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Figure 4 Previously published fibrotic scores: (a) aspartate aminotransferase (AST)/alanine aminotransferase (ALT) ratio (AAR}®
{b) AST-to-platelet ratio index {APRI), calculated by AST/ (upper limit of normal of AST)/ (platelet count [x10%/L]) x 100.»
(c) FIB-4 score, calculated by age x AST [IU/L] / (platelet count [x10°/L] x ALT [IU/L]°%)."* (d) FibroTest score regression coef-
ficient was: Z= 4.467 x log" (o2-macroglobulin [g/L]) ~ 1.357 x log' (haptoglobin [g/L]) + 1.017 x log!® [y-glutamyltransferase
[GGT] [IU/L]) + 0.0281 x (age [years]) + 1.737 x log™® (bilirubin [um/L]) - 1.184 x log!® (apolipoprotein A1 [g/L]) + 0.301 x (sex

ffemale =0, male=1}) - 5.54.°

protein Al, hyaluronic acdd, TIMP-1, TIMP-2, pro-
collagen III peptide and type IV collagen 78. Multiple
regression analysis finaily generated a first-degree poly-
nomial function consisting of four variables: type IV
collagen 78, platelet count, bilirubin and hyaluronic
acid. A constant numeral (-1.87) was finally adjusted in
the regression equation in order to obtain fitted figures
for fibrotic stages of F1, F2, F3 and F4. From the mag-
nitude of the standardized partial regression coefficient
of individual variable in the function, In (type IV colla-
gen 78) demonstrated the most potent contribution
toward the prediction of liver fibrosis. Platelet count and
In {bilirubin) proved to be the second and third distinc-
tive power in the model, respectively.

The obtained figure of FSC was generated to imitate
actual “F factor” of histological staging. FSC was suffi-
ciently fitted to actual fibrotic stages with certain over-
lapping as was usually found in histological ambiguity
judged by pathologists. Because judgment of fibrosis in
chronic hepatitis often shows a transitional histological
staging, pathological examination could not always
achieve a clear-cut diagnosis discriminating F1, F2, F3 or
F4. Considering the limitation of pathological difficulty
in differentiation of the four continuous disease entities,
the obtained regression funciion showed satisfactory
high accuracy rates in the prediction of liver disease
severity. BSC can provide one or two decimal places (e.g.
2.4 o1 2.46) and the utility of the score is possibly higher
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than mere histological staging of F1, F2, F3 or 4. The
reproducibility was confirmed by the remaining 276
patients’ data obtained from the other seven hospitals.
Although the validation data were collected from differ-
ent geographic area and different chronologic situation,
FSC showed similar resulis in prediction of histological
staging.

Fibrotic score for hepatitis C seemed a very useful
quantitative marker in evaluating severity of fibrotic
severity of hepatitis C patients without invasive proce-
dures and without any specialized ulirasonography or
maguetic resonance imaging. FSC also has an advantage
of measurement, in which old blood samples are avail-
able for retrospective assessment of varied clinical set-
tings: old sera from 20 years ago at the time of initial
liver biopsy, or paired sera before and after a long-term
anti-inflammatory therapy, for example. These kinds
of retrospective assessments of fibrotic staging will be
valuable in estimating a long-term progression of liver
disease, in evaluating efficacy of a long-term medication
or other medical intervention, or in making a political
judgment from the viewpoint of sociceconomic efficacy.

The score can be calculated for any patients with
chronic HCV infection. Although this multiple regres-
sion model dealt with appropriate logarithmic transfor-
mation for non-normal distribution parameters, the
regression analysis was based on a linear regression
model. Very slight fibrosis can be calculated as less than
1.00, which is commonly found with a slight degree of
chronic hepatitis with a tiny fibrotic change as F0. Very
severe fibrosis may be calculated as more than 4.00,
which is an imaginable and nonsense number in the
scoring system of fibrosis. FSC is, however, very useful
and valuable in real clinical setting. Estimation of sever-
ity of liver fibrosis in outpatient clinics, evaluation of
natural progression of patients’ fibrosis over 10 years,
and assessment of a long-term administration of inter-
feron in patients with chrouic hepatitis C from the view-
point of fibrotic change. In this study, because certain
patients actually had a history of interferon administra-
tion, regression of liver fibrosis during and after the
treatment could be assessed when prior sera were avail-
able for serial evaluation of FSC. We can also expect the
usefulness of evaluation of carcinogenic risk after
sustained virological response, and stage progression
with alcohol intake or obesity-induced steatosis. Recent
development of new directly acting antiviral agents
require evaluation for long-term histological advantage,
for aggravation of hepatitis stage during viral and bio-
chemical breakthrough caused by HCV mutation, esti-
mation of future carcinogenic risk, and even for the best
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way of management of patients with chronic hepatitis
C. BSC seems one of the ideal methods of approxima-
tion for fibrotic stage of chronic hepatitis C. Repeated
measurement is quite suitable for patients with an
unestablished treatment or trial, every 1 or 2 years, for
example. Because the current regression function was
generated from the data of HCV-related chronic liver
disease, this equaiion would not be suitable for the
recognition of HBV-related chronic liver disease,” alco-
holic liver disease and other congenital or autoimmune
liver diseases. To recognize the latter diseases, other
studies about individual diseases must be performed.

We compared the usefulness of the FSC with that of
other fibrotic scores.*'*!” More simple and inexpensive
AAR or APRI could not well estimate fibrotic stages with
poor correlation coefficients of 0.021 and 0.462, which
were much lower than the coefficient of FSC of 0.572.
FibroTest, which contained three costly fibrotic markers
{oZ-macroglobulin, haptoglobin and apolipoprotein
A1), also showed a low correlation coefficient of 0.415,
suggesting that the usefulness was limited in HCV posi-
tive Asian patients. Although FIB-4 demonstrated the
best coefficient of 0.440 among the fibrotic scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for
real7l histological classification. Because this study also
measured those special markers included in FibroTest,
the ability of discrimination of fibrotic stages could be
compared among the five fibrotic scoring systems.

In conclusion, FSC was a useful and reliable
biomarker for prediction of liver fibrosis in patients with
chronic HCV infection. FSC is expected to be introduced
and utilized in varied kinds of studies and trials. Its
accuracy and reproducibility require further validation
using more numbers of patients in several coumiries
other than Japan.
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Risk Factors for Long-Term Persistence of Serum
Hepatitis B Surface Antigen Following Acute
Hepatitis B Virus Infection in Japanese Adults
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The proportion of patients who progress to chronicity following acute hepatitis B
(AHB) varies widely worldwide. Moreover, the association between viral persistence after
AHB and hepaiitis B virus (HBV) genotypes in adults remains unclear. A nationwide
multicenter study was conducted throughout Japan to evaluate the influence of clinical
and virological factors on chronic outcomes in patients with AHB. For comparing fac-
tors between AHB patients with viral pessistence and those with self-limited infection,
212 AHB patients without hwman immunodeficiency virus (HIV) coinfection were
observed in 38 liver centers nntil sermm hepatitis B surface antigen (HBsAg) disappeared
or 2 minimum of 6 months in cases where HBsAg persisted. The time to disappearance
of HBsAg was significantly longer for genotype A patients than that of patients infected
with non-A genotypes. When chronicity was defined as the persistence of HBsAg posi-
tivity for more than 6 or 12 months, the rate of progression to chronicity was higher in
patients with genotype A, although many cases caused by genotype A were prolonged
cases of AHB, rather than chronic infection. Multivariate logistic regression analysis
revealed only genotype A was independently associated with viral persistence following
AHB. A higher peak level of HBYV DNA and a lower peal of alanine aminotransferase
(ALT) levels were characteristics of AHB caused by genotype A. Treatment with nucleo-
tide analogs (NAs) did not prevent progressien to chronic infection following AHB
overall. Subanalysis suggested early NA initiation may enhance the viral clearance. Corn-
clusions Genotype A was an independent risk factor for progression to chronic infection
following AHB. Our data will be useful in elucidating the association between viral per-
sistence after AHB, host genedc factors, and treatment with NAs in future studies.
(Hepatorocy 2014:59:89-97)

Abbreviations: AHB, acute hepatitis B; ALT, alanine zzmmotmmﬁmse, anti-HBe, antibody to hepatitis B core antigen; anti-HBs, ansibody to HBsAg; HBeAg,
bepatitis B e-antigen; CLIA, chemilumi g w; EIA, enzyme immunoassay; HBsAg, hepatitis B surface antigen; HBY, hepatitis B virus;
HIV, humain zmmvnadeﬁcngr virus; Igh, zmmunogloé-ubn M; anti-HBe, antibody to HBeAg; NAs, nucleotide analogs; RPHA, reverse passzve hemagglutination.

From the *The Research Center for Hepasitis and Tmmunology, National Center for Global Health and Medicing, Ichikawa, Jupan; *Department 0f Jrternal
Medicine, Graduate School of Medicine, University of Tokyo, Tokyo, ]zzj)azfz, Clinical Research Center, NFHO Nagasaki Medical Center, Nagasaki, Japan; Depzm‘»
ment of Gastroenterology, Sapporo Kosei General Hospital, Sapporo; °First Deparmzent of Internal Medicine, hwate Medical University, Movioka, Japans “Depart-
ment of Guastroenterology, Yamagata University School, Yamagata, Japan; “Department of Heparology Toranomon Hospital, Tokyo, Japan; *Department of
Medicine and Clinical Oncology, Chiba University, Graduate School of Medicine, Chiba, Japan; "Division of Gastroenterology and Hepatology, Musashino Red
Cross Hospital, Tokyo, Japan; '°Department of Medicine, Shinshu University School of Medicine, Matsumoro, Japan; ™ Deparsment of Gastroenterology and Hepa-
tology, Juntendo University Shisuoka Hospital, Shizuoka, Japan; **Department of Gastroenterology, Ogaki Municipal Hospital, Ogaki, Japan; *Department of
Gastroenterology, Aichi Medical University School of Medicine, Nagakute, Japan; **National Hospital Organization Osaka Nuational Hospiral, Osaka, Japan;
B Department of Gastroenterology and Hepaology, Okayama University Graduate School of Medicine, Okayama, Japan; **Department of Gastroenterology, Ebime
University Graduate School of Medicine, Toon, Jupan; *"First Deparsmens of Internal Medicine, University Hospital, Faculty of Medjcine, University of the Ryu-
leyw, Okinawa, Japan; "CAIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Jupan; **Nagoya City University Graduate School of
Medical Sciences, Nagoya, Japan.

Received January 5, 2013; accepted July 10, 2013,

89

— 618 —



96 ITO, YOTSUYANAGI, ET AL

epatitis B virus (HBV) infection is one of the
most common persistent viral infections in
humans. Approximately 2 billion people
WOﬂdWide have been exposed to HBV and 350 million
of them remain persistently infecred.’ The incidence
of HBV infection and the patterns of transmission
vary greatly worldwide among different population
subgroups.” In Western couniries, chronic HBV infec-
tion is relatively rare and acquired primarily in adult-
hood by way of sexual transmission or the use of
injectable drugs. Meanwhile, in Asia and most of
Africa, the majority of infections are the tesult of
transmission from an infected mother to her newborn.
However, very few studies of acute hepatitis B (AHB)
in adults have been reported.

HBV genomic sequences vary worldwide and have
been classified into at least eight genotypes (A through
H) based on an intergroup divergence of 8% or more
over the complete nucleotide sequence.* These geno-
types have distinct geographic distributions.”” In par-
tcular, genotype A is predominant in Northwestern
Europe, the United States, Central Africa, and India.
? The Japanese have been infected with genotypes B
and C since prehistoric times.'? Recently, many lines
of evidence have revealed among the Japanese an
increase in acuie infection with HBV genotype A fol-
lowing sexual transmission.'"'? As a result of this
increasing transmission of genotype A, the distribution
of HBV genotypes in Japan dearly differs among
patients with acute and chronic infections.'> Moreover,
recent studies suggest that acute infection with HBV
genotype A may be associated with an increased risk of
progression to persistent infection.’ Indeed, the preva-
lence of HBV genotype A in chronic hepatitis B
patients doubled in Japan between 2000-2001 and
2005-2006 (1.7% versus 3.5%).""

Human immunodeficiency virus (HIV)-1 infection
results in an immunodeficient state, with the virus
sharing routes of transmission with HBV. HIV-related
immunodepletion influences the nartural history of
HBV infection, and epidemiological studies have

HEPATOLOGY, January 2014

revealed that HIV-positive patients are more likely to
have a prolonged acute illness following HBV infec-
tion and lower rates of hepatitis B e-anvigen (HBeAg)
clearance.’® Thercfore, in this study patients with coin-
fection of HIV were excluded to examine the influence
of HBV genotype directly without the confounding
influence of HIV.

From 2005 to 2010, a multicenter cohort study was
conducted throughout Japan on 212 patents with
AHB. The aim of this cohort study was to assess the
influence of clinical and virological factors, including
HBV genotypes and treatment with nucleotide analogs
(NAs), on AHB patients who became persistently
infected.

Patients and Methods

Patients With AHB, The muldple-source cohort
included 212 randomly selected AHB patients without
coinfection of HIV. From 20035 through 2010, the
study participants were recruited from 38 liver centers
throughout Japan. The cohort included patients who
were admitted to the hospital because of AHB and
who visited the hospital every month after being dis-
charged. The diagnosis of AHB was contingent on the
rapid onset of clinical symptoms accompanied by ele-
vated serum alanine aminotransferase (ALT) levels, the
detecrion of serum  hepatitis B surface antigen
(FIBsAg), and a high-titer antibody to hepatitis B core
antigen (anti-HBc) of the immunoglobulin M (Igh)
class. Patients with initial high-dter anti-HBc (>10.0
S/ICO) were diagnosed as having an exacerbation of
chronic hepatitis B and were excluded. If the patient
had been tested previously, the absence of serum
HBsAg and anii-HBc before admission was verified
from the medical record to discriminate a new infec-
tion from an acute exacerbation of a persistent infec-
tion. Patients with acute hepatitis A, hepatitis C, and
drug- or alcohol-induced acute hepatitis were also
excluded; hepatitis D virus infection was not deter-
mined because of its extreme rarity in Japan. The
study protocol conformed to the 1975 Declaration of
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Table 1. Characteristics of Patlents With Genolype A or 2 Non-A Genotype Acuisly infected With Hepaiitis B Virus

Features Benstype A (n= 107) flon-A Genotypes (n = 105)” P Yalue
Ade (years) 3634120 40.7 2143 0.032
Male sex 102 (95.3) 75 (7T1.4) <0.001
HBeAg positive 104 (97.2) 79 (75.2) <0.001
ALT (/L) 1210 = 646 2225 = 2851 0.045
Total bilirubin (mg/dL) 99+964 7HE6T 0.115
HBY DNA (log copies/mlL) 70215 58+15 <0.0001
Duration until disappearance of HBsAg (month) 6.7 285 3442865 <0.0001
Persistence of HBsAg positivity more than 6 months 25 (23.4) 9 (8.6) 0.003
Persistence of HBsAg positivity more than 12 months 8(7.5) 17 0.9) 0.018
Sexual fransmission 81/84 (96.4)* 71/79 (89.9)° 0.095
Treatment with NAs 61 (57.0) 42 (40.0) 0.013

Daia are presented as n (%), mean * standard deviation. HBY, hepatitis B virus; HBeAg, hepatitis B e-antigen; ALT, alanine aminotransferase; NAs, nucleotide

analogs.

*Non-A genotypes include genotypes 8, C, D, Fand H (n= 25, 77, 1, 1, and 1, respectively),

“One patient had genotype C.
Hransimission routes were unknown for 23 patients,
STransmission routes were unknown for 26 patients.

Helsinki and was approved by the Ethics Committees
of the insttutions involved. Every patient gave
informed consent for this study.

Serological Markers of HBV Infection. HBsAg,
HBeAg, antibodies to HBsAg (anti-HBs), HBeAg
(ant-HBe), and HBcAg, and anti-HBc of the IgM
class were tested by a chemiluminescent enzyme
immunoassay (CLIA) by ARCHITECT (Abbott Japan,
Tokyo, Japan). HBYV DNA measurements were pei-
formed using a real-time polymerase chain reaction
(PCR) assay {Cobas TagMan HBV Auto; Roche Diag-
nostics, Tokyo, Japan).

Genotyping of HBV. The six major HBV geno-
types (A through F) were determined serologically by
enzyme immunoassay (EIA) wusing commercial kits
(HBV GENOTYPE EIA; Insdtute of Immunology,
Tokyo, Japan). This method is based on the pattern of
detection by monoclonal antibodies of a combination
of epitopes on preS2-region products, which is specific
for cach genotype.'”'® Samples for which EIA could
not determine the genotype were examined by direct
sequencing of the pre-52/S gene, followed by phyloge-
netic analysis.

Treatment With Nds. Treatments with NAs were
petformed using lamivudine or entecavir for more
than 3 months. The individual clinicians determined if
NAs were administered to patients, and when the
treatment was to be started. The time to onset of
treatment with NAs was measured in days from onset
of AHB.

Staristical Amnalysis. Categorical variables were
compared between groups by the chi-squared test and
noncategorical variables by the Mann-Whitney U test.

A P value less than 0.05 was considered significant.
Multivariate analysis was performed using a backward
stepwise logistic regression model to determine inde-
pendent factors for viral persistence following AFB.
Variables in the multivariate analysis were selected
based on variables that were marginally significant
with P< 0.1 in univariate analysis. Maintenance of
HFBsAg positivity was analyzed using the Kaplan-Meier
method and significance was tested with the log-rank
test. STATA Software (StataCorp, College Station, TX)

v. 11.0 was used for analyses.

Resulls

Comparison of Characteristics Between Genotype
A and Non-A Genotype AHB Patients. A total of
107 AHB patients (50.5%) were infected with genotype
A while 105 AHB patients (49.5%) were infected with
non-A genotypes, including genotypes B (25 [11.8%]),
C (76 [35.8%]), D (1 [0.5%]), F (1 [0.5%]), and H (1
[0.5%]). Compared to those infected with non-A geno-
types, genotype A patients were significantly younger
(36.3 = 12.0 versus 40.7 == 14.3 years, P= 0.032), pre-
dominantly men (95.3% versus 71.4%, P < 0.001), and
more frequently positive for HBeAg (97.2% versus
75.2%, P < 0.001). Moreover, genotype A patients had
a lower peak AIT levels (1,210 646 versus
2,225+ 2,851 IU/L, P=0.045) and a higher peak
level of HBV DNA (6.7 £ 8.5 versus 3.4 6.5 log
copies/mL, P<0.0001). A significantly higher percent-
age of genotype A patients were treated with NAs (57%
versus 40%, P= 0.013). These data are summarized in
Table 1.
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Fig. 1. Comparison of the cumulative proportion of AHB patients
maintaining HBsAg positivity between genotype A and non-A geno-
types, analyzed using the Kaplan-Meier test. P < 0.0001, genotype A:
red fing, non-A genotypes: blue line.

Cumulative Maintenance of HBsAg Positivity
Duving Follow-up in Patienis With Genotype A and
Now-A Genotypes. In the patients infected with geno-
type A and non-A genotypes, the mean durations of
HBsAg positivity maintenance were 6.7 £8.5 and
3.4+ 6.5 months, tespectively (P<0.0001; Table 1,
Fig. 1). For 6 months after AHB onset, the number of
patients with genotype A and non-A genotypes main-
wining HBsAg positivity were 39/107 (36.4%) and
10/105 (9.5%), respectively (P < 0.001). However, in
many patients HBsAg disappeared between 7 and 12
months after AHB onset; that is, HBsAg disappeared
in 31/107 (29.0%) of patients with genotype A and in
9/105 (8.6%) of patients with non-A genotypes during
this time period. However, in some patients HBsAg
never disappeared after persisting for more than 12

HEPATOLOGY, January 2014

months following AHB onset. When chronicity after
AHB was defined as the persistence of HBsAg for
more than 12 months, chronicity developed in 7.5%
(8/107) of patents with genotype A and in 0.9%
(1/105} of patients with non-A genotypes (P= 0.018).

Comparison of Chavactevistics Beiween Pniienis
in Whom HBsAg Persisted Move Than 6 or 12
Mouihs and Those With Self-Limited AHB Infec-
téon. Table 2 compares the demographic and clinical
characteristics between padents in whom HBsAg disap-
peared within 6 months and those in whom HBsAg
persisted for more than 6 months from AHB. The
peak ALT levels (1,882 *2,331 versus 1,018 £ 636
IU/L, P=0.0024) and peak HBV DNA levels
(6.3 1.6 versus 7.4+ 1.6 mg/dL, P=0.0004) were
significantly higher and lower in the former group
than in the latter group, respectively. Moreover,
marked differences were present in the distribution of
genotypes between the two groups. The percentage of
the HBV genotype A (46.1% versus  73.53%,
P=0.003) was significantly higher among patients in
whom HBsAg was persistent for more than 6 months.
In addition, we compared the demographic and clini-
cal characteristics between patients in whom HBsAg
disappeared within 12 months and those in whom
HBsAg persisted for more than 12 months from AHB.
Peakk ALT (1,787 £2,118 wversus 775 %513 IU/L,
P=0.0089) and peak total bilirubin (8.7 = 8.2 versus
3.8 £ 6.6 mg/dL, P=0.0039) levels were significantly
higher in the former group than in the latter group. In
contrast, the peak HBV DNA levels (6.4 * 1.6 versus
7.9 %= 1.4 mg/dL, P= 0.0046) were significandy lower

Table 2. Comparison Between Patients With Chronicity Following Acute Hepatitis B and Those With
Self-Limited Acute Infections Determined by the Persistence of HBsAg for More Than 6 or 12 Months

Peysistence of HBsAg
for More Than
6 Months From

Disappearance of
HBsAg Within

persistence of
HBsAg for Nore
Than 12 Months

BDisappearance
of HBsAg Within

Featwres 6 Months {n=178) AHB {n = 34) P Yalue 12 Months {n= 203} From AHB (n = 9) BYalue
Age (years) 382+ 13.1 40.0 = 145 0.454 38.1%13.2 46.7 +14.0 0.061
Male sex 147 (82.6) 30 (88.2) 0.416 169 (83.3) 8 (88.9) 0.677
HBeAg positive 150 (84.3) 32 (94.1) 0.131 175 (86.2) 8 (88.9) 0.815
ALT (JU/L) 1882 + 2331 1018 = 696 0.0024 1787 + 2118 775 =513 0.0089
Total bilirubin (mg/dL) 86+75 87+113 0.137 8.7%82 38+686 0.0039
HBY DNA (log copies/mL) 83=16 74186 0.0004 64+16 79*x14 0.0046
HBV genatype

Non-A 96 (53.9) 9 (26.5) 104 (51.2) 1(11.1)

A 82 (46.1) 25 (73.5) 0.003 99 (48.8) 8 (88.9) 0.018
Sexual transmission 128/137 (93.4)* 24726 (92.3)T 0.711 146/157 (93.0) 6/6 (100.0)5 0.356
NAs treatment (+) 82 (486.1) 21 (61.8) 0.083 98 (48.3) 8 (88.9) 0.017

Data are presented as n (%) and mean & SD. HBsAg, hepatitis B surface antigen; AHB, acute hepatitis B, HBeAg, hepatitis B e-antigen; ALT, alanine amino-

transferase; HBY, hepatitis B virus; NAs, nucleotide analogs.
*Transmission routes of 41 patients were unknown.
Transmission routes of 8 patients were unknown,
Hransmission routes of 46 patients were unknown,
Sfransmission routes of 3 patients were unknown,
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Table 3. Multivariate Analysis of Factors Independently
Associated With Persisience of HBsAg Positivity
Following Acuie Hepatitis B

Persistence of HBsAg
WMore Than § Months From AHB

Factors Odds Ratio 95% i P Yalue

ALT (per 1 1U/L increase) 1.000 0.999-1.000 0.035

HBY DNA (per 1 log copy/mL 1.176 0.931-1.484 0.173
increase)

Genotypes

Non-A 1.00

A 4.224 1.853-9.631 0.001

95% Cl, 85% confidence interval; ALT, alanine aminotransferase; HBY,
hepatitis B virus,

in the former group than in the later group. The per-
centages of HBV genotype A (48.8% versus 88.9%,
P=0.018) and NAs treatment (+) (48.3% versus
88.9%, P=0.017) were significantly higher among
patients in whom the HBsAg persisted for more than
12 months.

Factors Independently Associated With Viral Per-
sistence Following AHB. A stepwise logistic regres-
sion model was used to perform multivariate analysis
which explains relationships berween some factors and
persistence of HBsAg positivity more than 6 months
following AHB. Peak ALT level, peak HBV DNA
level, genotype A, and wearment with NAs were
retained in the final multivariate logistic model in a
backward stepwise manner (P<0.1). For predicting
the persistence of HBsAg for more than 6 months,
only genotype A was independently associated with
progression of AHB to the persistence of HBsAg (odds
ratio [OR]: 4.224, P=0.001, Table 3).

Characteristics of Patients Who Progressed io
Chronicity That Was Defined as the Persistence of
HBsAg for Move Than 12 Mounths Following Acute
Hepatitis B. Table 4 shows the clinical and virologi-
cal characteristics of nine patients who progressed to
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chronicity defined as the persistence of HBsAg for
more than 12 months following AHB. Among the
nine patients who progressed to chronicity from AHB,
eight (88.9%) were men and eight (88.9%) were
HBeAg-positive. In general, among the patients who
progressed o chronicity following AHB, the peak
HBYV DNA levels were high, and the peak total biliru-
bin and ALT levels were low. In eight (88.9%)
patients, entecavir was administered; however, the
duration untl the onset of NA ireatment from AHB
onset was long (75-570 days).

Early Onset of Treatment With NAs Was Able to
Prevent Viral Persistence After AHB Caused by
Genotype A. The cumularive proportion maintaining
HBsAg positivity during follow-up, expressed in terms
of time after AHB onset, were significanty longer in
patients with NAs teatment than in those without
NAs treatment (7= 0.046, Fig. 2A). Table 5 shows
the percentages of patients in whom HBsAg persisted
for more than 6 or 12 months among patients catego-
rized based on the period of time (i.c., duration) until
the onset of NAs ueatment. For patients in whom the
onset of NAs treatment was less than 4 weeks from
the onset of AHB, 12.7% of the patients showed per-
sistent HBsAg for more than 6 months, while none
showed HBsAg positivity for more than 12 months.
For patients in whom the onset of NAs treatment was
at 5-8 weeks, 37.5% of the patients showed persistent
HBsAg for more than 6 months, whereas none showed
persistent HBsAg for more than 12 months. For all
groups, the period of HBsAg positivity in patients
starting NAs treatment within 8 weeks from AHB
onset was significantly shorter than that in patients
beginning NAs treatment after more than 8 weeks
from AHB onset (P<0.0001, Fig. 2B). Patients start-
ing NAs treatment within 8 weeks from AHB onset
never progressed to chronicity after AHB caused by
genotype A.

Table 4. Characteristics of Patienis Who Progressed o Chronicity Following Acute Hepatilis B

Buration Untll
HBV DNA Total Bilirabin Qbservation NAs NAs T T Issi
Case Age Gender HIW  HBeAg {log coples/ml}) {mg/dL) ALY (1u/L)  Peried {Months) Treatment {Days) Routes Genotype
1 23 Male  (~) {(+) 7.6 1.7 1271 26 ETY 570 Heterosexual A
2 40 Male  (—) (—) 8.8 1.4 568 13 EWV 240 Heterosexual A
3 45 Male {(—) (+) 7.7 0.9 867 57 ETV 135 Heterosexual A
4 37 Male  (—) {-+) 7.6 34 384 29 ETV 75 Unknown A
5 54 Male  (—) (-+) 9 2 455 17 ETV 155 Homosexual A
6 45 Mate (=) (+) 4.8 212 512 60 {—) {(—) Homosexual A
7 61 Male (=) (+) 9.1 1.5 804 17 EV 88 Unknown A
8 56 Male  (—) (+} 9.0 1.t 1820 14 EfV 118 Unknown A
9 31 Female (=) () 7.4 0.8 296 66 ETY 150 Blood transfusion C

HIV, human immunodeficiency virus; HBeAg, hepaiitis B e-antigen; HBY, hepatitis B virus; ALT, alanine aminotransferase; NAs, nuclectide analogs, ETV, entecavir.
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Table 5. Proportion of Patients in Whom HBsAg
Persisted for More Than 6 or 12 Months Among Patients
Categorized Based on the Number of Weeks Uniil
the Onset of NAs Treatment

Persistence of Persistence of

Duration Until HBsAg for HBsAg for

Onset of NAs ffiore Than More Than Total
Treatment {Weeks) 6 ffonths 12 Months Patients
<4 weeks {n, %) 9 (12.7) 0 (0) 71
5-8 weeks (n, %) 6 {37.5) 0 (0} 18
9-12 weeks {n, %) 1(33.3) 1(33.3) 3
13-16 weeks (n, %) 4 {100) 1 (25.0) 4
>17 weeks {(n, %) 9 (100) 6 (66.7) 9
Total 28 8 103

HBsAg, hepatitis B surface antigen; NAs, nucleotide analogs.

Discussion

A muldicenter nadonwide study was conducted
throughout Japan to evaluate the influence of clinical
and virological factors on chronic outcomes in Japanese
patients who contracted AHB in adulthood. The study
was feasible in Japan, where a universal vaccination pro-
gram for HBV has not been implemented because of
the extremely high efficacy of the immunoprophylaxis
that is given to babies born to carrier mothess. The
implementation of this program has resulted in a
decrease in the persistent HBV carrier rate from 1.4%
t0 0.3%."7 Selective vaccination means that Japanese are
more likely to be infected with HBV by way of horizon-
tal transmission since the percentage of the population
possessing anti-HBs is much lower than that in coun-
tries in which universal vaccination programs have been
established.”® In addition, Japan is faced with the ever-
increasing impacts of globalization: as many as 17 mil-
lion Japanese travel abroad and over 7 million people

HEPATOLOGY, January 2014

visit Japan from overseas each year. This “population
mixing” may help to explain the increased prevalence in
Japan of AHB due to genotype A, which is wansmitted
through indiscriminate sexual contact. Consequently,
Japan may be the only country in the world where the
influences of HBV genotypes, including genotype A (as
is predominant in Western countries) and genotypes B
and C (as are predominant in Asian countries), on
chronic cutcomes arter AHB can be compared.

Currently, the perssistence of HBsAg in serum for
more than 6 months is considered to represent a pro-
gression to chronic infection.”’ However, our data
showed that HBsAg frequentdy disappeared between 7
to 12 months after the onset of AHB in patients with
genotype A (31/107 [29.0%]) and non-A genotypes
(97105 [8.6%]) (Fig. 1). These patients were consid-
ered to exhibit prolonged cases of AHB, rather than
persistent infection. This finding reflects the higher
sensitivity of the most up-to-date assays for HBsAg as
compared with previous methods. In the present study,
HBsAg was measured by CLIA, which has been
reported to be about 150 times more sensitive in the
detection of HBsAg than reverse passive hemagglutina-
tion (RPHA)-HBsAg, which has been used for the last
30 years in Japan.”” The use of a more sensitive assay
tor HBsAg results in a longer period during which
HBsAg may be detected. In this study, HBsAg did not
disappeat in nine patients after remaining continuously
detectable for more than 12 months. Therefore, the
petsistence of HBsAg for more than 12 months, as
measured with a highly sensitive method for detecting
HBsAg, may be suitable for defining the progression
of AHB to chronicity; however, further study is neces-
sary to determine whether this definition is appropriate
wortldwide.

(%)
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Fig. 2. (A} Comparison of the cumulative proportion of AHB patients maintaining HBsAg positivity between treatment with NAs (+) and treat-
ment with NAs (—), as analyzed using the Kaplan-Meier test. P = 0.046, treatment with NAs (+): red line, treatment with NAs (—): blue line.
(B) Compatison of the cumulative proportion of AHB patients in genotype A maintaining HBsAg positivity between treatment onset with NAs
within 8 weeks and treatment onset with NAs over 8 weeks after onset of AHB, as analyzed using the Kaplan-Meier test. P < 0.0001, treatment
onset with NAs over 8 weeks: red line, treatment onset with NAs within 8 weeks: blue line.
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It has been reported that ~10% of patients who
contract HBV as adults do not clear HBsAg from their
serum and become carriers.” Meanwhile, a wide varia-
tion has been seen in the rate of persistence after AHB
infection in adults. For example, viral persistence fol-
lowing AFIB was seen in 0.2% (1/307) of adults in
Greece,” 7.7% (5/65) of adualt Alaskan Fskimos, and
12.1% (7/58) of adults in Gefmany.zf’ The difference
in the proportion of patients progressing from AHB to
chronicity in different regions may be attributable o
virological and host factors. In this study, 4.2% (9/
212) of patients progressed to chronicity after AHB:
7.5% (8/107) of those infected with genotype A and
0.9% (1/105) of those infected with non-A genotypes.
The non-A genotypes included genotypes B, C, D, E
and H (n=25, 77, 1, 1, and 1, respectively). Geno-
types B and C are predominant in eastern Asian coun-
tries, where the majority of those infected with HBV
acquired the virus during the perinatal period by way
of vertical transmission.”® On the other hand, geno-
type A is predominant in Western countries, where the
main route is horizontal transmission later in life.*%*
Because HBeAg persists long after the infection in the
genotype C as compared to other genotypes, this geno-
type has been shown to be a risk factor for perinatal
and horizontal transmission in newbomns and chil-
dren.”® The predominance of genotype A in Western
countries may be atiributable to a higher chronicity
rate following AHDB by way of horizontal transmission
in adults.

In this study the characteristics of AHB associated
with genotype A were a higher peak level of HBV
DNA and a lower peak level of ALT. These findings
were similar to those for patients with HBV-HIV coin-
fection.”” Such characreristics of genotype A or coin-
fection with HIV are assumed to be attributable to
milder hepatitis associated with weaker cellular
immune responses. More slowly replicating viruses
have been reported to evoke weaker cellular responses,
enhancing the likelihood of persistence.’® Indeed, our
prior study showed that the replication of genotype A
was significanily slower than that of genotype C in
immunodeficient, human hepatocyte chimeric mice.”?
Moreover, variation among genotypes in the expression
pattern of HBeAg may affect the progression of AHB
to chronicity. Another previous study of ours revealed
that a single form of HBeAg was detected by western
blot analysis in serum samples from patients infected
with genotypes B through D, but that two additional
larger forms of HBeAg were detected in patients with
genotype A.>> Milich and Liang® reported that
HBeAg may modulate the host immune response as a
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tolerogen to promote chronicity. Therefore, the differ-
ent expression pattern of HBeAg by genotype A HBVY
may contribute to chronicity following AHB.

Early MNAs initation appeared to enhance the viral
clearance across genotypes, although treatment with
NAs did not show aay overall benefit in duration of
HBsAg. Previous siudies examining the efficacies of
NAs for preventing progression to chronic infection
after AHB have reported conflicting results. Some
small-scale studies have suggested the efficacy of lami-
vudine and entecavir in preventing the progression of
AHB to chronic hepatitis.%’as Another study showed a
lower seroconversion rate of HBsAg in lamivudine
users.”® Further, a randomized placebo-controlled trial
showed no significant difference in clinical outcomes.”
However, these previous studies did not mention the
prevalence of HBV genotypes in the tespeciive study
populations. Although this was a rewrospective study,
our study included data on the prevalence of HBV
genotypes. Additionally, our findings suggested that
larger prospective randomized studies for every HBV
genotype should be performed to determine whether
carly treatment with NAs prevented the progression of
AHB to a chronic state.

In conclusion, in Japan genotype A was an inde-
pendent risk factor for progression to chronic infection
following AHB in adults. Confirmation of this associa-
ton in patienis with AHB in other countries is desira-
ble and may provide insight into the pathogenetic
mechanisms underlying this association. Early NA
treatment appeared to reduce the likelihood of chron-
icity but this potentially important intervention needs
to be prospectively studied before recommendations
can be made.

Appendix

Members of the Japanese AHB Study Group
include Yasuharu Imai (Ikeda Maunicipal Hospital),
Norie Yamada, Hideaki Takahashi (St. Marianna Uni-
versity School of Medicine), Koji Ishii (Toho Univer-
sity School of Medicine), Hideyuki Nomura (Shin-
Kokura Hospital), Jiro Nishida (Tokyo Dental Collage
Ichikawa General Hospital), Shigeru Mikami (Kikko-
man Hospital), Tsuneo Kitamura (Juntendo University
Urayasu Hospital), Akihito Tsubota (Kashiwa Hospital
Jikei University School of Medicine), Noritomo Shi-
mada (Shinmatsudo Central General Hospital), Tet-
suya Ishikawa (Nagoya University Graduate School of
Medicine), Yoshiyuki Ueno (Tohoku University Grad-
uate School of Medicine), Tomoyoshi Ohno (Seocial
Insurance Chukyo Hospital), Etsuro Orito (Nagoya
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Daini Red Cross Hospital), Michihiro Suzuki (Kawa-
saki Municipal Tama Hospital), Hitoshi Takagi
(Gunma University Graduate School of Medicine),
Eiichi Tomita (Gifa Municipal Hospital), Kumada
Takashi (Ogaki Municipal Hospital), Toshihiko Mizuta
(Saga University Faculty of Medicine), Tetsuya Mine
(Tokai University School of Medicine), Jong-Hon
Kang (Teine-Keijinkai Hospital), Katsuji Hirano (Jun-
tendo University Shizuoka Hospital), Hirohite Tsu-
bouchi (Kagoshima University Graduate Scheol of
Medical and Dental Sciences), Akito Nozaki (Yoko-
hama City University Medical Center), Akito Sakai
(Kanazawa University Graduate School of Medical Sci-
ence), Shuhei Nishiguchi (Hyogo College of Medi-
cine), Akihiro Tamori (Osaka City University
Graduate School of Medicine), Satoru Hagiwara
(Kinki University School of Medicine), Takahide
Nakazawa (University of Kitasato East Hospital),
Michio Sata (Kurume University School of Medicine),
Toshiro Kamoshida (Hitachi General Hospital) Arsushi
Takahashi (Fukushima Medical University School of
Medicine}, Satoshi Kakizaki (Gunma University Grad-
uate School of Medicine), Yoshimasa Kobayashi
(Hamamatsu University School of Medicine), Shigeru
Sasaki (Sapporo Medical University), Tadashi Ikegami
(Tokyo Medical University Ibaraki Medical Center),
Yoichi Hiasa (Ehime University Graduate School of
Medicine), Kenji Nagata (University of Miyazaki),
Tomoyuki Kubota (Saiseikai Niigata Daini Hospital),
Hiroshi Mitsui (Tokyo Teishin Hospital), Norihiko
Yamamoto (Mie University School of Medicine),
Masataka Tsuge (Hiroshima University), Shuichi Sato
{Shirnane University Hospital), Yoshito Iro (Kyoto Pre-
fectural University of Medicine), Wataru Sato (Akita
University School of Medicine), Shigeharu Uchida
(Japanese Red Cross Society), Yuki Tada (National
Institute of Infectious Diseases), Toshiaki Mizuochi
(National Institute of Infectious Diseases), Norihiro
Furusho (Kyushu University), and Shuhei Hige (Hok-
kaido University Graduate School of Medicine).
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Abstract »
Background The managemeh't‘of rtecurrent hepatitis C fol-
lowing liver transplantation remains a challenge.

Methods We prospectively investigated the efficacy and
safety of simeprevir in combination with pegylated inter-
feron and ribavirin in five patients undergoing living donor
liver transplantation (LDLT) with recurrent hepatitis due to
hepatitis C virus (HCV) genotype 1b,

Results  As the immunosuppressive regimen, four received
cyclosporine A (CsA) and one received tacrolimus (FK); no
dose adjustment was miade prior to the introduction of
simeprevir, but the dose was accordingly modified after-

wards. All five patients completed the intended 12-week -

treatment course Wlthout 31gn1ﬁcant adverse events greater
than grade 2, and 1o episodes of rejection were detected
during the study period. The-trough levels of CsA and FK:
were stably maintained. At \}veek 12, HCV-RNA was not
detectable in three of the five patients, whereas the HCV
titer of the other two patients, including one with Q80L and
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V1701 mutations at the HCV NS3 position, was at the lower
level of quantification (1.2 logip IU/ml).

Conclusions Based on. this pilot study, simeprevir-based
triple therapy is safe and somewhat effective within the first
12 weeks in LDLT recipients with HCV recurrence. Further
studies are warranted to obtain robust conclusions.

Keywords Direct-acting antiviral drugs - Hepatitis C -
Living donor liver transplantation - Simeprevir

Introduction

Compared with liver transplant patients not infected with
hepatitis C virus (HCV) those with HCV have a poorer
post-transplant prognosis [1-3], especially when the
virologic response is inadequate {4, 5]. The lower antiviral
response in liver transplant recipients, however, limits the
efficacy of conventional interferon-based antiviral treatment
(pegylated interferon [Peg-IFN] and ribavirin {RBV]) for
recurrent hepatitis C following liver transplantation [6].

In the past several years, the development of direct-acting
antiviral drugs (DAA), telaprevir (TVR) and boceprevir
(BOC), for the treatment of HCV genotype 1 has provided a
promising treatment option [7, 8]. Although the feasible
efficacy of triple therapy, including such “lst generation
protease inhibitors”, has been demonstrated by several
groups, the likelihood and severity of adverse events seem to
be inevitable and have limited its use as the first choice for
recurrent hepatitis C post-liver transplantation [9]. In addi-
tion, it is difficult to maintain the levels of calcineurin
inhibitors such as cyclosporine A (CsA) or tacrolimus (FK)
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in combination with the lst generation DAA, which are
primarily metabolized by the cytochrome P450 3A4
pathway [10].

In December 2013, simeprevir (SMV), which is a one-
pill, once-daily, oral HCV NS3/4A protease inhibitor, a
so-called “2nd generation protease inhibitor”, was approved
for clinical use in Japan. SMV is associated with few
adverse events, but the antiviral effects in patients with
hepatitis C are as good or better than those of DAA [8]. In
liver transplant recipients, SMV is likely superior to prior
DAAs in terms of drug interactions, based on its small
impact on the blood levels of calcineurin inhibitors when
used simultaneously [10].

We conducted this prospective pilot study to evaluate the
feasibility of SMV-based triple therapy in liver transplant
recipients with hepatitis C, mainly with respect to the anti-
viral response, adverse events, and drug interactions with
immunosuppressants by week 12 (namely by the cessation
of SMV).

Materials and methods
Antiviral treatment regimen and patient selection

Between January 1996 and December 2013, 141 adult-to-
adult living donor liver transplantations (LDLTs) were per-
formed for HCV-positive recipients at the University of
Tokyo Hospital. As previously reported [11], antiviral treat-
ment was generally initiated with low-dose Peg-IFN
alpha-2b and RBV 200-400 mg/day promptly after

improvement of the general condition following liver trans-

plantation in our institution, Recovery of hematologic and
renal function was considered crucial, -with a leukocyte
number >4000/ml, platelet count >50000/ml, hemoglobin
>8 g/l, and serum creatinine levels <2 mg/dl During con-
ventional dual treatment, flexible dose adjustments were
made as necessary to avoid serious adverse events. A
fixed overall treatment period length was not defined.
Splenectomy was performed at the time-of LDLT to prevent
the progression of thrombocytopenia under IFN-based anti-
viral therapy [12]. A
Pre-emptive Peg-IFN /RBV treatment was administered
to 127 of our 141 HCV-positive LDLT recipients, excluding
cases of early death (within 3 months) after LDLT (=4,

cases with spontaneous sustained v1rolog1c: response (SVR)

(n=15), and cases without antiviral treéatment due to clinical
decision (n = 5). SVR was achieved in 53 patients, 11 had
undetectable HCV-RNA on Peg-IFN and RBV therapy (dual
treatment) upon inclusion; the remaining 63 were classified
as non-responders. We selected patients for the current study
among the 41 non-responders ‘who ‘were alive with
sustainably positive HCV-RNA at the time of inclusion in

HOV-LDLT
n=141 Early death
n=4
Spontangous SVR
=5
No antiviral Treatment
=5
Pre-emptive treatment SUR
(PEG-INF + RBV) =53
n=127
Non- Undetectable HCV on
responders PEG-IFN +/- RBV
=63 n=11
I
Alive at
inciusion Excluded
=41 n=36
i Intolerable to the therapy
Completed [=23], Imimediate post-LDLT
12-week of {n=4], HIV coinfaction =2},
N Refusal of the treatmant {ri=4),
Simeprevir Lostflu [p=1}, On S;mepgawr
=5 (=2, week 2and 5 atlast fu]

Fig. 1 Flow diagram of the patients enrolled in the simeprevir-based
triple therapy

this study. Patients who had either not tolerated or were not
expected to tolerate conventional dual treatment were
excluded. The current study protocol was not intended for
those who were immediately post-transplant or were
coinfected with human immunodeficiency virus (HIV)
because of the lack of a detailed profile of SMV-based triple
therapy in the transplant setting, considering the risk of
unknown adverse events that could be fatal in this popula-
tion, but only for those who survived the perioperative
period and tolerated dual therapy for recurrent hepatitis C.
Patient selection is shown in the flowchart in Figure 1.

SMV (100 mg daily) was intended to be continued for 12
weeks in combination with Peg-IFN and RBV (triple-
antiviral treatment), followed by 36 weeks of dual treat-
ment. The patients were generally admitted for 1 week, both
to undergo liver biopsy pre-induction of SMV and to care-
fully monitor the daily change in the trough levels of
calcineurin inhibitors (CNIs) following the induction of
SMV.

Here we prospectively studied the 12-week clinical
courses of all five patients who met the inclusion criteria and
in whom triple-antiviral therapy with SMV was initiated by
the end of March 2014, and followed up by the end of June

. 2014,

7 L'aborétoi'y test and histopathology assessment

Conventional blood work for the management of the
patients with post-transplant hepatitis was checked as
necessary. The estimated glomerular filtration rate
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(eGFR; ml/min per 1.73 m?) was calculated using the fol-
lowing formula: 194 X serum creatinine (—1.094) x age
(—0.287) x 0.739 (if female), Japanese equation (equation 4)
[13]. HCV RNA was measured quantitatively by reverse-
transcriptase polymerase chain reaction (Amplicor HCV;
Roche Molecular Systems, Pleasanton, CA, USA). Before
liver transplantation, the HCV genotype was determined:
the HCV genotype in all the five patients was 1b. In addi-
tion, the nucleotide sequences of the core and the number of
amino acid substitutions in the interferon sensitivity-
determining region (ISDR) in the NS5A gene were deter-
mined using a direct sequencing method [14]. The
interleukin 28B (IL.28B) genotype rs8099917 was also
examined using the Invader assay (Third Wave Technolo-
gies, Madison, WI, USA) [15]. Prior to the induction of
SMV, HCV NS3 and NSS5A sequencing was determined,
and liver biopsy was performed and evaluated by a patholo-
gist based on the Metavir score [16].

Immunosuppression

Our post-transplant strategy for immunosuppression -is
documented elsewhere [11, 17]: briefly, it comprises steroid
induction with CsA or FK, and the doses of each drug are
gradually tapered for 6 months after LDLT. Methyl-
prednisolone is tapered from 3 mg/kg on the first postopera-
tive day to 0.05 mg/kg at the sixth postoperative month, and
a maintenance dose of 24 mg of methylprednisolone is
continued in all recipients. Mycophenolate mofetil (MMF)
is added mainly for recipients requiring CNI dose reduction.

Ethics statement

The study protocol was approved as project number 2032,
and human subject research regarding the IL28 polymor-
phism was particularly approved as project number G3514
by the Graduate School of Medicine and Faculty of Medi-
cine at the University of Tokyo Research Ethics Committee;
and the Human Genome, Gene Analysis Research Ethics
Committee.

Statistical analysis

We used SPSS 17.0 statistical software (SPSS, Chicago, IL,
USA) to analyze the relevant data. Differences between
groups were analyzed by the Mann-Whitney U-test or
ANOVA for continuous variables as appropriate, and the %*
test for categorical variables. P-values <0.05 were consid-
ered significant.

Results

The clinical characteristics of those five LDLT recipients are
shown in Table 1. The median Model for End-Stage Liver
Disease score was 15 (range 9-23). None of the five was
coinfected with HIV, and four (80%) had hepatocellular
carcinoma within the Milan criteria [18]. The details of each
patient, including the HCV profile and the single nucleotide
polymorphisms of IL28B rs8099917, are shown in Table 1.
The Q80L/V170I and S122T/V170 mutations in NS3 were
detected in patient #2 and 3, respectively. Q54H, F37L,
Q54H, F37L/Q54H/Q62E, F371. mutations in NS5A were
detected in patient #1 to 5, respectively.

Efficacy

All five patients completed the 12-week course of triple
therapy with SMV. All of them were treated with dual
therapy with Peg-IFN and RBV afterward.

Three of the five patients achieved an undetectable viral
load of HCV at week 4, 8, and 12 weeks, and the viral titer
of the remaining two patients was at the lower level of
quantification (LLOQ, <1.2 logie IU/ml) at week 4; one
patient achieved an undetectable viral load at week 8, but the
viral load became detectable again at week 12. The HCV
titer of the remaining patient remained around LLOQ at
weeks 8 and 12 (Table 1). At the last follow up (median 22
[range 16-27] weeks since the initiation of triple therapy),
HCYV viral load of those with undetectable HCV-RNA at
week 12 were sustained to be below detectable level,
although those with positive HCV-RNA at week 12 were
both positive then (1.4 and 7.5 logi IU/ml). HCV-RNA
levels in the five patients are shown in Figure 2.

Safety profile and immunosuppression levels with SMV

No significant adverse events were observed other than
grade 2 diarrhea in patient #1 on day 26, which was resolved
immediately (within 1 week) after the reduction of
mycophenolate mofetil (MMFE) from 3000 mg/day to
1500 mg/day. None of the five patients required a dose
reduction of Peg-IFN or RBV, use of granulocyte-colony

~ stimulating factor for neutropenia, or blood transfusion for

anemia. Renal function was well preserved during the study
period, with no significant change in eGFR before or after
the introduction of SMV (median 68 [range, 39.1-97.2] to

64.9 [range, 44.5-102] ml/min, P = 0.84). Bilirubin levels

were not increased in any of the five patients. Immunosup-
pression was not modified before the initiation of SMV. The
CsA trough levels before (median 78 [range 48-113] ng/ml),
1 week after (median 68.5 [67-104] ng/ml) and 12 weeks

- after (median 72.5 [65-92] ng/ml) initiating the triple

therapy did not differ significantly (P = 0.72), and the FK
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Table 1 Patient characteristics

Patient # 1 2 3 4 5
Age (years) 51 64 66 49 59

Sex M F M M F

Height (cm) / weight (kg) 170765 147/54 166/56 168/03 156/53
Donor age (years) 50 30 24 44 60
Donor relationship Spouse Daughter Son Spouse Spouse
Calcineurin inhibitor (mg/day) CsA (40) CsA (75) CsA (60) FK (2) CsA (60)
MMEF (mg/day) 3000 None 1000 1500 None
Histopathological activity and fibrosis at A2/ F1 A0-1/ FO-1 Al/Fl A0/ FO Al/F1

triple therapy®

Baseline clinical chemistry at triple therapy

Total bilirubin (mg/dl) 1.9 0.8 0.9 0.9 0.7

Alanine aminotransferase (1U/ml) 68 31 47 25 29

Creatinine (mg/dl) and Estimated 0.657100.5 0.64 /705 1.43/39.4 1.337462 0.61/76

GFR (ml/min)

International normalized ratio 1.29 (on warfarin) 0.90 0.85 0.95 0.84

Hemoglobin (g/dl) 9.0 8.5 12.3 13.5 9.6

Leukocytes (/ul) 5900 5000 4900 5900 4600

Platelets (/ul) 476000 145000 186000 192000 262000
NS3 mutation ~ Non QB80L/V1701 S122T/V1701 Non Non
NS5A mutation Q54H F37L Q54H F3TL/Q54H/Q62E  F37L
Pre-transplant antiviral therapy Relapse Non responder  Not applicable  Not applicable Not applicable
Baseline HCV-RNA pre-LT (logo IU/ml) 3.1 6.4 7.1 6.7 5.7
TPV therapy post -LT Relapse Not applicable ~ Relapse Not applicable Not applicable
Pre-triple treatment interferon (mo) since LT 23 16 118 26 16
Dose of Peg-IEN o2b (pg/week) 80 70 100 100 100
RBV dose (mg/day) 200 200 200 200 200
%CNI after the triple therapy 50% 67% 100% 75% 100%
CNI trough at triple therapy (ng/ml) 113 73 48 9.8 83
CNI trough 1 week after initiation (ng/ml) 104 69 67 9.5 68
CNI trough 12 week after initiation (ng/ml) 92 79 66 9.0 65
ISDR mutation (number) Mutant (9) Wild (0) Wild (0) Intermediate (1) Undeterminable
Core 70 Undeterminable Wild Mutant Wild Wild
Core 91 Undeterminable Wild Mutant Wild Wild
IL28B Recipient /Donor” TT/TT TG/TT TG/TT GGITG TT/IT

CNI calcineurin inhibitor, CsA cyclosporine A, FK tacrolimus, GFR glomerular filtration rate, HCV hepatitis C virus, IFN interferon,

MMF mycophenolate mofetil, RBV ribavirin, LT liver transplantation

* As per Metavir
b Genotype 1s8099917

trough level only moved from 9.8 to 9.0 ng/ml following the
initiation of SMV. o

After the completion of SMV, the CNIs were not restored
to the original dose automatically, but modified according to
the trough levels. Those without dose adjustment during the
triple therapy (patient #3 and 5), the trough level at the last
follow up were stable (67 and 61 ng/ml, respectively) with
the same dose of CsA. Patient #2 showed lower trough level
at week 20, and the dose of the CsA was re-increased to the
original dose (75 to 100 ng/ml). The CNI dose of the
remaining two patients (patient #1 and 4) were not changed

since the completion of SMV to the last follow up with
stable trough levels. The dose/use of MMF was not changed
during the triple therapy throughout the follow up period,
other than patient #! who experienced diarrhea as noted
above. There were no episodes of acute cellular or chronic
(ductopenic) rejection observed during the study period.

Discussion

Here we present the results of a pilot study to reveal the
characteristics of SMV-based triple anti-HCV treatment for
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HCV-RNA (log,, tU/ml)

6 8 10 12 (Week]  lastF/U

wo w4 w8 ) Wiz
#1 167 Undetectable Undetectable
#2 167 <1.2

Last F/U
{w27) Undetectable

(w23) 1.4

Undetectable

Undetectable <12

#3 7.1 |Undetectable * |Undetectable ' |Undetectable | (w22) Undetectable
4 |67 |<12 B (w21) 7.5
#5 |55

Undetectable Undetecta ble Undetectable

Fig. 2 Hepatitis C virus (HCV) RNA levels in ﬁve patients thh
simeprevir-based tnple antiviral treatmerit. Bach solid line represents

an individual patient with an on-treatment virological response. Each
dashed line represents an individual patient who did not achieve unde-
tectable HCV RNA at week 12. The lower level of quantification
(LLOQ) was 1.2 log10 IU/ml

LDLT recipients with recurrent hepatitis C. SMV ‘becarne

available after the introduction of TVR, which we have used::

in a selected patient group. before the SMVs were intro-
duced, and BOC info the liver transplant setting; thus a

primary aim of the present study was to provide a prelimi-

nary report of the clinical expenence with SMV in the liver
transplant settmg Compared with TVR and BOC, the result
of the current study suggested that the treatment with SMV
was acceptably effective, with a rapid virologic response in
three out of all five patients. In addition, 1mportantly, no
fatal adverse events, such as rejectlon, renal 1mpalrment or
severe cytopenia were observed. .

We treated patlents with SMV- based tnple therapy as

part of the pre-emptive therapy for recurrent hepatitis C. The -
ratiopale for this pre-emptive therapy is. to strike at a time

when histologic damage is minimal regardless of the clinical
symptoms of recurrent HCV following transplantatxon [11,
19, 20]; thus we initiated SMV for those with even minimal

or no graft i mjury due to recurrent hepatitis C as long as the

HCV remains persistent with dual treatment.

We investigated HCV polymorphisms at the NS3 position
in all patients before the introduction of SMV. At baseline,
none of the pauents had miutations reported t6 reduce the
antiviral effects of SMV in vitro [21]. Patient #2 had Q80L

and V170l mutations at baseline; she achieved an undetect- -

able HCV titer at week 8, whereas the other three paments
achieved an indetectable HCV titer within the first 4 weeks,

(wls) Undeteetable

mcludmg two patients who relapsed with TPV-based triple
therapy prior to the current study. The HCV-RNA of patient
#2 became positive again at week 12,-although it was around
the LL.OQ and not regarded as a breakthrough.

We also checked baseline polymorphisms at the NSSA
position at the same time in anticipation of the coming
treatment option with Daclatasvir (first-in-class, NS5A rep-
lication complex inhibitor) combined with Asunaprevir
(NS3 protease inhibitor), which has been well tested in
phase 3 clinical trial in Japan [22]. Patient #1, 3 and 4 had
the Q54H mutation in NS5A, which might be associated
with low-level resistance to an NS5A replication complex
inhibitor [23]. Two out of those three patients achieved early
virologic response. It seems feasible to introduce SMV-
based triple therapy for such patients especially with some
doubts about. the potential efficacy of dual therapy with
Daclatasv1r and Asunaprevu in the liver transplant setting,

Importantly, there were no treatment cessations due to
side-effects. One patient experienced grade 2 diarrhea, but
thls was resolved soon after the reduction of MMEF: thus, it

“is difficult to determine whether SMV was the risk factor for

diarthea. Otherwise, no significant adverse events were
observed, including elevation of serum total bilirubin. Nec-
essary modifications in immunosuppression, especially

‘CNIs, were also minimal. Technically it was not difficult for

us to safely modify the dose of CNIs without a dose adjust-
ment prior to the introduction of SMV, and comparatively

- mild modifications .(50% to none) were required during the
 triple therapy. None of the five patients experienced renal

dysfunction, infection, or rejection due to the uncontrolled
trough level of CNIs, as noted above.

The introduction of TVR and BOC was ant1c1pated to
greatly improve vuologlc effects even in liver transplant
recipients with recurrent hepatitis C. The efficacy of TVR- or
BOC-based triple therapy, however, was somewhat unsatis-
factory; approximately 50% of the patients receiving such
treatment achieved SVR [9, 24-27]. TVR- or BOC-based

- triple therapy was also associated with challenges in control-

ling the CNI trough levels and umgnerable adverse events,

-such as cytopemc events, renal impairment, or skin rash [9].
- In contrast, the previously reported profile of SMV is prom-

ising for liver transplant recipients with recurrent hepatitis C
for the following reasons: first, the virologic effect is much
greater than that of only Peg-IFN and RBYV, with few side-
effects by SMV itself [8, 28, 29], and second, SMV has few

) drug intéractions with CNIs [10]. As ‘démonstrated in the

present study, the reported advantages of SMV in addition to
TVR or BOC seem to be applicable to the management of
post-transplant recurrent hepatitis C, with its safety and
feasible virologic effect compared to TPV and BOC.

The present study has several limitations. The number of

‘patients mcluded was limited to only five, and all five
. patients weré’ selected from among ‘those receiving
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pre-emptive antiviral therapy following liver transplantation
with a poor virologic response. In addition, the five patients
showed minimal or no graft damage when SMV was started.
Hence, this study does not allow us to draw a robust con-
clusion regarding the use of SMV for liver transplant recipi-
ents, especially in evaluating the potential efficacy of SMV
as a first-line freatment for recurrent hepatitis C. In addition,
patients were followed only during the SMV-based triple
therapy, and the actual virologic response after completing
the treatment (i.c., 36 more weeks of dual therapy with
Peg-IFN and RBV) should be evaluated. Further studies are
warranted to address those concerns.

In conclusion, the present pilot study revealed the fea-
sibility and safety of SMV in combination with Peg-IFN
and RBV in LDLT recipients with recurrent hepatitis C.
This combination therapy produced fewer side-effects and
drug interactions with CNIs than prior DAAs. Recipients
who were tolerant to dual therapy (Pev—IFN with RBV)
but could not achieve a satisfactory viral response should
be considered candidates for SMV. The actual profile of

the current SMV-based anfiviral treatment for recurrent -

hepatitis C post-liver transplantation, however, should be
evaluated after the completion of a full course of therapy
followed by 36 weeks of dual therapy with Peg-IFN
plus RBV. In addition, future studies including a larger
number of liver transplant recipients in diverse situations,
such as those undergoing first-line treatment for estab-

lished recurrence of HCV post-tiver transplantation, are

crucial.
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ARTICLE INFO ABSTRACT

Article history: Natural killer cells play a key vole in the immune control of viral infections. Killer immunoglobulin-like
Received 19 March 2014 receptors (KIRs) regulate natural killer cell activation and inhibition through the recognition of their cog-
Accepted 3 June 2014 nate HLA class I ligands. We assessed the predictive factors of a sustained virological response (SVR) in
Available online 11 June 2014 200 Japanese patients with chronic genotype 1b hepatitis C who were treated with telaprevir (TVR),
pegylated-interferon-a2b (PEG-IFN), and ribavirin (RBV) triple therapy (92 patients) or PEG-IFN/RBV

Keywords: therapy alone (108 patients). Sixteen KIR genotypes, HLA-A, -B and -C ligands, and an interleukin (IL)
EICRV 288 polymorphism (rs8099917) were analyzed. We observed that triple therapy, white blood cell count,
HLA hemoglobin value, hepatitis C viral load, a rapid virological response (RVR), IL28B TT genotype, and
PEG-IFN KIR3DL1-HLA-Bw4 genotype were associated with an SVR. In multivariate regression analysis, we identi-
Telaprevir fied an RVR (P < 0.000001; odds ratio JOR] =20.95), the IL28B TT genotype (P=0.00014; OR = 5.53), and

KIR3DL1-HLA-Bw4 (P =0.004, OR = 3.42) as significant independent predictive factors of an SVR. In con-

clusion, [L28B and KIR3DL1/HLA-Bw4 are independent predictors of an SVR in Japanese patients infected

with genotype 1b HCV receiving TVR/PEG-IFN/RBY or PEG-IFN/RBV therapy.
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