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Fig. 4 Case presentation of the typical clinical and virological
courses of two representative patients who achieved HBsAg clearance
after VBT occurred. a Patient 1, a 45-year-old man who was
HBeAg+ at baseline and had genotype A. b Patient 2, a 38-year-old
man who was HBeAg+ at baseline and had genotype A. VBT
virological breakthrough

HBsAg clearance in both the HBeAg+ and — cohorts,
whereas the clearance of HBsAg was associated with
previous IFN therapy and the clearance of HBeAg over the
first six months only in the HBeAg+ cohort, and baseline
HBsAg levels only in the HBeAg— cohort.

HBV genotype was recently reported to influence
declines in and the clearance of HBsAg among patients
who underwent PEG-IFN therapy [31]. In one study where
negativity for serum HBV DNA and seroconversion of
HBeAg represented the study end point, genotype was not
found to influence response to NA therapy [31]. However,
other reports have indicated that genotype does impact on
declines in and the clearance of HBsAg [20, 29]. Heathcote
et al. [20] reported that 20 HBeAg+- patients (8 %) who
were treated with tenofovir achieved HBsAg clearance in
three years. Twelve (60 %) of 20 patients were infected
with genotype A and the others with genotype D. In this
study, cumulative HBsAg clearance rates were 15 % at
year 3 in HBeAg+ patients with genotype A. This result
seems to be similar regardless of the antiviral potential.
Previous studies with more ethnically diverse study popu-
lations than ours found that HBsAg clearance rates were
highest in patients with genotype A. The similarity between

those results and ours implies that the HBV genotype is
more influential than ethnicity on HBsAg clearance during
NA therapy. Of 28 genotype A patients in our population,
the majority (79 %) did not have a family history of
infection. Recent work has shown that sexual transmission
of acute HBV genotype A infections is increasing in Japan,
resulting in chronic HBV infection, especially in young
adult patients [32, 33]. Cumulatively, these findings imply
that HBsAg clearance is more likely in genotype A patients
because they have been infected with HBV for a shorter
period of time. Furthermore, Hou et al. [34] demonstrated
that genotype A responded better than other HBV geno-
types to IFN therapy. They revealed that a lower number of
amino acid substitutions at baseline were associated with a
better response to IFN therapy, and that this variable was
linked with HBV genotype A, which had the lowest
number of amino acid substitutions in the core gene among
genotypes B, C, or D. Although amino acid substitutions in
the core gene were not analyzed in this study, the relation
between the core gene and treatment responses of NAs is
necessary to be investigated in the future.

Although Gish et al. [19] reported that previous IFN
therapy is not associated with HBsAg clearance in patients
who are HBeAg+, the opposite was true in our HBeAg+
cohort. These contradictory findings may result from the
fact that their patients received NA therapy over a much
shorter time period (median duration 23 vs. 75 months, a
3.2-fold difference). We believe that there are two main
reasons why HBsAg clearance rates were higher in patients
who had previously received IFN therapy: the influence of
AST/ALT flares after IFN therapy and changes in host
immune response to HBV as a result of the immune-
modulating activity of IFN. It has previously been shown
that in patients with high baseline ALT levels, HBV DNA
and HBeAg are likely to rapidly decrease during NA
therapy [35, 36]. In this study, HBsAg clearance was likely
to occur in patients who had high ALT levels at baseline,
and in patients with previous IFN therapy (Table 2) in the
HBeAg+ cohort. High virological responses have been
reported in response to robust ALT flares induced by IFN
therapy [37, 38]. Moreover, Wursthorn et al. [29] recently
indicated that the antiviral potential of NAs and antiviral T
cell reactivity are associated with HBsAg clearance in
response to telbivudine treatment. These findings may be
also associated with the achievement of HBsAg clearance
after VBT occurs. Taken together, these results imply that
both direct antiviral potential and host immune response
are needed to achieve HBsAg. clearance, especially in
HBeAg+ patients. :

We found that the initial HBsAg reduction was a strong
predictor of subsequent HBsAg clearance during NA
therapy, which supports a similar previous finding [29].
HBsAg reduction over the initial six months is important
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for predicting the subsequent HBsAg kinetics in both
HBeAg+ and HBeAg— patients. The novel finding in this
study was that HBeAg— individuals achieved HBsAg
clearance. We found that the median duration to HBsAg
clearance was longer in patients with HBeAg— than in
those who were HBeAg+ in this study (6.0 vs. 4.4 years).
Manesis et al. [28] used modeling to determine that
HBeAg— patients receiving LAM treatment would likely
require >10 years to achieve HBsAg loss. Furthermore,
baseline HBsAg titers were <730 IU/mL in 60 % (12/20)
of HBeAg— patients who achieved HBsAg clearance. The
only baseline predictive factor of HBsAg clearance was
baseline HBsAg levels in HBeAg— patients, except for
genotype. There was no difference in HBsAg clearance
rates in HBeAg— patients with high- and low-baseline
HBV DNA or ALT levels. We hypothesize that HBsAg
clearance in these patients may result from long treatment
duration and low HBsAg titers.

Our study was limited by the fact that it was a hos-
pital-based retrospective analysis, which means there may
be some bias associated with patient type and treatment
selection. We were unable to compare HBsAg clearance
rates obtained in our study with those of controls
untreated with NA. Because all subjects in the study
received LAM as an initial NA, and then received rescue
therapy when drug-resistant mutations emerged, NA
therapy regimens were not uniform across all patients,
and there were variations in both treatment dose and
duration of previous IFN therapy. We were not able to
collect immunological data on our subjects. Finally, our
results need to be validated by further studies investi-
gating a large study population receiving long-term ETV
or tenofovir with high antiviral potential and a high
genetic barrier.

Despite these drawbacks, we were able to determine
several factors associated with HBsAg clearance, including
HBV genotype and a decline in HBsAg over the initial
six months of treatment (HBeAg+ and — cohorts); previ-
ous IFN therapy and clearance of HBeAg over the initial
six months of treatment (HBeAg+ cohort only); and
HBsAg levels (HBeAg— cohort only). It seems that both
direct antiviral potential and host immune response are
needed to achieve HBsAg clearance by NA therapy. Future
studies are needed to validate these findings and to develop
treatment regimens for HBsAg clearance in patients with
chronic hepatitis B.
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Correlation Between Hepatitis B Virus Surface
Antigen Level and Alpha-Fetoprotein in Patients
Free of Hepatocellular Carcinoma or

Severe Hepatitis
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Alfa-fetoprotein (AFP) is used as a marker of
early hepatocarcinogenesis. However, the im-
pact of hepatitis B virus surface antigen
(HBsAg) on this relationship in patients with
HBV infection is not clear. The present study
evaluated the relation between HBsAg and AFP
levels at the initial visit in 1,610 untreated HBV
patients, free of hepatoceliular carcinoma (HCC)
or severe hepatitis. The cumulative rate of HCC
was significantly lower in patients with a low
AFP level (<10 pg/L; below the upper limit of
normal) than in those with a high AFP level
(>11g/l) at the initial visit. In patients with
HBsAg levels more than 5001U/ml, HBsAg
levels correlated significantly and negatively
with AFP levels, and significantly with platelet
count. Multivariate analysis of data of patients
with HBsAg more than 5001U/ml identified
HBsAg (<7,0001U/ml), albumin (<3.9g/dl),
platelet count (<20.0 x 10¥mm?®), gamma-glu-
tamyl transpeptidase (>501U/L), aspartate ami-
notransferase (>341U/L), HBeAg (positive), and
HBV core-related antigen (>3.0logU/ml) as
determinants of a high AFP. Especially, in
patients with HBsAg more than 500IU/ml and
low transaminase levels (below the upper limit
of normal), HBsAg was identified as significant
determinant of a high AFP. On the other hand,
in patients with HBsAg less than 500IU/ml,
multivariate analysis identified albumin, gam-
ma-glutamyl transpeptidase, and HBV core-re-
lated antigen as determinants of a high AFP.
The results indicated that HBsAg level seems to
affect, at least in part, the AFP levels, and that
it can be used as a surrogate marker of early
hepatocarcinogenesis. J. Med. Virol. 86:131~
138, 2014. © 2013 Wiley Periodicals, Inc.

© 2013 WILEY PERIODICALS, INC.

KEY WORDS: HBV; AFP; HBsAg; HBcrAg;
genotype; hepatocellular car-
cinoma

INTRODUCTION

Hepatitis B virus (HBV) is a small, enveloped DNA
virus known to cause chronic hepatitis and often
leads to liver cirrhosis and hepatocellular carcinoma
(HCC) [Viola et al., 1981; Kobayashi et al., 2002; Yao,
2003]. Evidence suggests that the use of elevated
alpha-fetoprotein (AFP) for the prediction of early
hepatocarcinogenesis in non-HCC patients could be
clinically useful. AFP is a fetal glycoprotein produced
by the yolk sac and fetal liver [Bergstrand and Czar,
1956] and has been widely used as a serum marker
for the diagnosis of HCC [Sato et al., 1993; Johnson,
2001]. Furthermore, high serum AFP levels are also
associated with various chronic liver diseases and
hepatic regeneration [Kew et al., 1973; Silver et al.,
1974; Elftherious et al., 1977, Alpert and Feller,
1978]. Many patients with chronic hepatitis B who
are free of HCC have high AFP levels [Chen and
Sung, 1979; Di Bisceglie and Hoofnagle, 1989], and
some patients with cirrhosis and concomitant high

Grant sponsor: Ministry of Health, Labor and Welfare, Japan

*Correspondence to: Norio Akuta, M.D., Department of
Hepatology, Toranomon Hospital, 2-2-2 Toranomon, Minato-ku,
Tokyo 105-0001, Japan.
E-mail: akuta-gi@umin.ac.jp

Accepted 21 August 2013

DOI 10.1002/jmv.23790

Published online 12 October 2013 in Wiley Online Library

(wileyonlinelibrary.com).

20



132

inflammatory activity have very high AFP levels
[Yao, 2003; Cheema et al., 2004]. On the other hand,
some patients with small HCC lesions have only
moderately elevated levels of AFP [Shinagawa et al.,

1984; Ebara et al., 1986; Bruix and Sherman, 2005].
At present, however there are no: cutoff levels for
serum AFP used to predlct HCC in patients with
HBYV infection.

There is growing interest in the use of hepatitis B
surface antigen (HBsAg) level as a prognostic marker
in chronic hepatitis B patients [Chan et al., 2010].
The HBsAg levels are useful for identifying the stage
of disease [Jaroszewicz et al., 2010; Nguyen et al.,
2010], to distinguish true inactive carriers from
patients with HBe antigen-negative disease [Brunetto
et al, 2010; Martinot-Peignoux et al., 2010; Chan
et al., 2011; Liaw, 2011], and to predict the response
to interferon therapy [Brunetto et al., 2009; Moucari
et al.,, 2009]. Recent studies has also demonstrated
that the HBsAg levels are associated with the risk of
progression to HCC, especially in patients with low
HBV DNA levels [Chan, 2012; Tseng et al., 2012],
and that there is a potential correlation between the
HBsAg levels and the stage of liver fibrosis [Seto
et al., 2012; Martinot-Peignoux et al., 2013]. Howev-
er, the impact of viral factors, such as the HBsAg
level, on serum AFP level as a predictor of early HCC
is not clear at present.

The present study included 1,610 untreated
patients with HBV infection, free of HCC or severe
hepatitis. The present study was designed to
provide answers to the following questions: (1) what
is the relation between a high serum AFP level at the
initial outpatient visit and subsequent development
of hepatocarcinogenesis in antiviral-therapy-naive
patients with hepatitis B viral infection? (2) What is
the impact of viral factors, such as the HBsAg level,
on serum AFP level in such patients, and (3) What is
a good surrogate marker for a high serum AFP at the
initial visit.

PATIENTS AND METHODS

Patients

Among 6,466 consecutive patients who were diag-
nosed with HBV infection between March 1972 and
December 2012 at Toranomon Hospital, 1,610 were
selected in the present study based on: the following
criteria: (1) They were positive for HBsAg (radioim-
munoassay, Dainabot, Tokyo, Japan) and negative for
anti-HCV (third-generation enzyme immunoassay,
Chiron, CA). (2) They were free of HCC at the initial
visit. (3) HBV hepatitis was assessed as less than
severe at the initial visit, in order to minimize the
potential effects of high inflammatory activity. Severe
hepatitis was defined as serum transaminase level of
>3001U/L, and/or total bilirubin level of >3.0 mg/dl.
(4) They had not received antiviral therapy in the
past (e.g., interferon and/or nucleot(s)ide analogs) at
the initial visit. (5) They underwent examination of
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the AFP level (upper limit of normal, 10 pg/L) at the
initial visit. Furthermore, the HBsAg level, HBV
core-related antigen (HBcrAg) level, and HBV DNA
were also assayed using stored frozen sera obtained
at the initial visit. (6) They were free of coinfection
with human immunodeficiency virus. (7): They were
free of other types of chronic liver disease, including
hemochromatosis, Wilson disease, primary biliary
cirrhosis, alcoholic liver disease, autoimmune liver
disease, inherited liver disease including alpha-1
antitrypsin deficiency, and hepatic venous outflow
block. (8) They consented to the study.

Table I summarizes the profile and laboratory data
at the initial visit of the 1,610 patients included in
the present study. They included 1,047 males and
563 females, with a median age of 40 years (range:
18-83 years). The median AFP level was 4 ug/L
(range, 1-1,770 pg/L) and the median follow-up time
(from the initial visit until the last visit) was 6.0
years (range, 0.0-34.6 years). The study protocol was
approved by the Human Ethics Review Committee of
Toranomon Hospital.

Laboratory Tests

HBsAg, HBcrAg, and HBV DNA levels were as-
sayed using stored frozen sera obtained at the initial
visit. Blood samples were frozen at —80°C within 4 hr
of collection and were not thawed until used for
testing. Serum HBsAg level was measured using
Architect HBsAg QT assay kit (Abbott Laboratories,
Tokyo, Japan), which has a lower limit of detection of

TABLE 1. Profiles and Laboratory Data at the Initial Visit
of 1,610 Patients Infected With HBV

Demographic data

Number of patients 1,610
Sex (male/female) 1,047/563
Age (years)* 40 (18-83)
Family history of liver disease® 836 (51:9%)
Lifetime cumulative alcohol 112 (7.0%)
intake (>500kg)

Laboratory data*
Total bilirubin (mg/dl) 0.6 (0.1-2.9)
Aspartate aminotransferase (IU/L) 37 (5—220)
Alanine aminotransferase (IU/L) 48 (5-297)
Albumin (g/dl) 4.2 (1.0-5.6)
Gamma-glutamyl transpeptidase 37 (2-2,370)

JU/L)

Hemoglobin (g/dl)

Platelet count (x104/mm?®)

Alpha-fetoprotein (png/L)
Virological data

HBeAg (No. of positive)

HBsAg (IU/ml)*

14.5 (6.9-18.2)
19.1 (2.7-44.7)
4 (1-1,770)

690 (42.9%)
2,845

(0. 09 to >125 000)
HBerAg (log U/ml)* 4.9
o (<3.0 to >6.8)
HBV DNA (log copies/ml)* 5.7
(<2.1t0 >9.1)

HBYV genotype (A/B/C/others/ND) 65/218/1,119/6/202

Data are number and percentages of patients, except those denoted
by *, which represent the median (range) values.

aFanmly history of positivity for hepatitis B surface antigen includ-
ing third-degree relatives.
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0.051U/m] and upper limit of detection of 2501U/ml.
To expand the upper range from 250 to 125,000 IU/
ml, serum samples with the HBsAg levels above the
upper range were diluted in a stepwise fashion to
1:20 and 1:500 with Architect diluents using the
information supplied by the manufacturer. HBeAg
was determined by enzyme-linked immunosorbent
assay kit (HBeAg EIA; Institute of Immunology,
Tokyo, Japan). Serum HBcrAg level was measured
using a Cleia HBcrAg assay kit (Fujirebio, Tokyo,
Japan) using a fully automated analyzer system
(Lumipulse System; Fujirebio). The cut-off value of
HBcrAg was 3.0log U/ml. HBV DNA was quantified
using the Cobas TagMan HBV v.2.0 (Roche Diagnos-
tics, Tokyo, Japan), which has a dynamic range of
2.1-9.0 log copies/ml.

A commercial kit (HBV Genotype EIA; Institute of
Immunology) was used to determine serologically the
HBV genotypes using the combination of epitopes
expressed on the pre-S2 region product, which is
specific to each of the major genotypes.

Follow-Up and Diagnosis of Future
Hepatocellular Carcinoma

After the initial visit, patients were followed-up
once or three times a month. Imaging studies (ultra-
sonography, computed tomography, or magnetic reso-
nance imaging) were conducted once or more per
year.

Statistical Analysis

Non-parametric tests (Mann—Whitney U-test, chi-
squared test and Fisher’s exact probability test) were
used to compare differences between two groups.
Correlation analysis was evaluated by the Spearman
rank correlation test. The cumulative rate of hepato-
carcinogenesis was calculated using the Kaplan—
Meier technique; differences between cumulative car-
cinogenesis curves between groups were tested using
the log-rank test. Statistical analyses of the rate of
hepatocarcinogenesis according to groups were calcu-
lated using the period from the initial visit. Univari-
ate and multivariate logistic regression analyses
were used to determine the independent surrogate
markers of elevated AFP at the initial visit. The odds
ratios (OR) and 95% confidence intervals (95% CI)
were also calculated. A two-tailed P-value less than
0.05 was considered significant. Variables that
achieved statistical significance (P < 0.05) on univari-
ate analysis were entered into multiple logistic
regression analysis to identify significant indepen-
dent factors for elevated AFP. Potential surrogate
markers of elevated AFP at the initial visit included
the following pretreatment variables: age, sex, family
history of liver disease, lifetime cumulative alcohol
intake, total bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin,
gamma-glutamyl transpeptidase (GGT), hemoglobin,
platelet count, HBV genotype, HBeAg, HBsAg levels,
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HBcrAg levels, and HBV DNA levels. Statistical
analyses were performed using the Statistical Pack-
age for Social Sciences software (SPSS, Inec., Chicago,
IL).

RESULTS

Cumulative Rate of Hepatocarcinogenesis
According to the AFP Level at the Initial Visit

A total of 1,061 patients naive to antiviral therapy
from the initial visit until the last visit were evaluat-
ed for the rate of development of HCC based on the
AFP levels at the initial visit. During the follow-up
period, HCC was diagnosed in 31 of 905 patients
(3.4%) with a low AFP level (<10 pg/L; below the
upper limit of normal) and 37 of 156 patients (23.7%)
with a high AFP level (>11pg/ly at the initial
visit. The cumulative hepatocarcinogenesis rates
for patients with low and high AFP levels at the
initial visit were 4.7% and 30.2% at the end of
10-year follow-up; 9.1% and 36.5% at the end of
20-year follow-up; and 13.2% and 42.9% at the end
of 30-year follow-up, respectively. These results indi-
cate that the rate of hepatocarcinogenesis is signifi-
cantly higher in patients with HBV infection and
high AFP levels than their counterparts with low
AFP levels (P < 0.001; Log-rank test) (Fig. 1).

HBsAg and AFP Levels at the Initial Visit

Blood samples from all patients were analyzed to
determine the relationship between the HBsAg and
the AFP levels at the initial visit. The proportions of
patients with high AFP levels among those with the
HBsAg levels below 500IU/ml, from 500 to 1,9991IU/
ml, from 2,000 to 6,9991U/ml, from 7,000 to
24,999 1U/ml, and above 25,000 IU/ml were 12.6% (42
of 333 patients), 26.7% (89 of 333), 22.6% (94 of 416),
10.4% (29 of 278), and 6.4% (16 of 250), respectively
(Fig. 2A). The relationship between the HBsAg and
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Fig. 1. Cumulative rate of hepatocarcinogenesis according to
the AFP level at the initial visit in patients naive to antiviral
therapy from the initial visit until the last visit. The rate of
hepatocarcinogenesis was significantly higher in patients with
high AFP levels (>11ug/L) than in those with low levels
(<10 pg/L) at the initial visit (P < 0.001; Log-rank test).
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Fig. 2. A: Proportions of patients with the high AFP levels
(>11 pg/L) at the initial visit, stratified according to the HBsAg
levels. Patients with the HBsAg levels above 500 1U/ml included
a significantly lower proportions of patients with the high AFP
levels and the HBsAg levels above 7,000IU/ml (8.5%) than
those with the HBsAg levels below 7,0001U/ml (24.4%)
(P <0.001). B: Analysis of data of patients with the HBsAg
levels above 500IU/ml at the initial visit, showed a significant
negative correlation between logarithmically transformed
HBsAg and AFP levels (r=—0.225, P <0.001).

the AFP levels at the initial visit suggested the
presence of two distinct populations within the study
group. Especially, in 1,277 patients with the HBsAg
levels above 5001U/ml, a significantly smaller propor-
tion of patients with high AFP levels were noted
among those with HBsAg of more than 7,000 IU/ml
(8.5%) than those with the HBsAg levels less than
7,0001U/ml (24.4%) (P<0.001). Furthermore, the
HBsAg levels correlated negatively but significantly
with the AFP levels (r=-0.225, P <0.001) (Fig. 2B).

The HBsAg Levels and the Platelet Count at the
Initial Visit

Blood samples from all patients were analyzed to
determine the relationship between the HBsAg levels
and the platelet count at the initial visit. The median
platelet counts among patients with the HBsAg levels
below 500IU/ml, from 500 to 1,999 1U/ml, from 2,000
to 6,999 IU/ml, from 7,000 to 24,999 IU/ml, and above
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25,0001U/ml were 19.1 x 10%/mm?, 17.2 x 10*/mm?,
18.0 x 10%mm?, 20.9 x 10%¥mm?®, and 21.2 x 10*/mm?,
respectively (Fig. 3A). The relationship between the
HBsAg levels and the platelet count at the initial
visit also suggested the presence of two distinct
populations within the study group. Especially, in
1,277 patients with the HBsAg levels of more than
500IU/ml, significantly higher platelet counts were
noted among those with the HBsAg levels of more
than 7,000IU/ml (the median platelet count;
21.0 x 10%/mm?®) than those with the HBsAg levels
less than 7,000IU/ml (the median platelet count;
17.6 x 10%mm?) (P <0.001). Furthermore, the HBsAg
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Fig. 3. A: The platelet count at the initial visit, stratified
according to the HBsAg levels. Bars within the boxes indicate
the median platelet count. The boxes denote the 25th to 75th
percentiles, the lower and upper bars the 10th and 90th
percentiles, respectively. Among patients with the HBsAg levels
above 5001U/ml at the initial visit, those with the HBsAg levels
above 7,000IU/ml had significantly higher platelet count (the
median platelet count; 21.0 x 10%/mm®) compared to those with
the HBsAg levels below 7,000 1U/ml (the median platelet count;
17.6 x 104#mm?) (P < 0.001). B: Among patients with the HBsAg
levels above 500 IU/ml at the initial visit, logarithmically trans-
formed the HBsAg levels correlated significantly with the
platelet count (r=0.293, P < 0.001).
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levels correlated significantly and positively with the
platelet count (r=0.293, P <0.001) (Fig. 3B).

Clinical Profiles and Laboratory Data According
to the HBsAg Level at the Initial Visit

Table II summarizes the clinical profiles and
laboratory data according to the HBsAg level at the
initial visit of 1,610 patients infected with HBV.
Patients with the HBsAg levels below 500 IU/ml were
significantly older and exhibited lower inflammatory
activity (lower levels of AST and ALT), and had lower
viral levels (they were HBeAg negative and had
lower levels of HBcrAg/HBV DNA), compared to
those with the HBsAg levels above 500IU/ml
(P<0.001).

Factors Associated With High AFP Levels at the
Initial Visit, Stratified According to the HBsAg
Levels

Blood samples from all 1,610 patients were ana-
lyzed to determine the factors that affect the AFP
level at the initial visit. Among 1,277 patients with
the HBsAg levels more than 5001U/ml at the initial
visit, high AFP levels were detected in 228 (17.9%)
patients. Univariate analysis identified 12 param-
eters that correlated significantly with a high AFP
level at the initial visit. These included age (=30
years; P <0.001), AST (>34IU/L; P<0.001), ALT
(>431U/L; P<0.001), albumin (<3.9g/dl; P<0.001),
GGT (>501IU/L; P<0.001), total bilirubin (Zl.Om%
dl; P<0.001), platelet count (<20.0 x 10%/mm?;
P <0.001), HBV genotype (C; P<0.001), HBsAg
levels (<7,000IU/ml; P<0.001), HBeAg (positive;
P <0.001), HBV DNA (>5.0logcopies/ml; P <0.001),
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and HBcrAg (>3.0logU/ml; P <0.001). Multivariate
analysis that included the above variables identified
seven factors that influenced independently the ele-
vated AFP level at the initial visit. These included
HBsAg level (<7,0001U/ml; OR 3.69, P < 0.001), albu-
min (<3.9g/dl; OR 3.09, P<0.001), platelet count
(<20.0 x 10*/mm?®, OR 2.50, P=0.001), GGT (>501U/
L; OR 2.28, P=0.001), AST (=341U/L; OR 2.77,
P =0.003), HBeAg (positive; OR 2.07, P=10.005), and
HBcrAg (>3.0logU/ml; OR 5.10, P=0.031)
(Table III).

Among 333 patients with the HBsAg levels less
than 500IU/ml, a high AFP at the initial visit was
detected in 42 (12.6%) patients. Univariate analysis
identified nine parameters that correlated significant-
ly with a high AFP level at the initial visit. These
included AST (>34IU/L; P<0.001), ALT (>431U/L;
P=0.001), albumin (<3.9g/dl; P<0.001), GGT
(>501U/L; P<0.001), platelet count (<20.0x 10Y
mm?; P=0.001), HBV genotype (C; P < 0.001), HBeAg
(positive; P <0.001), HBV DNA (>5.0logcopies/ml;
P=0.001), and HBcrAg (>3.0logU/ml; P <0.001).
Multivariate analysis that included the above varia-
bles identified three factors that influenced indepen-
dently the elevated AFP level at the initial wvisit.

These included albumin (<3.9g/dl; OR 12.8,
P <0.001), GGT (>50IU/L; OR 6.95, P=0.002), and
HBcerAg (>3.0logU/ml; OR 5.62, P=0.010)

(Table III).

Factors Associated With High AFP Levels at the
Initial Visit According to the HBsAg Levels in
Patients With Low Transaminase Levels

To minimize the effect of inflammatory activity, we
examined the data of 618 (among 1,610 patients) who

TABLE II. Profiles and Laboratory Data of Patients Infected With HBV According to the HBsAg Level at the Initial Visit

HBsAg <500 IU/L HBsAg >500 IU/L P
Demographic data
Number of patients 333 1,277
Sex (male/female) 227/106 820/457 NS
Age (years)* 49 (18-75) 38 (18-83) <0.001
Family history of liver disease® 130 (39.0%) 706 (55.3%) <0.001
Lifetime cumulative alcohol intake (>500 kg) 32 (9.6%) 80 (6.3%) 0.037
Laboratory data*
Total bilirubin (mg/dl) 0.7 (0.2-2.9) 0.6 (0.1-2.9) 0.033
Aspartate aminotransferase (IU/L) 29 (12-175) 40 (5-220) <0.001
Alanine aminotransferase (IU/L) 32 (7-289) 56 (5-297) <0.001
Albumin (g/dl) 4.2 (1.1-5.6) 4.2 (1.0-5.5) NS
Gamma-glutamy! transpeptidase (IU/L) 36 (2-2,370) 38 (4-1,638) NS
Hemoglobin (g/dl) 14.4 (8.4-17.4) 14.6 (6.9-18.2) NS
Platelet count ( x 10*mm?®) 19.1 (2.7-39.6) 19.2 (3.1-44.7) NS
Alpha-fetoprotein (ug/L) 4 (1-968) 4 (1-1,770) 0.005
Virological data
HBeAg (No. of positive) 37 (11.1%) 653 (61.1%) <0.001
HBsAg (IU/mD* 123 (0.09-498) 4,680 (503 to >125,000) <0.001
HBcrAg (log U/ml)* <3.0 (<3.0 to >6.8) 5.9 (3.0 to >6.8) <0.001
HBV DNA (log copies/ml)* 3.7 (<2.1 to >9.1) 6.6 (<2.1t0 >9.1) <0.001
HBV genotype (A/B/C/others/ND) 7/104/141/0/81 58/114/978/6/121 <0.001

NS; not significant.

Data are number/percentages of patients, except those denoted by *, which represent the median (range) values.
2Family history of positivity for hepatitis B surface antigen including third-degree relatives.
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TABLE III. Results of Multivariate Logistic Analysis for Factors Associated With the High AFP Levels at the Initial Visit

Factor Category Risk ratio (95%CI) P
Patients with the HBsAg levels above 5001U/ml (n=1,277) :
HBsAg (IU/ml) 1: >7,000 1
2: <7,000 3.69 (2.12-6.41) <0.001
Albumin (g/dl) 1: >3.9 1
2: <3.9 3.09 (1.88-5.05) <0.001
Platelet count (x 10%/mm?) 1: >20.0 1
2: <20.0 2.50 (1.47-4.24) 0.001
Gamma-glutamyl transpeptidase (IU/L) 1: <50 1
2: >50 2.28 (1.40-3.72) 0.001
Aspartate aminotransferase (IU/L) 1: <34 1
2: >34 2.77 (1.42-5.39) 0.003
HBeAg 1: Negative 1
2: Positive 2.07 (1.24-3.45) 0.005
HBerAg (log U/ml) 1: <3.0 1
2: >3.0 5.10 (1.16-22.4) 0.031
Patients with the HBsAg levels below 500 IU/ml (n = 333)
Albumin (g/dl) 1: >3.9 1
2: <3.9 12.8 (4.02-41.7) <0.001
Gamma-glutamy! transpeptidase (IU/L) 1: <50 1
2: 250 6.95 (2.06-23.5) 0.002
HBcrAg (log U/ml) 1: <3.0 1
2: 23.0 5.62 (1.51-21.0) 0.010

Low transaminase levels were defined as transaminase levels below the upper limit of normal.

had low transaminase levels (AST <33IU/L and ALT
<421U/L, i.e., below the upper limits of normal) to
further determine those factors that determine the
high level of AFP at the initial visit. High AFP was
detected in 26 (6.1%) patients among 426 with the
HBsAg levels above 5001U/ml and low transaminase
levels. Using the data of these patients, univariate
analysis identified three parameters that correlated
significantly with a high AFP level at the initial visit.
These included albumin (<3.9 g/dl; P =0.004), platelet
count (<20.0 x 104/mm?; P=0.012), and HBsAg levels
(<7,000IU/ml; P=0.004). Multivariate analysis that
included the above variables identified albumin
(<3.9g/dl; OR 3.92, P=0.001) and HBsAg levels
(«<7,000IU/ml; OR 4.33, P=0.004) as independent
determinants of a high AFP level at the initial visit
(Table IV).

Among 192 patients with the HBsAg levels below
5001U/m! and low transaminase levels, high AFP

TABLE IV. Results of Multivariate Analysis for Factors
Associated With the High AFP Levels at the Initial Visit

Factor Category  Risk ratio (95%CI) P

Patients with HBsAg >5001U/ml and low transaminase
levels (n=426)

Albumin (g/dl) 1: >3.9 1
2: <3.9 3.92 (1.71-9.01) 0.001

HBsAg (IU/ml)  1: >7,000 1
2: <7,000 4.33 (1.58-11.9) 0.004

Patients with HBsAg <5001U/m! and low transaminase
levels (n=192)
Albumin (g/dl) 1: >3.9 1

2: <3.9 7.19 (1.87-27.8) - 0.004

Low transaminase levels were defined as transaminase levels below
the upper limit of normal.
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levels were detected at the initial visit in 12 (6.3%).
Univariate analysis identified three parameters that
influenced significantly the elevated AFP level at the
initial  visit. These included albumin (<3.9g/d],
P=0.010), GGT (>50IU/L; P=0.011), and platelet
count (<20.0x 10¥mm? P=0.020). Multivariate
analysis that included these variables identified albu-
min- (<39g/dl; OR 7.19, P=0.004) as the only
independent determinant of a high AFP level at the
initial visit (Table IV).

DISCUSSION

There is little information on the cutoff value of
AFP that can be used to predict the future probabili-
ty of HCC in patients with HBV infection. The
present study followed-up patients naive to antiviral
therapy from the initial visit and showed that the
rate of hepatocarcinogenesis was significantly higher
in those with high AFP levels at the baseline than
those with low levels. To our knowledge, the present
study is the first to report the hepatocarcinogenesis
rate stratified according to the AFP level in patients
infected with HBV but free of HCC at the initial
visit, based on a large-scale long-term follow-up
cohort. The results indicated that patients with high
AFP levels at the initial visit are at high risk of
HCC, and emphasize the need to determine the
factors that could affect the AFP level as surrogate
markers of early hepatocarcinogenesis. Previous stud-
ies in patients with HCV infection indicated that
suppression of the AFP level by treatment with
interferon reduced the HCC risk even in those
without complete eradication of HCV [Arase et al.,
2007; Asahina et al., 2013]. However, there is little
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evidence that suppression of the AFP level by antivi-
ral therapy reduces the HCC risk in patients with
HBV infection. Further prospective studies are need-
ed to investigate this issue in detail.

In the present study, the relationship between the
HBsAg levels and the AFP levels detected at the
initial visit suggested the presence of two distinct
groups within the study patients. Interestingly, in
patients with the HBsAg levels above 500IU/ml, a
significant negative correlation was observed between
the HBsAg and the AFP levels, and a significant
positive correlation was observed between the HBsAg
and the platelet count. Previous studies indicated
that high serum AFP levels correlated with liver
fibrosis Stage 3 and 4 [Bayati et al., 1998; Chu et al.,
2001; Hu et al., 2002, 2004], and that lower thrombo-
cytopenia was closely associated with advanced liver
disease [Ikeda et al., 2009; Akuta et al., 2012].
Considered together, these results emphasize the
importance of hyper-a-fetoproteinemia and thrombo-
cytopenia in the prediction of severe liver fibrosis,
respectively. Based on the present results and the
recent reports suggesting the potential correlation
between the HBsAg level and the stage of liver
fibrosis [Seto et al., 2012; Martinot-Peignoux et al.,
2013], it is possible that HBsAg levels could correlate
with the stage of fibrosis in patients with the HBsAg
levels above 5001U/ml. Further studies are needed to
determine the value of hyper-a-fetoproteinemia in
patients with low and high HBsAgemia.

In addition to the HBsAg level, multivariate analy-
sis also identified HBcrAg as another viral factor that
influenced independently the AFP level at the base-
line. HBcrAg comprises HBcAg, HBeAg and a 22-kDa
precore protein coded with the precore/core gene
[Kimura et al., 2002, 2005]. Previous studies reported
a significant correlation between serum HBcrAg con-
centrations and intrahepatic levels of covalently
closed circular DNA (cccDNA) [Wong et al.,, 2007,
Suzuki et al.,, 2009]. Other studies indicated that
HBcrAg is a useful predictor of HCC during antiviral
therapy [Kumada et al., 2013], and post-treatment
recurrence of HCC during antiviral therapy [Hosaka
et al., 2010]. The present study, based on patients
naive to antiviral therapy showed that high serum
HBecrAg concentrations also correlated with high AFP
at the initial visit. This is the first report demonstrat-
ing the potential usefulness of HBcrAg as a surrogate
marker for early hepatocarcinogenesis.

The impact of the HBsAg level on hepatocarcino-
genesis is not clear at this stage. In this study, the
effect of the HBsAg levels at the initial visit on HCC
was assessed in 1,061 consecutive antiviral therapy-
naive patients infected with HBV. Analysis of data of
794 patients with the HBsAg levels above 500IU/ml
at the initial visit (after exclusion of patients on
antiviral therapy) showed a significantly lower cumu-
lative HCC rate in patients with the HBsAg levels
above 7,0001U/ml than those with levels below
7,000IU/ml (P <0.001, Log-rank test, Fig. 4). This
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Fig. 4. Cumulative rate of hepatocarcinogenesis stratified

according to the HBsAg levels at the initial visit in patients
naive to antiviral therapy from the initial visit until last visit.
In a preliminary study based on 794 patients with the HBsAg
levels above 500IU/ml at the initial visit, the cumulative
hepatocarcinogenesis rate for patients with the HBsAg levels
more than 7,000IU/ml was significantly lower than for those
with levels below 7,000 IU/ml (P < 0.001; Log-rank test).

result suggests that HBsAg levels at the baseline do
not only influence AFP, but also play a role in
hepatocarcinogenesis. Further studies need to be
performed to determine the pathomechanisms of
HBsAg in hepatocarcinogenesis.

The present study has certain limitations. First,
the study did not examine the effects of other
genotypes, apart from HBV genotype B or C. Second,
the study population was limited to Japanese and did
not include other races, and thus generalization of
the results to other races cannot be made based on
the results. Third, the study did not investigate the
effects of antiviral therapy (interferon and/or
nucleot(s)ide analogs) on the outcome since such
therapy suppressed the AFP levels and thus reduce
the risk of HCC in patients with HBV infection.

In conclusion, the present studies demonstrated
that the HBsAg level seem to influence the AFP
levels and can be used as a surrogate marker for
early hepatocarcinogenesis in patients with hepatitis
B viral infection.
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Transcatheter Arterial Chemotherapy with Miriplatin for Hepatocellular
Carcinoma Patients with Chronic Renal Failure: Report of Three Cases
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Miriplatin is a novel lipophilic platinum complex that was
developed to treat hepatocellular carcinoma (HCC). Although
HCC patients frequently have coexisting chronic renal failure,
little prospective data are available regarding the clinical tox-
icity of chemotherapeutic agents used to treat HCC patients
with chronic renal failure. In a phase Il study, the plasma
concentration of total platinum in patients who received
miriplatin was very low, and no severe renal toxicity caused
by miriplatin injection was reported. Here, we present three
cases of HCC with stage 4 chronic renal failure who received
transcatheter arterial chemotherapy with miriplatin. All cases
were male, ages 72, 84, and 83 years, and had serum cre-
atinine levels of 2.3, 1.6, and 1.2 mg/dL, respectively. Their
estimated glomerular filtration rates were 21.9, 20.3, and
22.2 ml/min, respectively. All cases were treated for unre-
sectable HCC with transcatheter arterial chemotherapy with
miriplatin. No serious adverse events were observed, and se-
rum creatinine levels did not elevate, even in the patient who
experienced renal failure caused by cisplatin administration.
These results might suggest that transcatheter arterial che-
motherapy with miriplatin can be safely used in HCC patients
with chronic renal failure. (Gut Liver 2013;7:246-251)

Key Words: Miriplatin; Chronic renal failure; Hepatocellular
carcinoma

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant diseases worldwide.' Since curative therapies, includ-
ing resection, liver transplantation, and percutaneous ablation
(percutaneous ethanol injection and radiofrequency ablation
[RFA]) are applicable in only 30% to 40% of HCC patients,

transcatheter arterial chemoembolization (TACE) has been rec-
ognized as an effective palliative treatment option for patients
with advanced HCC.>” HCC patients frequently have coexisting
cirrhosis, which is a predisposing factor for the development of
renal dysfunction due to intravascular volume depletion, inad-
equate renal vasoconstriction, and hyperaldosteronism.* "

Little prospective data are available regarding the clinical
toxicity of chemotherapeutic agents used to treat HCC patients
with chronic renal failure. Although cisplatin is an effective
anticancer drug that is widely used for the treatment of many
malignancies, including HCC, it is associated with significant
nephrotoxicity, particularly in patients with chronic renal fail-
ure.”” Miriplatin is a novel cisplatin derivative containing plati-
num with a high affinity for the iodized ethyl ester of fatty ac-
ids of poppyseed oil (Lipiodol Ultra-fluide; Laboratoire Guerbet,
Aulnay-Sous-Bois, France) that is used in TACE. Clinical trials
have demonstrated that miriplatin is effective in the treatment
of HCC.'*¥

In a Phase I HCC study, the plasma concentration of total
platinum in patients receiving miriplatin was very low, and no
severe renal toxicity caused by miriplatin injection was report-
ed.” Here we present three cases of HCC with stage 4 chronic
renal failure who received transcatheter arterial chemotherapy
with miriplatin.”

CASE REPORTS
1.Casel

A 72-year-old man with HCC, liver cirrhosis, and diabetic ne-
phropathy had undergone RFA four times and TACE three times
over 5 years. As shown in Fig. 1, a computed tomography (CT}
scan of the liver revealed multiple HCCs (tumor size, 15 to 34
mm; tumor number, three; stage, T2NOMO). The serum creati-
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Fig. 1. Case 1. A 72-year-old man with unresectable hepatocellular
carcinoma {HCC) who received transcatheter arterial chemoemboli-
zation (TACE) with miriplatin. (A) Abdominal angiography showed
multiple HCCs {arrow). (B) Computed tomography (CT) showed mul-
tiple HCCs (arrow). (C) CT performed 1 month after TACE. The lesions
revealed accumulations of lipiodol (arrow). Treatment efficacy was
assessed as a partial response.

nine level was 2.3 mg/dL, and the estimated glomerular filtra-
tion rate (GFR) was 21.9 mL/min (Table 1).!

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-
plied the target tumor, for injection of the mkiplatin/lipiodol
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suspension and 1 mm gelatin particles (1 mm-Gelpart; Nippon
Kayaku, Tokyo, Japan). Miriplatin/lipiodol suspension was
administrated slowly under careful fluoroscopic guidance. The
dose of miriplatin/lipiodol was determined according to tumor
size and the degree of liver dysfunction. The patient received
TACE with miriplatin (miriplatin 50 mg, lipiodol 2.5 mL, and 1
mm-Gelpart were injected from both the right and left hepatic
arteries). Therapy was well tolerated, and the patient’s weight
and serum creatinine level remained stable after treatment (Fig.
2). Major side effects included grade 1 fever, elevated blood
glucose, and grade 1 nausea, which all resolved within 1 week
{the National Cancer Institute’s Common Terminology Criteria
for Adverse Events [CTCAE] version 4.0). Treatment efficacy
was assessed 1 month after treatment. Partial response (modi-
fied response evaluation criteria in solid tumors, mRECIST) was
achieved in all target lesions.”

The patient was received two times TACE with miriplatin at
intervals of 4 months after the first administration {second and
third dosage of miriplatin were 120 mg and dosage of lipiodol
were 6 mL). The patient’s weight and serum creatinine level
still remained stable after repeat injection of miriplatin (serum
creatinine level was 2.2 mg/dL after third TACE with miriplatin).
Stable disease (mRECIST) was achieved in all target lesions after
third TACE with miriplatin.

2.Case 2

An 84-year-old man with HCC, liver cirthosis, and chronic re-
nal failure had undergone RFA three times and TACE six times
over 10 years. As shown in Fig. 3, a CT scan of the liver showed
multiple HCCs (tumor size, 12 to 55 mm; tumor number, six;
stage, T3NOMO). The serum creatinine level was 1.6 mg/dL, and
the estimated GFR was 20.3 mL/min (Table 1).

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-
plied the target tumor, for injection of the miriplatin/lipiodol
suspension. Miriplatin/lipiodol suspension was administrated
slowly under careful fluoroscopic guidance. The dose of mirip-
latin/lipiodol was determined according to tumor size and the
degree of liver dysfunction.

The patient received transcatheter arterial chemotherapy with
miriplatin {miriplatin 50 mg and lipiodol 2.5 mL were injected
from both the right and left hepatic arteries). Therapy was well
tolerated, and the patient’s weight and serum creatinine level
remained stable after treatment (Fig. 2). The major side effect
of treatment was grade 1 fever, which resolved within 1 week
(CTCAE version 4.0). Treatment efficacy was assessed 2 months
after therapy. Stable disease (mRECIST) was achieved in all tar-
get lesions.

3.Case 3

An 83-year-old man with HCC, liver cirthosis, hypertension,
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Table 1. Patient Characteristics

Characteristic Case 1 Case 2 Case 3
Age 72 84 83
Gender Male Male Male
Height, cm 159 160 162
Weight, kg 58 47 57
Serum creatinine, mg/dL* 2.3 1.6 1.9
Estimated GFR1, mL/min’ 21.9 20.3 22.2
Estimated GFR2, mL/min* 22.8 32.5 27.0
Etiology HCV HCV HBV
Child-Pugh score A (6) A(5) A (5)
ICG-R15, % 16 13 4
Underlying disease that caused renal failure Diabetic nephropathy Chronic glomerulonephritis Cisplatin induced renal failure
Tumor no. 3 6 40
Maximum tumor size, mm 34 55 39
Cancer stage (TINM) 11 (T2NoMo) I (T3NOMO) 1I (T2NoMo)
Dosage of miriplatin, mg 100 100 70
Dosage of lipiodol, mL 5 5 3.5
Use of gelatin sponge particles Yes No Yes
Contrast medium, mL Tomeprol 60 Tomeprol 50 Tomeprol 190
Use of hydration therapy after miriplatin infusion Yes Yes Yes

GEFR, glomerular filtration rate; HCV, hepatitis C virus; HBV, hepatitis B virus; ICG-R15, indocyanine green retention rate at 15 minutes.
*Enzymatic method; "Cockcroft and Gault formula; *Japanese equation for estimating GFR.
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Fig. 2. Serum creatinine level after miriplatin administration in the
three cases.

and renal failure that had been caused by cisplatin administra-
tion had undergone TACE nine times over 4 years. As shown jn
Fig. 4, a magnetic resonance imaging scan of the liver revealed
multiple HCCs (tumor size, 5 to 39 mm; tumor number, 40;
stage, T2NOMO). The patient’s serum creatinine level was 1.9
mg/dL, and the estimated GFR was 22.2 mL/min (Table 1}.

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-

plied the target tumor, for injection of the miriplatin/lipiodol
suspension and 1 mm-Gelpart. Miriplatin/lipiodol suspension
was administrated slowly under careful fluoroscopic guidance.
The dose of miriplatin/lipiodol was determined according to tu-
mor size and the degree of liver dysfunction.

The patient received TACE with miriplatin (miriplatin 30 mg,
lipiodol 1.5 mL, and 1 mm-Gelpart were injected from the right
and left hepatic arteries, and miriplatin 10 mg and lipiodol 0.5
mL were injected from the right inferior phrenic artery). Therapy
was well tolerated, and the patient’s weight and serum creati-
nine level remained stable after treatment (Fig. 2). Major side ef-
fects included grade 1 fever and grade 1 nausea, both of which
resolved within 1 week (CTCAE version 4.0). Treatment efficacy
was assessed 3 months after therapy. Stable disease (mRECIST)
was achieved in all target lesions.

DISCUSSION

Various anticancer drugs, such as doxorubicin hydrochloride,
epirubicin hydrochloride, mytomycin C, cisplatin, and neocar-
zinostatin, have been used at TACE agents for the treatment of
HCC. However, the most effective and least toxic TACE protocol
for HCC has yet to be identified.

Miriplatin is a novel lipophilic cisplatin derivative that can
be suspended in lipiodol and used for transcatheter arterial che-



Fig. 3. Case 2. An 84-year-old man with unresectable hepatocellular
carcinoma (HCC) who received transcatheter arterial chemotherapy
with miriplatin. (A} Abdominal angiography showed multiple HCCs
(arrows). (B) Magnetic resonance imaging (hepatobiliary phase)
showed multiple HCCs (arrows). {C) Computed tomography performed
2 months after transcatheter arterial chemotherapy with miriplatin.
The lesions showed accumulations of lipiodol (arrows). The treatment
efficacy was assessed as a stable disease.

motherapy of advanced HCC. It is one of the platinum agents,
although hydration after administration is not necessary of its
weak renal toxicity. o

Various types of resistance to therapy can occur during repe-
tition of TACE. Platinum derivatives are frequently administered
to patients with advanced HCC that is unresponsive to anthra-
cycline and antibiotic drugs.” R
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Fig. 4. Case 3. An 83-year-old man with unresectable hepatocellular
carcinoma (HCC) who received transcatheter arterial chemoemboli-
zation (TACE) with miriplatin. (A) Abdominal angiography showed
multiple HCCs (arrow). (B) Gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid (Gd-EOB-DTPA} enhanced magnetic reso-
nance imaging (MRI; hepatobiliary phase) showed multiple HCCs
(arrow). {C) Gd-EOB-DTPA enhanced MRI performed 3 months after
TACE. The lesions showed accumulations of lipiodol (arrow). The
treatment efficacy was assessed as a stable disease.

Miriplatin was developed as a lipophilic platinum complex
in an effort to produce a superior antitumor effect in HCC with
lower toxicity compared to cisplatin. Miriplatin-lipiodol suspen-
sion is a stable colloidal emulsion that is deposited within HCC
tumors, where it gradually releases active derivatives of miripla-
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tin.

According to pharmacokinetic studies, the plasma concentra-
tion of total platinum in patients treated with miriplatin is much
lower than that after administration in patients administered in-
tra-arterial cisplatin: the Cmax is approximately 300-fold lower
and the Tmax roughly 500-fold longer than the corresponding
values for intra-arterial cisplatin.” Theoretically, therefore, it
can be administered even in patients of advanced HCC patients
with chronic renal failure if visceral angiography can be per-
formed.

Clinical trials have shown that miriplatin is effective for the
treatment of HCC, but the safety and efficacy of miriplatin has
not been evaluated in HCC patients with chronic renal fail-
ure.'"” Herein we presented three HCC cases with stage 4 chron-
ic renal failure who received transcatheter arterial chemotherapy
with miriplatin. In all three cases, no serious adverse events
were observed, and serum creatinine level did not increase, even
in the patient who had experienced renal failure due to cisplatin
administration (Fig. 2). Repeated injection of miriplatin appears
to be also safe in HCC patients with chronic renal failure.

The present results might suggest that transcatheter arterial
chemotherapy with miriplatin can be safely used in HCC pa-
tients with chronic renal failure. A prospective study is required
to assess the most effective, least nephrotoxic anticancer agent
among the various platinum derivatives. Miriplatin appears to
be a promising agent for HCC patients with chronic renal fail-
ure.
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Abstract

Objective: Anticarcinogenic activity of ribavirin combina-
tion therapy for hepatitis C virus (HCV)-related compensated
cirrhosis is still unclear. Methods: In study 1, in 157 consecu-
tive patients with HCV-related compensated cirrhosis, treat-
ment efficacy with interferon plus ribavirin therapy was eval-
uated for 48 weeks of HCV genotype 1b (HCV-1b) or 24 weeks
of HCV-2a/2b. In study 2, in 185 consecutive patients with
HCV-related compensated cirrhosis, who showed no sus-
tained virological response following the first course of in-
terferon monotherapy, hepatocarcinogenesis rates were
evaluated according to the additional treatment, and they
were classified into three groups: no treatment, interferon
monotherapy, and ribavirin combination therapy. Results: In
study 1, in HCV-1b, rates of sustained virological response
and sustained biochemical response were 21 and 56%, re-
spectively. In HCV-2a/2b, rates of sustained virological re-
sponse and sustained biochemical response were 70 and

78%, respectively. In HCV-1b, sustained biochemical re-
sponse rates were significantly higher than those of sus-
tained virological response. In study 2, the hepatocarcino-
genesis rates in ribavirin combination therapy were signifi-
cantly lower than those in interferon monotherapy and no
treatment, respectively. Conclusion: Ribavirin combination
therapy for HCV-related compensated cirrhosis reduces the
risk of hepatocarcinogenesis in comparison with interferon
monotherapy, and higher rates of sustained biochemical re-
sponse might be associated with lower hepatocarcinogen-
esis rates. Copyright © 2012 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) usually causes chronic infec-
tion, which can result in chronic hepatitis, liver cirrhosis,
and hepatocellular carcinoma [1-5]. The life expectancy
of patients with HCV-related cirrhosis is largely influ-
enced by the development of hepatocellular carcinoma
during the clinical course [3]. Because an effective and
curative therapy for hepatocellular carcinoma remains
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Table 1. Profile and laboratory data at the start of ribavirin com-
bination therapy in 157 patients with HCV-related compensated
cirrhosis (study 1)

Demographic data

Patients, n 157!

Sex (male/female), n 105/52

Age, years 58 (34-74)
Laboratory data

Serum aspartate aminotransferase, IU/1 69 (7-235)

Serum alanine aminotransferase, IU/1 70 (14-585)

4,100 (1,600-8,300)
14.0 (9.4-17.6)
11.3 (6.1-32.2)

Leukocytes, /mm?
Hemoglobin, g/dl
Platelet count, X 10%mm?

HCV genotype (1b/2a/2b), n 120/27/10
Levels of viremia, log IU/ml 6.1 (3.9-7.5)
Treatment '
Past history of interferon-based therapy,n 95 (60.5%)
PEG-IFNa-2b/IFNa-2b, n 110/47

Ribavirin dose, mg/kg 10.7 (2.7-15.1)
Duration of treatment, weeks
Genotype 1b

Genotype 2a or 2b

48 (1-48)
24 (5-24)

Unless otherwise indicated, values represent median (range).

124 of the 157 patients with HCV-related compensated cirrhosis
in study 1 were also included in study 2. They showed no sustained
virological response following the first course of interferon mono-
therapy (224 weeks) and were treated additionally with ribavirin
combination therapy (224 weeks).

limited at best, primary prevention of hepatocellular car-
cinoma in patients with chronic liver disease is of great
importance at present.

- Treatment of HCV-chronic hepatitis with interferon
can induce viral clearance and marked biochemical and
histological improvement [6, 7]. Furthermore, previous
studies showed that interferon monotherapy reduced the
risk of hepatocellular carcinoma [8-10]. However, an ex-
tended analysis of the Hepatitis C Antiviral Long-Term
Treatment against Cirrhosis (HALT-C) cohort recently
showed that long-term peginterferon (PEG-IFN) mono-
therapy could not reduce the incidence of hepatocellular
carcinoma among patients with advanced hepatitis C
who did not achieve sustained virological response, and
patients with cirrhosis who received PEG-IFN monother-
apy had a lower risk of hepatocellular carcinoma than
controls [11]. Thus, it is controversial whether interferon
monotherapy for patients with liver cirrhosis might re-
duce hepatocarcinogensis. Furthermore, it is still unclear
whether ribavirin combination therapy for patients with
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liver cirrhosis might reduce the risk of hepatocellular car-
cinoma, and there are also no reports on whether ribavi-
rin combination therapy could reduce the risk in com-
parison with interferon monotherapy.

The present study investigated the efficacy and anti-
carcinogenic activity of ribavirin combination therapy
for HCV-related compensated cirrhosis, especially in
comparison with interferon monotherapy.

Materials and Methods

Study Population

Two retrospective cohort studies were performed to investi-
gate treatment efficacy and anticarcinogenic activity of ribavirin
combination therapy for HCV-related compensated cirrhosis.

In the study 1 cohort, 157 consecutive patients of HCV-related
compensated cirrhosis were recruited into the study protocol of
interferon (PEG-IFNw-2b or IFNa-2b) plus ribavirin combina-
tion therapy for 48 weeks of HCV genotype 1b (HCV-1b) or 24
weeks of HCV-2a/2b, from 2001 to 2010 at Toranomon Hospital.
In this retrospective study the rates of sustained virological re-
sponse [HCV-RNA negativity at 24 weeks after the completion of
therapy based on the COBAS TagMan HCV test (Roche Diagnos-
tics)] were evaluated as well as sustained biochemical response
[normal level of serum alanine aminotransferase at 24 weeks after
the completion of therapy (6-50 IU/1)]. Treatment efficacy was
evaluated by intention-to-treat (ITT) analysis classified as treat-
ment failure in patients who could not complete the treatment
regimen and per protocol (PP) analysis. Table 1 summarizes the
profiles and data of the 157 patients at the commencement of com-
bination therapy with interferon plus ribavirin in study 1. They
included 105 men and 52 women aged 34-74 years (median 58
years). 110 (70.1%) patients received PEG-IFNa-2b plus ribavirin,
and the remaining 47 (29.9%) patients received IFNa-2b plus rib-
avirin. They received PEG-IFNa-2b at a median dose of 1.3 pg/
kg (range 0.5-1.9 pg/kg) subcutaneously each week or IFNa-2b
at a median dose of 6 million units (range 3-6 million units) in-
tramuscularly each day (7 times per week for the initial 2 weeks
followed by 3 times per week). They also received oral ribavirin at
a median dose of 10.7 mg/kg (range 2.7-15.1 mg/kg) daily. In 56
of the 157 (35.7%) patients, the dose of ribavirin was reduced dur-
ing treatment due to a fall in hemoglobin concentration. The me-
dian total duration of treatment in 120 patients of HCV-1b was 48
weeks (range 1-48 weeks), and that in 37 patients of genotype 2a
or 2b was 24 weeks (range 5-24 weeks).

In the study 2 cohort (fig. 1), 185 consecutive patients of HCV-
related compensated cirrhosis, who showed no sustained virolog-
ical response following at the first course of interferon monother-
apy (=24 weeks) from 1987 to 2010 at Toranomon Hospital, were
recruited. Hepatocarcinogenesis rates were evaluated according
to the additional treatment (second course of treatment), and were
classified into three groups: no treatment (106 patients), inter-
feron monotherapy (=24 weeks; 55 patients), and ribavirin com-
bination therapy (=24 weeks; 24 patients). 106 patients without
treatment did not receive the additional treatment because of con-
cerns about adverse effects, lack of time for treatment, physician
recommendation based on the appearance of depression and car-
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Study 2

First course of treatment

Additional treatment
(second course of treatment)

Ribavirin combination therapy (224 weeks)
(n=24)*

(n=185)

Patients of HCV-related compensated cirrhosis,
who showed no sustained virological response
following interferon monotherapy (>24 weeks)

Interferon monotherapy (>24 weeks)
(n=55)

No treatment H
(n=106) H

Fig. 1. For study 2, 185 patients with HCV-related compensated cirrhosis, who showed no sustained virological
response following the first course of interferon monotherapy (=24 weeks), were recruited. Hepatocarcinogen-
esis rates were evaluated according to the additional treatment (second course of treatment), and patients were
classified into three groups: no treatment, interferon monotherapy (=24 weeks), and ribavirin combination
therapy (=24 weeks). * 24 of 157 patients with HCV-related compensated cirrhosis in study 1 were also includ-

ed in study 2.

diopulmonary disease during and after the first course of inter-
feron monotherapy or the lower levels of serum alanine amino-
transferase. The median follow-up time, from the end of the first
course of interferon monotherapy until the last visit, was 6.4 years
(range 0.0-21.0 years). 24 of the 157 patients in study 1 were also
included in study 2; they showed no sustained virological re-
sponse following the first course of interferon monotherapy (=24
weeks) and were treated additionally with ribavirin combination
therapy (=24 weeks).

At the additional treatment of interferon monotherapy, 43 pa-
tients (78.2%) received IFNo: alone, and the remaining 12 patients
(21.8%) received IFN alone. They received interferon monother-
apy including initial aggressive induction therapy (every day for
8 weeks followed by 3 times per week), with a median treatment
duration of 44 weeks (range 24-382 weeks) at a median dose of 3
million units (range 3-10 million units) intramuscularly each day.

At the additional treatment of ribavirin combination therapy,
11 patients (45.8%) received PEG-IFNa-2b plus ribavirin, and the
remaining 13 patients (54.2%) received IFNa-2b plus ribavirin.
They received PEG-IFNa-2b at a median dose of 1.5 pg/kg (range
0.8-1.7 g/kg) subcutaneously each week or IFNa-2b at a median
dose of 6 million units (range 3-6 million units) intramuscularly
each day (7 times per week for the initial 2 weeks followed by 3
times per week), with a median treatment duration of 26 weeks
(range 24-48 weeks). They also received oral ribavirin at a me-
dian dose of 11.0 mg/kg (range 3.0-12.5 mg/kg) daily.

In the present studies, the patients were selected based on the
following criteria. (1) Patients had compensated cirrhosis, but no
decompensated cirrhosis or hepatocellular carcinoma. The diag-
nosis of compensated cirrhosis was based on clinical features (ab-
sence of signs for decompensation of ascites, encephalopathy, or

Ribavirin for Compensated Cirrhosis

gastrointestinal bleeding), laboratory tests, and peritoneoscopy
or liver biopsy. (2) Patients were negative for hepatitis B surface
antigen (radioimmunoassay, Dainabot, Tokyo, Japan), positive
for anti-HCV (third-generation enzyme immunoassay, Chiron
Corp., Emerville, Calif,, USA), and positive for HCV-RNA by
qualitative or quantitative analysis. (3) Patients were free of coin-
fection with human immunodeficiency virus. (4) Lifetime cumu-
lative alcohol intake was <500 kg (mild to moderate alcohol in-
take). (5) Patients were free of other types of hepatitis, including
hemochromatosis, Wilson disease, primary biliary cirrhosis, al-
coholic liver disease, and autoimmune liver disease. (6) Each pa-
tient signed a consent form of the study protocol that had been
approved by the human ethics review committee.

Laboratory Investigations

Blood samples were frozen at -80° within 4 h of collection and
were not thawed until used for testing. HCV genotype was deter-
mined by PCR using a mixed primer set derived from nucleotide
sequences of the NS5 region [12]. HCV-RNA quantitative analysis
was measured by branched DNA assay version 2.0 (Chiron Corp.,
Emeryville, Calif., USA), AMPLICOR GT HCV Monitor version
2.0 using the 10-fold dilution method (Roche Molecular Systems
Inc., Pleasanton, Calif, USA), or COBAS TagMan HCV test
(Roche Diagnostics, Tokyo, Japan). High viral load of viremia lev-
els was defined as branched DNA assay =1.0 MEq/ml, AMPLI-
COR GT HCV Monitor =100 x 10° [U/ml, or COBAS TagMan
HCV test =5.0log IU/ml. Low viralload was defined as branched
DNA assay <1.0 MEq/ml, AMPLICOR GT HCV Monitor <100 X
10° TU/ml, or COBAS TagMan HCV test <5.0 log ITU/ml. The low-
er limit of HCV-RNA qualitative analysis (Amplicor, Roche Di-
agnostics, Mannheim, Germany) was 100 copies/ml, and that of
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