infection, which is prevalent in Asia. Among children with
hepatitis B envelope antigen-positive genotype C chronic HBV
infection, we compared the efficacy of combination therapy with
nucleotide analogues and IFN-a in 11 children with 12 historical
cases treated with IFN monotherapy.

Methods: The combination of lamivudine and conventional
IFN-o. was introduced for the first three patients; the other eight
patients were treated with entecavir and pegylated IFN.

Results: Demographic factors as well as baseline HBsAg titers
and HBV-DNA levels were similar between the two groups. In
the combination therapy group, viral loads were suppressed in
9/11 to below 4.0 log copies/mL both at the end of the therapy

(EOT) and at 6 months after EOT. In contrast, in the IFN monother-
apy group, suppression of viral loads was observed in 2/12 and
3/12 at EOT and at 6 months after EOT, respectively. In the
combination therapy group, HBsAg titers dropped from 4.03 at
pretreatment to 2.91 log IU/mL at 6 months after EOT with 4/11
showing a drop to below 1000 IU/mL (one patient achieved HBsAg
clearance). In contrast, the amount of HBsAg did not change
during the corresponding periods in the IFN monotherapy group.

Conclusions: Our preliminary results suggest that combina-
tion therapy might be effective in the suppression of HBsAg pro-
duction as well as HBV-DNA production for children with
genotype C chronic HBV infection.

Key words: genotype C, HBeAg seroconversion, HBsAg
seroconversion, interferon, nucleotide analogue

INTRODUCTION

NTERFERON (IFN) IS a standard therapy of care for

children with chronic hepatitis B virus (HBV) infec-
tion." However, IFN monotherapy has not been satisfac-
tory in promoting hepatitis B surface antigen (HBsAg)
clearance in children or adults in Iapan.2 Moreover,
sustained suppression of HBsAg production after IFN
treatment was not reported for children with chronic
hepatitis B, including genotype C chronic HBV infection,
which is prevalent in Asia.
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In adult patients, HBsAg loss after tenofovir plus
pegylated interferon-a (PEG-IFN) therapy was recently re-
ported and suppression of HBsAg production by combina-
tion therapy was associated with HBV genotype A.> Our
survey of published work failed to find any reports on the
efficacy of this combination therapy in children with geno-
type C chronic HBV infection. In this study, we investigated
the efficacy of combination therapy with nucleotide ana-
logues and IFN-a in terms of suppression of HBsAg produc-
tion as well as other biochemical and virological responses,
including alanine aminotransaminase (ALT) normaliza-
tion, hepatitis B envelope antigen (HBeAg) seroconver-
sion, and suppression of HBV-DNA levels.

METHODS

ROM 2010 TO 2016, 39 patients with HBeAg-positive
genotype C chronic HBV infection and their guardians
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visited our center. Twenty-one of the 39 patients who had
a sustained elevation in ALT for more than 6 months had
the therapy explained to them. Eleven of the 21 agreed to
enroll in the trial therapy (combination therapy group)
whereas the other 10 patients had therapy withheld. The
remaining 18 had never experienced an elevation in ALT
levels and were regarded as asymptomatic carriers. An ele-
vation in ALT levels was defined as a level >60 IU/L ac-
cording to Jonas et al.!

As a comparison, registered cases that had received IFN
monotherapy or PEG-IFN monotherapy were searched
using the medical records of children with chronic HBV in-
fection, which were collected in a nation-wide survey.* We
identified 82 patients with IFN monotherapy and 14 pa-
tients with PEG-IFN monotherapy. Among them, 12 pa-
tients with IFN monotherapy and four patients with
PEG-IFN monotherapy met the following inclusion
criteria: pretreatment HBeAg positivity, availability of lab-
oratory data including ALT, HBsAg, HBeAg, and HBV-
DNA both at baseline and at 6 months after the end of
therapy (EOT), and completion of the scheduled treat-
ment regimen as described below. On evaluation of an ef-
ficacy of combination therapy, only cases with IFN
monotherapy were compared because the number of eligi-
ble cases with PEG-IFN monotherapy was too small to
compare with the combination therapy group.

The effect on HBsAg production as well as circulating
levels of ALT, HBeAg, and HBV-DNA were assessed prior
to therapy, at EOT, and every 6 months after EOT in the
11 children with genotype C chronic HBV infection. Liver
biopsy specimens were evaluated for the activity of hepati-
tis and the degree of fibrosis according to the classification
of Desmet et al.”

Treatment regimen

Combination therapy consisted of nucleotide analogues
for the first 3 months using lamivudine 3 mg/kg/day plus
natural IFN-a 0.1 MU/kg body weight three times a week
for 6 months in the first three patients, or entecavir
0.01 mg/kg/day plus PEG-IFN 180 pg/m? body surface
area weekly for 6 months in the remaining eight patients.
The IFN monotherapy group received natural IFN-a
0.1 MU/kg body weight three times a week for 24 weeks.
The PEG-IFN monotherapy group received 180 ug/m*
body surface area weekly for 48 weeks.

Statistical analysis

Differences in mean values and the frequency of patients’
characteristics between groups were compared using the
Mann-Whitney U-test and the Fisher's exact test,
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respectively. All statistical analyses were based on two-
sided hypotheses tested with a significance level of
P<0.05.

Ethical considerations

The study protocol complied with the ethical guidelines of
the Declaration of Helsinki of 1975 (2004 revision) and
was approved by the Ethics Committee of Osaka General
Medical Center (Osaka, Japan).

RESULTS

Demographic data of children with
HBeAg-positive genotype C chronic HBV
infection

HE 11 CHILDREN who underwent the combination

therapy from 2010 to 2016 consisted of seven boys
and four girls with the average age of 9.2 years at treatment
(Table 1). Transmission routes were mother to child in
nine patients, father to child in one patient, and grandfa-
ther to child in one. Baseline factors including age at treat-
ment, gender, transmission routes, and duration of
observation were similar between the two groups. Baseline
ALT values were greater in the combination therapy group
than in the IFN monotherapy group, although it did not
reach statistical significance. Both baseline HBsAg titers
and HBV-DNA levels were in a similar range when com-
paring the two groups. A liver biopsy showed a mild activ-
ity of hepatitis (A1) for all patients expect one with a

Table 1 Comparison of demographic factors among children
with genotype C hepatitis B virus (HBV) infection treated with
interferon (IFN) monotherapy or combination therapy

IFN Combination
monotherapy therapy
(n=12) (n=11) P-value
Age, yearst 92+42 9.2+29 NS
Male sex, n (%) 4 (33) 7 (62) 0.22
MTCT, n (%) 8 (66) 9 (81) NS
Observation, yearst 40+1.7 34+2.1 0.45
Baseline ALT, TU/Lt 155+91 440 +375 0.06
Peak ALT, TU/Lt 450 + 605 664 +346 0.41
HBsAg, log IU/mLt 4.00£0.30 423+0.24 0.11
HBV-DNA, log copies/mL
>9 4 4 NS
8.0-8.9 4 5
7.0-7.9 4 2

tMean + standard deviation.
ALT, alanine aminotransaminase; IFN, interferon; MTCT, mother-to-
child transmission; NS, not significant.

© 2018 The Japan Society of Hepatology
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moderate degree of hepatitis (A2) (data not shown). A
moderate degree of fibrosis (F2) was noted in all patients.

Natural course of children who had
combination therapy withheld

Ten patients were followed for ALT, HBsAg, HBeAg, and
HBV-DNA with no treatment for a median of 2.7 years.
One of the 10 has had spontaneous seroconversion to
HBeAb positive/HBeAg negative after 16 months of
follow-up. In the remaining nine patients, HBeAg has
remained positive.

Outcome of children with combination therapy
or IFN monotherapy

In the combination therapy group, titers of HBeAg were
rapidly decreased during the 6 months of therapy in all
patients and suppressed in the negative range in eight of
the 11 at EOT. Thereafter a loss of HBeAg occurred in
two patients and remained positive in one patient at
6 months after EOT (Fig. 1). Hepatitis B envelope antigen
seroconversion was significantly higher in the combina-
tion therapy group than in the untreated group (90.9%
vs. 10.0%, P<0.001). The seroconversion rate at 6 months
after EOT was also greater in the combination therapy

Hepatology Research 2018; 48: 1172-1177

group than in the IFN monotherapy group (P=0.027;
Table 2a).

Viral loads were decreased in all patients of the
combination therapy group during therapy and were
suppressed in most of the patients to below 4.0 log cop-
ies/mL (LC/mL) both at EOT and at 6 months after EOT
(Fig. 2a). In contrast, in the 12 patients of the IFN
monotherapy group, the same degree of suppression of
viral loads during the corresponding observation period
was observed in only two and three patients at EOT
and at 6 months after EOT, respectively (Fig. 2b). The
decrease in viral loads at 6 months after EOT was more
frequently seen in the combination therapy group than
in the IFN monotherapy group (P=0.012; Table 2a).

In the combination therapy group, HBsAg titers sub-
stantially dropped from 4.03 at pretreatment to
2.91 log IU/mL at 6 months after EOT: five of the 11 pa-
tients showed more than a 1.0-log drop in the HBsAg titers
and in four of the five patients it decreased to
<1000 IU/mL (Fig. 3a). Of note, one of the five patients
achieved HBsAg clearance at 12 months after EOT (case 3).
In contrast, the HBsAg levels did not change during the
corresponding observation period in the IFN monother-
apy group (Fig. 3b). The difference between the two

| Children evaluated (n=21)

y

l

Opted out of therapy
(n=10) (untreated group)

Opted for combination
therapy (n=11)

J

Response at HBeAg
end of seroconversion
treatment (n=4)

Response at 6
months
post-treatment

HBeAg seroconversion (n=10)
Sustained seroconversion: 4
Additional seroconversion: 6

|
! !

HBeAg HBeAg
seronegative seropositive

(n=4) (n=3)

n=4 n=2

HBeAg
seronegative

(n=1)

n=1

Response at
end of
follow-up

Sustained seroconversion (n=11)
(HBsAg loss: 1, HBeAg
seroconversion: 10)

Figure 1 Flow diagram of the study of the efficacy of combination therapy with nucleotide analogues and interferon in children with
genotype C hepatitis B virus infection, including summary of results. HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface

antigen.
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Table 2a Comparison of efficacy between interferon (IFN) monotherapy and combination therapy groups among children with

genotype C hepatitis B virus (HBV) infection

Lamivudine plus Entecavir plus Combination IFN monotherapy

interferon (n=3) PEG-IEN (n=8) therapy (n=11)* (n=12)* P-value*
ALT normalization 3/3 7/8 10/11 6/12 0.069
HBeAg/HBeAb seroconversion 3/3 7/8 10/11 5/12 0.027
HBV-DNA <4.0 3/3 6/8 9/11 3/12 0.012
log copy/mL
HBsAg 1.0-log drop 2/3 3/8 5/11 0/12 0.014
HBsAg <1000 IU/mL 1/3 3/8 411 0/12 0.037
HBsAg loss 1/3 0/8 1/11 0/12 NS

*P-values are shown for these two groups.

ALT, alanine aminotransaminase; HBeAb, hepatitis B envelope antibody; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen;

NS, not significant; PEG-IEN, pegylated IFN.

Table 2b Comparison of side-effects between interferon (IFN) monotherapy and combination therapy among children with genotype

C hepatitis B virus infection

IFN monotherapy (n=12) Combination therapy (n=11) P-value
Leukopenia 2 1 NS
Anemia (Hb <10 g/dL) 0 0 NS
Thrombocytopenia (plt <100 000/pL) 1 1 NS
Elevated serum transaminase levels 2 1 NS
Hypothyroidism 0 0 NS
Lethargy 1 0 NS
Mental depression 0 0 NS
Hair loss 0 0 NS
Skin rash 0 0 NS

Hb, hemoglobin; NS, not significant; plt, platelets.

groups at 6 months after EOT was greater in the combina-
tion therapy group than in the IFN monotherapy group
both for 1.0-log drop and for a drop below 1000 IU/mL
(P=0.014 and P=0.037, respectively; Table 2a).

There were no differences between the first three pa-
tients treated with lamivudine plus interferon and the
later eight patients with entecavir plus PEG-IEN in terms
of seroconversion rate, suppression of viral loads, 1.0-log
drop in HBsAg, or drop below 1000 IU/mL at 6 months
after EOT (Table 2a).

Sustainability of the suppression of HBsAg production
was partly shown by an 84-month follow-up in cases 2
and 3, both of which showed more than 1.0-log drop
at 6 months after the end of the combination therapy
(Fig. S1). Moreover, HBsAg titers decreased below
1000 IU/mL after 6 years in case 2. In the IFN monotherapy
group, titers of HBsAg were available for most patients be-
tween 12 and 36 months after EOT and showed no change
compared to those at 6 months after EOT (data not shown).

Outcome of children treated with PEG-IFN
monotherapy

In the four patients who underwent PEG-IFN monother-
apy, ALT normalization was reported in three, HBeAg
seroconversion in two, and suppression of HBV-DNA
in two at 6 months after EOT. The amount of HBsAg
was repeatedly assessed in three of the four patients
and no apparent decrement in HBsAg titers was ob-
served in those three patients, either at EOT or 6 months
after EOT.

Safety of combination therapy

A similar frequency of bone marrow suppression associ-
ated with IFN treatment was observed in the two groups;
leukopenia in two and thrombocytopenia in one for the
IFN monotherapy group, and one each for the combina-
tion therapy group (Table 2b). Transient elevation in se-
rum transaminase levels was also infrequently seen in
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Figure 2 Hepatitis B virus (HBV)-DNA levels in two groups of children with genotype C HBV infection treated with combination ther-
apy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding estimations at end of treatment
(EOT) and at 6 months after EOT for the combination therapy group (a) and the IFN monotherapy group (b). LC, log copies. [Color
figure can be viewed at wileyonlinelibrary.com]

both groups. None of these side-effects was serious nucleotide analogues. Suppression of HBeAg production
enough to warrant cessation of therapy. occurred and serum HBV-DNA levels dropped to
<4.0 LC/mL at 6 months after EOT in most patients. The
mean value of HBsAg decreased from 4.03 log at baseline
DISCUSSION to 2.91 log IU/mL at 6 months among the 11 treated pa-

N THIS STUDY, all the 11 treated children showed a fa-  tients and HBsAg dropped below 1000 IU/mL in four pa-

vorable response to combination therapy with IFN and  tients. Furthermore, one of the four patients achieved

Figure 3 Hepatitis B surface antigen (HBsAg) titers (expressed as logarithms) in two groups of children with genotype C HBV infection
treated with combination therapy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding es-
timations at 6 months after end of treatment (EOT) for the combination therapy group (a) and the IFN monotherapy group (b). [Color
figure can be viewed at wileyonlinelibrary.com|
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HBsAg clearance 1 year after therapy and it was decreased
below 1000 IU/mL in another patient after 6 years. The
safety profile of the combination therapy group was simi-
lar to the IFN monotherapy group and no serious side-
effects were observed in either group.

The first therapeutic trial in children using a similar reg-
imen was reported by D’Antiga et al. in 2006.° They treated
23 immune-tolerant children and achieved HBeAg sero-
conversion in five (22%) and HBsAg loss in four (17%).
All of the four patients who cleared HBsAg had genotype
B HBV infection. Two of their 23 patients who had geno-
type C infection did not respond to the therapy. Similar
combination therapy in 112 children with an ALT >1.5
times the upper limit of normal resulted in a higher re-
sponse (55% vs. 27%) and more HBsAg loss (12.5% vs.
4.6%) when compared with 52 children who underwent
nucleotide analogue lead-in combination therapy.”
Twenty-eight children in an immune-tolerant phase were
treated with combination therapy as reported by D’Antiga
etal.® Eleven of the 28 become seronegative for HBeAg and
five of the 11 had HBsAg clearance, but the genotype of the
subjects was not examined in the latter two studies. Fur-
thermore, these studies into the efficacy of combination
therapy did not quantitatively assess the change in HBsAg
production.

There have been no studies on the efficacy of combina-
tion therapy in children with genotype C chronic HBV
infection. Therefore, it is unknown whether genotype C-
infected children would respond to combination therapy
with comparable efficacy as has been seen with genotype
B in children.® A 20-year observation of the natural course
of infection in children has shown that those with initial ti-
ters of HBsAg <1000 IU/mL were more likely to clear
HBsAg than those with higher titers.” Accordingly,
treatment-related suppression of HBsAg production
<1000 IU/mL might lead to clearance of HBsAg in the near
future. In this study, four of the 11 patients have achieved a
suppression of HBsAg production <1000 IU/mL after the
combination therapy. However, long-term observation is
required to determine whether clearance of HBsAg might
occur in the combination therapy group, as seen in chil-
dren who showed low baseline levels of HBsAg and even-
tually cleared HBsAg.”

Our preliminary results suggest that combination ther-
apy could be effective in suppression of HBsAg production
as well as in suppression of both HBeAg and HBV-DNA
production for children with chronic genotype C HBV in-
fection. Prospective studies are needed to evaluate the effi-
cacy of combination therapy and to clarify predictive
factors of its efficacy in children with genotype C chronic
HBV infection.
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Figure S1 Changes in hepatitis B surface antigen titers
over 7 years for 11 children with genotype C hepatitis B
virus infection treated with combination therapy.
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Hepatitis B vaccine: Inmunogenicity in an extremely

low-birthweight infant
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From 2013, infants born to mothers carrying serum hepatitis B
(HB) surface antigen (HBsAg) receive HB immunoglobulin at
birth and HB vaccine at birth, and at 1 and 6 months of age
in Japan (prevention protocol for mother-to-child HB virus
infection).! Due to immature immune response to HB vaccine,
the American Academy of Pediatrics and Japan Pediatric
Society recommend that infants <2,000 g birthweight are
given an additional HB vaccination at 2 months of age.z’3 No
previous case report, however, has described the trajectory of
the immunogenic response for this prevention protocol, includ-
ing an additional dose at 2 months of age, in extremely low-
birthweight (ELBW) infants. The present case is reported with
informed consent.

The present patient was born to a 29-year-old Chinese
mother (gravida 0, para 0) with HBsAg. At 20 weeks of gesta-
tional age, serum HBsAg, HB envelope antigen, HB virus
core-related antigen, and HB virus DNA were positive
(67 878 IU/mL, 1,531.9 sample relative light units/cut-off,
>7.0 log U/mL, and 9.7 log copies/mL, respectively). Both
serum HB surface antibody (HBsAb) and HB envelope anti-
body were negative. The HB virus genotype was type C. A
male newborn weighing 918 g was born at 25 weeks and
4 days of gestational age via cesarean section due to fetal
distress.

He was admitted to the neonatal intensive care unit due to
ELBW. Along with respiratory and circulatory treatment, i.v.
immunoglobulin (IVIG; 500 mg/10 mL, Venoglobulin TH™,
Japan Blood Products Organization, Tokyo, Japan) was admin-
istered soon after birth because of hypoimmune globulinemia
(serum total IgG, 280 mg/dL). At 11 h after birth, a total of
200 U/mL HB immune globulin (Dried HB globulin Nichiya-
ku™; Nihon Pharmaceutical, Tokyo, Japan) was injected i.m.
in the right and left femoral muscles (100 U/0.5 mL in each
side), and HB vaccine (0.25 mL, Bimmugen™; Kaketsuken,
Kumamoto, Japan) was injected s.c. in the left upper arm. No
side-effects, such as redness, swelling, or induration were
observed. HB vaccine was again administered at 1 and at
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atrics, Kobe University Graduate School of Medicine, 7-5-1,
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2 months of age. The infant was reared on breast milk and
was discharged at 4 months of age. The fourth HB vaccine
was injected at 6 months of age.

The HBsAb titer reached a peak at 1 month of age, and
decreased to the lowest level at 4 months of age, but HBsAb
was >10 mIU/mL (Fig. 1). Then, the HBsAb titer gradually
increased, and after the fourth HB vaccine, it finally increased
to >100 mIU/mL at 12 months of age. Serum HBsAg was
negative at 12 months of age.

We herein report the HBsAb titer in an ELBW infant who
received four doses of HB vaccine. In the present case, the
prevention protocol for mother-to-child HB virus infection
with an additional dose at 2 months of age (0, 1, 2, and
6 months of age) achieved sufficient seropositivity of HBsAb
at 12 months of age. The infant had an HBsAb titer of
47 mIU/mL at the time of discharge, even with an additional
vaccine at 2 months of age. Because ELBW infants are usu-
ally discharged from hospital at 3-4 months of age, and are

Fig. 1 Trajectory of serum hepatitis B surface antibody (HBsAb)
titer. "Effect of i.v. immunoglobulin (IVIG) on HBsAb titer: the
patient received 500 mg/10 mL Venoglobulin IH™ (Japan Blood
Products Organization), which has an HBsAb titer of approxi-
mately 100 mIU/mL. Assuming that the circulating blood volume
is 72 mL (80 mL/kg bodyweight) and the bioavailability of IVIG
is 100%, IVIG treatment might have increased HBsAD titer by
14 mIU/mL. Given, however, that the half-life of Ig is 27 days,4
the effect is limited. *Effect of HB immune globulin on HBsAb
titer: the titer at 4 months of age (47 mIU/mL) can be explained
only by the HB immune globulin at birth because the half-life of
HB immune globulin is 23 days.’
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then in close contact with their mother who are HB virus car-
riers, it is important for the ELBW infant to have a sufficient
HBsAD titer at that time.

The seroprotection level is usually defined as HBsAb titer
>10 mIU/mL.%7 Although all infants >2,000 g birthweight
who received three doses of HB vaccine at 0, 1, and 6 months
of age at the present hospital had sufficient HBsAb (median,
210 mIU/mL; range, 21-898 mIU/mL; n = 12), in a previous
study, ELBW infants who received three doses of HB vaccina-
tions at birth and at 1-3 and at 6-8 months of age had only a
52% seropositivity rate.® And in another study, 98.4% of pre-
term infants vaccinated using another four-dose HB vaccine
protocol (0, 1, 2, and 12 months of age) had a protective
level.” Four doses of HB vaccine may be needed to obtain a
sufficient rate of seropositivity in ELBW infants as recom-
mended by the Japan Pediatric Society.
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. We have performed a genome-wide association study (GWAS) including 473 Japanese HBV (hepatitis B

: virus)-positive HCC (hepatocellular carcinoma) patients and 516 HBV carriers including chronic hepatitis
and asymptomatic carrier individuals to identify new host genetic factors associated with HBV-derived

© HCCin Japanese and other East Asian populations. We identified 65 SNPs with P values < 10~* located

: within the HLA class | region and three SNPs were genotyped in three independent population-based
replication sets. Meta-analysis confirmed the association of the three SNPs (rs2523961: OR=1.73,

© P=7.50 X 10712 rs1110446: OR=1.79, P=1.66 X 10~3; and rs3094137: OR=1.73, P=7.09 X 1079).

. We then performed two-field HLA genotype imputation for six HLA loci using genotyping data to
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investigate the association between HLA alleles and HCC. HLA allele association testing revealed that
HLA-A*33:03 (OR=1.97, P=4.58 X 10~*) was significantly associated with disease progression to HCC.
Conditioning analysis of each of the three SNPs on the HLA class | region abolished the association of
HLA-A*33:03 with disease progression to HCC. However, conditioning the HLA allele could not eliminate
the association of the three SNPs, suggesting that additional genetic factors may exist in the HLA class

I region.

Hepatitis B (HB) is a potentially life-threatening liver infection caused by hepatitis B virus (HBV), and approxi-
mately 248 million people worldwide are estimated to be chronically infected with HBV'. The clinical course of
HBYV infection is variable, including acute self-limiting infection, fulminant hepatic failure, inactive carrier state,
and chronic hepatitis with progression to liver cirrhosis and hepatocellular carcinoma (HCC). Although some
HBYV carriers spontaneously eliminate the virus, every year 2-10% of individuals with chronic HB (CHB) develop
liver cirrhosis, and a subset of these individuals suffer from liver failure or HCC2. Around 600,000 new HCC cases
are diagnosed annually worldwide, and it is relatively common in Asia-Pacific countries and sub-Saharan Africa.
More than 70% of HCC patients are diagnosed in Asia®. In contrast, HCC is relatively uncommon in the USA,
Australia, and European countries*!. The majority of HCC cases develop in patients with cirrhosis, which is most
often attributable to chronic HBV infection followed by chronic hepatitis C virus infection in the Asia-Pacific
region®.

Human leucocyte antigen (HLA) proteins present self and non-self peptides to T cell receptors (TCRs) to
maintain self-tolerance and adapted immunity. The HLA region resides on the short arm of chromosome 6, desig-
nated as 6p21.3. It is about 3.6 Mb in length and more than 200 functional and nonfunctional genes®’ are located
in the region. The whole HLA region is divided into three subgroups, which are designated as class I, II, and III.
The HLA class I region contains 19 HLA class I genes including 3 classical (HLA-A, -B, and -C), 3 non-classical
(HLA-E, -F, and -G), and 12 non-coding genes or pseudogenes. The HLA class II region contains classical class IT
alpha- and beta-chain genes of HLA-DR, -DQ, and -DP. All HLA class I and class IT molecules can present pep-
tides to T cells, but each protein binds a different range of peptides. The presence of several different genes of each
HLA class means that any one individual is equipped to present a much broader range of peptides than if only one
HLA molecule of each class were expressed at the cell surface. A total of 17,695 HLA alleles (12,893 in class I and
4,802 in class II) were released by The IPD-IMGT/HLA database release 3.31.0 in January 2018 (https://www.ebi.
ac.uk/ipd/imgt/hla/). Of the 12,893 class I alleles, 4,181, 4,950, and 3,685 alleles were registered in HLA-A, -B, and
-C genes, respectively. Of 4,802 class IT alleles, 2,146, 1,178, and 965 alleles were registered in HLA-DRBI, -DQBI,
and -DPBI genes, respectively.

Recent genome-wide association studies (GWAS) of chronic HBV carriers with or without HCC in Chinese
populations reported that one SNP (rs17401966) in KIF1B, two SNPs (rs9272105 and rs455804) in HLA-DQA1/
DRBI and GRIK1, and two SNPs (rs7574865 and rs9275319) in STAT4 and HLA-DQ were associated with disease
progression to HCC®*°. A number of candidate genes have been investigated by genetic association studies to eval-
uate their roles in susceptibility to HCC. The findings from these studies, however, are inconclusive due to insuf-
ficient evidence and a lack of independent validation. All three papers referred to in this manuscript performed
GWAS and replication studies using only Chinese population samples. For example, the study by Zhang et al.'°
used 2,310 cases and 1,789 controls of Chinese ancestry and identified one intronic SNP in KIFIB associated
with HBV-related HCC. This result, however, was not replicated in several other populations'"'?). These findings
suggest that GWAS and subsequent replication studies should be conducted in populations other than Chinese.

In this study, we performed GWAS using Japanese CHB patients with and without HCC and a replication
study using East Asian populations including Japanese, Hong Kong Chinese, and Thai.

Results

GWAS and replication study of HBV-related HCC. We conducted a GWAS using samples from 473
Japanese HBV-positive HCC patients and 516 HBV carriers including CHB and asymptomatic carrier (ASC)
individuals by analyzing 447,830 autosomal SNPs. Figure 1 shows a genome-wide view of the SNP associa-
tion data based on allele frequencies. There were 110 SNPs with P values < 10~* in the GWAS (Supplementary
Materials, Table S1). Of the 110 SNPs, 65 and 4 SNPs were located on the HLA class I and II regions, respec-
tively. These results suggested that HBV-related HCC could be associated with SNPs located in the HLA region,
although associations did not reach the genome-wide significance level. Outside the HLA region, there were 41
SNPs with P values < 10~* and 4 SNPs showed P values < 107>.

In order to validate these suggestive associations, we selected seven SNPs based on the following criteria: P val-
ues < 10~* in the HLA region and <107° outside the HLA region and only SNPs with the lowest P value or highest
OR were selected when multiple SNPs showed strong LD. Three independent sets of HBV-related HCC cases,
CHB and ASC controls (replication-1: Japanese 153 cases and 614 controls; replication-2: Hong Kong Chinese
94 cases and 187 controls; and replication-3: Thai 185 cases and 198 controls), and the original GWAS set of 989
Japanese samples (473 cases and 516 controls) were genotyped and used in a subsequent replication analysis. Of
the seven SNPs, four (rs2523961, rs1110446, and rs3094137 located on HLA class I region, and rs2295119 located
on HLA class II region) were validated, and consistent associations were observed between the original GWAS set
and replication sets (Table 1). For these four SNPs, no heterogeneity of association was observed between the orig-
inal GWAS samples and the replication samples. Two SNPs in the HLA region (rs2523961 and rs1110446) showed
a genome-wide significant association (rs2523961: OR=1.91, P=6.42 x 107!% and rs1110446: OR=1.93,
P =2.52 x 107! using the combined Japanese samples (GWAS and replication-1) (Table 1). Moreover, the
meta-analysis with the combined Japanese samples and two independent sample sets (Hong Kong Chinese and
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Figure 1. GWAS result. GWAS included 989 samples [473 Japanese HCC cases and 516 Japanese HBV carrier
(CH and ASC) controls]. P-values were calculated using the chi-square test for allele frequencies among 447,830
SNPs.

Thai) confirmed associations for the two SNPs (rs2523961: P=5.81 x 10~'!; and rs1110446: P=9.09 x 10~3),
while the remaining two SNPs showed a marginal association (rs3094137: OR=1.76, P=3.91 x 10~ 7; and
rs2295119: OR=0.63, P=5.51 x 1077).

Association test for imputed HLA alleles. The two SNPs showing genome-wide significant associa-
tions were located on HLA class I region, and the marginally associated SNP was located on HLA class I and
II region. To investigate the association of HLA alleles, we performed two-field HLA genotype imputation for
six HLA loci (HLA-A, -B, -C, -DRBI, -DQBI, and -DPBI) using 989 genome-wide genotyping data used for the
GWAS. Imputed HLA alleles were filtered (Call Threshold < 0.5) before performing association analysis for each
HLA locus. The results of association tests in HLA-A, -B, -C, -DRBI, -DQBI, and -DPBI alleles are shown in
Table 2 and Supplementary Materials, Table S2. To avoid false-positive results due to multiple testing for 77 HLA
alleles, significance levels were set at 0.000649 (=0.05/77). A protective effect of HLA-DPB1702:01 (OR=0.59,
P =5.23 x 107°) was observed as previously reported!. We also detected that HLA-A"33:03 was significantly
associated with disease progression to HCC (OR=1.97, P=4.58 x 10~*) (Table 2).

Using GTEx-generated eQTL data!*, we checked for correlations between the three SNPs and HLA-A gene
expression levels. The SNP rs2523961 was correlated with HLA-A gene expression in various tissues (muscle:
P=6.1 X102 heart: P=2.3 x 107'%,2.1 X 10~'}; esophagus: P=2.8 X 1072, 1.8 x 10~ artery: P=4.7 x 102,
3.9 x 1071 thyroid: P=1.4 x 107!}; pancreas: P=3.3 x 107’ brain: P=1.9 x 1078, 2.2 X 1077; nerve:
P=3.2x 1078 testis: P=5.5 x 1077; lung: P=1.7 x 10~°). The SNP rs1110446 was also associated with HLA-A
gene expression in muscle (P =5.5x 107"%), skin (P=6.2 x 107", 4.4 X 107?), artery (P=8.7 X 1075, 1.1 x 107%),
esophagus (P =2.5 x 107°), and whole blood (P =5.1 x 107°). These results suggest that these SNPs affected
HLA-A gene expression.

Conditioning each of the three SNPs on the HLA class I region (Supplementary Material, Fig. Sla—c) abol-
ished the association of HLA-A"33:03 (P > 0.05), but conditioning of A"33:03 could not eliminate the association
of the three SNPs (rs2523961: OR = 1.69, P="7.06 x 104 rs1110446: OR = 1.65, P=9.33 x 10% and rs3094137:
OR=1.54,P=5.68 x 10~?) (Fig. 2). These conditional analyses suggest that additional genetic factors other than
HLA-A allele exist in the HLA class I region. In contrast to the class I region, conditional analysis controlling for
the SNP rs2295119 using DPB1°02:01 allele suggests that DPBI allele could abolish the association of rs2295119
on the HLA class II region (P >0.05) (Supplementary Material, Fig. S1e).

Discussion

In the current GWAS, we found a marginal association between an SNP (rs2295119) located in the HLA-DPB
region and HBV-related HCC. Moreover, the association analysis of HLA-DPBI alleles and the conditional anal-
ysis with HLA-DPB1702:01 suggested that DPB1°02:01 was the major protective allele in the HLA class II region.
Recent GWAS also showed that SNPs located in the HLA class II region (HLA-DQA1/DRBI° and HLA-DQ®) were
associated with HBV-related HCC in the Chinese population. We focused on the p-values of the HLA class II
region (HLA-DQ and -DR) and six other gene regions (KIF1B, UBE4B, PGD, 8p12, GRIK1 and STAT4) reported
in previous studies and revealed the SNPs of four regions (HLA-DQ and -DR, 8p12, and STAT4) had p-values
of less than 0.00625 (0.05/8). There were 52, 10 and 1 SNP with P < 0.00625 located on HLA-DQ/DR, 8p12, and
STATH4, respectively, and the lowest p-value of each region was 0.00102 (rs9271894 on HLA-DQAI, OR = 1.46),
0.00278 (rs8084 on HLA-DRA, OR=1.32), 0.00049 (rs13250548 on 8p12, OR=0.68), and 0.0019 (rs6752770 on
STAT4, OR = 1.44).

We also identified significant associations in the HLA class I region, especially around the HLA-A locus. The
association test of imputed HLA alleles and conditional analyses with HLA-A"33:03 suggested that HLA-A"33:03
is the susceptibility allele for HCC. We performed additional conditional analyses controlling for the SNP
on chromosome 6 using A*33:03 and DPB1°02:01 alleles. This indicated that HLA-A and DPBI alleles could
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152523961 | A/G GWAS Japanese 12 | 174 287 10209 |11 |111 394 | 0.129 2.57E-07 %i0524_2 66)
(class T) Combined Japanese 19 | 219 |388 |0.205 |23 |238 |867 |0.126 |6.42E-10 (1i9516—2 37)
- Hong Kong 1.55
RephcatlonZ Chinese 1 25 68 0.144 |2 34 151 0.102 0.118 (0.90-2.66)
Replication3 Thai 13 |54 108 | 0.229 |6 49 142 | 0.155 0.059 364998—2 28)
Meta-analysis® 5.81E-11
rs1110446 | T/C GWAS Japanese 14 177 282 0217 |11 |114 |391 0.132 4.44E-08 %ilé)O—Z 75)
(class I) Combined Japanese 21 222 |383 |0.211 |24 |[245 |861 |0.130 |2.52E-10 (li957—2 37)
- Hong Kong 1.52
Replication2 Chinese 2 22 70 0.138 |1 35 151 0.099 0.138 (0.90-2.62)
Replication3 Thai 14 | 66 100 |0.261 |5 51 142 | 0.154 0.002 gi9237_2 92)
Meta-analysis® 9.09E-13
1s3094137 | A/G | GWAS Japanese 9 150 |314 |0.178 |10 |97 409 |0.113 | 9.65E-05 zi7;11—2 31)
(class I) Combined Japanese 13 | 191 421 0.174 |19 | 203 |906 |0.107 3.91E-07 (1i721_2 19)
- Hong Kong 1.93
Replication2 Chinese 0 8 86 0.043 | 0 9 178 | 0.024 0.201 (0.71-5.21)
Replication3 | Thai 0 |19 |160 [0053 |0 |15 |181 |0038 |0.468 (60-3.03)
Meta-analysis® 9.83E-05
rs2295119 | T/G GWAS Japanese 18 | 139 |316 |0.185 |41 | 191 284 | 0.265 5.77E-06 ((](']5;7_0 74)
(class IT) Combined Japanese 27 | 179 |420 |0.186 |78 | 417 |635 |0.254 |5.51E-07 ?(']6533_0 76)
- Hong Kong 0.78
Replication2 Chinese 2 22 70 0.138 |5 54 128 | 0.171 0.318432 (0.47-1.28)
Replication3 Thai 4 39 136 | 0.131 |3 50 143 | 0.143 0.285443 ((](']’_727_1 25)
Meta-analysis® 4.88E-07

Table 1. Four SNPs in the HLA region associated with disease progression to HCC. *Results of meta-analysis
were calculated by the DerSimonian-Laird method. PResult of logistic regression analysis adjusted for age and
sex.

abolish the association in the HLA class II region but were not sufficient to abolish the association in the HLA
class I region (Fig. 2 and Supplementary Material, Fig. S1f). Therefore, not only the HLA-A allele but also addi-
tional genetic factor(s) likely exist in the HLA class I region. There are several genes in this region including
HLA-A, HCGY, HLA-J, HCG8, ZNRD1-AS1, ZNRDI, PPP1R11, RNF39, TRIM31, and TRIM40 (shown in Fig. 2).
Although these genes include pseudogenes and poorly characterized genes, some are associated with various
diseases. The zinc ribbon domain-containing 1 (ZNRD1) protein is associated with cell growth of gastric cancer
cells'®, angiogenesis of leukemia cells'®, and HIV-1/AIDS disease progression'”'8. In addition, ZNRDI knock-
down inhibits the expression of HBV mRNA and promotes the proliferation of HepG2.2.15 cells', suggesting that
ZNRD1 is one of the possible additional genetic factors at the HLA class I region. The tripartite motif-containing
31 (TRIM31) protein is essential for promoting lipopolysaccharide-induced Atg5/Atg7-independent autophagy?.
Moreover, TRIM40 is downregulated in gastrointestinal carcinomas and chronic inflammatory lesions of the
gastrointestinal tract?!.

Non-self antigens, such as virus-infected cells and cancer cells, and HLA class I molecules are generally rec-
ognized by the TCRs on CD8+ T lymphocytes, resulting in T cell activation??. The activated T cells divide and
some of their progeny differentiate into lymphocytes capable of killing cells (cytotoxic T lymphocytes: CTLs)
displaying the same peptides (such as tumor-specific peptides) on their HLA class I molecules. These CTLs target
tumor-specific antigenic peptides and eliminate them. In other words, CTLs cannot eliminate cancer cells without
HLA class I molecules even if the person has tumor-specific peptides. Cancer cells therefore need to escape from
the immune system for patients to be identified as having cancer.

In this study, we identified a significant association between HLA-A"33:03 and HBV-related HCC. In addition
to HLA-A"33:03, previous studies and this study suggested that HLA-DR, -DQ, and -DP were associated with
disease progression®”"*. Functional analysis of HLA class I and II proteins could be an important step in deter-
mining the pathology of HBV-related HCC.
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02:01 105 1.8 | 113 113 |0.7733 1.04 | 0.78-1.40
02:06 80 9.0 [106 106 | 0.2462 083 [ 0.60-1.14
02:07 38 43 |40 40 |08174 107 | 0.66-1.72
11:01 53 59 |94 9.4 | 0.005757 061 |0.42-0.87
24:02 331 371|393 394 | 03198 091 |0.75-1.10
26:01 72 81 |89 89 |05636 090 |0.64-1.26
26:03 18 20 |22 22 108732 091 | 0.46-1.80
31:01 112 126 |90 9.0 |0.01384 145 | 1.07-1.97
33:03 76 85 |45 45 | 0.00046 197 |1.33-295

Table 2. Association analyses of HLA-A alleles.

Figure 2. Association plots of the HLA class I region on chromosome 6 HLA region. (a) The major genetic
determinant of HBV-related HCC risk to HLA class I genes. (b) Conditional analysis controlling for the effect of
HLA-A*33:03.
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Methods

Ethics statement. All study protocols conformed to the relevant ethical guidelines, as reflected in the a pri-
ori approval by the ethics committee of the University of Tokyo, and by the ethics committees of all participating
universities and hospitals. All participating studies obtained informed consent from all participants in this study
and all samples were anonymized.

Samples. Samples from 3,133 individuals who had HBV-derived chronic hepatitis, ASC, liver cirrhosis, or
HCC and patients with other HBV-related symptoms were collected by 26 universities and hospitals (Hokkaido
University Hospital, Teine Keijinkai Hospital, Iwate Medical University Hospital, Musashino Red Cross Hospital,
The University of Tokyo Hospital, Saitama Medical University Hospital, Chiba University Hospital, Kitasato
University Hospital, Kohnodai Hospital, Shinshu University Hospital, Kanazawa University Hospital, Nagoya
City University Hospital, Kyoto Prefectural University of Medicine Hospital, National Hospital Organization
Osaka National Hospital, Osaka City University Hospital, Hyogo College of Medicine, Tottori University
Hospital, Ehime University Hospital, Yamaguchi University Hospital, Kawasaki Medical College Hospital,
Okayama University Hospital, Nagasaki Medical Center, Kurume University Hospital, Saga University Hospital,
Eguchi Hospital, and Kyusyu University Hospital). The Japanese Public Health Cancer-based Prospective (JPHC)
Study samples® in Japan were used for the replication study. Hong Kong Chinese samples were collected at the
University of Hong Kong. Thai samples were collected at Chulalongkorn University.

HBV status was measured based on serological results for HBsAg and anti-HBc with a fully automated chemi-
luminescent enzyme immunoassay system (Abbott ARCHITECT, Abbott Japan, Tokyo, Japan or LUMIPULSE
G1200, Fujirebio, Inc., Tokyo, Japan). For clinical staging, ASC state was defined by the presence of HBsAg with
normal ALT levels over 1 year (examined at least four times at 3-month intervals) and without evidence of liver
cirrhosis. CH was defined by elevated ALT levels (1.5 times the upper limit of normal [35IU/L]) persisting for
over 6 months (by at least three bimonthly tests). HCC was diagnosed by ultrasonography, computerized tomog-
raphy, magnetic resonance imaging, angiography, tumor biopsy, or by a combination of these.

SNP genotyping and data cleaning. For the GWAS, we genotyped 1,356 Japanese samples using the
Affymetrix Axiom Genome-Wide ASI 1 Array (Affymetrix, Inc., Santa Clara, CA, USA) according to the man-
ufacturer’s instructions and determined the genotype calls of 600,307 SNPs using the Genotyping Console
v4.2.0.26 software (Supplementary Material, Fig. S2a). To increase the samples for genotyping, we used not only
CHB patients with and without HCC but also patients with HBV-related other symptoms such as liver cirrhosis.
All samples used for genotyping passed a Dish QC >0.82 and overall call rate >97%. The average Dish QC for
1,356 samples was 0.969 (0.883-0.993) and the average call rate reached 99.42% (97.47-99.87%). All genotyped
samples passed a heterozygosity check, and 25 duplicated samples were identified in identity by descent (IBD)
testing. A principal component analysis (PCA) found seven outliers could be excluded by the Smirnov-Grubbs
test, and we showed that all the remaining samples (n=1,324) formed a single cluster with the HapMap Japanese
(JPT) samples but not with the Han Chinese (CHB), Northern and Western European (CEU), and Yoruban
(YRI) samples. We then applied the following thresholds for SNP quality control in data cleaning: SNP call rate
of >95%, minor allele frequency of >3% and Hardy-Weinberg equilibrium P value of >0.001. A total of 447,830
SNPs on autosomal chromosomes passed the quality control filters and were used for subsequent GWAS. For the
association study of HBV-related HCC, we selected 481 HBV-related HCC patients (cases) and 538 HBV carriers
(CH and ASC patients, controls) from 1,324 samples and performed IBD testing and PCA again for these sam-
ples. Twenty-three related samples and seven outliers were excluded by IBD testing and PCA (Supplementary
Material, Fig. S3), respectively. We finally used 473 cases and 516 controls for GWAS. A quantile-quantile plot of
the distribution of test statistics for the comparison of genotype frequencies in the cases and controls showed that
the inflation factor X\ was 1.016 for all tested SNPs and was 1.009 when SNPs in the HLA region were excluded
(Supplementary Material, Fig. S4). All cluster plots for SNPs with P values of <10~* were checked visually and
SNPs with ambiguous genotype calls were excluded.

In the replication stage, we selected seven SNPs with P values of <1077 from the results of the chi-square test
in the GWAS. A TagMan SNP genotyping assay (Applied Biosystems, Foster City, CA, USA) was used to confirm
the genotypes at each SNP. We genotyped 989 and 767 Japanese samples for the validation of the GWAS and for
the replication study, respectively. We further genotyped 281 Hong Kong Chinese and 383 Thai samples for the
replication study (Supplementary Materials, Table S3).

Statistical analysis. The characteristics of analyzed samples are shown in Supplementary Materials,
Table S3. For the GWAS and replication study, the chi-square test was applied to a two-by-two contingency
table in the allele frequency model. Meta-analysis was performed using the DerSimonian-Laird method
(random-effects model) in order to calculate the pooled OR and its 95% confidence interval. Fisher’s exact test in
a two-by-two contingency table was used to examine the association between HLA alleles and disease progression
of HBV patients. To avoid false-positive results due to multiple testing, the resulting P-values were adjusted based
on the number of observed alleles with frequencies >0.5% in cases and controls. Conditional logistic regression
analysis was performed for SNPs and HLA alleles. This analysis was performed as implemented in Plink v1.07
software?, conditioning on HLA-A"33:03 and DPB1"02:01 to each of the other SNPs. Other statistical analyses
were performed using the SNP & Variation Suite 7 software (Golden Helix, Bozeman, MT, USA) and statistical
software R v2.6. Manhattan plot of conditioning of each SNP or HLA allele was generated by LocusZoom®.

HLA imputation. SNP data from 989 samples were extracted from extended MHC (xMHC) regions ranging
from 25759242 bp to 33534827 bp based on hg19 position. Two-field HLA genotype imputation was performed
for a total of six HLA class I and class II genes using the HIBAG R package?®’. For HLA-A,-B, -DRBI, -DQBI,
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and -DPBI, a Japanese imputation reference? was used for HLA genotype imputation. For HLA-C, the HIBAG
Asian reference?” was used for HLA genotype imputation. We applied post-imputation quality control using
call-threshold (CT > 0.5); the call rate of successfully imputed samples ranged from 88.7 to 98.5% for the six HLA
classes. In total, we imputed 5,650 HLA genotypes in HLA class I and class II genes.
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a p value<0.001. The factors associated with bullying were
the younger age group, shorter length of service, shifting
work, non-managerial position and the designation as a
doctor.

Conclusion A significant proportion of healthcare workers had
been bullied, and bullying exposure was shown to be associ-
ated with depression and low self-esteem. Hence, regular
screening for bullying, depression and low self-esteem should
be done to enable early intervention.

CHANGES IN TWENTY YEARS OF THE
EPIDEMIOLOGICAL STATUS OF NEEDLESTICK/SHARPS
INJURIES REPORTED TO JAPAN-EPINET THROUGH A
NATION-WIDE SURVEILLANCE NETWORK

12T Yoshikawa*, 'K Wada, ")) Lee, 'T Mitsuda, 'H Kuroshi, "M Aminaka, 'U Morisawa,
'K Morikane, "H Kunishima, 'K Kidouchi, 'K Moriya. 'The Research Group for Occupational
Infection Control and Prevention in Japan (JRGOICP), “Research Centre of Overwork-Related
Disorders (RECORDS), National Institute of Occupational Safety and Health (JNIOSH), Japan

10.1136/0emed-2018-ICOHabstracts.976

Introduction This study aimed at examining annual logs of
needlestick/sharps injuries (NSIs) collected through a voluntary
nation-wide surveillance network in twenty-years for prevent-
ing occupational blood-borne infections. The emphasis was
placed on revealing the past and current situations of NSIs in
health care settings.

Methods Japan-EPINet format was developed by the technical
support of the International Healthcare Worker Safety Centre,
University of Virginia in the United States in 1996. Japan-EPI-
Net Surveillance (JES) was conducted by the Research Group
for Occupational Infection Control and Prevention in Japan
(JRGOICP). Data were analysed in four phases of the nation-
wide surveillance network of AIDS referral hospitals out of a
total of 364 registered, a total number of hospital-year was
1879. These hospitals reported employees’ percutaneous inju-
ries on a voluntary basis.

Results A total of 65,032 NSIs were reported to Japan-EPINet
from 1996 to 2015. The rate of hepatitis C antibody positive
cases of the total NSIs decreased from 69.9% (1,511/2,161)
in 1996 to 11.5% (714/6,201) in JES2015. The proportion of
NSIs due to ‘recapping’ decreased (28.7%, 6.9% respectively).
Devices caused to NSIs by winged steel needles (25.3%,
8.6%) and vacuum tube phlebotomy needles (4.8%, 1.7%)
were decreased, disposal syringe (28.5%, 26.2%) and IV cath-
eter (6.7%, 5.2%) were fairly decreased. The proportion of
Suture needle (10.3%, 16.9%) and pre-filled cartridge syringe
(2.8%, 8.3%) were increased.

Discussion The changes of characteristics NSIs in Japan in
twenty-year suggested that recognition of the risks of NSIs
was vital for promoting the effective use of safety-engineered
needle/sharp devices and point-of-use disposal containers
because the rate of hepatitis C antibody positive cases among
voluntary reported NSIs. The creation of the nation-wide sur-
veillance network was effective for monitoring and evaluating
NSIs and for focusing on implementation of effective
countermeasures.

PREPARATION OF HAZARDOUS DRUGS IN BIOLOGICAL
SAFETY CABIN (BSC): THE CHALLENGE OF GETTING
HEALTHIER WORK ENVIRONMENTS

"MAmparo Benavent Benavent, 2MAmparo Ortufio Moreno. "Hospital Clinic Universitar
Valencia, Spain; ZHospita/ La Fe, Valencia, Spain

10.1136/0emed-2018-ICOHabstracts.977

Introduction Hazardous drugs are an important risk to health
care workers. Some of these products may even be potentially
carcinogenic.

In different Spanish hospitals it was observed that only

Cytostatics drugs were prepared in biological safety cabins,
leaving workers exposed to the rest of hazardous non cyto-
static drugs.
Methods A bibliographical review of scientific articles and
researches has been carried out, together with the laws on
occupational health and recommendations of the Spanish
organisms.

In the USA, research promoted the development of policies
of prevention and the incorporation of these drugs in the list
NIOSH.

Result After analysing the information obtained, we detected
the following problems: HD’s are prepared in hospitalisation
rooms, where the right conditions to protect workers are non-
existent; In many cases, health care workers are given only
personal protective equipment to avoid exposure; Specific
health control isn’t performed in most cases; National legisla-
tion obliges the risk to be taken into account for the worker.
Although there are no long-term epidemiological studies, pro-
tective measures should be taken.

Discussion In many hospitals in our country HD’s are not
prepared in biological safety cabins. Health workers are
unaware that they are exposed to these risks and no specific
health training or monitoring is performed. Collaborative epi-
demiological researches should be promoted among Public
Health Units, which have information on the prevalence rate
of cancer diseases, and those responsible for occupational
health prevention.

250 HOW THE WORKING BACKS PROGRAMME HELPED
STAFF MANAGE BACK PAIN, REMAIN IN WORK AND
REDUCE ABSENTEEISM

Bulfin Siobhan*, Tuohy Niamh, A Purcell, A O'Reilly. St. Vincent's University Hospital,
Dublin, Ireland

10.1136/0emed-2018-ICOHabstracts.978

Introduction The Working Backs Programme (WBP) is
designed for staff reporting back pain as a result of work or
whose work performance is affected. It’s a comprehensive
approach including medical assessment, provision of informa-
tion and education, a designated physiotherapy and ergonomic
staff referral service and a referral pathway for further investi-
gations and/or review. The effectiveness was evaluated by an
initial audit in 2012 and subsequent audits in 2015 and 2016.
Methods Data was collected through questionnaires at initial
consultation and post discharge for comparison. This included
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Abstract

Background Although the epidemiology of hepatitis C virus
(HCV) infection among children may be rapidly changing,
few reports have characterized large nationwide cohorts of
children with HCV infection. We, therefore, sought to clarify
the epidemiology and natural history of HCV infection in
Japanese children born over the last three decades.
Methods Sixty-five pediatric centers retrospectively and
prospectively recruited consecutive, otherwise-healthy HCV-
infected children born during 1986 to 2015.

Results Entry criteria were met by 348 children. Age at
initial diagnosis of infection has decreased significantly in
recent years. Cirrhosis and hepatocellular carcinoma were
not identified. Prevalence of spontaneous clearance and of
interferon treatment with/without ribavirin were 9 and
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54%, respectively. Maternal transmission has increased
significantly, representing over 99% of cases in the last
decade. No transfusion-related cases have been seen after
1994. HCV genotype 2 has increased to become the most
prevalent in Japanese children. Histopathology examina-
tion of liver specimens showed no or mild fibrosis in most
children with chronic hepatitis C; none showed cirrhosis.

Conclusions This largest nationwide cohort study of Asian
children with HCV infection spanned the last three dec-
ades. None of these Japanese children developed cirrhosis
or hepatocellular carcinoma. Maternal transmission
increased to account for 99% of cases during the last
decade. Genotype 2 now is most prevalent in these chil-
dren. Histopathologically, most children with chronic
hepatitis C showed mild fibrosis or none.

Keywords Natural history - Maternal transmission -
Genotype - Liver histopathology - Cirrhosis

Abbreviations
HCV Hepatitis C virus
anti-HCV  Anti-HCV antibody

SVR Sustained virologic response
IFN Interferon

RBV Ribavirin

CHC Chronic hepatitis C

SD Standard deviation

DAAs Direct-acting antiviral agents
Introduction

Hepatitis C virus (HCV) infection is a major cause of liver
disease. Recent estimates showed an increase in its world-
wide prevalence over the last decade to 2.8%, amounting to

@ Springer



420

87

J Gastroenterol (2018) 53:419-426

over 185 million infections [1-3]. In Japan, estimated
prevalence of HCV infection in adults has been 0.8 to 1.2%
[4]. Prevalence is lower in children, estimated at 0.012% at
ages 5-9 years, 0.010% at 10-14 years, and 0.022% at
15-19 years [5]. The low prevalence of HCV infection in
children reflects disappearance of transmission by blood
transfusions and other medical procedures, and also reduced
mother-to-child (i.e., vertical or perinatal) transmission,
even though this form of transmission currently is respon-
sible for most new infections in developed countries [6-9].
Among HCV genotypes, genotype 1 is most prevalent
worldwide (49.1%), followed by genotypes 3 (17.9%), 4
(16.8%), and 2 (11.0%). Genotypes 5 and 6 are responsible
for the remaining infections, representing less than 5% [3]. In
Japanese adults, relative prevalence of genotype 1 has
declined while that of genotype 2 has increased; nonetheless,
genotype 1 (65%) remains more prevalent than genotype 2
(34%) [4, 10]. Taken together, these data raise the question of
possible rapid changes in the epidemiology of HCV infection
among Japanese children, but few large nationwide cohort
studies of children with HCV infection have been under-
taken, particularly in the last decade [9, 11, 12]. To evaluate
the extent of these changes, which could alter the future
burden of HCV infection, we investigated epidemiologic
features of a large nationwide cohort of children with HCV
infection in Japan. Specifically, we aimed to clarify the
epidemiology and natural history of HCV infection in
Japanese children who were born over the last three decades.

Methods
Study design

This study was designed and conducted within the frame-
work of the “Observatory for HCV Infection and Hepatitis
C in Japanese Children,” established in 2011 by the
Hepatology Group of the Japanese Society for Pediatric
Gastroenterology, Hepatology and Nutrition (JSPGHAN)
with the aim of taking a census of children with HCV
infection and investigating clinical aspects and outcomes of
liver disease in this inadequately studied population. Sixty-
five pediatric centers in Japan were involved in this survey.
Over approximately 4 years, each of these centers retro-
spectively and prospectively collected all anti-HCV anti-
body (anti-HCV)-positive cases in children born from 1986
to 2015. Baseline and follow-up clinical information were
obtained from patient records. Patient characteristics,
clinical diagnosis at last visit, treatment, type of exposure,
HCYV genotype, and histopathologic features of liver biopsy
specimens were determined. Features of the patients were
evaluated in three groups defined by birth year: 1986—1995,
1996-2005, and 2006-2015. Some of these patients have
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been involved in previous studies [12-14]. The study
protocol complied with the ethical guidelines of the Dec-
laration of Helsinki of 1975 (2004 revision) and was
approved by the ethics committee of Osaka General
Medical Center and other participating centers.

Patients

Inclusion criteria were age between 0 and 16 years at initial
diagnosis, birth between 1986 and 2015, HCV RNA posi-
tivity in at least one serum sample, follow-up for at least
1 year after the infection was diagnosed at the observatory
center, and absence of coinfection with human immunod-
eficiency virus (HIV) or hepatitis B virus (HBV).

Clinical definitions were as follows. Spontaneous sustained
clearance (in untreated HCV RNA-positive patients) signified
disappearance of HCV RNA from at least two consecutive
serum samples. Carriers were HCV RNA-positive patients
with persistently normal serum alanine aminotransferase
(ALT) concentrations. Chronic hepatitis was diagnosed in
HCV RNA-positive patients with persistently increased ALT
for more than 6 months or a liver biopsy specimen showing
chronic hepatitis. Sustained virologic response (SVR) indi-
cated HCV RNA negativity for 24 weeks following conclu-
sion of interferon (IFN) treatment with/without ribavirin
(RBYV). Evidence of cirrhosis was diagnosed by liver biopsy or
by clinical findings (jaundice, fatigue and/or edema), blood
tests (hyperbilirubinemia, thrombocytopenia, hypoalbu-
minemia, and/or coagulopathy), and/or abdominal imaging
including the liver using ultrasonography, computed tomog-
raphy and/or magnetic resonance imaging (ascites, nodularity
of the liver, and/or atrophy of the liver).

Type of HCV exposure

Putative types of HCV exposure were evaluated by con-
cordant results of HCV genotype between mother and child
and by ascertaining family history and past surgical and
transfusion histories.

HCYV RNA and genotype

HCV RNA was quantified in fresh or well-preserved stored
sera by commercial quantitative assays such as real-time
PCR (COBAS Ampliprep/COBAS TagMan HCV test,
Roche) in 90% of subjects, amplicor HCV monitor
(COBAS Amplicor HCV Monitor test v 2.0, Roche) in 8%
and branched DNA probe (Quantiplex HCV RNA 2.0,
Bayer) in 2%. Genotype was assessed by genotyping assay
using reverse transcription PCR of the core region with the
genotype-specific primers in 82% of subjects and by
serotyping assay in 18% according to the international
classification [15, 16].
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Histopathology

Histopathology of the liver was evaluated using initial liver
biopsy specimens obtained from children with chronic
hepatitis C (CHC) before they had received any IFN
treatment with/without RBV. Liver biopsy specimens were
assessed pathologically based on the New Inuyama Clas-
sification of chronic hepatitis [17], in which chronic hepatic
disease is characterized according to degree of fibrosis
(F) as follows: FO (no fibrosis, equivalent to Ishak stage 0),
F1 (fibrosis evident as portal expansion, equivalent to Ishak
stage 1-2), F2 (bridging fibrosis, equivalent to Ishak stage
3), F3 (bridging fibrosis with lobular distortion, equivalent
to Ishak stage 4), or F4 (cirrhosis, equivalent to Ishak stage
5-6) [17, 18]. Additionally, the classification assesses
chronic hepatic disease activity (A) based on degree of
lymphocytic infiltration and necrosis of hepatocytes as
follows: AO (no necro-inflammatory reaction), Al (mild
necro-inflammatory reaction), A2 (moderate necro-in-
flammatory reaction), and A3 (severe necro-inflammatory
reaction) [17].

Statistical analysis

Continuous variables are expressed as mean =+ standard
deviation (SD) and categorical variables as frequencies and
percentages. Chi squared, Fisher’s exact, ANOVA, Tukey—
Kramer, and Pearson correlation tests were used as
appropriate. All statistical analysis was performed using
GraphPad Prism version 6.05 software (GraphPad Soft-
ware, San Diego, CA, USA). Tests were two-sided. P val-
ues below 0.05 were considered to indicate statistical
significance.

Results

During this survey, participating centers enrolled 441
consecutive anti-HCV-positive children, among whom 348
children met entry criteria. Based on birth year, they were
assigned to one of three groups: group 1, including 49
children born between 1986 and 1995; group 2, including
175 born between 1996 and 2005; or group 3, including
124 born between 2006 and 2015 (Fig. 1). Ninety-three
children were excluded from this study for the reasons such
as unknown RNA positivity, follow-up for less than 1 year,
or presence of coinfection with HIV or HBV.

Patient features
Table 1 summarizes distribution of gender, age at initial

diagnosis of infection, age at last clinical visit, clinical
diagnosis at last visit, and treatment in the three groups.

Fig. 1 Flow chart of this study. This chart summarizes entry criteria
and distribution of patients into groups according to birth year. HCV
hepatitis C virus, anti-HCV anti-HCV antibody, n number of patients,
HIV human immunodeficiency virus, HBV hepatitis B virus, DOB
date of birth

Girls accounted for 56% of patients. Age at initial
diagnosis of infection had decreased significantly in
recent years (P < 0.0001). As for clinical diagnosis at
last visit, frequencies of spontaneous clearance, carrier
state, chronic hepatitis, and SVR were 9, 34, 4, and
40%, respectively. Carriers had increased significantly in
recent years (P < 0.0001), and SVR had decreased sig-
nificantly (P < 0.0001). Cirrhosis and hepatocellular
carcinoma were not identified. The overall fraction of
patients who received IFN treatment with/without RBV
in recent years was 54%, having decreased significantly
(P < 0.0001).

Type of HCV exposure

Table 2 characterizes the 348 children based on putative
type of exposure to HCV in the three groups. Maternal
transmission, the most frequent source of infection in all
groups, accounted for 90% of infections overall, with a
significant increase in recent years (P < 0.0001), increas-
ing to over 99% in the last decade. Transfusion was the
second most frequent source of infection in the earliest
decade, while no transfusion-related cases have been seen
since 1994. Only 17 cases (5%) were ascribed to other
putative sources of infection, horizontal transmission or
unknown source.
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Table 1 Demographic and clinical features of the 348 children enrolled in the study

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P
(n = 348) (n = 49) (n = 175) (n = 124) values®
Male, n (%) 154 (44) 21 (43) 79 (45) 54 (44) 0.9418
Age at diagnosis of infection, 377+ 452 76.7 £ 59.6 43.0 £ 44.1 13.0 £ 16.0 <0.0001
months®®
Age at last visit, months®® 130.7 £ 70.2 240.6 + 49.6 148.9 £ 38.0 61.7 + 28.8 <0.0001
Clinical diagnosis at last visit, n (%)
Spontaneous clearance 30 (9) 12 13 (8) 16 (13) 0.0525
Carrier® 120 (34) 9 (19) 45 (26) 66 (53) <0.0001
Chronic hepatitis 15 (4) 1(2) 6 (3) 8 (6) 0.3134
Sustained virologic responsed 139 (40) 33 (67) 88 (50) 18 (15) <0.0001
During treatment 16 (5) 1) 9(5) 6 (5) 0.6488
Unknown 28 (8) 4 (8) 14 (8) 10 (8) 0.9993
Cirrhosis/HCC 0/0
Treatment (IFN with/without 188 (54) 37 (76) 118 (67) 33 (27) <0.0001

RBV), 1 (%)

n number of patients, HCC hepatocellular carcinoma, IFN interferon, RBV ribavirin

% Comparison among the 3 groups by Chi squared or ANOVA tests
b

c

d

P < 0.0001, Group 1 vs. Group 2, Group 1 vs. Group 3, and Group 2 vs. Group 3 by Tukey—Kramer test
P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test
P = 0.0364, Group 1 vs. Group 2; P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test

¢ P < 0.0001, Group 1 vs. Group 3 and Group 2 vs. Group 3 by Fisher’s exact test

f Mean + standard deviation

Table 2 Putative types of exposure to HCV infection in 348 children

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P
(n = 348) (n = 49) (n=175) (n=124) values®
Maternal, n (%)° 314 (90) 30 (61) 161 (92) 123 (99) <0.0001
Horizontal, n (%) 2 (1) 0 2(1) 0 0.3700
Transfusion, 17 (5) 17 (35) 0 0 <0.0001
n (%)°
Unknown, n (%)¢ 15 4) 24 12 (7) 1(1) 0.0398

n number of patients
% Comparison among the three groups by Chi squared test
b

c

4 P = 0.0176, Group 2 vs. Group 3 by Fisher’s exact test

HCYV genotype

Table 3 characterizes 298 of the children based on the
HCV genotypes in the three groups. Overall relative
prevalences of genotypes 1, 2, and 3 were 42, 57, and 1%,
respectively. Genotype 1 has decreased significantly in
recent years (P = 0.0427), while genotype 2 has increased
(P = 0.0775).
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P < 0.0001, Group 1 vs. Group 2 and Group 1 vs. Group 3; P = 0.0054, Group 2 vs. Group 3 by Fisher’s exact test
P < 0.0001, Group 1 vs. Group 2 and Group 1 vs. Group 3 by Fisher’s exact test

Histopathology

Table 4 summarizes the demographic and clinical features
of 147 children with CHC who underwent liver biopsy
between 1995 and 2015, while Table 5 presents the
histopathologic features of the liver according to the New
Inuyama Classification [17]. Mean age at biopsy was
8.9 £+ 4.0 years. The distribution of degree of necro-
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Table 3 HCV genotype in 298 children

Total Group 1 1986-1995 Group 2 1996-2005 Group 3 2006-2015 P

(n = 298) (n = 44) (n = 158) (n = 96) values®
Genotype 1, 126 (42) 25 (57) 68 (43) 33 (34) 0.0427

n (%)°

Genotype 2, n (%) 169 (57) 19 (43) 89 (56) 61 (64) 0.0775
Genotype 3, n (%) 3(1) 0 1(1) 2(2) 0.4095

n number of patients
# Comparison among the three groups by Chi squared test
> P = 0.0162, Group 1 vs. Group 3 by Fisher’s exact test

Table 4 Demographic and clinical features of 147 children with
chronic hepatitis C who underwent liver biopsy between 1995 and
2015

Male, n (%) 70 (48)
Age at biopsy, years” 89 +40
Duration of infection, years® (maternal transmission, 84 +3.6
n = 127)
Type of exposure, n (%)
Maternal 127 (86)
Transfusion 10 (7)
Horizontal or unknown 10 (7)
HCV genotype (n = 131), n (%)
Genotype 1 63 (48)
Genotype 2 66 (50)
Genotype 3 22

n number of patients
? Mean =+ standard deviation

inflammatory activity (A0, Al, A2, and A3) was 5, 74, 20,
and 1%, respectively. The distribution of degree of fibrosis
(FO, F1, and F2) was 33, 58, and 9%, respectively. F3 and
F4 were not seen. No significant correlation was found
between degree of fibrosis and age at biopsy or duration of
infection (Supplementary Figs. 1 and 2). Degree of fibrosis
was not related to gender, type of exposure, or genotype
(Supplementary Tables 1 to 3).

Discussion

Few reports describing large nationwide cohorts of children
with HCV infection are available, although recent reports
concerning adults indicate that the epidemiology of HCV
infection is  changing  dramatically = worldwide
[1-3, 9, 11, 12]. We investigated the epidemiologic fea-
tures of Japanese children with HCV infection to clarify
natural history and trends over the last three decades.
Previous large nationwide cohort studies of children with

Table 5 Histopathologic features of liver biopsy specimens from 147
children with chronic hepatitis C

N (%) A0 (5) Al (74) A2 (20) A3 (1)
FO (33) 6 34 8 0
F1 (58) 2 70 12 1
F2 (9) 0 5 9 0

n number of patients, A0 no necro-inflammatory reaction, A/ mild
necro-inflammatory reaction, A2 moderate necro-inflammatory reac-
tion, A3 severe necro-inflammatory reaction, FO no fibrosis, FI
fibrosis with portal expansion, F2 bridging fibrosis

HCV infection describe epidemiologic features observed
about two decades before 2006 [9, 11, 12]. Our investi-
gation represents the largest nationwide cohort study of
Asian children with HCV infection over a 30-year period,
including children born during the most recent decade,
2006-2015. Additionally, we included a large pediatric-age
survey of HCV histopathologic features, characterizing 147
children with CHC.

Since HCV was discovered in 1989 [19, 20], the Japa-
nese Red Cross has screened blood donors for anti-HCV
with a first-generation assay beginning in 1989, or, since
1992, a second-generation assay [21]. The present study
shows that because of screening, transfusion transmission
has decreased dramatically, and transfusion-related cases
have disappeared after 1994. Three patients had putative
transfusion transmission between 1992 and 1994, most
likely because risk of fibrinogen-transmitted HCV infection
was yet to be eliminated in Japan during that period [22].
At present maternal transmission accounts for 99% of
cases, representing nearly the sole route for pediatric-age
HCV infection. Comparing group 2 (born from 1996 to
2005) with group 3 (2006-2015), ages at time of diagnosis
steadily decreased. We believe that this change reflects
heightened awareness of maternal transmission of HCV
among Japanese obstetricians and pediatricians; nearly all
pregnant women in Japan now are screened for anti-HCV.
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Girls were somewhat more numerous than boys among
our subjects (56%) and spontaneous clearance occurred in
9% of patients, in essential agreement with previous reports
[9, 11, 23]. IFN treatment with/without RBV was given to
54% of patients. Suzuki et al. reported that pegylated IFN
monotherapy and pegylated IFN combined with RBV both
produced encouraging results against HCV infection and
were well tolerated and reasonably safe in Japanese chil-
dren and adolescents with CHC, including some enrolled in
this study [13]. Interestingly, our survey identified no
patients with cirrhosis. Bortolotti et al. reported that 2% of
untreated children with HCV infection progressed to
decompensated cirrhosis before 16 years of age [9]. We
believe that none of our subjects showed cirrhosis because
of racial differences, because roughly half of them received
IFN therapy with/without RBV, or because of both factors.

Relative prevalence of HCV genotypes is changing
worldwide. We found genotype 1 to be decreasing, as did a
previous report of children with HCV infection in Italy
[11]. Genotype 2 was increasing in our Japanese survey, in
contrast with increases in genotypes 3 and 4 in Italy [11].
Notably, genotype 2 has become most prevalent (57%) in
our pediatric survey, although a recent report concerning
adults stated relative prevalences of genotypes 1 and 2 in
Japan in 2011 as 65 and 34%, respectively [4]. Toyoda
et al. reported that genotype 1 remains most common in
adults born before 1970, although genotype 2 has become
most prevalent in adults born in or after 1970. Additionally,
about half of these younger infected adults had a history of
intravenous drug use or tattooing (though not of blood
transfusion) [24]. These results suggest that in Japan
genotype 2 may have spread to young adults by drug use or
tattooing and then to children by maternal transmission.
Up-to-date knowledge of genotype frequencies in Japanese
children will be important in considering future treatment
options against HCV infection.

Histopathology examination of liver specimens from
most children with CHC showed fibrosis to be absent or
mild, with inflammation predominating. No cirrhosis was
found. Table 6 summarizes the largest studies of liver
biopsy findings in children with CHC from Europe, the US,
and Japan [14, 25, 26]. Kage et al. reported that the liver
showed absent or mild fibrosis in most untreated Japanese
children with CHC, as well as absence of cirrhosis. How-
ever, transmission was different in that study, with trans-
fusion accounting for 85% of cases [14]. In the present
study, even though 86% of our patients who underwent
liver biopsy had maternal transmission, we observed sim-
ilar histopathologic features in untreated Japanese children
with CHC, including absence of fibrosis in 33% of patients
and absence of cirrhosis in all. In contrast, Guido et al.
reported that liver histopathology showed cirrhosis in 1%
of untreated children with CHC in Italy and Spain [25],
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while Goodman et al. found the frequency in the US to be
2% [26]. Additionally, fibrosis was absent in smaller per-
centages of specimens in these studies than ours (28% [25]
and 14% [26] vs. 33%). Thus, Japanese children with CHC
might have less risk of fibrosis and cirrhosis than chroni-
cally infected children in some Western countries. Some
reports of adults with CHC have associated patient age and
duration of infection with progression of fibrosis [27, 28].
In children with CHC, the present study and Goodman
et al. showed no significant correlations of degree of
fibrosis with age at biopsy or duration of infection,
although Guido et al. found degree of fibrosis to correlate
with both patient age and duration of infection [26, 29].
Additionally, Mohan et al. reported that sequential biopsy
specimens demonstrated progression of fibrosis in children
with CHC, aged 8.6 & 4.1 years at the first biopsy and
14.5 £ 4.0 years at the second [30]. Accordingly, severity
of fibrosis might be more closely related to age or duration
of infection in adolescence and young adulthood than in
childhood.

New direct-acting antiviral agents (DAAs) now are
being developed at a remarkable pace. Combining DAAs
targeting different stages in the viral proliferation cycle has
proven highly effective, permitting development of IFN-
free and largely RBV-free regimens that might be better
tolerated. Such oral regimens now have shown cure rates
exceeding 90% in most adult populations [31-33]. We
soon should be able to treat children with HCV infection
using the new DAAs [34]. The results of our study, par-
ticularly, those concerning genotype trends and
histopathologic features, should be useful to pediatric
hepatologists in Japan and elsewhere in considering treat-
ment of children with HCV infection using the new DAAs.

HCV/HIV coinfection is highly prevalent in Asia [35].
Omata et al. reported that maternal transmission of HCV is
affected significantly by coinfection with HIV, and safety
and efficacy of recently developed DAAs and those under
development in reducing maternal transmission, particu-
larly in the presence of HIV coinfection, require further
investigation [36]. In the present study, maternal trans-
mission accounted for 99% in the last decade. We therefore
should undertake curative treatment using new DAAs in
young women with HCV/HIV coinfection before preg-
nancy in order to prevent maternal transmission.

An important limitation of this study is the retrospective
nature of data from most patients, particularly those who
are older. The group born from 1986 to 1995 is smaller
than groups born from 1996 to 2005 or from 2006 to 2015,
probably because of loss of patient record accessibility at
pediatric centers following transition to adult health care.
Clinical diagnosis at last visit and prevalence of treatment
clearly differ between subjects born from 1986 to 2005 and
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Table 6 Liver histologic findings in large studies of children with chronic hepatitis C

Author Year Country Patients Age at biopsy years, Type of exposure, % Fibrosis, %
mean + SD
Maternal Transfusion None Mild Bridging Cirrhosis

Kage et al. [14] 1997 Japan 109 8.8 +4.2 11 85 96* 4 0

Guido et al. [25] 1998 Italy/ 80 9.1 £48 60 24 28 55 16

Spain
Goodman et al. 2008 US 121 9.8 £3.7 78 7 14 80 4 2
[26]
Present study 2017 Japan 147 89+ 4.0 86 7 33 58 9 0

Fibrosis staging as follows: none, FO or Ishak 0; mild, F1 or Ishak 1-2; bridging, F2-3 or Ishak 3—4; cirrhosis, F4 or Ishak 5-6

SD standard deviation

* Total of none and mild

those born from 2006 to 2015 because of differing length
of the follow-up period.

In conclusion, we clarified the epidemiologic features
and natural history of Japanese children with HCV infec-
tion over the last three decades. To our knowledge, this is
the largest nationwide cohort study from Asia. Age at
initial diagnosis of infection has decreased significantly.
Cirrhosis and hepatocellular carcinoma did not develop.
The proportion of maternal transmission significantly
increased in the last decade to 99%. No transfusion-related
cases have been seen since 1994. Genotype 2 has become
most prevalent among Japanese children. Histopathologic
examination of the liver showed fibrosis to be absent or
mild in most children with CHC.
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Aim: Sustained suppression of hepatitis B surface antigen
(HBsAg) production after interferon (IFN) treatment has not been
reported for children with genotype C chronic hepatitis B virus
(HBV) infection, which is prevalent in Asia. Among children with
hepatitis B envelope antigen-positive genotype C chronic HBV
infection, we compared the efficacy of combination therapy with
nucleotide analogues and IFN-a in 11 children with 12 historical
cases treated with IFN monotherapy.

Methods: The combination of lamivudine and conventional
IFN-o. was introduced for the first three patients; the other eight
patients were treated with entecavir and pegylated IFN.

Results: Demographic factors as well as baseline HBsAg titers
and HBV-DNA levels were similar between the two groups. In
the combination therapy group, viral loads were suppressed in
9/11 to below 4.0 log copies/mL both at the end of the therapy

(EOT) and at 6 months after EOT. In contrast, in the IFN monother-
apy group, suppression of viral loads was observed in 2/12 and
3/12 at EOT and at 6 months after EOT, respectively. In the
combination therapy group, HBsAg titers dropped from 4.03 at
pretreatment to 2.91 log IU/mL at 6 months after EOT with 4/11
showing a drop to below 1000 IU/mL (one patient achieved HBsAg
clearance). In contrast, the amount of HBsAg did not change
during the corresponding periods in the IFN monotherapy group.

Conclusions: Our preliminary results suggest that combina-
tion therapy might be effective in the suppression of HBsAg pro-
duction as well as HBV-DNA production for children with
genotype C chronic HBV infection.

Key words: genotype C, HBeAg seroconversion, HBsAg
seroconversion, interferon, nucleotide analogue

INTRODUCTION

NTERFERON (IFN) IS a standard therapy of care for

children with chronic hepatitis B virus (HBV) infec-
tion." However, IFN monotherapy has not been satisfac-
tory in promoting hepatitis B surface antigen (HBsAg)
clearance in children or adults in Iapan.2 Moreover,
sustained suppression of HBsAg production after IFN
treatment was not reported for children with chronic
hepatitis B, including genotype C chronic HBV infection,
which is prevalent in Asia.
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In adult patients, HBsAg loss after tenofovir plus
pegylated interferon-a (PEG-IFN) therapy was recently re-
ported and suppression of HBsAg production by combina-
tion therapy was associated with HBV genotype A.> Our
survey of published work failed to find any reports on the
efficacy of this combination therapy in children with geno-
type C chronic HBV infection. In this study, we investigated
the efficacy of combination therapy with nucleotide ana-
logues and IFN-a in terms of suppression of HBsAg produc-
tion as well as other biochemical and virological responses,
including alanine aminotransaminase (ALT) normaliza-
tion, hepatitis B envelope antigen (HBeAg) seroconver-
sion, and suppression of HBV-DNA levels.

METHODS

ROM 2010 TO 2016, 39 patients with HBeAg-positive
genotype C chronic HBV infection and their guardians
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visited our center. Twenty-one of the 39 patients who had
a sustained elevation in ALT for more than 6 months had
the therapy explained to them. Eleven of the 21 agreed to
enroll in the trial therapy (combination therapy group)
whereas the other 10 patients had therapy withheld. The
remaining 18 had never experienced an elevation in ALT
levels and were regarded as asymptomatic carriers. An ele-
vation in ALT levels was defined as a level >60 IU/L ac-
cording to Jonas et al.!

As a comparison, registered cases that had received IFN
monotherapy or PEG-IFN monotherapy were searched
using the medical records of children with chronic HBV in-
fection, which were collected in a nation-wide survey.* We
identified 82 patients with IFN monotherapy and 14 pa-
tients with PEG-IFN monotherapy. Among them, 12 pa-
tients with IFN monotherapy and four patients with
PEG-IFN monotherapy met the following inclusion
criteria: pretreatment HBeAg positivity, availability of lab-
oratory data including ALT, HBsAg, HBeAg, and HBV-
DNA both at baseline and at 6 months after the end of
therapy (EOT), and completion of the scheduled treat-
ment regimen as described below. On evaluation of an ef-
ficacy of combination therapy, only cases with IFN
monotherapy were compared because the number of eligi-
ble cases with PEG-IFN monotherapy was too small to
compare with the combination therapy group.

The effect on HBsAg production as well as circulating
levels of ALT, HBeAg, and HBV-DNA were assessed prior
to therapy, at EOT, and every 6 months after EOT in the
11 children with genotype C chronic HBV infection. Liver
biopsy specimens were evaluated for the activity of hepati-
tis and the degree of fibrosis according to the classification
of Desmet et al.”

Treatment regimen

Combination therapy consisted of nucleotide analogues
for the first 3 months using lamivudine 3 mg/kg/day plus
natural IFN-a 0.1 MU/kg body weight three times a week
for 6 months in the first three patients, or entecavir
0.01 mg/kg/day plus PEG-IFN 180 pg/m? body surface
area weekly for 6 months in the remaining eight patients.
The IFN monotherapy group received natural IFN-a
0.1 MU/kg body weight three times a week for 24 weeks.
The PEG-IFN monotherapy group received 180 ug/m*
body surface area weekly for 48 weeks.

Statistical analysis

Differences in mean values and the frequency of patients’
characteristics between groups were compared using the
Mann-Whitney U-test and the Fisher's exact test,
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respectively. All statistical analyses were based on two-
sided hypotheses tested with a significance level of
P<0.05.

Ethical considerations

The study protocol complied with the ethical guidelines of
the Declaration of Helsinki of 1975 (2004 revision) and
was approved by the Ethics Committee of Osaka General
Medical Center (Osaka, Japan).

RESULTS

Demographic data of children with
HBeAg-positive genotype C chronic HBV
infection

HE 11 CHILDREN who underwent the combination

therapy from 2010 to 2016 consisted of seven boys
and four girls with the average age of 9.2 years at treatment
(Table 1). Transmission routes were mother to child in
nine patients, father to child in one patient, and grandfa-
ther to child in one. Baseline factors including age at treat-
ment, gender, transmission routes, and duration of
observation were similar between the two groups. Baseline
ALT values were greater in the combination therapy group
than in the IFN monotherapy group, although it did not
reach statistical significance. Both baseline HBsAg titers
and HBV-DNA levels were in a similar range when com-
paring the two groups. A liver biopsy showed a mild activ-
ity of hepatitis (A1) for all patients expect one with a

Table 1 Comparison of demographic factors among children
with genotype C hepatitis B virus (HBV) infection treated with
interferon (IFN) monotherapy or combination therapy

IFN Combination
monotherapy therapy
(n=12) (n=11) P-value
Age, yearst 92+42 9.2+29 NS
Male sex, n (%) 4 (33) 7 (62) 0.22
MTCT, n (%) 8 (66) 9 (81) NS
Observation, yearst 40+1.7 34+2.1 0.45
Baseline ALT, TU/Lt 155+91 440 +375 0.06
Peak ALT, TU/Lt 450 + 605 664 +346 0.41
HBsAg, log IU/mLt 4.00£0.30 423+0.24 0.11
HBV-DNA, log copies/mL
>9 4 4 NS
8.0-8.9 4 5
7.0-7.9 4 2

tMean + standard deviation.
ALT, alanine aminotransaminase; IFN, interferon; MTCT, mother-to-
child transmission; NS, not significant.

© 2018 The Japan Society of Hepatology
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moderate degree of hepatitis (A2) (data not shown). A
moderate degree of fibrosis (F2) was noted in all patients.

Natural course of children who had
combination therapy withheld

Ten patients were followed for ALT, HBsAg, HBeAg, and
HBV-DNA with no treatment for a median of 2.7 years.
One of the 10 has had spontaneous seroconversion to
HBeAb positive/HBeAg negative after 16 months of
follow-up. In the remaining nine patients, HBeAg has
remained positive.

Outcome of children with combination therapy
or IFN monotherapy

In the combination therapy group, titers of HBeAg were
rapidly decreased during the 6 months of therapy in all
patients and suppressed in the negative range in eight of
the 11 at EOT. Thereafter a loss of HBeAg occurred in
two patients and remained positive in one patient at
6 months after EOT (Fig. 1). Hepatitis B envelope antigen
seroconversion was significantly higher in the combina-
tion therapy group than in the untreated group (90.9%
vs. 10.0%, P<0.001). The seroconversion rate at 6 months
after EOT was also greater in the combination therapy

Hepatology Research 2018; 48: 1172-1177

group than in the IFN monotherapy group (P=0.027;
Table 2a).

Viral loads were decreased in all patients of the
combination therapy group during therapy and were
suppressed in most of the patients to below 4.0 log cop-
ies/mL (LC/mL) both at EOT and at 6 months after EOT
(Fig. 2a). In contrast, in the 12 patients of the IFN
monotherapy group, the same degree of suppression of
viral loads during the corresponding observation period
was observed in only two and three patients at EOT
and at 6 months after EOT, respectively (Fig. 2b). The
decrease in viral loads at 6 months after EOT was more
frequently seen in the combination therapy group than
in the IFN monotherapy group (P=0.012; Table 2a).

In the combination therapy group, HBsAg titers sub-
stantially dropped from 4.03 at pretreatment to
2.91 log IU/mL at 6 months after EOT: five of the 11 pa-
tients showed more than a 1.0-log drop in the HBsAg titers
and in four of the five patients it decreased to
<1000 IU/mL (Fig. 3a). Of note, one of the five patients
achieved HBsAg clearance at 12 months after EOT (case 3).
In contrast, the HBsAg levels did not change during the
corresponding observation period in the IFN monother-
apy group (Fig. 3b). The difference between the two

| Children evaluated (n=21)

y

l

Opted out of therapy
(n=10) (untreated group)

Opted for combination
therapy (n=11)

J

Response at HBeAg
end of seroconversion
treatment (n=4)

Response at 6
months
post-treatment

HBeAg seroconversion (n=10)
Sustained seroconversion: 4
Additional seroconversion: 6

|
! !

HBeAg HBeAg
seronegative seropositive

(n=4) (n=3)

n=4 n=2

HBeAg
seronegative

(n=1)

n=1

Response at
end of
follow-up

Sustained seroconversion (n=11)
(HBsAg loss: 1, HBeAg
seroconversion: 10)

Figure 1 Flow diagram of the study of the efficacy of combination therapy with nucleotide analogues and interferon in children with
genotype C hepatitis B virus infection, including summary of results. HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface

antigen.

© 2018 The Japan Society of Hepatology
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Table 2a Comparison of efficacy between interferon (IFN) monotherapy and combination therapy groups among children with

genotype C hepatitis B virus (HBV) infection

Lamivudine plus Entecavir plus Combination IFN monotherapy

interferon (n=3) PEG-IEN (n=8) therapy (n=11)* (n=12)* P-value*
ALT normalization 3/3 7/8 10/11 6/12 0.069
HBeAg/HBeAb seroconversion 3/3 7/8 10/11 5/12 0.027
HBV-DNA <4.0 3/3 6/8 9/11 3/12 0.012
log copy/mL
HBsAg 1.0-log drop 2/3 3/8 5/11 0/12 0.014
HBsAg <1000 IU/mL 1/3 3/8 411 0/12 0.037
HBsAg loss 1/3 0/8 1/11 0/12 NS

*P-values are shown for these two groups.

ALT, alanine aminotransaminase; HBeAb, hepatitis B envelope antibody; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen;

NS, not significant; PEG-IEN, pegylated IFN.

Table 2b Comparison of side-effects between interferon (IFN) monotherapy and combination therapy among children with genotype

C hepatitis B virus infection

IFN monotherapy (n=12) Combination therapy (n=11) P-value
Leukopenia 2 1 NS
Anemia (Hb <10 g/dL) 0 0 NS
Thrombocytopenia (plt <100 000/pL) 1 1 NS
Elevated serum transaminase levels 2 1 NS
Hypothyroidism 0 0 NS
Lethargy 1 0 NS
Mental depression 0 0 NS
Hair loss 0 0 NS
Skin rash 0 0 NS

Hb, hemoglobin; NS, not significant; plt, platelets.

groups at 6 months after EOT was greater in the combina-
tion therapy group than in the IFN monotherapy group
both for 1.0-log drop and for a drop below 1000 IU/mL
(P=0.014 and P=0.037, respectively; Table 2a).

There were no differences between the first three pa-
tients treated with lamivudine plus interferon and the
later eight patients with entecavir plus PEG-IEN in terms
of seroconversion rate, suppression of viral loads, 1.0-log
drop in HBsAg, or drop below 1000 IU/mL at 6 months
after EOT (Table 2a).

Sustainability of the suppression of HBsAg production
was partly shown by an 84-month follow-up in cases 2
and 3, both of which showed more than 1.0-log drop
at 6 months after the end of the combination therapy
(Fig. S1). Moreover, HBsAg titers decreased below
1000 IU/mL after 6 years in case 2. In the IFN monotherapy
group, titers of HBsAg were available for most patients be-
tween 12 and 36 months after EOT and showed no change
compared to those at 6 months after EOT (data not shown).

Outcome of children treated with PEG-IFN
monotherapy

In the four patients who underwent PEG-IFN monother-
apy, ALT normalization was reported in three, HBeAg
seroconversion in two, and suppression of HBV-DNA
in two at 6 months after EOT. The amount of HBsAg
was repeatedly assessed in three of the four patients
and no apparent decrement in HBsAg titers was ob-
served in those three patients, either at EOT or 6 months
after EOT.

Safety of combination therapy

A similar frequency of bone marrow suppression associ-
ated with IFN treatment was observed in the two groups;
leukopenia in two and thrombocytopenia in one for the
IFN monotherapy group, and one each for the combina-
tion therapy group (Table 2b). Transient elevation in se-
rum transaminase levels was also infrequently seen in

© 2018 The Japan Society of Hepatology
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Figure 2 Hepatitis B virus (HBV)-DNA levels in two groups of children with genotype C HBV infection treated with combination ther-
apy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding estimations at end of treatment
(EOT) and at 6 months after EOT for the combination therapy group (a) and the IFN monotherapy group (b). LC, log copies. [Color
figure can be viewed at wileyonlinelibrary.com]

both groups. None of these side-effects was serious nucleotide analogues. Suppression of HBeAg production
enough to warrant cessation of therapy. occurred and serum HBV-DNA levels dropped to
<4.0 LC/mL at 6 months after EOT in most patients. The
mean value of HBsAg decreased from 4.03 log at baseline
DISCUSSION to 2.91 log IU/mL at 6 months among the 11 treated pa-

N THIS STUDY, all the 11 treated children showed a fa-  tients and HBsAg dropped below 1000 IU/mL in four pa-

vorable response to combination therapy with IFN and  tients. Furthermore, one of the four patients achieved

Figure 3 Hepatitis B surface antigen (HBsAg) titers (expressed as logarithms) in two groups of children with genotype C HBV infection
treated with combination therapy or interferon (IFN) monotherapy. Baseline values of each group are presented with corresponding es-
timations at 6 months after end of treatment (EOT) for the combination therapy group (a) and the IFN monotherapy group (b). [Color
figure can be viewed at wileyonlinelibrary.com|

© 2018 The Japan Society of Hepatology
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HBsAg clearance 1 year after therapy and it was decreased
below 1000 IU/mL in another patient after 6 years. The
safety profile of the combination therapy group was simi-
lar to the IFN monotherapy group and no serious side-
effects were observed in either group.

The first therapeutic trial in children using a similar reg-
imen was reported by D’Antiga et al. in 2006.° They treated
23 immune-tolerant children and achieved HBeAg sero-
conversion in five (22%) and HBsAg loss in four (17%).
All of the four patients who cleared HBsAg had genotype
B HBV infection. Two of their 23 patients who had geno-
type C infection did not respond to the therapy. Similar
combination therapy in 112 children with an ALT >1.5
times the upper limit of normal resulted in a higher re-
sponse (55% vs. 27%) and more HBsAg loss (12.5% vs.
4.6%) when compared with 52 children who underwent
nucleotide analogue lead-in combination therapy.”
Twenty-eight children in an immune-tolerant phase were
treated with combination therapy as reported by D’Antiga
etal.® Eleven of the 28 become seronegative for HBeAg and
five of the 11 had HBsAg clearance, but the genotype of the
subjects was not examined in the latter two studies. Fur-
thermore, these studies into the efficacy of combination
therapy did not quantitatively assess the change in HBsAg
production.

There have been no studies on the efficacy of combina-
tion therapy in children with genotype C chronic HBV
infection. Therefore, it is unknown whether genotype C-
infected children would respond to combination therapy
with comparable efficacy as has been seen with genotype
B in children.® A 20-year observation of the natural course
of infection in children has shown that those with initial ti-
ters of HBsAg <1000 IU/mL were more likely to clear
HBsAg than those with higher titers.” Accordingly,
treatment-related suppression of HBsAg production
<1000 IU/mL might lead to clearance of HBsAg in the near
future. In this study, four of the 11 patients have achieved a
suppression of HBsAg production <1000 IU/mL after the
combination therapy. However, long-term observation is
required to determine whether clearance of HBsAg might
occur in the combination therapy group, as seen in chil-
dren who showed low baseline levels of HBsAg and even-
tually cleared HBsAg.”

Our preliminary results suggest that combination ther-
apy could be effective in suppression of HBsAg production
as well as in suppression of both HBeAg and HBV-DNA
production for children with chronic genotype C HBV in-
fection. Prospective studies are needed to evaluate the effi-
cacy of combination therapy and to clarify predictive
factors of its efficacy in children with genotype C chronic
HBV infection.
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DDITIONAL SUPPORTING INFORMATION may be
found online in the Supporting Information section
at the end of the article.

Figure S1 Changes in hepatitis B surface antigen titers
over 7 years for 11 children with genotype C hepatitis B
virus infection treated with combination therapy.
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Hepatitis B vaccine: Inmunogenicity in an extremely

low-birthweight infant

Keiji Yamana, Sota Iwatani, Kazumichi Fujioka,

Kazumoto Iijima and Ichiro Morioka

Department of Pediatrics, Kobe University Graduate School of Medicine, Kobe, Japan

Key words extremely low-birthweight infant, hepatitis B vaccine, hepatitis B virus, immunogenicity, mother-to-child infection.

From 2013, infants born to mothers carrying serum hepatitis B
(HB) surface antigen (HBsAg) receive HB immunoglobulin at
birth and HB vaccine at birth, and at 1 and 6 months of age
in Japan (prevention protocol for mother-to-child HB virus
infection).! Due to immature immune response to HB vaccine,
the American Academy of Pediatrics and Japan Pediatric
Society recommend that infants <2,000 g birthweight are
given an additional HB vaccination at 2 months of age.z’3 No
previous case report, however, has described the trajectory of
the immunogenic response for this prevention protocol, includ-
ing an additional dose at 2 months of age, in extremely low-
birthweight (ELBW) infants. The present case is reported with
informed consent.

The present patient was born to a 29-year-old Chinese
mother (gravida 0, para 0) with HBsAg. At 20 weeks of gesta-
tional age, serum HBsAg, HB envelope antigen, HB virus
core-related antigen, and HB virus DNA were positive
(67 878 IU/mL, 1,531.9 sample relative light units/cut-off,
>7.0 log U/mL, and 9.7 log copies/mL, respectively). Both
serum HB surface antibody (HBsAb) and HB envelope anti-
body were negative. The HB virus genotype was type C. A
male newborn weighing 918 g was born at 25 weeks and
4 days of gestational age via cesarean section due to fetal
distress.

He was admitted to the neonatal intensive care unit due to
ELBW. Along with respiratory and circulatory treatment, i.v.
immunoglobulin (IVIG; 500 mg/10 mL, Venoglobulin TH™,
Japan Blood Products Organization, Tokyo, Japan) was admin-
istered soon after birth because of hypoimmune globulinemia
(serum total IgG, 280 mg/dL). At 11 h after birth, a total of
200 U/mL HB immune globulin (Dried HB globulin Nichiya-
ku™; Nihon Pharmaceutical, Tokyo, Japan) was injected i.m.
in the right and left femoral muscles (100 U/0.5 mL in each
side), and HB vaccine (0.25 mL, Bimmugen™; Kaketsuken,
Kumamoto, Japan) was injected s.c. in the left upper arm. No
side-effects, such as redness, swelling, or induration were
observed. HB vaccine was again administered at 1 and at

Correspondence: Ichiro Morioka, MD, PhD, Department of Pedi-
atrics, Kobe University Graduate School of Medicine, 7-5-1,
Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan.
Email: ichim@med.kobe-u.ac.jp

Received 19 November 2017; revised 22 January 2018;
accepted 27 February 2018.
doi: 10.1111/ped.13547

2 months of age. The infant was reared on breast milk and
was discharged at 4 months of age. The fourth HB vaccine
was injected at 6 months of age.

The HBsAb titer reached a peak at 1 month of age, and
decreased to the lowest level at 4 months of age, but HBsAb
was >10 mIU/mL (Fig. 1). Then, the HBsAb titer gradually
increased, and after the fourth HB vaccine, it finally increased
to >100 mIU/mL at 12 months of age. Serum HBsAg was
negative at 12 months of age.

We herein report the HBsAb titer in an ELBW infant who
received four doses of HB vaccine. In the present case, the
prevention protocol for mother-to-child HB virus infection
with an additional dose at 2 months of age (0, 1, 2, and
6 months of age) achieved sufficient seropositivity of HBsAb
at 12 months of age. The infant had an HBsAb titer of
47 mIU/mL at the time of discharge, even with an additional
vaccine at 2 months of age. Because ELBW infants are usu-
ally discharged from hospital at 3-4 months of age, and are

Fig. 1 Trajectory of serum hepatitis B surface antibody (HBsAb)
titer. "Effect of i.v. immunoglobulin (IVIG) on HBsAb titer: the
patient received 500 mg/10 mL Venoglobulin IH™ (Japan Blood
Products Organization), which has an HBsAb titer of approxi-
mately 100 mIU/mL. Assuming that the circulating blood volume
is 72 mL (80 mL/kg bodyweight) and the bioavailability of IVIG
is 100%, IVIG treatment might have increased HBsAD titer by
14 mIU/mL. Given, however, that the half-life of Ig is 27 days,4
the effect is limited. *Effect of HB immune globulin on HBsAb
titer: the titer at 4 months of age (47 mIU/mL) can be explained
only by the HB immune globulin at birth because the half-life of
HB immune globulin is 23 days.’

© 2018 Japan Pediatric Society
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then in close contact with their mother who are HB virus car-
riers, it is important for the ELBW infant to have a sufficient
HBsAD titer at that time.

The seroprotection level is usually defined as HBsAb titer
>10 mIU/mL.%7 Although all infants >2,000 g birthweight
who received three doses of HB vaccine at 0, 1, and 6 months
of age at the present hospital had sufficient HBsAb (median,
210 mIU/mL; range, 21-898 mIU/mL; n = 12), in a previous
study, ELBW infants who received three doses of HB vaccina-
tions at birth and at 1-3 and at 6-8 months of age had only a
52% seropositivity rate.® And in another study, 98.4% of pre-
term infants vaccinated using another four-dose HB vaccine
protocol (0, 1, 2, and 12 months of age) had a protective
level.” Four doses of HB vaccine may be needed to obtain a
sufficient rate of seropositivity in ELBW infants as recom-
mended by the Japan Pediatric Society.
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