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>1.2 ng/kg/week to 18% with a dose of <1.2 pg/kg/week
(p = 0.001). Treatment failure (patients without a 1-log
decrease of HCV RNA at week 4 or a 2-log decrease of HCV
RNA at week 12, or positive at week 24) was found in 54-66%
of patients given <1.2 pg/kg/week (p < 0.001), and these
patients accounted for 64% of the non-responders.
Conclusions The timing of HCV RNA negativity
depends significantly on the Peg-IFN dose. Reducing the
Peg-TFN dose can induce a later virologic response or non-
response in HCV genotype 1 patients treated with Peg-IFN
plus ribavirin.

Keywords Chronic hepatitis C - Pegylated interferon
plus ribavirin - Drug adherence - HCV RNA negativity -
Propensity score matched study

Introduction

The timing to the first undetectable hepatitis C virus (HCV)
RNA level during pegylated interferon (Peg-IFN) plus
ribavirin combination therapy for patients with chronic
hepatitis C (CH-C) genotype 1 is strongly associated with a
sustained virologic response (SVR), defined as undetect-
able HCV RNA at 24 weeks after the finishing of the
treatment. The SVR rate was 87-100% in patients with
undetectable HCV RNA at week 4, 73-81% at week 12,
and 14-44% between weeks 12 and 24 in patients receiving
the standard 48-week treatment [1-8]. These results sug-
gest that HCV RNA negativity should be achieved as soon
as possible during treatment in order to attain a higher
SVR rate.

Previous studies have revealed that many factors affect
the complete virologic response (c-EVR) and SVR, such as
age, gender, degree of liver fibrosis, HCV genotype, HCV
viral load, and the amount of drug exposure [1-3, 9-16]. Of
these factors, only the amount of drug exposure can be
controlled in order to try to improve the antiviral effect, as
the other factors are fixed for individual patients. Also,
recently, the single-nucleotide polymorphisms (SNPs) of
the IL28B gene have been revealed to be associated with
the antiviral effects of pegylated interferon-alpha and
ribavirin therapy [17-19].

Peg-IFN has been reported to be dose-dependently
correlated with ¢c-EVR [13]. Patients’ characteristic factors
can be related to drug adherence, as aged patients, female
patients, and patients with progression of liver fibrosis have
a tendency to show low drug adherence. This suggests that
patients with low drug adherence could be those who are
difficult to treat. Therefore, patients with similar charac-
teristic factors should be compared in order to precisely
assess the actual impact of drug exposure on the timing to
the first undetectable HCV RNA level.

Only a few randomized controlled trials (RCTs) have
examined the relationship between drug dose reduction and
antiviral effect with Peg-IFN plus ribavirin combination
therapy [1-3, 20-23], and the findings are controversial.
Manns et al. [1] reported that the SVR rate was signifi-
cantly lower in patients given 0.5 pg/kg/week of Peg-IFN
than in those given 1.5 pg/kg/week of Peg-IFN (34 vs.
42%, p < 0.05). McHutchison et al. [3] reported that the
SVR rate did not differ between groups given 1.0 and
1.5 pg/kg/week of Peg-IFN (38 vs. 40%, p = 0.20). No
detailed study of the relationship between dose reduction
and delay of HCV RNA negativity or the relationship
between dose reduction and an increase of non-responders
to the treatment has been reported, and the real impact of
drug exposure on the anti-viral effect remains unclear.

In this present work, we conducted a matched study in
which characteristic factors other than drug exposure were
adjusted using propensity scores. We investigated the
impact of drug exposure to Peg-IFN on the timing to the
first undetectable HCV RNA level.

Patients and methods
Patients

The present study was a retrospective, multicenter trial
conducted by Osaka University Hospital and other insti-
tutions participating in the Osaka Liver Forum. A total of
1409 Japanese patients with CH-C treated with a combi-
nation of Peg-IFN alfa-2b plus ribavirin were enrolled in
this study between December 2004 and July 2008.

Patients eligible for this study were those who were
infected with HCV genotype 1 and had a viral load of >10°
IU/ml, but were negative for hepatitis B surface antigen
and anti-human immunodeficiency virus. Patients were
excluded from this study if they had decompensated cir-
rhosis or other forms of liver disease (alcoholic liver dis-
ease, autoimmune hepatitis). Informed consent was
obtained from each patient included in this study, which
was conducted according to the ethical guidelines of the
1975 Declaration of Helsinki.

Treatment

All patients received Peg-IFN alfa-2b (PEGINTRON;
Schering-Plough, Kenilworth, NJ, USA) plus ribavirin
(REBETOL,; Schering-Plough). Peg-IFN alfa-2b was given
subcutaneously once weekly at a dosage of 60-150 pg based
on body weight (body weight 3545 kg, 60 ng; 46-60 kg,
80 pg; 61-75 kg, 100 pg; 76-90 kg, 120 pg; 91-120 kg,
150 pg) and ribavirin was given orally twice a day
at a total dose of 600-1000 mg/day based on body weight
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(body weight <60 kg, 600 mg; 60-80 kg, 800 mg; >80 kg,
1000 mg), according to the standard treatment protocol for
Japanese patients.

Dose reduction

As a rule, dose modification, which was performed
according to the intensity of the adverse hematologic
effects, was done by following the manufacturer’s drug
information. The dose of Peg-IFN alfa-2b was reduced to
50% of the assigned dose if the white blood cell (WBC)
count declined to <1500/mm3, the neutrophil count
declined to <750/mm?, or the platelet (Plt) count declined
to <8 x 10*/mm°, and was discontinued if the WBC count
declined to <1000/mm?, the neutrophil count declined to
<500/mm”, or the Plt count declined to <5 x 10%/mm”.
Ribavirin was also reduced from 1000 to 600 mg, or from
800 to 600 mg, or from 600 to 400 mg if the hemoglobin
(Hb) level decreased to <10 g/dl, and was discontinued if
the Hb level decreased to <8.5 g/dl.

Virologic assessment and definition
of virologic response

Serum HCV RNA level was quantified using the COBAS
AMPLICOR HCV MONITOR test, version 2.0 (detection
range 6-5000 KIU/ml; Roche Diagnostics, Branchburg,
NJ, USA) and qualitatively analyzed using the COBAS
AMPLICOR HCYV test, version 2.0 (lower limit of detec-
tion 50 IU/mL). The HCV RNA level was evaluated every
4 weeks during treatment. A rapid virologic response
(RVR) was defined as undetectable serum HCV RNA at
week 4, a c-EVR as undetectable serum HCV RNA at week
12, and a late virologic response (LVR) as detectable HCV
RNA at week 12 but undetectable at week 24. Patients with
<a 1-log decrease in the HCV RNA level at week 4 or <a
2-log decrease at week 12 compared with the baseline or
detectable HCV RNA at week 24 were considered to have
experienced treatment failure (non-response, NR) and had
to stop treatment. If patients discontinued the treatment due
to adverse events, without HCV RNA negativity being
attained, they were also regarded as having had treatment
failure.

Assessment of drug exposure

The amounts of Peg-IFN alfa-2b and ribavirin actually
taken were evaluated by reviewing the medical records and
calculating the amount taken from the start until the timing
of the first undetectable HCV RNA level for the patients
achieving HCV RNA negativity, and calculating the
amount taken throughout the treatment for the patients
not attaining HCV RNA negativity. For patients who
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discontinued the treatment, if their HCV RNA had become
negative before discontinuation, the drug amount data were
calculated from the start of treatment until the timing of the
first undetectable HCV RNA level, and if HCV RNA had
not become negative before discontinuation, the data
throughout the treatment before discontinuation were used.
The amounts of both drugs were divided individually on
the basis of body weight at baseline as the average: Peg-
IFN alfa-2b was expressed as jg/kg/week and ribavirin as
mg/kg/day.

Evaluation of impact of drug exposure
on HCV RNA negativity

We evaluated the relationship between the exposure to both
drugs and HCV RNA negativity at week 24 by univariate
and multivariate analyses for the patients who completed
24 weeks of treatment, using the .mean administra-
tion doses of both drugs during the first 24 weeks and
the characteristic factors other than drug exposure at
baseline.

The patients were divided into four categories according
to the Peg-IFN dose: up to 0.9 ng/kg/week of Peg-IFN;
from 0.9 to less than 1.2 ng/kg/week; from 1.2 to less than
1.5 pg/kg/week; and from 1.5 pg/kg/week. The propensity
score matching method was used to adjust the patients’
characteristic factors among these categories. This score
was calculated for each patient by logistic regression
analysis, with four patient characteristic factors as inde-
pendent variables; age, gender, Plt values, and history of
IFN treatment. We then performed 1:1 nearest neighbor
matching within a caliper of 0.15 standard deviation of the
propensity score: one patient in each group with
0.9-1.2 pg/kg/week, 1.2-1.5 pg/kg/week, and >1.5 pg/kg/
week to one patient with <0.9 pg/kg/week, and extracted
100 patients from each category.

Statistical analysis

Baseline data for various demographic, biochemical, and
virologic characteristics of the patients were expressed as
means = SD or median values. Factors associated with
HCV RNA negativity at week 24 were assessed by uni-
variate analysis using the Mann-Whitney U-test or the x*
test, and by multivariate analysis using logistic regression
analysis. To analyze the difference between baseline data
among the four Peg-IFN groups, analysis of variance
(ANOVA) or the y° test was performed. The significance
of trends in values for the timing to the first undetectable
HCV RNA level was determined with the Mantel-Haens-
zel x* test. A two-tailed p value of <0.05 was considered
significant. Statistical analysis was conducted with SPSS
version 15.0J (SPSS, Chicago, IL, USA).
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Table 1 Baseline characteristics of patients before matching

Factor All patients <0.9 pglkg/week 0.9-1.2 pg/kg/week 1.2-1.5 pglkg/week >1.5 pg/kg/week p value
of Peg-IFN of Peg-IFN of Peg-IFN of Peg-IFN
Number 1409 153 159 670 427
Age (years) 56.3 + 10.4 58.0 £ 9.9 573 £ 102 55.9 £ 10.6 56.3 = 104 0.069
Sex: male/female 722/687 70/83 69/90 376/294 207/220 0.004
History of IFN treatment: 862/547 98/55 96/63 408/262 260/167 0.894
naive/experienced
White blood cells (/mm?>) 5060 £ 1532 4325 + 1419 4566 £ 1394 5246 £ 1562 5215 & 1456 <0.001
Neutrophils (/mm?>) 2578 £ 1073 2129 £ 1049 2258 =+ 949 2699 + 1080 2667 £ 1052 <0.001
Red blood cells (x10%/mm?) 440 + 46 424 + 42 429 + 45 445 £ 46 441 £ 45 <0.001
Hemoglobin (g/dl) 140+ 14 136+ 1.2 137 £ 1.5 141+ 1.4 4.1+ 1.4 <0.001
Platelets (x 10%/mm®) 16.3 + 5.6 119 +£ 3.9 13.2 £ 4.8 174 £ 5.7 174 £52 <0.001
ALT U/ 78 £ 61 93 + 64 87 + 68 75 £ 58 73 £ 60 0.001
Serum HCV RNA (KIU/mD)?* 1450 1300 1900 1700 1900 0.176
Histology (METAVIR)®
Fibrosis, 0-2/3—4 (%)° 810/186 (17%) 78/34 (30%) 70/30 (30%) 392/77 (16%) 270/45 (14%) <0.001
Activity, 0-1/2-3 527/468 43/67 38/62 259/210 187/129 <0.001

ALT alanine aminotransferase, HCV hepatitis C virus, /FN interferon, Peg-IFN pegylated interferon

% Data shown are median values
® Data missing for 413 patients
¢ Percent of patients with 34

Results

Clinical characteristics of all patients according
to Peg-IFN dosage before matching

A total of 1409 patients were enrolled in this study, and the
baseline characteristics of the patients are shown in Table 1.
Based on the Peg-IFN dosage, these patients were classified
into four categories. With the decrease of Peg-IFN dosage,
the ratio of female-to-male patients increased, the peripheral
blood cell count decreased, and the number of patients with
progression of liver fibrosis (METAVIR fibrosis score 3 or 4)
increased significantly (p < 0.001). Patients with a lower
Peg-IFN dosage tended to be older (p = 0.07).

Next, we analyzed the factors associated with HCV
RNA negativity at week 24 for the 1226 patients who
completed 24 weeks of treatment, using the baseline
characteristic variables, excluding liver histology, shown in
Table 1 and the mean doses of both drugs during the first
24 weeks. The HCV RNA negative rate at week 24 was
68% (829/1226). The results of univariate analysis are
shown in Table 2. The factors evaluated by multivariate
analysis were those for which the p value was <0.10 by
univariate analysis for HCV RNA negativity at week 24:
age, gender, history of IFN treatment, WBC, neutrophils,
red blood cells (RBC), Hb, Plt, alanine aminotransferase,
and the mean doses of Peg-IFN and ribavirin during the
first 24 weeks. By the multivariate analysis, in addition to
the RBC value (p = 0.02), Plt value (p < 0.001), and
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Table 2 Univariate analysis of factors associated with HCV RNA

negativity at week 24

Factor Negative Positive p value

Number 829 397

Age (years) 55.1 £ 105  57.6 £ 10.1 <0.001

Sex: male/female 437/392 189/208 0.094

History of IFN treatment:  523/306 229/168 0.069
naive/experienced

White blood cells (/mm® 5175 + 1498 4566 + 1394 <0.001

Neutrophils (/mm?®) 2665 + 1087 2429 + 1059 <0.001

Red blood cells 445 + 44 434 + 47 <0.001
(x 10%mm?)

Hemoglobin (g/dl) 141+ 14 139+ 14 0.004

Platelets (x 10%/mm?) 172£56  148+53  <0.001

ALT QU/I) 73 £55 83 £+ 63 0.001

Serum HCV RNA 1750 1800 0.673
(KIU/ml)

Mean Peg-IFN dose 1.39 + 0.24 1.25 £032 <0.001
(ng/kg/week)

Mean ribavirin dose 10.6 £ 1.8 9.7+ 22 <0.001

(mg/kg/day)

ALT alanine aminotransferase, HCV hepatitis C virus, /FN interferon,
Peg-IFN pegylated interferon

history of IFN treatment (p = 0.04), the factor of Peg-IFN
exposure was an independent factor for HCV RNA nega-
tivity at week 24 (p < 0.001) (Table 3). The mean dose of
ribavirin did not show a significant correlation with HCV
RNA negativity at week 24 (p = 0.07).
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Clinical characteristics of patients extracted from each
Peg-IFN dosage category after matching

Patients in the four Peg-IFN categories were matched by
the propensity score method and 100 patients were
extracted from each category. The c-statics for the pro-
pensity score model between the patients with <0.9 ug/kg/

Table 3 Multivariate analysis of factors associated with HCV RNA
negativity at week 24

Factor Category Odds 95% CI p value
ratio

Age 1 year - - NS

Sex Male/female - - NS

History of IFN Naive/ 0.756  0.581-0.984 0.037
treatment experienced

White blood cells 1 x 10¥mm® - - NS

Neutrophils 1 x 10%mm® - - NS

Red blood cells 1 x 10%mm® 1.004 1.001-1.007 0.02

Hemoglobin 1 g/dl - - NS

Platelets 1 x 10%mm®>  1.054 1.026-1.083 <0.001

ALT 1 10U/ - - NS

Mean Peg-IFN 0.1 pg/kg/week  1.096  1.045-1.149 <0.001
dose

Mean ribavirin 1 mg/kg/day 1.060 0.994-1.130 0.074

dose

ALT alanine aminotransferase, CI confidence interval, IFN interferon,
NS not significant, Peg-IFN pegylated interferon

Table 4 Baseline characteristics of patients after matching

week of Peg-IFN and those given different levels of Peg-
IEN were 0.62 for 0.9-1.2 pg/kg/week of Peg-IFN, 0.82 for
1.2-1.5 pg/kg/week of Peg-IFN, and 0.82 for >1.5 ug/kg/
week of Peg-IFN.

The baseline characteristics of the patients extracted
according to the Peg-IFN dosage category are shown in
Table 4. There was no significant difference among the
four Peg-IFN categories in any of the factors, indicating
that the extracted cohort of 400 patients was well matched
according to propensity score methods.

Timing to the first undetectable HCV RNA level
according to Peg-IFN dosage

We evaluated the relationship between the virologic
response during the treatment and the drug exposure to
Peg-IFN using our matched cohort of 400 patients (Fig. 1).
Of the 400 patients, 23 had discontinued treatment due to
adverse events by week 24 (<0.9 pg/kg/week, n =35;
0.9-1.2 pg/kg/week, n = 4; 1.2-1.5 pg/kg/week, n = 5;
>1.5 pg/kg/week, n = 9). The proportion of patients with
treatment failure increased according to the decrease in the
dose of Peg-IFN: 66% among patients with <0.9 pg/kg/week
of Peg-IFN, 54% among those with 0.9-1.2 pg/kg/week of
Peg-IEN, 35% among those with 1.2—1.5 pg/kg/week of Peg-
IFN, and 32% among those with >1.5 pg/kg/week of
Peg-IFN (p < 0.001). Additionally, the timing to the first
undetectable HCV RNA level tended to shift to an earlier time

Factor All patients <0.9 pg/kg/iweek  0.9-1.2 pg/kg/week  1.2-1.5 pglkg/week >1.5 ng/kg/week p value
of Peg-IFN of Peg-IFN of Peg-IFN of Peg-IFN
Number 400 100 100 100 100
Age (years) 56.9 £ 9.6 574 £+ 10.0 56.6 + 9.9 56.8 £9.5 56.7 + 9.1 0.941
Sex: male/female 190/210 47/53 47/53 46/54 50/50 0.948
History of IFN treatment: 286/114 70/30 71729 73/27 72/28 0.970
naive/experienced
White blood cells (/mm?®) 4557 + 1344 4331 £ 1310 4532 + 1372 4642 + 1399 4725 + 1280 0.186
Neutrophils (/mm?®) 2261 £+ 955 2070 + 855 2200 + 883 2416 + 1068 2357 £ 972 0.054
Red blood cells (x10%mm®) 429 + 43 423 + 40 427 + 42 432 + 44 434 + 46 0.300
Hemoglobin (g/dl) 138+ 1.5 137 £ 1.3 137+ 1.6 139 + 1.4 140+ 1.5 0.300
Platelets (x 10%/mm?) 12.1 £3.7 11.8 + 3.9 120 £ 38 12.1 £35 124 £ 36 0.625
ALT U/ 89 + 67 98 + 65 92 + 70 86 £ 61 80 + 69 0.254
Serum HCV RNA (KIU/ml)* 1700 1400 1800 1700 1750 0.742
Histology (METAVIR)"
Fibrosis, 0-2/3-4 (%)° 186/89 (32%) 47/22 (32%) 46/22 (32%) 48/21 (30%) 45/24 (35%) 0.958
Activity, 0-1/2-3 115/159 25/42 26/42 32/37 32/38 0.585

ALT alanine aminotransferase, HCV hepatitis C virus, /FN interferon, Peg-IFN pegylated interferon

* Data shown are median values
® Data missing for 125 patients
¢ Percent of patients with 3—4
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Fig. 1 Timing to the first undetectable hepatitis C virus (HCV) RNA
level according to pegylated interferon (Peg-IFN) dosage. Light gray
bars patients with undetectable HCV RNA at week 4. Medium gray
bars patients with undetectable HCV RNA during 5 to 12 weeks.
Dark gray bars patients with undetectable HCV RNA during
13-24 weeks. Black bars patients with treatment failure (patients
with less than a 1-log decrease in HCV RNA level at week 4 or less
than a 2-log decrease at week 12 compared with the baseline or
detectable HCV RNA at week 24 and those with treatment
discontinuance without HCV RNA negativity). Peg-IFN exposure
was dose-dependently associated with the timing of HCV RNA
negativity (p < 0.001)
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Fig. 2 Longitudinal negative HCV RNA rates from the start to
24 weeks of the treatment. Filled circles Peg-IFN >1.5 ug/kg/week,
filled triangles Peg-IFN 1.2-1.5 pg/kg/week, filled squares Peg-IFN
0.9-1.2 pglkg/week, filled diamonds Peg-IFN <0.9 ng/kg/week. The
HCV RNA negative rate at week 4 was significantly higher among the
patients with Peg-IFN >1.5 pg/kg/week than among those with Peg-
IFN <1.5 pg/kg/week (p < 0.001). The HCV RNA negative rates at
weeks 12 and 24 were significantly higher among the patients with
Peg-IFN >1.2 pg/kg/week than among those with Peg-IFN <1.2 pg/
kg/week (p = 0.001, p = 0.002, respectively). w week

during the treatment according to the increase in the Peg-IFN
dose (p < 0.001).

Figure 2 shows the longitudinal data of the HCV RNA
negative rate. The data for patients with treatment failure
were included until the end of each patient’s treatment. The

percentage of patients with undetectable HCV RNA at
week 4 decreased from 12 to 1-3% if they were given
<1.5 pg/kg/week of Peg-IFN (p < 0.001). As for the HCV
RNA negative rates at week 12 and week 24, there was no
significant difference between patients with 1.2—-1.5 ngrkg/
week and those with >1.5 pg/kg/week of Peg-IFN. The
two groups with <1.2 nug/kg/week of Peg-IFN showed
significantly lower HCV RNA negative rates than the other
two groups given >1.2 ng/kg/week of Peg-IFN (week 12,
18 vs. 44%, p = 0.0001, week 24, 40 vs. 67%,
p = 0.0002). The patients with <0.9 pg/kg/week tended to
show a decreased HCV RNA negative rate at week 24
compared to the patients given 0.9-1.2 ng/kg/week (34 vs.
46%, p = 0.08).

Figure 3 shows the proportion of patients, according to
Peg-IFN exposure, among those with undetectable HCV
RNA at week 4 (n = 17) and at week 12 (n = 122), as well
as the proportion of patients with detectable HCV RNA at
week 24 (n = 213). The patients given >1.5 pg/kg/week
of Peg-IFN accounted for 70% of the patients with unde-
tectable HCV RNA at week 4, and those given >1.2 ug/kg/
week of Peg-IFN accounted for 71% of the patients with
undetectable HCV RNA at week 12. On the other hand, the
patients given <1.2 pg/kg/week of Peg-IFN accounted for
64% of the patients with detectable HCV RNA at week 24.

Discussion

The association between drug exposure and HCV RNA
negativity has been reported [9-13]. However, most studies
have shown only the fixed-point relationship at week 12,
and it remains unclear whether dose modification acceler-
ates or delays the timing to the first undetectable HCV
RNA level. The present study is the first to clarify this.
Induction regimens in which a high dose (360 pg/week) of
Peg-IFN alfa-2a was administered for the first 12 weeks
failed to improve SVR rates compared to treatment with a
standard dose of Peg-IFN in the CHARIOT [22] and
PROGRESS [23] RCTs. In contrast, the adherence study of
McHutchison et al. revealed that patients who received
>80% of the planned dose of Peg-IFN and ribavirin for
>80% of the full 48 weeks of treatment had a significantly
higher SVR rate (51%) than those who received <80% of
the planned dose of one or both drugs for >80% of the full
48 weeks of treatment (34%) (p = 0.011) [10]. These
apparently paradoxical results for the relationship between
drug dosage and antiviral effect imply that the dose-
dependent increase of the antiviral effect was observed up
to a certain dose and the antiviral effect then reached a
plateau above the regular dose. This paradoxical effect
could explain the impact of Peg-IFN reduction from a
regular dose on the timing to the first undetectable HCV
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Fig. 3 Proportions of patients according to Peg-IFN exposure among
patients with undetectable HCV RNA at weeks 4 and 12 and those
with detectable HCV RNA at week 24. a Week 4 (n = 17), b week 12
(n = 122), ¢ week 24 (n = 213). Light gray segments Peg-IFN

RNA level in the present study differing from that of the
induction therapy with a high Peg-IFN dose in the above
two studies.

In the present study, characteristic matched patients
were extracted from a large retrospective cohort to examine
the impact of Peg-IFN dosage on viral dynamics. The
reason for using a matched cohort was that performing an
RCT according to Peg-IFN doses poses an ethical problem,
because a low dose of Peg-IFN is known to show little
efficacy. The reason for our focusing on Peg-IFN dosage
was based on the finding that ribavirin was indeed a sig-
nificant factor for HCV RNA negativity at week 24 on
univariate analysis, but not on multivariate analysis, and
Peg-IFN was significantly correlated with HCV RNA
negativity at week 24 in an independent manner in this
study cohort. Our previous report that Peg-IFN, but not
ribavirin, was correlated with c-EVR supports this [13].

To calculate the propensity score, we chose four
covariates as candidates for adjustment: age, gender, Plt
values, and history of IFN treatment, because there was a
need to match universal features such as age, gender, and
factors associated with HCV RNA negativity at week 24,
such as Plt values and the history of IFN treatment. As
shown in Table 4, the baseline characteristic factors in the
different Peg-IFN patient categories were well matched
after propensity score adjustment. That is, c-statics, the
hallmark of application to logistic regression analysis, was
regarded as adequate for random assignment. Only the
c-statics for the patients given <0.9 pg/kg/week of Peg-
IFN and the patients given 0.9-1.2 ng/kg/week of Peg-IFN
showed a low value (0.62), because the number of patients
in the Peg-IFN category of 0.9-1.2 pg/kg/week (n = 153)
was not very large. However, the patient characteristic
factors in two categories after extraction were well mat-
ched and were considered to be adequate for further anal-
ysis. In this study, the populations extracted after matching
were composed of patients with relatively advanced liver
fibrosis compared to the original population; the mean
Plt value was lower and the proportion of patients with
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<0.9 pg/kg/week. Medium gray segments Peg-IFN 0.9-1.2 pg/kg/
week. Dark gray segments Peg-IFN 1.2-1.5 pg/kg/week. Black
segments Peg-IFN >1.5 pg/kg/week

progression of liver fibrosis (METAVIR fibrosis score 3 or
4) was higher in the extracted population than in the ori-
ginal one (mean Plt value 12.1 x 10*mm? vs. 16.3 x 10%
mm?, proportion of patients with progression of liver
fibrosis, 32 vs. 19%, respectively). The patients with
<0.9 ng/kg/week of Peg-IFN, which was the smallest
population among the four Peg-IFN categories and inclu-
ded more patients with advanced liver fibrosis, were used
as the control for the propensity score matching.
Recently, the usefulness of extended therapy has been
revealed for patients with LVR, defined as HCV RNA
negativity between week 12 and week 24 (or week 36). In
addition, we have reported that, even with extended treat-
ment of 72 weeks, the timing of HCV RNA disappearance
showed a strong correlation with relapse after treatment
[24]. Accordingly, at present, it is necessary to verify how
reducing drug doses affects the delay of the timing to the
first undetectable HCV RNA level or treatment failure, and
in the present study we demonstrated the appropriate dose
of Peg-IFN required to attain HCV RNA negativity by
24 weeks. As shown in Fig. 1, Peg-IFN dose-dependently
affected the timing to the first undetectable HCV RNA
level during the treatment. These results indicate that dose
reduction of Peg-IFN can cause a shift from c-EVR to LVR
and a shift from LVR to HCV RNA-positivity at week 24.
The proportion of patients with treatment failure among
those given <0.9 pg/kg/week of Peg-IFN (66%) was
decreased by half among the patients given >1.2 pg/kg/
week of Peg-IFN (32-35%). Considering that the effec-
tiveness of extended treatment for patients with LVR is
obvious, if patients without a c-EVR were to attain HCV
RNA negativity by 24 weeks, those patients would have
the potential to attain an SVR with extended treatment.
However, if patients do not attain HCV RNA negativity,
those patients must discontinue the treatment. Therefore,
causing patients to shift from HCV RNA negativity by
week 24 to being HCV RNA-positive at week 24 would be
missing the chance to obtain SVR even with extended
treatment. As shown in Fig. 2, the longitudinal negative
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rate of HCV RNA was dose-dependently affected by Peg-
IEN at all points during the treatment. Therefore, a marked
dose reduction of Peg-IFN should not be done at the start of
treatment even for patients with lower Plt values (which are
indicative of advanced fibrosis), because dose reduction of
Peg-IFN before HCV RNA negativity is attained can lead
to an increased possibility of treatment failure.

Next, as shown in Fig. 3, 70% of the patients with
undetectable HCV RNA at week 4 were given >1.5 pg/kg/
week of Peg-IFN, 71% of those with undetectable HCV
RNA at week 12 were given >1.2 ug/kg/week, and 64% of
those with detectable HCV RNA at week 24 were given
<1.2 pg/kg/week. Therefore, in HCV genotype 1 patients
treated with Peg-IFN plus ribavirin, the treatment goal for
c-EVR or non-NR should be to maintain a Peg-IFN dose of
>1.2 nug/kg/week, and that for RVR should be to maintain
a Peg-IFN dose of >1.5 pg/kg/week. Using granulocyte—
macrophage colony-stimulating factor for patients who
develop a severe decrease of blood cells and are forced to
decrease Peg-IFN can be beneficial, as long as HCV RNA
is positive.

A limitation of the present study is that the actual SVR
rate could not be compared among the four Peg-IFN cat-
egories because some patients with LVR were treated for
72 weeks and some were treated for 48 weeks; actual SVR
rates were 20% in patients with Peg-IFN <0.9 pg/kg/week,
18% in those with 0.9-1.2 pg/kg/week, 36% in those with
1.2-1.5 pg/kg/week, and 48% in those >1.5 pg/kg/week.
On the assumption that the SVR rate for patients with RVR
is 90%, the SVR rate for those with c-EVR without RVR is
75% for 48-week treatment, and the SVR rate for those
with LVR is 60% for 72-week treatment, the SVR rate of
response-guided therapy was calculated to be 23% for
patients given <0.9 pg/kg/week of Peg-IFN, 30% for those
given 0.9-1.2 pg/kg/week of Peg-IFN, 45% for those given
1.2-1.5 pg/kg/week of Peg-IFN, and 50% for those given
>1.5 pg/kg/week of Peg-IEN in the matched cohort in the
present study. Thus, dose reduction of Peg-IFN can reduce
the SVR rate even if response-guided therapy is done.
Another limitation of this study is that the /L28B SNP,
which is known to be a host factor affecting the antiviral
effect, could not be examined in all cases, because the
characteristic matched patients were extracted from a large
retrospective cohort. However, we had the result of the
IL28B SNP (1s8099917) for 290 patients; 214 patients had
TT and 76 had TG or GG. The proportions of patients with
the /L28B SNP TT were similar among the four Peg-IFN
categories (<0.9 pg/kg/week, 76%, 31/41; 0.9-1.2 pg/kg/
week, 71%, 27/38; 1.2-1.5 pg/kg/week, 67%, 99/147,
>1.5 uglkg/week, 77%, 57/74, p = 0.853). Therefore, it
would appear that there was no bias for any cases. Among
the patients with the IL28B SNP TT, the HCV negative
rates at weeks 4, 12, and 24 were 0% (0/58), 33% (19/58),

and 69% (40/58) among the patients with <1.2 pg/kg/week
of Peg-IFN and 4% (7/156), 62% (97/156), and 82% (128/
156) among those with >1.2 pg/kg/week. There were
significant differences between these two Peg-IFN groups
in the HCV RNA negative rates at weeks 12 and 24
(p = 0.002, p = 0.04, respectively). Similarly, among the
patients with IL28B SNP TG or GG, the HCV negative
rates at weeks 4, 12, and 24 were 0% (0/21), 0% (0/21), and
10% (2/21) among the patients with <1.2 ng/kg/week of
Peg-IFN and 2% (1/55), 9% (5/55), and 27% (15/55)
among those with >1.2 ng/kg/week. The HCV RNA neg-
ative rates at weeks 12 and 24 tended to be higher in the
patients with >1.2 pg/kg/week of Peg-IFN (p = 0.06,
p = 0.13, respectively). From the above-mentioned results,
it appears that the dose-dependent effect of Peg-IFN on the
timing of HCV RNA negativity could be considered
regardless of the /L28B SNP.

In conclusion, this matched study has demonstrated that,
in patients with CH-C with genotype 1 receiving Peg-IFN
plus ribavirin combination therapy, Peg-IFN dose-depen-
dently affects the timing to the first undetectable HCV
RNA level and the failure to attain HCV RNA negativity.
Dose reduction of Peg-IFN to <1.2 ng/kg/week before
HCV RNA negativity is attained delays HCV RNA clear-
ance dose-dependently and increases the rate of treatment
failure. Maintaining the Peg-IFN dose at >1.2 pg/kg/week,
and preferably at >1.5 pg/kg/week, can accelerate the
timing to the first undetectable HCV RNA level for CH-C
genotype 1 patients treated with Peg-IFN plus ribavirin.
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Hepatitis B virus strains of subgenotype A2 with an
identical sequence spreading rapidly from the capital
region to all over Japan in patients with acute

hepatitis B
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ABSTRACT

Objective To examine recent trends of acute infection
with hepatitis B virus (HBV) in Japan by nationwide
surveillance and phylogenetic analyses.

Methods During 1991 through 2009, a sentinel
surveillance was conducted in 28 national hospitals in
a prospective cohort study. Genotypes of HBV were
determined in 547 patients with acute hepatitis B.
Nucleotide sequences in the preS1/S2/S gene of
genotype A and B isolates were determined for
phylogenetic analyses.

Results HBV genotype A was detected in 137 (25%
{accompanied by genotype G in one)) patients, B in 48
{9%), C in 359 (66%), and other genotypes in the
remaining three (0.5%). HBV persisted in five with
genotype A including the one accompanied by genotype
G; another was co-infected with HIV type 1. The
genotype was A in 4.8% of patients during 1991—1996,
29.3% during 1997—2002, and 50.0% during
2003—2008 in the capital region, as against 6.5%, 8.5%
and 33.1%, respectively, in other regions. Of the 114
genotype A isolates, 13 (11.4%) were subgenotype AT,
and 101 (88.6%) were A2, whereas of the 43 genotype
B isolates, 10 (23.3%) were subgenotype B1, 28 {65.1%)
were B2, two (4.7%) were B3, and three (7.0%) were
B4. Sequences of 65 (64%) isolates of AZ were identical,
as were three (23%) of A1, and five (18%) of B2, but
none of the B1, B3 and B4 isolates shared a sequence.
Conclusions Acute infection with HBV of genotype A,
subgenotype AZ in particular, appear to be increasing,
mainly through sexual contact, and spreading from the
capital region to other regions in Japan nationwide.
Infection persisted in 4% of the patients with genotype
A, and HBV strains with an identical sequence prevailed
in subgenotype A2 infections. This study indicates the
need for universal vaccination of young people to prevent
increases in HBV infection in Japan.

Hepatitis B virus (HBV) has been classified into 10
genotypes, designated A~J, based on a >8% diver-
gence in the full-genome sequence.'™” Different
genotypes are associated with distinct clinical
manifestations, such as severity and progression of

What is already known about this subject?

» In Japan, a national prevention programme was
started in 1986 with selective vaccination of
babies born to mothers who carry hepatitis B
virus (HBV). Since then, the prevalence of
hepatitis B surface antigen among younger
generations has decreased sharply.

» However, retrospective studies indicate that the
frequency of HBV genotype A is increasing
among patients with acute hepatitis B (AHB)
within the capital region of Japan.

» Infection with genotype A more often persists
than infection with other genotypes.

» Because there is no reliable and comprehensive
surveillance system for AHB in Japan, the
incidence of AHB and factors responsible for
changes over many years are not known.

What are the new findings?

» This is a prospective cohort study for surveil-
lance of AHB throughout Japan in a national
research programme.

» The incidence of AHB in Japan has not
decreased, because genotype A infections
have increased over time.

» Genotype A infections started to increase in the
capital region of Japan, and then spread to other
regions 5—6 years later.

» About 90% of genotype A found in AHB patients
in Japan is subgenotype A2.

» Subgenotype AZ isolates from patients with
AHB tend to preserve sequence identity over
time, indicating that particular subgenotype
A2 strains have been transmitted without
undergoing mutations.

liver disease, as well as response to antiviral
treatments.2 ' Some genotypes are subclassified:
genotype A into at least two subgenotypes, Al
(Asian/African type) and A2 (European type)*!™*%;
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How might it lmpact on cllmcal practlce in the foreseeable

future?

» It needs to be noted that subgenotype AZ mfectlons are
spreading among sexually active generations in Japan.

» Although selective vaccination has prevented mother-to-baby
transmission of HBV since 1986, it does not contain sporadic
infections in Japan. ‘

» Herd vaccination of younger generations needs to be
considered in Japan.

B into B1 (Japanese type) and B2 (Asian type)** *°; and C into

C1 (Southeast-Asian type) and C2 (East-Asian type) 1% Subge-
notypes also influence the replication of HBV and clinical
manifestation.'® 7 18

According to a report from Japan in 2001," genotype C was
the most prevalent (84.7%), followed by genotype B (12.2%) and
A (1.7%), among patients with chronic hepatitis B. In 2002,
genotype A became the most prevalent in patients with acute
hepatitis B (AHB) around Tokyo, the capital region of Japan.?® 2!
Several reports have shown that infection with HBV genotype A
is associated with particular sexual behaviours, such as homo-
sexual activity and promiscuous sexual contacts, and tends to

persist longer than that with HBV genotype C.*? 2% These

reports have raised concerns about the horizontal HBV infection
in adults, which, in general, is considered to resolve spontane-
ously. However, adult-acquired HBV infection may result in
chronic HBV infection in some instances.

Information on changes in genotype distribution over time, as
well as genotype-specific clinical manifestations, may help in
planning preventive measures and antiviral therapy strategies.
Therefore it is important to examine how genotype A infection
has spread in Japan, and what clinical and virological charac-
teristics it possesses.

We have been conducting a nationwide, sentinel surveillance
on acute viral hepatitis for more than 30 years. As part of this
surveillance, a prospective cohort study has been conducted on
547 patients with AHB in 28 medical centres over the 19 years
from 1991 to 2009. Geographical and longitudinal distributions
of HBV genotypes/subgenotypes were surveyed, and their
influence on clinical outcome was evaluated.

PATIENTS AND METHODS
Patients
A total of 681 patients with sporadic AHB were enrolled
consecutively in a survey carried out by the Japan National
Hospital Acute Hepatitis Study Group (JNHAHSG). They were
admitted to 28 national hospitals from January 1991 to the end
of December 2009. They were grouped geographically into two
areas: the capital region (Gunma, Saitama, Tokyo and Kana-
gawa) and other regions (figure 1). Patients were also longjtu-
dinally categorised into three periods: 1st (1991-1996), 2nd
(1997—2002) and 3rd (2003—2008). In addition, the year 2009
provided the most recent data. Of the 681 patients, 547 (80.3%)
entered the study, for whom serum samples were available on
admission and had been stored at —20°C.

The diagnosis of AHB was based on the following criteria: (1)
acute onset of liver injury without a history of liver dysfunction;
(2) detection of hepatitis B surface antigen (HBsAg) in the

20f9

4
e

01119)
N
912,@1 / M13)
on@) f M2(9)
w)\ 4
022 020 (3) \, AL . M4 M5 MB
@0 =N T 5) _(15) (43)
023\ p
. R \ M7 (32) M8 (66)
@ oy
N 017 (22)
02:; (3) \ 018 (1)
625 (32

\026(3).
027 (4) 028 (68)

Figure 1 Locations of participating hospitals in Japan. Hospitals in the
capital region (M1—M8) are indicated by eight closed circles, and those
in other regions {09—028) by 20 open circles. Numbers in parentheses
indicate the total number of enrolled subjects for each site. The hospitals
are: M1, Nishigunma Hospital, Gunma; M2, Nishisaitama-Chuo Hospital,
Saitama; M3, National Disaster Medical Center, Tokyo; M4, Tokyo
Hospital, Tokyo; M5, Tokyo Medical Center, Tokyo; M6, National Center
for Global Health and Medicine, Tokyo; M7, Sagamihara Hospital,
Kanagawa; M8, Yokohama Medical Center, Kanagawa; 09, Asahikawa
Medical Center, Hokkaido; 010, Hokkaido Medical Center, Hokkaido;
011, Sendai Medical Center, Miyagi; 012, Matsumoto Medical Center,
Nagano; 013, Kanazawa Medical Center, ishikawa; 014, Nagoya
Medical Center, Aichi; 015, Kyoto Medical Center, Kyoto; 016, Osaka
National Hospital, Osaka; 017, Osaka-Minami Medical Center, Osaka;
018, Zentsuji Hospital, Kagawa; 019, Yonago Medical Center, Tottori;
020, Okayama Medical Center, Okayama; 021, Kure Medical Center and
Chugoku Cancer Center, Hiroshima; 022, Kokura Medical Center,
Fukuoka; 023, Kyushu Medical Center, Fukuoka; 024, Beppu Medical
Center, Oita; 025, Oita Medical Center, Qita; 026, Kumamoto Medical
Center, Kumamoto; 027, Ureshino Medical Center, Saga; and 028,
Nagasaki Medical Center, Nagasaki.

serum; (3) positivity for IgM antibody to HBV-core antigen
(IgM anti-HBc) in high titres (detectable in sera diluted 10-fold);
and (4) absence of past or family history of chronic HBV
infection. Severe acute hepatitis (SAH) was defined as
prothrombin time (PT) =40% and hepatic encephalopathy of
grade =I. Fulminant hepatitis (FH) was diagnosed from PT
=40% and hepatic encephalopathy of grade =II. Patients in
whom HBsAg remained in the serum for >6 months after onset
were considered to have acquired chronic HBV infection. The
following information was collected from each patient: year and
age at onset, gender, residential area, HBsAg, IgM anti-HBc,
alanine aminotransferase, total bilirubin, PT, severity of liver
disease, mortality, routes of transmission, sexual behaviours,
travelling abroad in recent past, HBV genotype, mutations in
precore (PreC) and core promoter (CP) regions, and RNA of
hepatitis D virus. Antibody to HIV type 1 (anti-HIV) was
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determined in patients who were at high risk and gave consent
to testing.

Informed consent was obtained from each patient. The study
protocol conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki and the Ministry of Education, Culture,
Sports Science and Technology of Japan, and was approved by
the ethics committee of each institution.

Extraction of HBV DNA _

HBV DNA was extracted from serum (100 ul) by the SMITEST
EX-R&D Nucleic Acid Extraction Kit (MBL Co, Nagoya, Japan)
and used for genotyping/subgenotyping and detecting muta-
tions in PreC and CP regions.

HBV genotypes

Genotypes were determined in Nagasaki Medical Center with
the SMITEST HBV Genotyping Kit (MBL) by hybridisation
with type-specific probes immobilised on a solid-phase
support.®*

Determination of HBV subgenotypes

For subgenotyping, HBV DNA was amplified by PCR with
TaKaRa Ex Taq (Takara Bio, Shiga, Japan). PCR was performed
with appropriate nested primers to amplify a ~1.2 kb sequence
in the preS1/S2/S gene (nucleotides 2854—835 in the reference
isolate (AB116077)). PCR products were purified, subjected to
cycle sequencing reaction with the BigDye Terminator v1.1
(Applied Biosystems, Tokyo, Japan), and applied to the DNA
sequencer (3100-Avant; Applied Biosystems).

Mutations in the PreC and CP regions

The A1896 mutation in the PreC region was detected by the
enzyme-linked minisequence assay (SMITEST HBV PreC ELMA;
Roche Diagnostics, Tokyo, Japan), and mutations in the CP
region for T1762/A1764 by the enzyme-linked specific probe
assay (SMITEST HBV Core Promoter Mutation Detection Kit;
Roche Diagnostics). The results were recorded as ‘wild-type’ and
‘mutant types’ dominantly expressed by HBV isolates.”®

Phylogenetic analyses

Nucleotide sequences were aligned, and phylogenetic trees were
constructed by the CLUSTAL W program v1.83 (DDBJ home-
page: http://clustalw.ddbj.nig.ac.jp/top-j.html). The statistical
validity was assessed by bootstrap resampling with 1000 repli-
cates. Reference HBV strains were retrieved from the GenBank
database.

Statistical analysis

Results were expressed as percentage or mean®SD. Statistical
differences were evaluated by ¥? and Fisher exact tests for
categorical variables, and analysis of variance and Scheffe’s test
for quantitative variables, using the SPSS software. The 95% CI,
for the difference in means, was calculated in analyses for
quantitative variables. p<0.05 was considered significant.

RESULTS

Distribution of HV genotypes

HBV genotypes were determined in the 547 patients with AHB.
The genotype was A in 137 (25.0%) patients (accompanied by G
in one (0.2%)), B in 48 (8.8%), C in 359 (65.6%), D in one (0.2%),
E in one (0.2%), and H in one (0.2%). Because HBV genotype G
is a defective virus and cannot replicate by itself,® ?” the single
patient with mixed genotypes A and G was included in the 137
patients with genotype A in further analyses. RNA of hepatitis

Tamada Y, Yatsuhashi H, Masaki N, et a/. Gut (2011). doi:10.1136/gutjnl-2011-300832

D virus was detected in three of the 453 (0.7%) patients. Anti-
HIV was examined in patients at high risk of infection and
detected in 14 of the 53 (26.4%) who gave consent to testing.

Demographic and clinical differences among patients infected
with HBV of distinct genotypes

Demographic and clinical characteristics of patients with
different genotypes are compared in table 1. There was no
difference in mean age among patients with genotypes A, B and
C. The proportion of men was higher in patients with genotype
A than B or C (94.2% vs 79.2%, p<0.05; or 56.0%, p<0.0001),
and in those with genotype B than C (79.2% vs 56.0%, p<0.05).

Maximum levels of total bilirubin were higher in patients
with genotype A than C (9.6x7.6 vs 7.1£6.2 mg/dl, p<0.05),
with a difference of 2.5 mg/dl (95% CI 0.93 to 4.08), whereas the
highest alanine aminotransferase activity and lowest PT values
did not differ among patients with distinct genotypes.

SAH developed in four (2.9%) patients with genotype A, four
(8.3%) with genotype B, and 26 (7.2%) with genotype C. FH
developed in one (2.1%) patient with genotype B and eight
(2.2%) with genotype C; no patients with genotype A developed
FH. Eight (1.5%) patients died, including one with genotype B
and seven with genotype C. There were no significant differ-
ences among patients with different genotypes in the frequency
of SAH or FH or mortality.

The outcome of AHB was traceable in 514 of the 547 (94.0%)
patients. Chronic infection with persistence of HBsAg for >6
months developed in five of the 123 (4.1%) patients with
genotype A (including the one accompanied by genotype G),
none of the 46 (0%) with genotype B, and none of the 342 (0%)
with genotype C; it was more common in patients with geno-
type A than C (p<0.05). HBV infection persisted exclusively in
the patients with genotype A, either alone (four patients) or
together with genotype G (one).

Among the five patients who acquired chronic HBV infection,
four (three with genotype A and one with mixed genotypes A
and G) were examined for anti-HIV, and one with genotype A
was found to be positive. HBV infection persisted in three
(including the one with anti-HIV) of the five patients for
>1 year after the onset, and the remaining two (both without
anti-HIV) cleared HBsAg from the serum after retaining it for
>6 months.

Mutations in the PreC and/or CP region were detected in 3.7%
(4/109) of patients with genotype A, 15.4% (6/39) of those with
genotype B, and 25.5% (79/310) of those with genotype C. They
were significantly less common in patients with genotype A
than B or C (Avs B, p<0.05; Avs C, p<0.0001). The only patient
with genotype A who had the PreC mutation was simulta-
neously infected with genotype G.

Routes of transmission were identifiable in 275 of the 547
(50%) patients, and the main route was heterosexual contacts;
those in the remaining patients could not be disclosed. The
frequency of heterosexual activity did not differ among patients
with distinct genotypes. However, homosexual activity was
more common in patients with genotype A than B or C (21.2%,
0% and 0.8%, respectively (A vs B, p<0.001; A vs C, p<0.0001)).
Among the 32 homosexual men, HBV genotype A was detected
in 29 (91%). Consent to anti-HIV testing was given by 10 of the
29 patients, and four of these (40%) were positive.

Longitudinal changes in the distribution of genotypes

Figure 2 illustrates changes in the distribution of HBV genotypes
through three 6-year periods over 18 years (1991—2008). In
addition, data from 2009 are shown. HBV genotype A accounted
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Table 1 Demographic and clinical characteristics of patients with acute hepatitis who were infected with HBV of different genotypes (1991—2009)

HBV genotypes
Feature Total (n=>547) A (n=137)1 (25.0%) B (n=48) (8.8%) C (n=1359) (65.6%) Others (n=3)% (0.5%)
Age (years) 35.6+14.8 35.2+12.2 39.6+15.6 35.1+155 49.7+13.6
Male 367 (67.1%) 129 (94.2%)9 * t1 *** 38 (79.2%) 11 * 201 (56.0%) 3 {100%)
ALT (IUMNS 2553+1563 2289+1069 2557+1412 2342+1728 3333+2406
T-Bil (mg/dl}§ 7.82+6.7 96+7611* 7.7+74 7.1%6.2 9.0+25
PT {%)§ 74.6+22.6 75.2+15.9 73.8+245 747245 15.8+%
Severe hepatitis 34 (6.2%) 4 (2.9%) 4 (8.3%) 26 (7.2%) 0 {0.0%)
Fulminant hepatitis 10 (1.8%) 0 (0.0%) 1{2.1%) 8 (2.2%) 1 (33.3%)
Mortality 8 (1.5%) 0 (0.0%) 1{2.1%) 7 (1.9%) 0 {0.0%)
HBsAg persisting >6 months 5/514 (1.0%) 5/123 (4.1%)t1 * 0/46 (0.0%) 0/342 (0%) 0/3 (0.0%)

PreC/CP mutations
PreC
cP
PreC and/or CP
Transmission route
Homosexual
Heterosexual
Medical procedure
Other
Undetermined
Anti-HIV

43/461 (9.3%)
69/461 (15.0%)
92/461 {20.0%)

32 (5.9%)
217 (39.5%)
16 (2.9%)

10 (1.8%)
272 (49.7%)
14/53 (26.4%)

1/109 (0.9%)9 * 1 *
3/109 (2.8%)tt ***
4/109 (3.7%)9 * +1 ***

29 (21.2%)q ** t1 ***
52 (38.0%)

2 (1.5%)

1 (0.7%)

53 (38.7%)11 *

11/35 (31.4%)

6/39 (15.4%)

34/310 (11.0%)

2/3 (66.7%)

0/39 (0.0%) 11 * 63/310 (20.3%) 3/3 (100%)
6/39 (15.4%) 79/310 (25.5%) 3/3 (100%)
0 {0.0%) 3 (0.8%) 0 (0.0%)
25 (52.1%) 139 (39.6%) 1 (33.3%)
2 (4.2%) 12 (3.3%) 0 (0.0%)
1(2.1%) 7 (1.9%) 1 (33.3%)
20 (41.7%) 198 (55.2%) 1 (33.3%)
0/3 (0.0%) 3/15 (20.0%) 0/0

Values are mean==SD or number {%).
10ne patient with genotype A was simultaneously infected with genotype G.
$Each patient was infected with genotype D, E or H.

§Highest values during the clinical course are shown for ALT and T-Bil, and lowest values for PT.

Statistical analysis was performed to compare genotypes A, B and C.
9Significantly different compared with genotype B.

1 1Significantly different compared with genotype C.

*p<0.05, **p<0.001, ***p<0.0001.

$3Data from the patient with genotype E only.

ALT, alanine aminotransferase; CP, core promoter; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PreC, precore; PT, prothrombin time; T-Bil, total bilirubin.

for 6% (9/150) in the 1st period, 15.4% (19/123) in the 2nd, and
39.4% (89/226) in the 3rd, with significant differences between
1st and 2nd (p<0.05), 2nd and 3rd (p<0.0001), and 1st and 3rd
(p<0.0001). Conversely, AHB associated with genotype C
decreased through three periods with significant differences,
while AHB associated with genotype B did not change
appreciably.

On the basis of these results, the yearly incidence in each of
the three 6-year periods is calculated to be: 25.0 cases including
1.5 with genotype A in the 1st period; 20.5 cases including 3.2
with genotype A in the 2nd; and 37.7 cases including 14.8 with
genotype A in the 3rd. Hence, the incidence of AHB had not
changed markedly over the 12 years from 1991 to 2002, but
increased thereafter until 2008. Of the increment in the 3xd
period of 17.2 (37.7 minus 20.5) cases, there were 11.6 (14.8
minus 3.2) with genotype A; they accounted for 67% (11.6/17.2)
of the recent increase in AHB.

Regional distributions and longitudinal changes in genotype A

Among the 183 patients from the capital region, the genotype
was A in 65 (35.5%), B in 22 (12.0%), C in 94 (51.4%), E in one
(0.5%), and H in one (0.5%) (table 2). Of the remaining 364
(66.5%) patients from other regions, by contrast, the genotype
was A in 72 (19.8%), B in 26 (7.1%), C in 265 (72.8%), and D in
one (0.3%). Genotype A was significantly more common in the
capital than in other regions (35.5% vs 19.8%, p<0.0001). In the
capital region, genotype A accounted for 4.8% (2/42) in the 1st
period, 29.83% (12/41) in the 2nd, and 50.0% (42/84) in the 3rd.
There were significant differences between the 1st and 2nd
periods (p<0.05), 2nd and 3rd (p<0.05), and 1st and 3rd
(p<0.0001). In other regions, by contrast, genotype A accounted
for 6.5% (7/108) in the 1st period, 8.5% (7/182) in the 2nd, and
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33.1% (47/142) in the 3rd. For the first time in other regions,
genotype A increased in the 3rd period, in comparison with the
Ist and 2nd (Ist vs 3rd, p<0.0001; 2nd vs 3rd, p<0.0001).

Subgenotypes of genotype A

Of the 137 genotype A isolates, amplification and sequencing of
HBV DNA were feasible in 114 (83.2%); the isolate from the
single patient with genotypes A and G was excluded. A phylo-
genetic tree was constructed, on the entire preS1/52/S genes of
~1.2 kb, for these 114 isolates along with 34 genotype A isolates
retrieved from the database (figure 3).

Of the 114 isolates in this study, 101 (88.6%) were subgeno-
type A2, and the remaining 13 (11.4%) were subgenotype Al. In
a pair-wise comparison, the sequence divergence among the 101
subgenotype A2 isolates was 0~1.3%, and that among the 13
subgenotype Al isolates spanned 0% to 2.3%. The sequence
divergence between subgenotype A2 and Al isolates ranged from
2.6% to 4.7%.

A sequence of 1203 nucleotides was possessed in common by
three of the 101 (3%) isolates of subgenotype A2. For conve-
nience, the group comprising these three isolates was labelled
‘identical group I'. Likewise, an additional six ‘identical groups’
were found, and numbered from ‘I’ to “VII'. They comprised 35
(35%), seven (7%), two (2%), three (3%), 12 (12%) and three
(8%) of the 101 isolates of subgenotype A2. In contrast, only one
identical group, designated ‘VIII', was constructed by three of
the 13 (23%) isolates of subgenotype Al.

Some isolates of subgenotype Al and A2 were obtained from
patients who had travelled to foreign countries in the recent past
(6/13 (38.5%) patients with Al to Africa, Philippines, Myanmar
and China; and 5/101 (5.0%) patients with A2 to Europe,
Thailand, Brazil and the USA).

Tamada Y, Yatsuhashi H, Masaki N, et al. Gut (2011). doi:10.1136/gutjnl-2011-300832
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Figure 2 Distribution of hepatitis B

virus (HBV) genotypes in three periods. ' p<0.0001 ‘ Genotypes
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Subgenotypes of genotype B

Of the 48 isolates of genotype B, subgenotyping was feasible in
43 (90.0%). A phylogenetic tree was constructed on preS1/52/S-
gene sequences from these 43 isolates, along with those from 25
isolates of genotype B retrieved from the database (figure 4). Of
the 43 isolates in this study, 10 (23.3%) were subgenotype B1, 28
(65.1%) were B2, two (4.7%) were B3, and three (7.0%) were B4.
In a pair-wise comparison, the sequence divergence among 10
subgenotype Bl isolates ranged from 0.4% to 1.4%, and that
among 28, two and three isolates of subgenotypes B2, B3 and
B4 spanned 0~1.7%, 0.5% and 0.6—0.8%, respectively. The
inter-subgenotype divergence among B1—B4 ranged from 0.6%
to 4.4%.

One ‘identical group’ made up of five isolates was detected
among the 28 of subgenotype B2; it was named ‘TX’. In contrast,
no ‘identical group’ was found in 10, two or three isolates of
subgenotype B1, B3 or B4.

Some isolates of subgenotypes B2, B3 and B4 were obtained
from patients who had travelled to foreign countries in the
recent past (7/28 (25.0%) patients with B2 to China and other
countries; 1/2 (50.0%) patients with B3 to a country unknown;
and 1/3 (33.3%) patients with B4 to Vietnam). However, none of
the 10 subgenotype B1 isolates was associated with travel to
foreign countries.

39.4

{123 Patients) (226 Patients} {48 Patients)
1997-2002 2003 2008 2009
2nd Period 3rd Period

Identical groups
The proportion of isolates that shared a sequence in identical
groups was higher for subgenotype A2 (64.4%) than for Al, B1,
B2, B3 or B4 (23.1%, 0%, 17.9%, 0% or 0%, respectively (A2 vs
Al, p<0.001; A2 vs B1, p<0.0001; A2 vs B2, p<0.0001)).
Homosexual activity was more common in patients belonging
to the seven identical groups than the non-identical group of
subgenotype A2 (17/65 (26.2%) vs 3/36 (8.3%), p<0.05). Among
the isolates in the seven identical groups of subgenotype A2,
those in groups I, Il and VII clustered locally during short
periods of 2—7 years. In contrast, subgenotype A2 isolates in
groups II and VI were scattered widely over longer periods of
11—-16 years.

DISCUSSION

In Japan, as in most Asian countries, the persistent HBV carrier
state had been established mainly through perinatal trans-
mission from mother to baby and horizontal infection during
infancy. In 1986, a national prevention programme was
launched in Japan with selective vaccination of babies born to
carrier mothers with hepatitis B e antigen (HBeAg). In 1995, this
was extended to babies born to HBeAg-negative carrier mothers.
As a result, the prevalence of HBsAg among younger people born
since 1986 has decreased dramatically.”® ?° However, there are an

Table 2 Changes in the distribution of genotype A compared between the capital region and other regions over three periods

1st Period

Area n (19911996}

2nd Period
(1997—2002)

3rd Period

(2003-2008) 2009

65/183 (35.5%)***
72/364 (19.8%)
137/547 (25.0%)

2/42 (4.8%)F* §***
7/108 (6.5%)§***
9/150 (6.0%)F* §***

Capital region
Other regions
Total

12/41 (29.3%)t* §*
7/82 (8.5%)8***
19/123 (15.4%) §***

42/84 (50.0%)1*
47/142 (33.1%)
89/226 (39.4%)

9/16 (56.3%)
11/32 (34.4%)
20/48 (41.7%)

Statistical analysis of the differences between the capital and other regions was performed, as well as through the 1st, 2nd and 3rd periods.

tSignificantly different compared with other regions.
$Significantly different compared with the 2nd period.
§Significantly different compared with the 3rd period.
*p<0.05, ***p<0.0001.
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Figure 3 Phylogenetic analysis of
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estimated one million HBV carriers in Japan at present.*’
Furthermore, many Japanese remain at increased risk of hori-
zontal infection with HBV, because they have not received
selective vaccination and therefore do not have the antibody to
HBsAg. Because AHB is extremely under-reported and no
national surveillance data are available in Japan, the incidence
has not been determined accurately. In the USA, the incidence of
AHB has decreased markedly since the adoption of a compre-
hensive immunisation strategy in 1991.3! 32

In the present study over 1991-2009, we conducted
a nationwide, sentinel surveillance on AHB in Japan. In the 547
patients recruited over 19 years, genotype C was the most
prevalent (65.6%), followed by genotype A (25.0%) and geno-
type B (8.8%). Demographic and clinical differences were
observed among patients with genotypes A, B and C (table 1).

6 of 9

The proportion of men reached 94.2% for genotype A infection,
higher than that for genotype B (79.2%) or C (56.0%) infection.
In the analysis of the route of transmission, homosexual activity
was reported by 21.2% of patients with genotype A; all were
male. In general, sexual activity tends to be higher in men than
women. The predominance of genotype A in men may be
attributable to a high frequency of homosexual activity among
men.

Although adult-acquired HBV infection persists at a high
frequency of ~10% in European countries and the USA* it
rarely, if ever, becomes chronic in Japan. Recent studies suggest
that the chance of a chronic outcome of AHB may differ by HBV
genotype®* 3 it is more common for genotype A than other
genotypes.?? % 3¢ In the present study, HBV infection persisted
in 4.1% of patients with genotype A, in comparison with 0% of

Tamada Y, Yatsuhashi H, Masaki N, et al. Gut {2011). doi:10.1136/gutjnl-2011-300832
147



Downloaded from gut.bmj.com on November 8, 2011 - Published by group.bmj.com

Figure 4 Phylogenetic analysis of
genotype B strains by the neighbour-
joining method. Hepatitis B virus (HBV)
isolates obtained in the present study
are specified in the same manner as in
figure 3, and isolates with an identical
sequence are bracketed in ‘Identical
group IX' on the tree. Of them, 10
reference isolates of subgenotype B1
and 13, two and two of those of B2, B3
and B4, respectively, were retrieved
from the database; they are specified as
in figure 3.
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those with genotype C. Remarkably, all five patients with AHB
who acquired chronic infection possessed HBV genotype A,
either alone (four patients) or together with HBV genotype G
(one). Increasing genotype A infections may have changed the
genotype distribution in patients with AHB and those with
chronic HBV infection. In Japanese patients with chronic
hepatitis B, the proportion of genotype A has doubled, from
1.7% in 1999—2000 to 3.5% in 2005-2006."

The genotype was A in 29 of the 32 (91%) homosexual men.
Of the 29 homosexuals with genotype A, 10 gave consent to
anti-HIV testing, and four of these (40%) were found to be
positive. Of the five patients who acquired chronic HBV infec-
tion, anti-HIV was tested in four (three with genotype A and
one with genotypes A and G), and one with genotype A was
found to be positive. There is a possibility that co-infecting HIV
in this patient with genotype A may have promoted chronic
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HBV infection; HIV is known to prolong and aggravate HBV
infection by compromising immune responses. 8

Patients with FH in this study were infected with either HBV
genotype B (1/48 (2.1%)) or C (8/359 (2.2%)); no patients with
genotype A developed FH. PreC and/or CP mutations were
significantly less common in genotype A (1/109 (3.7%)) than B
(6/39 (15.4%)) or C (279/310 (5.5%)) infection. The single
patient with genotype A who had PreC mutation was simul-
taneously infected with HBV genotype G. There is a possibility
that the PreC mutation in this patient was from HBV genotype
G.%° FH did not develop in any patients with genotype A,
which may be attributable, at least in part, to the lack of PreC
mutation in genotype A infections.®

Previous reports have shown that genotype A is common in
patients with AHB in Metropolitan Tokyo, 2’ 2! 40 as well as
around Aichi located in the middle of Mainland ]apan22
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Yotsuyanagi ez al*® reported that genotype A is more common in
patients with AHB in the metropolitan region than in other
regions. Sugauchi er a/*! found that, in patients with AHB, the
proportion. with genotype A has increased over time. The
present study indicates that the number of patients with AHB
in Japan would not have decreased. We found that the propor-
tion of patients with genotype A infection is increasing in the 28
national hospitals in Japan (6.0% in the 1st period, 15.4% in the
2nd, and 39.4% in the 3rd (figure 2)), with the prevalence
much higher in the capital than other regions (35.5% vs 19.8%
(table 2)).

In this study, there was a time lag in the increase in genotype
A infection between the capital region and other regions of
Japan (table 2). In the capital region, the prevalence of genotype
A started to increase in the late 1990s, and kept increasing
through the early 2000s (4.8% in the 1st period, 29.3% in the
2nd, 50.0% in the 3rd, and 56.3% in 2009). In other regions, by
contrast, the frequency of genotype A did not change during the
late 1990s, and increased significantly in the 2000s (6.5% in the
1st period, 8.5% in the 2nd, 33.1% in the 3rd, and 34.4% in
2009). Thus infiltration of genotype A infection into other
regions occurred 5-6 years behind the epidemic in the capital
region. This indicates that genotype A infection originated in the
capital region and then spread to other areas of Japan.

Some genotypes are classified into several subgenotypes, and
they have distinct geographical distributions.*> Hence, subge-
notypes are useful in tracing the route of HBV infection. By
phylogenetic analysis (figures 3 and 4), 88.6% of genotype A
isolates had the European—American type (A2), and the
remaining 11.4% possessed the Asian—African type (Al1). Like-
wise, 76.7% of genotype B isolates had Asian types (B2—B4), and
the remaining 23.3% possessed the type endemic to Japan (B1).
Of the 157 HBV isolates of genotype A or B, 147 (93.6%) had
subgenotypes foreign to Japan. They are thought to have been
transmitted from foreign sex workers, and spread among certain
populations who share particular sexual behaviours in Japan.*!

Of note, some HBV isolates of distinct subgenotypes
possessed an identical sequence in the preS1/52/S gene. The
isolates of subgenotype A2 were prominent in this regard, and
more often had the same sequence than those of other subge-
notypes, such as Al, Bl and B2. The high prevalence of subge-
notype A2 isolates with an identical sequence would not have
been caused by cross-contamination. If cross-contamination had
occurred, it would have affected isolates of all subgenotypes, and
not influenced subgenotype A2 isolates preferentially. As many
as 35% of subgenotype A2 isolates had an identical sequence,
and those with the same sequence increased to 56.3% in the
recent 2009 survey in Metropolitan Tokyo. Furthermore, some
subgenotype A2 isolates in groups I, III and VII clustered locally
within short periods, whereas others in groups II and VI were
scattered widely over a long period of time. On the basis of these
results, it is tempting to speculate that some subgenotype A2
strains would have been transmitted from person to person
without undergoing mutations for many years.

In summary, the present study indicates the following. (1)
AHB in the 28 national hospitals in Japan has not decreased,
because genotype A infections are increasing. (2) Genotype A
infections started to increase in the capital region, and then
spread to local areas 56 years later. (3) Approximately 90% of
genotype A in patients with AHB is subgenotype A2. (4)
Subgenotype A2 strains with an identical sequence are spreading
among younger generations with high sexual activity. (5) On the
basis of the results obtained, AHB in Japan is not decreasing,
because HBV of subgenotype A2 is prevailing in particular
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subpopulations at high risk. Finally, in order to prevent further
increases in AHB in Japan, universal vaccination of young people
deserves consideration.

Author affiliations

'Clinical Research Center, NHO Nagasaki Medical Center, Nagasaki, Japan
ZDepartment of Hepatology, Nagasaki University Graduate School of Biomedical
Sciences, Nagasaki, Japan

3National Center for Global Health and Medicine, Tokyo, Japan

NHO Kyushu Medicat Center, Fukuoka, Japan

SNHO Osaka National Hospital, Osaka, Japan

®NHO Yokohama Medical Center, Kanagawa, Japan

'NHO Sagamihara Hospital, Kanagawa, Japan

8NHO Oita Medical Center, Oita, Japan

NHO Nagoya Medical Center, Aichi, Japan

1ONHO Osaka-Minami Medical Center, Osaka, Japan

"INHO Kokura Medical Center, Fukuoka, Japan

2NHO Sendai Medical Center, Miyagi, Japan

3NHO Kyoto Medical Center, Kyoto, Japan

“NHO Tokyo Medical Center, Tokyo, Japan

'SNHO Kure Medical Center and Chugoku Cancer Center, Hiroshima, Japan
"NHO Kanazawa Medical Center, Ishikawa, Japan

Y"NHO National Disaster Medical Center, Tokyo, Japan

®Miyakawa Memorial Research Foundation, Tokyo, Japan

Acknowledgements We thank participating physicians (MD) in the JNHAHSG for
collaborating, with data and sample collection: Hideo Nishimura, Asahikawa Medical
Center; Yukio Ohhara, Hokkaido Medical Center; Masakazu Kobayashi, and the late
Takeshi Sodeyama, Matsumoto Medical Center; Fujio Makita, Nishigunma Hospital;
Takeo Saoshiro, and Akira Saito, Nishisaitama-Chuo Hospital; Michiyasu Yagura, and
the late Hideharu Harada, Tokyo Hospital; Keiichi Hirata, National Disaster Medical
Center; Yoko Nakamura, Sagamihara Hospital; the late Hideo Morimoto, Kanazawa
Medical Center; Noboru Hirashima, Higashi Nagoya National Hospital; Michio Kato,
Osaka National Hospital; Tetsuo Yamamoto, Yonago Medical Center; Haruhiro
Yamashita, Okayama Medical Center; Hirotaka Kouno and Eiichi Takezaki, Kure
Medical Center and Chugoku Cancer Center; Toru Hayashi, and Shuji Oda, Zentsuji
Hospital; Akihide Masumoto, Kokura Medical Center; Hironori Sakai, Beppu Medical
Center; Koichi Honda, Oita Medical Center; Kazuhiro Sugi, Kumamoto Medical
Center; Michiaki Koga, and Hiroaki Kawasoe, Ureshino Medical Center; Michitami
Yano, and Manabu Daikoku, Nagasaki Medical Center. All the hospitals belong to
National Hospital Organization (NHO). We appreciate the excellent technical
assistance of Ms Rumiko Hamada, Ms Yuka Jiuchi, Ms Mika Fukuda and Ms Rumiko
Nakao. Finally, we express our deep gratitude to the late Dr Koji Yano {Nagasaki
Medical Center) for his contribution to the design and coordination of this study, and
we dedicate this article to him.

Funding This study was supported by a grant-in-aid from the National Hospital
Organization (grant number H21-NHO({Kan)-03).

Competing interests None.
Ethics approval Approved by the ethics committee of each institution.

Contributors YT, HY and HI designed data collection tools, monitored data collection
for the whole study, wrote the statistical analysis plan, cleaned and analysed the data.
YT, HY and YM drafted and revised the paper. HY, NM, MN, EM, TK, YW, TM, MS,
TH, TS, YM, TK, MT, HK, HO, SH and SA collaborated in data and sample collection.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1. Arauz-Ruiz P, Norder H, Robertson BH, et al. Genotype H: a new Amerindian
genotype of hepatitis B virus revealed in Central America. J Gen Viro/
2002;83:2059—73.

2. Norder H, Courouce AM, Magnius LO. Complete genomes, phylogenetic
relatedness, and structural proteins of six strains of the hepatitis B virus, four of
which represent two new genotypes. Virology 1994;198:489—503.

3. Okamoto H, Tsuda F, Sakugawa H, et al. Typing hepatitis B virus by homolagy in
nucleotide sequence: comparison of surface antigen subtypes. J Gen Virol
1988;69:2575—83.

4. Olinger CM, Jutavijittum P, Hubschen JM, et al. Possible new hepatitis B virus
genotype, southeast Asia. Emerg Infect Dis 2008;14:1777—80.

5. Stuyver L, De Gendt S, Van Geyt C, et al. A new genotype of hepatitis B virus:
complete genome and phylogenetic relatedness. J Gen Viro/ 2000;81:67—74.

6. Tran TT, Trinh TN, Abe K. New complex recombinant genotype of hepatitis B virus
identified in Vietnam. J Virol 2008;82:5657—63.

7. Tatematsu K, Tanaka Y, Kurbanov F, et al. A genetic variant of hepatitis B virus
divergent from known human and ape genotypes isolated from a Japanese patient
and provisionally assigned to new genotype J. J Viro/ 2009;83:10538—47.

Tamada Y, Yatsuhashi H, Masaki N, et al. Gut (2011). doi:10.1136/gutjnl-2011-300832
149 —



Downloaded from gut.bmj.com on November 8, 2011 - Published by group.bmj.com

20.

21.

22.

23.

24.

25.

Chu CJ, Lok AS. Clinical significance of hepatitis B virus genotypes. Hepatology
2002;35:1274—6.

Kao JH. Hepatitis B viral genotypes: clinical relevance and molecular characteristics.
J Gastroenterol Hepatol 2002;17:643—50.

Miyakawa Y, Mizokami M. Classifying hepatitis B virus genotypes. Intervirology
2003;46:329-38.

Kimbi GC, Kramvis A, Kew MC. Distinctive sequence characteristics of subgenotype
A1 isolates of hepatitis B virus from South Africa. J Gen Virol 2004;85:1211—20.
Kramvis A, Weitzmann L, Owiredu WK, et al. Analysis of the complete genome of
subgroup A" hepatitis B virus isolates from South Africa. J Gen Viro/ 2002;83:835—3.
Sugauchi F, Kumada H, Acharya SA, et al. Epidemiological and sequence
differences between two subtypes (Ae and Aa) of hepatitis B virus genotype A. J
Gen Virol 2004;85:811—20.

Sugauchi F, Kumada H, Sakugawa H, et al. Two subtypes of genotype B (Ba and Bj)
of hepatitis B virus in Japan. Clin Infect Dis 2004;38:1222—8.

Sugauchi F, Orito E, Ichida T, et af. Epidemiclogic and virologic characteristics of
hepatitis B virus genotype B having the recombination with genotype C.
Gastroenterology 2003;124:925—32.

Tanaka Y, Orito E, Yuen MF, et al. Two subtypes (subgenotypes) of hepatitis B virus
genotype C: a novel subtyping assay based on restriction fragment length
polymorphism. Hepato! Res 2005;33:216—24.

Akuta N, Suzuki F, Kobayashi M, et al. The influence of hepatitis B virus genotype on
the development of lamivudine resistance during long-term treatment. J Hepato/
2003;38:315—21.

Tanaka Y, Hasegawa |, Kato T, et al. A case-control study for differences among
hepatitis B virus infections of genotypes A {subtypes Aa and Ae) and D. Hepatology
2004;40:747—55.

Orito E, Ichida T, Sakugawa H, et al. Geographic distribution of hepatitis B virus
(HBY) genotype in patients with chronic HBV infection in Japan. Hepatalogy
2001;34:590—4.

Kobayashi M, Arase Y, lkeda K, et al. Viral genotypes and response to interferon in
patients with acute prolonged hepatitis B virus infection of adulthood in Japan.

J Med Virol 2002;68:522—8.

Ogawa M, Hasegawa K, Naritomi T, et al. Clinical features and viral sequences of
various genotypes of hepatitis B virus compared among patients with acute hepatitis
B. Hepatol Res 2002;23:167—77.

Takeda Y, Katano Y, Hayashi K, et al. Difference of HBV genotype distribution
between acute hepatitis and chronic hepatitis in Japan. Infection 2006;34:201—7.
Yotsuyanagi H, Okuse C, Yasuda K, et al. Distinct geographic distributions of
hepatitis B virus genotypes in patients with acute infection in Japan. J Med Viro/
2005;77:39—46.

Kato H, Orito E, Sugauchi F, et a/. Frequent coinfection with hepatitis B virus strains
of distinct genotypes detected by hybridization with type-specific probes immobilized
on a solid-phase support. J Virol Methods 2003;110:29—35.

Orito E, Mizokami M, Sakugawa H, et al. A case-control study for clinical and
molecular biological differences between hepatitis B viruses of genotypes B and C.
Japan HBV Genotype Research Group. Hepatology 2001;33:218—23.

26.
27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

39.

40.

41.

42.

Tamada Y, Yatsuhashi H, Masaki N, et al. Gut (2011). doi:10.1136/gutjnl-2011-300832

150 —

Kato H, Orito E, Gish RG, et al. Hepatitis B e antigen in sera from individuals infected
with hepatitis B virus of genotype G. Hepatology 2002;35:922—9.

Sugiyama M, Tanaka Y, Sakamoto T, et al. Early dynamics of hepatitis B virus in
chimeric mice carrying human hepatocytes monoinfected or coinfected with
genotype G. Hepatology 2007,45:929—37.

Koyama T, Matsuda |, Sato S, et al. Prevention of perinatal hepatitis B virus
transmission by combined passive-active immunoprophylaxis in lwate, Japan
(1981—1992) and epidemiological evidence for its efficacy. Hepato/ Res
2003;26:287—92.

Noto H, Terao T, Ryou S, et al. Combined passive and active immunoprophylaxis for
preventing perinatal transmission of the hepatitis B virus carrier state in Shizuoka,
Japan during 1980—1994. J Gastroenterol Hepatol 2003;18:943—9.

Tanaka J, Kumagai J, Katayama K, et al. Sex- and age-specific carriers of hepatitis
B and C viruses in Japan estimated by the prevalence in the 3,485,648 first-time
blood donors during 1995—2000. /ntervirology 2004;47:32—40.

Daniels D, Grytdal S, Wasley A. Surveillance for acute viral hepatitis—United
States, 2007. MMWR Surveill Summ 2009;58:1—27.

Goldstein ST, Alter MJ, Williams IT, et al. Incidence and risk factors for acute
hepatitis B in the United States, 1982—1998: implications for vaccination programs.
J Infect Dis 2002;185:713—19.

Sherlock S. The natural history of hepatitis B. Postgrad Med J 1987;63 Suppl
2711,

Mayerat C, Mantegani A, Frei PC. Does hepatitis B virus (HBV) genotype influence
the clinical outcome of HBV infection? J Viral Hepat 1999;6:299—304.

Hayashi K, Katano Y, Takeda Y, et al. Association of hepatitis B virus subgenotypes
and basal core promoter/precore region variants with the clinical features of patients
with acute hepatitis. J Gastroenterol 2008;43:558—64.

Ozasa A, Tanaka Y, Orito E, et al. Influence of genotypes and precore mutations on
fulminant or chronic outcome of acute hepatitis B virus infection. Hepatology
2006;44:326—34.

Matsuura K, Tanaka Y, Hige S, et af. Distribution of hepatitis B virus genotypes
among patients with chronic infection in Japan shifting toward an increase of
genotype A. J Clin Microbiol 2009;47:1476—83.

Bodsworth NJ, Cooper DA, Donovan B. The influence of human immunodeficiency
virus type 1 infection on the development of the hepatitis B virus carrier state.

J Infect Dis 1991;163:1138-—40.

Li JS, Tong SP, Wen YM, et al. Hepatitis B virus genotype A rarely circulates as an
HBe-minus mutant: possible contribution of a single nucleotide in the precore region.
J Virol 1993;67:5402—10.

Suzuki Y, Kobayashi M, lkeda K, et al. Persistence of acute infection with hepatitis B
virus genotype A and treatment in Japan. J Med Virol 2005;76:33—9.

Sugauchi F, Orito E, Ohno T, et a/. Spatial and chronological differences in hepatitis
B virus genotypes from patients with acute hepatitis B in Japan. Hepato! Res
2006;36:107—14.

Norder H, Courouce AM, Coursaget P, et al. Genetic diversity of hepatitis B virus
strains derived worldwide: genotypes, subgenotypes, and HBsAg subtypes.
Intervirology 2004;47:289—309.

9of 9



J Gastroenterol (2012) 47:169-178
DOI 10.1007/500535-011-0466-y

Dynamics of regulatory T cells and plasmacytoid dendritic cells
as immune markers for virological response in pegylated
interferon-a and ribavirin therapy for chronic hepatitis C patients

Tatsuya Kanto + Michiyo Inoue - Tsugiko Oze - Masanori Miyazaki + Mitsuru Sakakibara + Naruyasu Kakita *
Tokuhiro Matsubara - Koyo Higashitani - Hideki Hagiwara - Sadaharu lio - Kazuhiro Katayama -
Eiji Mita - Akinori Kasahara - Naoki Hiramatsu - Tetsuo Takehara - Norio Hayashi

Received: 4 July 2011/ Accepted: 3 August 2011 /Published online: 27 September 2011

© Springer 2011

Abstract

Background For the treatment of chronic hepatitis C, a
combination of pegylated interferon-o (PEG-IFNa) and
ribavirin has been widely used as a standard of care.
Enhancement of immune response against hepatitis C virus
(HCV) is known to be involved in the efficacy of the
combination therapy. Our aim was to elucidate whether or
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not the frequency or function of blood cells is related to the
outcome of the therapy.

Methods Sixty-seven chronic hepatitis C patients with
high viral load of HCV genotype 1 infection who under-
went 48 weeks of PEG-IFNu2b and ribavirin therapy were
examined. During the treatment, frequencies of myeloid or
plasmacytoid dendritic cells, Thl, Th2 cells, NK cells, and
regulatory T cells were phenotypically determined.
Results Among the patients enrolled, 29 showed a sus-
tained virological response (SVR), 18 a transient response
(TR) and 17 no response {NR). The clinical and immuno-
logical markers were compared between the SVR and non-
SVR patients, including TR and NR. Based on clinical,
histological, immunological parameters, and cumulative
dosage of PEG-IFNo2b and ribavirin, multivariate analyses
revealed that higher platelet counts and higher regulatory T
cell frequency at week 12 are indicative of SVR. Even in
patients who attained complete early virological response
at week 12, multivariate analyses disclosed that higher
platelet counts and higher plasmacytoid dendritic cell fre-
quency are indicative of SVR.

Conclusions In PEG-IFNo and ribavirin combination
therapy for chronic hepatitis C patients, the increments of
regulatory T cells and plasmacytoid dendritic cell fre-
quency are independently related to favorable virological
response to the therapy.

Keywords Early virological response - Plasmacytoid
dendritic cells - Regulatory T cells
Introduction

Hepatitis C virus (HCV) is one of the major causative
agents of chronic liver diseases and hepatocellular
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carcinoma (HCC) in the world [1, 2]. In order to prevent
the development of HCV-induced liver diseases, eradica-
tion of HCV from infected patients may be required. For
the treatment of chronic hepatitis C, a combination of
pegylated interferon-a (PEG-IFNe) and ribavirin treatment
has been used as a standard of care (SOC) [3, 4]. However,
in patients with HCV genotype 1 and high viral load,
approximately 50% of them are able to clear the virus by
48 weeks of SOC [5, 6]. In addition to HCV genotype and
quantity, several demographic factors have been reported
as therapeutic determinants in PEG-IFNa and ribavirin
therapy, such as age, gender, ethnicity, and liver fibrosis
[S, 6]. In addition, it is accepted that initial changes of serum
HCV RNA titer from the beginning of the therapy, i.e.,
early virological response (EVR), correlate well with the
clinical outcomes of the treated patients [5, 7]. It has been
reported that the patients who fail to clear HCV at week 24
are not likely to attain SVR after 48 weeks of the therapy,
suggesting that non-EVR can serve as a negative predictor
of SVR [8]. Even in patients who attained EVR, 30% of
them eventually relapse during the 48 weeks of therapy.
Prolongation of the duration of PEG-IFNa and ribavirin
therapy from 48 to 72 weeks is recommended to improve
the SVR rate by decreasing relapsers [9]. Thus, identifying
potential relapsers during therapy and providing additional
weeks of treatment may be clinically important, because it
can offer them a better chance of attaining SVR.

In chronic hepatitis C, multifaceted immune dysfunction
may be implicated in the persistence of HCV including den-
dritic cells (DC), NK cells, and T cells [10, 11]. Some inves-
tigators have reported that the dynamics of immune cells
throughout the therapy are involved in the efficacy of PEG-
IFNa and ribavirin. In chronic HCV infection, the enhance-
ment of HCV-specific Thl response or DC function has been
reported to be involved in therapeutic HCV eradication [12,
13]. We have previously demonstrated that plasmacytoid
dendritic cell (PDC) frequency and DC function are involved
in HCV eradication in patients who underwent 48 weeks of
PEG-IFNa and ribavirin therapy [14]. These reports have
supported the possibility that the enhancement of certain
immune responses is a prerequisite for therapeutic HCV
clearance. However, one of the limitations of these studies is
that the conclusions were drawn from relatively small num-
bers of patients and evaluated by univariate analysis. There-
fore, multivariate analyses are arguably required in order to
validate the significance or independence of immune cell
markers in the therapeutic efficacy.

In this study, we have extended our investigation to
elucidate whether or not the dynamics of immune cells are
involved in therapeutic outcomes. Consequently, the
independent significance of regulatory T cell or plasma-
cytoid DC frequency is revisited in the efficacy of PEG-
IFNa and ribavirin therapy for chronic hepatitis C patients.

@ Springer

Materials and methods
Subjects

Among chronic hepatitis C patients who had been followed
at Osaka University Hospital, Osaka Kosei-nenkin Hospi-
tal, Higashi Osaka Municipal Hospital, and Osaka National
Hospital, 67 patients who received PEG-IFNo2b and
ribavirin combination therapy for 48 weeks were enrolled
in the present study. The study was approved by the ethics
committee of the Osaka University Graduate School of
Medicine and all the hospitals listed above (approval no.
08156). Written informed consent was obtained from all
patients. At enrollment, the patients were confirmed to be
positive for both serum anti-HCV antibody (Ab) and HCV
RNA, but were negative for hepatitis B virus and human
immunodeficiency virus. All of them were infected with
HCYV genotype 1b with serum HCV RNA quantity of more
than 100 kilo international units (KIU)/ml, as determined
by methods described elsewhere [15]. All patients had
shown persistent or fluctuating serum alanine aminotrans-
ferase (ALT) abnormalities at enrollment. The presence of
other causes of liver disease, such as autoimmune, alco-
holic, and metabolic disorders was excluded by laboratory
and imaging analyses. A combination of biochemical
markers and ultrasonography (US) or computed tomogra-
phy scan analyses ruled out the presence of cirrhosis and
tumors in the liver in all patients. Histological analyses of
liver disease were performed with liver tissue obtained by
US-guided biopsy. The activity and stage of the disease
were assessed by two independent pathologists according
to the METAVIR scoring system [16].

Treatment

All patients were treated with PEG-IFN«2b subcutaneously
at a dose of 75 pg/week (body weight >40 and <60 kg),
105 ng/week (body weight >60 and <80 kg), or 135 pg/
week (body weight >80 and <100 kg) and oral ribavirin at
a dose of 600 mg/day (body weight >40 and <60 kg),
800 mg/day (body weight >60 and <80 kg), or 1000 mg/
day (body weight >80 and <100 kg). Ribavirin was
administered divided into two doses per day. All patients
were treated for 48 weeks and followed for 24 weeks after
the cessation of therapy.

Dose reduction of PEG-IFN« and ribavirin

Dose modification followed, as a rule, the manufacturer’s
drug information according to the intensity of the hema-
tological adverse effects. The dose of PEG-IFNa2b was
reduced to 50% of the assigned dose if the white blood
cell (WBC) count declined to less than 1500/mm?>, the
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neutrophil count to less than 750/mm°, or the platelet (PIt)
count to less than 8 x 10*/mm?, and was discontinued if
the WBC count declined to less than 1000/mm?, the neu-
trophil count to less than 500/mm?>, or the Plat count to less
than 5 x 10%mm?. Ribavirin was also reduced from 1000
to 600 mg, or 800 to 600 mg, or 600 to 400 mg if the
hemoglobin (Hb) level decreased to less than 10 g/dl, and
was discontinued if the Hb level decreased to less than
8.5 g/dl. Both PEG-IFNo2b and ribavirin had to be dis-
continued if there was a need to discontinue one of the
drugs. During the therapy, ferric medicine or hematopoietic
growth factors, such as erythropoietin alpha or granulo-
cyte-macrophage colony-stimulating factor were not
administered.

Quantification of HCV RNA and assessment
of virological response

Serum HCV RNA titers were quantified using the COBAS
AMPLICOR HCV MONITOR Test, version 2.0 (detection
range 6-5000 KIU/ml; Roche Diagnostics, Branchburg,
NJ, USA) and qualitatively analyzed by the COBAS
AMPLICOR HCV Test, version 2.0 (detection threshold
50 1U/ml).

Virological response during and after the therapy was
determined according to the American Association for the
Study of Liver Diseases (AASLD) practice guideline [17].
The complete early virological responders (c-EVR) were
defined as those who showed a reduction in serum HCV
RNA quantity to an undetectable level by qualitative PCR
at week 12 of the therapy. Virological response was esti-
mated at 24 weeks after cessation of the treatment. Sus-
tained virological response (SVR) was defined as the
maintenance of negative serum HCV RNA by PCR for
more than 6 months after completion of the therapy.
Transient response (TR) was defined as the reappearance of
serum HCV RNA within 6 months after cessation of
therapy in patients who had achieved negative serum HCV
RNA at the end of the treatment. No response (NR) meant
that there was persistently positive serum HCV RNA
throughout the therapy period. The non-SVR group com-
prised TR and NR patients.

Assessment of drug exposure

The amounts of PEG-IFN«2b and ribavirin actually taken
by patients during the first 12 weeks of the treatment were
evaluated by reviewing the medical records as reported
previously [18, 19]. The mean doses of both drugs were
calculated individually as averages on the basis of body
weight at baseline. The dose of PEG-IFNu«2b and ribavirin
was expressed as micrograms per kilogram per week and
milligrams per kilogram per day, respectively.

Analysis of DC subsets, helper T cells, NK cells,
and regulatory T cells

For the numerical analyses of blood DC, helper T cells, NK
cells, and regulatory T cells (Tregs), venous blood was
drawn from patients before treatment and at weeks 8, 12,
24, and 48 during the therapy. Blood samples taken from
patients in relevant hospitals were transferred to Osaka
University within 6 h and were processed on the same day.
Peripheral blood mononuclear cells (PBMCs) were col-
lected by density-gradient centrifugation on a Ficoll-Hyp-
aque cushion. After viable PBMCs had been counted, the
cells were stained with combinations of various Abs for
phenotypic markers. All immunological assays were per-
formed in Osaka University.

The following monoclonal antibodies were purchased
from BD Biosciences (San Jose, CA, USA): anti-Lineage
marker [Lin; CD3 (clone SK7), CD14 (clone MP9),
CD16 (clone 3G8), CDI19 (clone SJ25C1), CD20 (clone
L27), and CD56 (clone NCAM16.2)], anti-CD4 (clone
RPA-T4), anti-CD1 1c (clone B-ly6), anti-CD123 (clone 7G3),
anti-CD3 (clone UCHT1), anti-CD45RO (clone UCHL1),
anti-CD56 (clone B159), anti-HLA-DR (clone 1.243), anti-
CCR4 (clone 1G1). The antibodies for CD25 (clone B1.49.9)
and CD4 (clone 1 3B8.2) were purchased from Beckman
Coulter (Fullerton, CA, USA). Anti-CXCR3 (clone 49801)
monoclonal antibodies were purchased from R&D Systems
(Minneapolis, MN, USA). Staining was performed with FITC,
PE, PerCP, and APC conjugated antibodies as described pre-
viously [14]. The acquisitions and analyses of data were per-
formed with FACS Calibur (BD Biosciences) and CellQuest
software.

Blood DCs were defined as Lin~ and HLA-DR™ cells.
Myeloid DCs (MDC) are Lin~, HLA-DR™, CD11c™, and
CD123"Y cells, and plasmacytoid DCs (PDC) are Lin™,
HLA-DR™, CDIlc™, and CD123"2" cells. Helper T cell
subpopulations were defined by the pattern of CXCR3 and
CCR4; Thl cells are CD4*, CD45RO™, and CXCR3™, and
Th2 cells are CD4*, CD45RO*, and CCR4". NK cells
were defined as CD3 ™~ and CD56™ cells. Regulatory T cells
(Tregs) were defined as CD4*+, CD25"&"* cells as reported
previously [20]. The percentages of DC subsets and NK
cells in PBMCs or Thl, Th2 cells and Tregs in CD4" T
cells were determined by FACS. In order to examine the
dynamics of immune cells after initiation of the treatment,
we used the ratio of frequencies at each time point to those
before the therapy [14].

Allogeneic mixed leukocyte reaction with DC
In some patients, we examined whether the allostimulatory

ability of DCs was related to the clinical outcomes. Before,
at the end of treatment, and at week 4 after completion of
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