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Table 4. Clinical features at the time of diagnosis of HCC in 29 patients who developed hepatocellular carcinoma after
sustained response to interferon therapy given for chronic hepatitis C

Histological Histological Number

Age fibrosis activity AFP PIVKA 11 of
(years) Sex HCV RNA HBs Ag stage grade (ng/ml) (AU/ml) tumors
64 Male Negative Negative NA NA 2 0 4
60 Male Negative Negative NA NA 51 0.211 1
38 Male Negative Negative NA NA 4.3 NA =5
67 Male Negative Negative F4 A0 42 0.033 1
75 Male Negative Negative F1 Al 5 0.054 1
65 Female Negative Negative NA NA 5 0.029 1
62 Male Negative Negative NA NA 3 NA 1
61 Male Negative Negative F2 A0 3 0.001 1
64 Male Negative Negative F2 AQ 4 0.426 1
70 Male Negative Negative NA NA 46 000 NA 1
64 Male Negative Negative NA NA 146 0.049 1
54 Female Negative Negative F3 Al 2165 6690 1
65 Male Negative Negative F4 A2 25.9 0.015 >5
61 Male Negative Negative F2 Al 4 1.79 1
64 Male Negative Negative F2 A0 NA NA 1
63 Male Negative Negative NA NA 135.3 0.06 1
67 Male Negative Negative NA NA 35 0.013 1
75 Male Negative Negative NA NA 2 NA 1
62 Male Negative Negative F2 Al 1026 13.32 1
62 Male Negative Negative 2 Al 23 1.79 1
68 Female Negative Negative F3 A2 9.1 0.016 1
59 Male Negative Negative o A0 29 0.029 1
70 Male Negative Negative NA NA 4883 601 371 1
54 Male Negative Negative NA NA 258 2.1 1
68 Female Negative Negative NA NA 2.8 0.023 1
60 Male Negative Negative F2 Al 32 0.023 1
70 Male Negative 'Negative NA NA 5463 6.566 2
70 Female Negative Negative NA NA 464.2 NA 1
77 Male Negative Negative NA NA 72 0.136 2

NA, not available; HBs Ag, hepatitis B surface antigen; AFP, alpha-fetoprotein; PIVKA 11, protein induced by vitamin K absence or
antagonist-II; Vp, portal vein invasion; Vv, hepatic vein invasion; B, bile duct invasion; US, ultrasonograplhy; CT, computed tomography

in sustained responders in whom HCC developed after
successful IFN therapy, but data could be obtained for
only two patients, who were negative for hepatitis B
virus DNA. We cannot rule out the presence of occult
hepatitis B virus in the other patients, although all pa-
tients were negative for hepatitis B antigen. In spite of
these uncertainties, this study represents a comprehen-
sive analysis of HCC developing after sustained re-
sponse to IFN therapy, because we were able to collect
clinical data for a large number of sustained responders
at 16 major hospitals.

In this study, we encountered 29 patients in whom
HCC developed after successful IFN therapy, but the
reason why HCC developed in these sustained respond-
ers is unclear. The existence of a small undetected HCC
at the time of IFN therapy may have been responsible
for the appearance of HCC after the sustained response
to IFN therapy. However, in 11 patients (38%), HCC
was detected more than 5 years after IFN therapy, and
the incidence of HCC gradually increased for at least 9
years after IFN therapy. Considering the late onset of
HCC n these patients, we cannot neglect the possibility
of the de-novo development of HCC after the eradica-

tion of HCV. HCV is a single-stranded RNA virus with-
out a DNA intermediate in its replicative cycle, so that
the integration of HCV nucleic acid sequences into the
host genome seems unlikely. Therefore, it is difficult to
believe that HCV itself is a causative factor of HCC in
the absence of chronic inflammation, liver cell necrosis
and regeneration, and extensive fibrosis. It is probable
that carcinogenesis is not a single-step event, but a com-
plex multistep process. Future studies should aim to
define the basic oncogenic mechanisms by which sus-
tained responders to IFN develop HCC. Exploration of
these mechanisms may point the way toward new strat-
egies for the prevention of HCC.

In conclusion, some patients showing a sustained
response to IFN therapy given for chronic hepatitis C
demonstrated potential for the development of HCC
for up to 9 years following cessation of the treatment.
This suggests that the risk of HCC in sustained respond-
ers is not completely eliminated. The establishment of
risk factors and an index for the development of HCC
may be useful in determining follow-up strategy in pa-
tients after a sustained response to IFN therapy given
for chronic hepatitis.
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Table 4. Continued
Maximum Period to Medical
tumor Differentiation development follow-up Diagnostic
size (mm) Vp Vv B of HCC Of HCC (years) period (months) modality
18 0 0 0 Moderately 1.43 3 US
16 0 0 0 NA 151 1 uUs
>20 3 0 0 NA 1.79 None us
15 0 0 0 Moderately 2.52 1 us
25 0 0 0 Moderately 332 2 CT
20 0 0 0 Well 3.39 3 Us
34 2 1 2 Well 3.54 2 us
20 0 0 0 Well 3.59 3 Laparoscopy
40 0 0 0 NA 3.70 None uUs
50 2 2 2 NA 3.89 None us
30 0 0 0 Well 4.35 1 us
110 0 0 0 Poorly 4.38 6 Us
15 0 0 0 Well 4.48 6 us
50 1 0 1 Moderately 4.58 12 Us
80 0 0 0 Moderately 4.60 None cT
NA 0 0 0 NA 4.70 6 us
44 0 0 0 NA 4.88 6 Us
28 0 0 0 NA 497 3 us
60 1 1 1 Moderately 5.52 None Us
50 1 0 1 Moderately 5.58 6 Us
51 0 0 0 Combined type 5.80 3 us
40 0 0 0 Moderately 5.86 None uUsS
>20 2 0 0 NA 6.61 3 us
150 3 0 0 Poorly 6.86 None uUs
15 0 0 0 NA 8.05 3 uUs
15 0 0 0 Well 8.39 6 us
60 0 0 0 Well 8.78 None us
16 0 0 0 NA 8.79 3 Us
42 0 0 0 NA 8.98 1 CT
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Abstract. Chiang Mai is a province in northern Thailand that started a vaccination program for hepa-
titis B virus (HBV) infection in 1989. In this paper, we report the long-term efficacy of this program.
Of children aged 4-9 years, 65.7% had a complete course and 3.8% had an incomplete vaccination
course. Urban schoolchildren had higher percentage of HB vaccination than rural schoolchildren
(89.1% vs 46.9% for the complete course, p < 0.001). The overall prevalence rate of HBsAg in
Chiang Mai schoolchildren was 1.2%, with no significant differences between gender (p = 0.496)
and school areas (p = 0.477). Anti-HBc antibodies were detected in 6.9% of children. Overall, 26.2%
of children had protective levels of anti-HBs antibodies (210.0 miU/ml), and 11.2% had low levels of
these antibodies (1.0-9.9 mlU/ml). Compared to previous reports, our results show a lower percent-
age of anti-HBs antibodies, 33.8% of children age 4 years had protective anti-HBs antibodies, drop-
ping to 18.4% by age 9 years. Among those anti-HBs seropositive, 9.1% were anti-HBc positive,
indicating a natural infection with HBV. We found a small number of children, despite adequate immu-

nization, developed HBV infection.

INTRCDUCTION

Hepatitis B virus (HBV) infection is endemic
in Southeast Asia and Africa, and is transmitted
by parenteral routes, maternal-infant exposure,
and horizontal spread between children (Merican
et al, 2000). Aimost all HBV-infected infants be-
- come carriers of HBV, and act as sources of the
infection to their family and community. Such in-
dividuals are at significant risk for developing
chronic hepatitis, liver cirrhosis and hepatocel-
lular carcinoma. Thus, control of HBV infection
and interruption of its spread are important public
health goals. The most important method of pre-
vention of HBV infection is the vaccination of
newborns and children with hepatitis B (HB) vac-
cine. Studies showed that before immunization,
about 20% of children under 5 had serologic
evidence of HBV infection, rising to 70% by age
15 (Grossman et al, 1975). About 4% of non-
immunized Thai children were carriers of hepa-
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titis B (Luksamijarulkul et al, 1995), reaching 8%
by adulthood (Grossman et al, 1975; Merican et
al, 2000). Population-based studies have shown
that the use of the HB vaccine in infants can
reduce the HBV chronic carrier prevalence from
high (>8%) to low (<2%) in immunized cohorts
of children (Kane, 1998).

Thailand has undertaken a systematic ap-
proach toward control of HBV infection. Before
systematic immunization, one study found that
5.7 % of children acquired the infection in a one-
year period (Kozik et al, 2000). The carrier rate
in Thai children age 2-16 years was found to be
13% of those who were infected with HBV (Kozik

et al, 2000). In 1989, the Thailand Ministry of

Public Health (MOPH) established a pilot project
of HB immunization in Chiang Mai and Chon Buri
Provinces demonstrating that HB vaccine can
be effectively administered along with other Ex-
panded Program of Immunization (EPI) vaccines.
in 1992, the Thai Government integrated the HB
vaccine into the national EPI. Children receive
0.5 ml of HB vaccine intramuscularly within 7
days of birth, at 2 months and at 6 months of
age. The HB vaccines given to older children
varied with the year of inoculation. In 1989, a
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plasma-derived vaccine (the Cheil Suger, Korea),
with a 3 pg per dose, was used. From 18980 to
1994, the plasma-derived vaccine produced by
Korean Green Cross Corporation (Korea) was ad-
ministered at 10 pg per dose. Since 1995, the
10 pg per dose of recombinant Engerix B® vac-
cine (SmithKline Biologicals, Belgium) has been
used (Poovorawan et al, 2001). Long-term evalu-
ation of this project in Chiang Mai, where the
project began, has not been done. In this paper,
we report the results of hepatitis B vaccination
in Chiang Mai, Thailand, and estimate the effi-
cacy of this program.

MATERIALS AND METHODS

Study population

From July 1998 to August 2000, children
aged 4-9 years were randomly selected from 7
rural schools (377 children, including 185 males
and 192 females) and 3 urban schools (303 chil-
dren, including 147 males and 156 females) in
Chiang Mai Province, northern Thailand. The
purpose of the study was discussed with the
parents or guardians, and written consent was
obtained in all cases. A questionnaire was com-
pleted and personal vaccination records were
reviewed. A total of 680 blood samples were
obtained from the schoolchildren (332 males and
348 females). Serum samples were prepared on
the day they were obtained, stored at 4°C for
not more than 3 days, or stored at -20°C until
tested.

Serologic studies

- A qualified technician tested for the presence
of HBsAg using the Monolisa Ag HBs second
generation ELISA kit (Sanofi Diagnostic Pasteur,
Manes la Coquette, France). Testing for anti-HBs
antibodies was done using the Monolisa Anti-HBs
3.0 kit together with the 5 points calibration
Monolisa Anti-HBs Standard (negative control,
and 10, 50, 100, and 150 mlU/ml) (Sanofi Diag-
nostic Pasteur). All positive samples were re-
tested, and all remained positive. The anti-HBs
antibody titers were reported as the average
value between the initial positive test and the re-
peated test. Levels above 10.0 mlU/ml were con-
sidered to be protective; anti-HBs and levels be-
tween 1.0-9.9 miU/ml were considered to be low.
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Data analysis

Data were analysed by determining the per-
centages of hepatitis B vaccine coverage and
each viral marker obtained per population group.
Prevalence among the different groups was com-
pared using x? or Fisher's exact test as appro-
priate. Results were considered statistically sig-
nificant when p < 0.05.

RESULTS

Coverage of the HB vaccination program
Children aged 4-9 years should reflect the

status of subjects born after the HB immuniza-

tion program in Chiang Mai started in 1989.

Older age schoolchildren represented chil-
dren at the start of the program. Younger age
schoolchildren represent children under the cur-
rent national EPI program. The children were di-
vided into three groups: those who received a
complete course of HB vaccination (ie, 3-5 doses
of HB vaccine); those who received an incom-
plete course of HB vaccination (1-2 doses of HB
vaccine) and those who did not received HB vac-
cination. This information was obtained by ques-
tionnaire along with review of the personal vac-
cination records. The results by age group and
children school areas are presented in Fig 1. Of
the 680 children, 447 (65.7%) had a history of
complete HB vaccination, including 221 males
(66.6%) and 226 females (64.9%); 26 (3.8%) had

90
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40
30

20
10

456789 4567829 4567829

Chiang Mai Rural school- Urban school-
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[J Non-HBvac B Incomplete HBvac & Complete HBvac

Fig 1-Coverage of hepatitis B vaccination in Chiang
Mai children.

Vol 36 No. 1 January 2005

Age
(years)



HepaTiTis B VACCINATION iN THAILAND

Table 1
HBsAg and anti-HBc positivity among Chiang Mai children by age and comparison
between school areas.

HBsAg positive (%)

Anti-HBc positive (%)

Age (years)
Chiang Mai Rural school-  Urban school-  Chiang Mai Rural school-  Urban school-
children children children children children children
4-5 1/223 0/130 1/93 18/223 16/130 2/93
(0.4%) (0.0%) (1.1%) (8.1%) {(12.3%) (2.2%)
8-7 2/230 1/120 1/110 13/230 5/120 8/110
(0.9%) (0.8%) (0.9%) (6.7%) (4.2%) (7.3%)
8-9 5/227 2/127 3/100 16/227 10/127 6/100
(2.2%) {1.6%) (3.0%) {7.0%) (7.9%) (6.0%)
Total 8/680 3/377 5/303 47/680 31/377 16/303
{1.2%) (0.8%) (1.7%) (6.9%) (8.2%) (5.3%)

a history of incomplete HB vaccination, includ-
ing 14 males (4.2%) and 12 females (3.4%).
Children in urban schools showed a much higher
prevalence in terms of HB vaccination than chil-
dren in rural schools (89.1% vs 46.9% for a com-
plete course, p < 0.001). This difference was not
related to the sex of the children, p = 0.722. In
urban schools, 87.8% of males and 90.4% of
females received a complete course, and in ru-
ral schools, 49.7% of males and 44.3% of fe-
males did. The coverage of HB vaccination in-
creased over time. For the oldest age group (9
years), 49/125 (39.2%) and the youngest age
group (4 years), 59/74 (79.7%) had received a
complete course of vaccination. Most of these
children were from urban schools, 68.3% of the
oldest age group (9 years) and 100% in the
youngest age group (4 years) had undergone a
complete course of vaccination, compared to
12.3% in the oldest age group and 71.7% in the
youngest age group of children from rural
schools.

Prevalence of HBV infection in Chiang Mai chil-
dren

The results of testing for HBsAg and anti-
HBc are presented in Table 1. The average preva-
lence rate of HBsAg in Chiang Mai schoolchil-
dren age 4-9 years was 1.2% (8/680). There was
a general increase in the prevalence rate with
age, reaching 2.2% in the 8-9 years age group.
The positive rate in males was 1.5% (5/332) and
in females was 0.9% (3/348), which was not sta-

Vol 36 No. 1 January 2005

tistically different (p = 0.496). HBsAg positive
rates in urban schoolchildren (1.7%) and rural
schoolchildren (0.8%) were not significantly dif-
ferent, p = 0.477.

Another indicator of true infection by HBV
is the development of anti-HBc antibodies. The
overall prevalence of anti-HBc antibodies was
6.9% (47/680), with no significant difference
between the sexes (6.9% in males and females,
p = 0.999). When rural and urban children were
considered separately, the prevalence in the ru-
ral children (8.2%) was not significantly different
from urban children (5.3%), p = 0.133.

Surprisingly, all 5 HBsAg positive children
from urban schools had a history of HB vacci-
nation (two at 9 years of age, one at 7 years of
age and one at 4 years of age had complete HB
vaccination and one at 9 years of age had an
incomplete HB vaccination). Most of them were
anti-HBc positive, except the one 9 years of age
who was anti-HBc negative (who had a history
of complete HB vaccination). All 3 HBsAg posi-
tive children from rural schools were non-vacci-
nated and anti-HBc positive, two at 9 years of
age and one at 6 years of age.

Efficacy of the vaccination program

A simple indicator of efficacy is the
seroprevalence of anti-HBs antibodies. These
values are presented in Fig 2. In our study group,
we found that of those age 4-9 years, 178
(26.2%) had protective anti-HBs and 76 (11.2%)
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Table 2
Anti-HBG¢ positivity among Chiang Mai children with anti-HBs negative and positive by age groups
and comparison between schoo! areas.

Anti-HBG positive/Anti-HBs negative

Anti-HBc positive/Anti-HBs positive

Age (years) Chiang Mai Rural school-  Urban school-  Chiang Mai Rural school-  Urban school-
children children children children children children
4-5 8/119 7/73 1/46 10/104 9/57 1/47
(6.7%) {(9.6%) (2.2%) (9.6%) (15.8%) (2.1%)
6-7 5/152 1/82 4/70 8/78 4/38 4/40
(3.3%) (1.2%) (5.7%) (10.3%) {10.5%) (10.0%)
8-9 11/155 7/93 4/62 5/72 3/34 2/38
(7.1%) (7.5%) (6.5%) (6.9% (8.8%) (5.3%)
Total 24/426 15/248 9/178 23/254 16/129 7/125
(5.6%) (6.0%) (5.1%) (9.1%) (12.4%) (5.6%)

100

456789
Rural school-
children

£ Low anti-HBs

4567 829
Chiang Mai
children

[J Negative anti-HBs

4 56 7 8 9(
Urban school-
children

Fig 2-Seroprevalence of anti-HBs levels in Chiang Mai
schooichildren, by age and areas (rural vs ur-
ban).

had low levels of anti-HBs. The prevalence de-
creased with age, from 33.8% with protective
anti-HBs and 20.3% with low levels of anti-HBs
at age 4 years to 18.4% with protective anti-HBs
and 8.0% with low levels of anti-HBs by age 9
years. No significant difference was observed
between male and female children, p = 0.096.
When separated into rural and urban groups, the
seroprevalence of anti-HBs antibodies in urban
children (28.1% with protective anti-HBs) was
not significantly different from rural schoolchil-
dren (24.7% with protective anti-HBs), p = 0.131.

Efficacy méy be more accurately judged by
the development of protective levels of anti-HBs
antibodies (210 miU/ml). Compared to the cov-

210

Age

years)

B Protective anti-HBs

erage with HB vaccination, the proportion of pro-
tective anti-HBs antibodies is quite low, demon-
strated by Figs 1 and 2. The coverage of com-
plete HB vaccination was 65.7%. The presence
of protective anti-HBs in our study group was
26.2%. In the youngest age group (4 years) with
79.7% with complete HB vaccination, 33.8% had
protective levels of antibodies. Even in the
youngest age group (4 years) of urban school-
children with 100% complete HB vaccination,
23.8% had protective levels of antibodies.

The presence of anti-HBc¢ antibodies indi-
cates natural infection with HBV. The prevalence
of anti-HBc in anti-HBs seronegative and anti-
HBs seropositive individuals is presented in Table
2. The prevalence of anti-HBc among the anti-
HBs seropositive group (9.1%) was not signifi-
cantly different from the anti-HBs seronegative
group (5.6%), p = 0.089. In the anti-HBs serop-
ositive group, the prevalence of anti-HBc in ru-
ral schoolchildren was 12.4%, while in the ur-
ban schoolchildren it was 5.6%, which was not
significantly different (p = 0.059).

DISCUSSION

From 1989 to 1992, the Thailand's HB im-
munization model program was conducted in
Chiang Mai and Chon Buri Provinces and dem-
onstrated that HB vaccine could be effectively
administered along with other EPI vaccines. By
the end of the project, overall coverage for com-
plete HB immunization in Chiang Mai had
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reached 93.1%. A minority of children received
incomplete HB immunization or no immunization.
HB vaccination was shown to provide over 80%
protective efficacy against HBV infection
(Chunsuttiwat et al, 1997). Stepwise expansion
of HB vaccination evolved into a nationwide pro-
gram in 1992. The HB vaccination coverage rate
has been rapidly catching up with its EP! coun-
terparts, with the coverage rate of the third dose
ranging from 71.2-94.3% (Chongsrisawat et al,
2000; Poovorawan et al, 2001). We found that
the coverage rates of Chiang Mai children age
4-9 years old, who should have received 3 doses
of HB vaccine, was 65.7%. Some children re-
ceived incomplete HB immunization (3.8%). In
Chon Buri, after its integration into the EP! pro-
gram, the complete HB vaccination rate was
71.2% and the incomplete HB vaccination rate
was 12.9% (Poovorawan et al, 2001). There was
a marked difference between the urban and ru-
ral environments. City children had a coverage
rate of 89.1% compared to only 46.9% for rural
children. These results are slightly less than those
reported in other study. These numbers may be
an underestimate, since the data were obtained
by questionnaire and from health record book-
lets, and some of which had been lost, espe-
cially in older children and in rural schooils.

The prevalence of HBsAg can be used as
an indicator of true HBV infection, as opposed
to anti-HBs antibodies, which develop following
infection and immunization. Other studies have
shown that the prevalence of HBsAg in non-im-
munized children is 3.64% (Luksamijarulkul et
al, 1995), but this figure has dropped by 85%
after the immunization program was instituted
(Chongsrisawat et al, 2000), with a prevalence
of 0.67% reported (Poovorawan et a/, 2000). The
current carrier rate in Thai children has been de-
termined to be 0.55-7% (Chub-uppakarn et al,
1998: Poovorawan et al, 2000; 2001). In Chon
Buri, after the integration of the HB vaccine into
the EPI, the HBsAg positive rate was 0.7%
(Poovorawan et al, 2001). In Chiang Mai, 1.2%
of all children had circulating HBsAg in serum, a
figure comparable to other studies. The pres-
ence of anti-HBc antibodies can also serve as
an indicator of infection by HBV. Other studies
have found that 5.5% of children 1-10 years old
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have anti-HBc antibodies (Poovorawan et al,
2000), compared to 6% of non-immunized chil-
dren (Luksamijarulkul et al, 1995). In our study
group, we found the prevalence rate among
children 4-9 years old was 6.9%. While in Chon
Buri, after the integration of HB vaccine into the
EP|, the anti-HBc positive rate was 6.3%
(Poovorawan et al, 2001).

The efficacy of immunization can be evalu-
ated by measuring the levels of protective anti-
HBs antibodies. By age 10, about 56% of immu-
nized children have antibodies to HBsAg
(Poovorawan et al, 2000), compared to 15% of
non-immunized children (Luksamijarulkul et al,
1995). The prevalence rate is higher in younger
children, with values of 94% at 0-2 years of age,
dropping to 76% by 3-5 years of age (Chub-
uppakarn et al, 1998). In our study, 33.8% of chil-
dren 4 years old had protective anti-HBs antibod-
ies, dropping to 18.4% by age 9 years. The preva-
lence of samples with anti-HBs antibodies de-
clined as children got older, except for an increase
in the 8-year old age group (30.4%). The pattern
of anti-HBs present is similar to the pattern of the
coverage of HB vaccination, by age and area (ru-
ral vs urban). Compared to previous reports, our
results show a lower percentage of anti-HBs an-
tibodies. Anti-HBs antibodies may be from natu-
ral infection with HBV. This was demonstrated by
the fact that 9.1% of children with anti-HBs were
anti-HBc positive.

In our study group, there were some ap-
parently completely immunized children who had
evidence of true HBV infection with circulating
HBsAg and/or anti-HBc antibodies. Children in
Thailand are not screened for previous HBV in-
fection prior to immunization. The children with
anti-HBc antibodies may well have acquired the
natural infection before they were immunized.
The three HBsAg positive children from rural
schools were non-vaccinated and had anti-HBc
as a result of natural infection. While the five
HBsAg positive children from urban schools had
a history of HB vaccination (four had complete
HB vaccination and one had incomplete HB vac-
cination). Most of them were anti-HBc positive,
except one who was anti-HBc negative (had a
history of complete HB vaccination). The chil-
dren with circulating HBsAg despite immuniza-
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tion were true failures of vaccination. These chil-
dren have the potential to become chronic car-
riers of HBV. These results imply failures or gaps
in the immunization program. Our study did not
uncover any specific source of the problem.
Several factors, such as the commercial source
of the vaccines, inadequate transportation and
storage systems, and inefficient methods of ad-
ministration might reduce the effectiveness of the
vaccine. More recently, new variants of HBV have
been reported that occur more frequently in vac-
cinated individuals (Theamboonlers et al, 2001).
These viruses have critical amino acid differences
that allow them to escape the host immune Sys-
tem and the protective effects of the vaccine.

Previous studies have reported seropre-
valence based on any positive value for anti-HBs
antibodies. In our study, we distinguished be-
tween positive serology for anti-HBs antibodies
as protective levels (=10.0 mIU/ml) and low lev-
els (1.0-9.9 miU/ml) = of these antibodies. We
found that, overall 26.2% of children had pro-
tective levels of anti-HBs antibodies, and 11.2%
had low levels of these antibodies. After vacci-
nation, the strongest antibody response was de-
tected within the first year, and after approxi-
mately 5 years it decreased to low or undstect-
able levels in some individuals. Most studies in
Thailand have suggested that a booster dose
after the initial three doses is not necessary, and
that immunologic memory provides adequate
protection, even if levels of anti-HBs antibodies
are below 'protective’ levels (Chongsrisawat et
al, 2000; Poovorawan et al, 2000). The presence
of HBsAg/anti-HBc in vaccinated children from
urban schools with high coverage under the HB
vaccination program call for evaluation HBV in-
fection after HB vaccination. Some children can
become chronic carriers, despite adequate vac-
cination.
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Body surface area is an independent factor contributing to the
effects of lamivudine treatment
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Abstract

Background: 1t has been suggested that lamivudine therapy may be even more effective if administered at higher doses than is dictated by the
current standard regimen. We analyzed the correlation between the effects of lamivudine and body surface area (BSA).

Method: We evaluated 134 patients with chronic hepatitis B who had been treated with lamivudine for more than 12 months. The effect
of the treatment was evaluated from the levels of serum alanine aminotransferase (ALT) and HBV-DNA. Several variables that could
influence the response to treatment, including ALT, albumin, and bilirubin levels, platelet counts, BSA, HBV-DNA, and HBeAg were
analyzed.

Results: Univariate logistic analysis selected platelet counts, BSA, HBV-DNA and HBeAg in the biological evaluation, and bilirubin, BSA,
HBV-DNA and HBeAg in the virological evaluation ( x%>1.0). Using these factors, multivariate analysis revealed that BSA ( ¥2=128,
p=0.0004) was the only factor that could contribute significantly to the improvement of ALT levels, and that BSA ()2 =4.4, p=0.0354) and
HBeAg (x* =8.1, p=0.0044) were independent factors that could influence the suppression of HBV-DNA.

* Corresponding author. Tel.: +81 92 642 5282; fax: +8192 642 5287.
E-mail address: nakamuta@intmed3.med kyushu-w.ac.jp (M. Nakamuta).
! Other members of the Kyushu University Liver Disease Study Group are listed in Appendix A.

1386-6346/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.hepres.2004.11.004
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Conclusion: We revealed that BSA is a significantly predictor of the effect of lamivudine therapy, suggesting that lamivudine dosage should

be based on the individual BSA.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Chronic hepatitis B is an important cause of morbidity
and mortality resulting from cirrhosis-related liver failure
and hepatocelluar carcinoma (HCC) [1,2]. Lamivudine is a
nucleoside analogue with activity against hepatitis B virus
(HBV) replication. A daily dosage of Jamivudine of 100 mg
has been accepted worldwide for the treatment for chronic
hepatitis B, since early studies showed that there was no sig-
nificant difference in the effect of lamivudine at doses of
100 mg and 300 mg [3,4]. However, to establish ideal dosages
in those studies, efficacy was mainly evaluated by measur-
ing HBV-DNA, and the assay used was not as sensitive
as the PCR assay [5,6]. Studies in which HBV-DNA was
measured by PCR assay reported an additional viral suppres-
sive activity with high doses (300 mg) of lamivudine for 24
weeks [7]. In addition to limits imposed by the assay meth-
ods used, the observation periods in the studies on lamivu-
dine doses of 100mg to 300mg were limited to a period
of 12 [3] or 24 weeks [4], because 1 year treatment with
lamivudine often resulted in the relapse of HBV viremia [8].
Furthermore, the major drawback of lamivudine monother-
apy is the emergence of resistant HBV with mutations of
the tyrosine-methionine—aspartate—aspartate (YMDD) mo-
tif. The incidence of these mutants rises from 15 to 20%
in the first year of therapy to 40% by the second year, and
to 67% by the fourth year [9]. Although the effect of doses
greater than 100 mg on the emergence of YMDD mutants
has not been evaluated, base line body mass index has been
reported to be significantly related to the emergence of mu-
tation of HBV during lamivudine treatment in patients with
co-infection of HBV and human immunodeficiency virus-1
HIV-1[10]. Therefore, we evaluated the relationship between
lamivudine effects and body surface are (BSA).

2. Patients and methods
2.1. Parients

A total of 134 patients with chronic hepatitis B were eval-
uated. Patients with fatty liver, patients with viral hepatitis
C, patients with alcoholic abuser and patients with autoim-
mune disorder such as autoimmune hepatitis and primary
biliary cirrhosis were excluded. They had been treated with
100mg of lamivudine for more than 12 months at Kyushu
University Hospital and its related hospitals (Table 1). For
all patients, the existence of serum HBV-DNA was con-
firmed by TMA assay (1037-10%7 genome equivalents/mL;

Table 1
Characteristics of the 134 patients at base line?
Total

Age 4894114 (21-70)
Male/Female 98/36
CH/LC (Child A/B/C) 83/51 (35/9/7)
Observation period (month) 23.1+£7.9 (12-40)
ALT (U/L) 184.6£243.4 (17-1722)
Albumin (g/dl) 3.76 £0.57 (2.3-4.9)
Bilirubin (mg/dl) 1.414£1.79 (0.4-12.9)
Platelet (10%/p.1) 13.62 £ 6.19 (2.6-29.9)
BSA (m?)* 1.702 4-0.189 (1.28-2.24)
Height (m) 1.644 £ 0.084 (1.44-1.85)
Weight (kg) 64.24+11.7 (38.0-105.0)

<5.0 (LEG/mb) 24

50<=<6.0 15

6.0<<7.0 35

>7.0 48

Positive 77

Negative 57

2 Plus-minus values are means 4+ S.D.

3.7-8.7log genome equivalents [LGE]/mL) (Chugai Diag-
nostic Science, Tokyo, Japan) or by a Roche Monitor kit
(10%6-107 copies/ml; 2.6-7.6 log copies/mL) (Roche Diag-
nostics, Tokyo, Japan) before treatment. None of the patients
dropped out and all were treated with 100 mg/day lamivudine
until the end of the observation period. After the start of medi-
cation, basic hepatic function and serum levels of HBV-DNA
were measured at least every 3 months for all patients. The
efficacy of lamivudine was evaluated from the serum levels of
alanine aminotransferase (ALT) and HBV-DNA, as biolog-
ical and virological effects, respectively. The evaluation us-
ing serum ALT was done as follows: (1) sustained responder-
(SR-) ALT: the serum levels of ALT decreased, and remained
at less than 30 U/L continuously during the observation; (2)
transient responder- (TR-) ALT: the serum ALT decreased
to less than 30 U/L, but increased to more than 30 U/L again
during the subsequent observation; (3) non-responder- (NR-)
ALT: the serum ALT always remained at more than 30 U/L
throughout the observation. Similarly, the virological eval-
uation by HBV-DNA was done as follows, using a Roche
Monitor kit: (1) SR-HBV: serum HBV-DNA decreased to
levels undetectable by PCR (<2.6log copies/mL), and re-
mained negative continuously during the observation; (2)
TR-HBV: the serum HBV-DNA decreased to undetectable
levels once (<2.6 log copies/mL), but become positive again
during the subsequent observation; (3) NR-HBV: the serum
HBV-DNA was never negative throughout the observation
(>2.6 log copies/mL). BSA was calculated using the method
of DuBois.
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2.2. Statistical analysis

The backgrounds of the patients at the beginning of
lamivudine treatment are shown as mean = S.D. for the quan-
titative variables. Differences in the backgrounds of the SR,
TR and NR-patients were examined by one-way ANOVA
or x2-test. In order to confirm the contribution of the vari-
ables toward the effect of the treatment, usiivariate and mul-
tivariate logistic analysis were performed. For multivariate
logistic analysis, we analyzed BSA as an independent factor
contributing to effects of lamivudine treatment variables that
showed x? values of more than 1.0 in the univariate logistic
model.

3. Results

Differences in background at the beginning of lamivudine
treatment among the variables were evaluated by one-way
ANOVA or x2-test. In the studies evaluating ALT (the bio-
logical response), the mean values of BSA and body weight
were significantly lower in the SR-ALT group than in the
other groups, and there was no significant difference in sex,
observation period, height, ALT, albumin, bilirubin, platelet
counts, HBV-DNA, or HBeAg among the groups (Table 2).
Fig. 1 shows the distribution of BSA in each group, and
demonstrated that there was an inverse relationship between
BSA and the effects of lamivudine (p=0.0394 at SR ver-
sus TR and p=0.0004 at SR versus NR by Fisher’s PLSD
test). Similarly, the evaluation of HBV-DNA (the virologi-
cal response) showed that BSA and body weight were also
significantly lower in the SR-HBV group than in NR-HBV
group (Table 3 and Fig. 1 [BSA: p=0.0087 at SR versus
NR by Fisher’s PLSD test]). The prevalence of HBeAg dif-
fered significantly among the groups (p <0.005 by x2-test),
and in the NR-DNA group, most of the cases were positive
for HBeAg (Table 3). The observation period also differed
significantly among the groups (p <0.05), and the SR-DNA
group had longer observation period than the others. There
was no difference in sex, height, ALT, alubumin, bilirubin,
platelet counts, or HBV-DNA among the groups.
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Table 2
Evaluation using the serum levels of ALT
SR TR NR

Number 60 43 31
Male/Female 39/21 3112 28/3
Observation period 2234188 239471 23.5+73

(month)
ALT (U/L) 196.74195.2  181.2+£2639 165.6+299.6
Albumin (g/dl) 3824051 3.66£0.67 3.804+0.54
Bilirubin (mg/dl} 1.42+2.18 1.58+1.75 1.160.70
Platelet (x 10* u1™h 14.49 £ 6.25 13.36 +6.31 12.30£5.83
BSA (m?)” 1.644+0.184  1.7194+0.184  1.790%0.172
Height (m) 1.629 40087 1.650+£0.091 1.667+0.060
Weight (kg)* 6045+£1041  6524+10.53  70.10%:13.27
HBV-DNA

<5.0 (LEG/mb) 1 8 5

5.0<<6.0 6 1 8

6.0<<7.0 17 11 7

>7.0 26 23 It
HBeAg

Positive 32 25 20

Negative 28 18 i1

* p<0.005.

In order to confirm the contribution of the variables
toward the treatment, univariate and multivariate logistic
analysis were performed. In univariate logistic analysis,
platelet counts, BSA, body weight, height, HBV-DNA and
HBeAg in the biological evaluation, and bilirubin, BSA,
body weight, height, HBV-DNA and HBeAg in the virolog-
ical evaluation, had x? values of more than 1.0 (Table 4).
Therefore, we used these factors except body weight and
height as variables for multivariate logistic analysis, be-
cause there was a strong correlation between BSA and
body weight (R? =0.89072, p <0.0001), or BSA and height
(R?=0.67708, p <0.0001). The results of multivariate anal-
ysis revealed that BSA was the only significant factor that
could contribute to the improvement of ALT levels ( x2=12.8,
p=0.0004), and BSA and HBeAg were independent factors
that could influence the disappearance of serum HBV-DNA
(BSA: x2=4.4,p=0.0354 and HReAg: x> =8.1, p=0.0044)
(Table 5).

—_—e
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Fig. 1. The distribution of BSA according to the effect evaluated by ALT (left panel) and by HBV-DNA (right panel) was shown (open circle). The bars
represent mean % S.D. Non responders had significantly larger BSA than sustained responders in both evaluations,
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Table 3
Evaluation using the serum levels of HBV-DNA
SR TR NR
Number 83 31 20
Sex 60/23 22/9 16/4
Observation period 226475 267477 19.6£7.7
(month)”
ALT (U/L) 193.7+246.6 188542963 13824914
Albumin (g/dl) 3.744+0.58 3.784+0.52 3.834+0.61
Bilirubin (mg/dl) 1.56+2.16 1.30£0.98 0.92+£0.43
Platelet (x 10% wl=!) 13.51:£6.05 13.04+6.32 15.04 £6.70
BSA (m?)" 1.676£0.170  1.7024+0.181  1.801 £0.248
Height (m) 1.629-+£0.087 1.650+0.091 1.667 £ 0.060
Weight (kg)* 62.40+£10.03 64.33410.14 715941726
HBV-DNA
<5.0 (LEG/ml) 18 6 0
50<=<6.0 10 4 1
6.0<<7.0 20 8 7
>7.0 35 13 12
HBeAg™"
Positive 40 19 18
Negative 43 12 2
* p<0.05.
** p<0.005.
Table 4
Univariate analysis on the lamivudine effects
Variable x p-value
ALT evaluation
ALT 0.35543766 0.5511
Albumin 0.31157046 0.5767
Bilirubin 0.19658636 0.6575
Platelet 2.68462623 0.1013
BSA 13.060725 0.0003
Height 4.09176033 0.0431
Weight 12.734481 0.0004
HBV-DNA 3.05562744 0.3831
HBeAg 1.02785409 0.3107
HBV-DNA evaluation
ALT 0.4754853 0.4905
Albumin 0.39014806 0.5322
Bilirubin 2.42720044 0.1192
Platelet 0.25597276 0.6129
BSA 5.54675909 0.0185
Height 1.24367306 0.2648
Weight 5.45864661 0.0380
HBV-DNA 4.18232253 0.2424
HBeAg 10.2577192 0.0014

4, Discussion

In this present study, we found that BSA was a significant
factor that could contribute to both the improvement of ALT
levels (biological response) and the disappearance of serum
HBV-DNA (virological response). Because the pharmacoki-
netics of lamivudine correlate with body weight, as is the case
with many other drugs [11], it is reasonable to conclude that
patients with lower BSA would have the higher blood concen-
tration of lamivudine, although we did not actually monitor
the lamivudine blood concentration. Recent reports suggest

Table 5
Multivariate analysis of the effects of lamivudine using potential univariate
predictors

Variable x2 p-value
ALT evaluation
Platelet 3.2287548 0.0724
BSA 12.7808491 0.0004
HBV-DNA 2.42555739 0.4889
HBeAg 0.93377434 0.3339
HBV-DNA evaluation
Bilirubin 3.76147767 0.0524
BSA 4.42516561 0.0354
HBV-DNA 2.23355431 0.5254
HBeAg 8.10893404 0.0044

that baseline body mass index is significantly related to the
emergence of HBV mutation during lamivudine treatment
(300 mg/day, >6 months) in patients coinfected with HBV
and HIV-1 {10]. Therefore, the results of our study question
whether a lamivudine dosage of 100 mg/day is adequate, par-
ticularly for long-term treatment.

The standard lamivudine dose of 100 mg daily was based
on early studies in which doses of 25, 100, 300 mg were com-
pared for 12 [3] or 24 weeks [4]. Dienstag et al. [3] reported
that levels of HBV-DNA became undetectable in 70% of the
patients who received the 25 mg dose of lamivudine (n=10)
and 100% of those treated with doses of 100 mg (n=11) or
300mg (n=11). Nevens et al. [4] reported that HBV-DNA
was undetectable at the end of 24 weeks of lamivudine treat-
ment in 58% (25 mg), 93% (100 mg), and 88% (300 mg) of
patients (n=16, 19 and 19, respectively), and that abnormal
ALT levels at baseline were normalized in 64% (25 mg),
45% (100 mg), and 36% (300 mg) of the patients at treat-
ment completion. Because there were no significant differ-
ences reported in the rates of non-detection of HBV-DNA
and nomalization of ALT levels between the 100 and 300 mg
dose, the dose of 100 mg has become accepted as a therapeu-
tic standard. However, several issues should be considered
when evaluating the results of these studies, including: (1)
number of patients; (2) period of treatment; (3) emergence of
lamivudine-resistant mutants in long-term treatment; and (4)
detection limit of HBV-DNA.

As we showed in the present study of 134 cases, there
was a significant difference in the effect of BSA on both the
biological and virological response at the end of observation
period (mean = 2 years), although the differences in the mean
values of BSA in each group were relatively small. Therefore,
itis possible that previous studies failed to detect a significant
contribution of BSA to the effects of lamivudine because of
the smaller numbers of patients examined.

Observation periods of 24 weeks are not adequate for de-
tecting the emergence of lamivudine-resistant mutants, since
the incidence of the mutants rises from 15 to 20% in the first
year to 40% by the second year and to 67% by the fourth year
of treatment [9]. In our present study of HBV-DNA evalua-
tion, the rate of TR-DNA and NR-DNA was 38% in patients
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who were positive for HBV-DNA (>2.61og copies/mL) at
the end of observation (average of about 2 years). We did
not confirm the YMDD mutation in all cases of TR-DNA
and NR-DNA, and further study will be needed to confirm
whether BSA affects the incidence of YMDD mutants.

It is important to consider the sensitivity of measurement
of HBV-DNA in evaluating the effects of lamivudine, be-
cause a decrease in HBV-DNA is reported to be associated
with a lower incidence of YMDD mutants [12]. In previous
studies, which showed no difference in the effects of 100 and
300 mg lamivudine on HBV-DNA reduction (as described
above) [3,4], HBV-DNA was measured quantitatively by
liquid hybridization assay (Abbott Laboratories), whichhasa
detection limit of 107 geq/mL [13]. Honkoop et al. studied the
efficacy of 100 and 300 mg lamivudine in viral suppression
for 24 weeks using a semi-quantitative PCR method with a
detection limit of 102-10% geq/mL [7]. They showed that 29
and 37% patients were HBV-DNA negative after 24 week
treatment with 100 and 300 mg lamivudine, respectively, in-
dicating the possibility of additional viral suppressive activity
with higher doses and longer-term therapy with lamivudine.
Furthermore, using a more sensitive real-time quantitative
PCR method with a detection limit of 1.7logcopies/mL,
1de et al. [12] reported that neither emergence of YMDD
mutants nor a virological breakthrough of serum HBV
DNA was observed in patients with <1.7copies/mL. In
our study, we measured HBV-DNA with a Roche Monitor
kit, which has detection limit of 2.6logcopies/mL; 23%
patients (TR-DNA) were HBV-DNA negative once, but
became positive again during the subsequent observation.
The TR-DNA group had a longer observation period than the
other groups, this difference might affect the result that there
was no significant difference in BSA between TR-DNA and
SR-DNA groups, or TR-DNA and NR-DNA groups in the
evaluation of HBV-DNA (Fig. 1). More precise analysis
with longer observation period and/or using the real-time
PCR method might show a clearer relationship between
BSA and virological response with lamivudine.

In conclusion, we have revealed that BSA isa statistically
significant and potentially important factor that can predict
the effect of lamivudine therapy for chronic hepatitis B. A
noteworthy finding in our study was that small differences in
BSA could significantly influence the effect of the lamivu-
dine treatment, suggesting that a small dose increase might
increase the efficacy of lamivudine therapy. We believe that a
long-term clinical trial with higher dose lamivudine treatment
and a large number of cases is warranted, since lamivudine
will continue to be a first-line treatment for HBV.

Appendix A

In addition to the authors, the Kyushu University Liver
Disease Study Group includes the following individuals:
R. Sugimoto (Harasanshin Hospital, Fukuoka), H. Ama-
gase and S. Tominaga (Mihagino Hospital, Kitakyushu), K.

Yanagita (Saiseikai Karatus Hospital, Karatsu), K. Ogiwara
(Kyushu Rosai Hospital, Kitakyushu), M. Tokumatsu (Sai-
seikai Fukuoka Hospital, Fukuoka), S. Tabata (Hayashi Hos-
pital, Fukuoka), M. Yokota (National Kyushu Cancer Cen-
ter, Fukuoka), H. Tanaka (Chihaya Hospital, Fukuoka), S.
Nagase (Fukuoka Teishin Hospital, Fukuoka), S. Tsuruta
(Nakabaru Hospital, Fukuoka), S. Tada (Moji Rosai Hospital,
Kitakyushu), M. Nagano (Kyushu Koseinenkin Hospital, Ki-
takyushu), M. Honda (Nishi-Fukuoka Hospital, Fukuoka), T.
Umeno (Sawara Hospital, Fukuoka), T. Sugimura (National
Hospital Organization Fukuoka Higashi Hospital, Fukuoka),
S. Ueno (Kitakyushu Municipal Wakamatsu Hospital, Ki-
takyushu), K. Miki (Kitakyushu Municipal Moji Hospital,
Kitakyushu), H. Okubo (Shineikai Hospital, Kitakyushu),
H. Fujimoto (Mitusbishikagaku Hospital, Kitakyushu), N.
Higuchi (Shin-Nakama Hospital, Kitakyushu), S. Shige-
matsu (Kouseikan Hospital, Saga), N. Higashi (National Hos-~
pital Organization Beppu Hospital, Ohita).

References

[1] Ganem D, Prince AM. Hepatitis B virus infection—natural history
and clinical consequences. N Engl J Med 2004;350:1118-29.

[2] Lai CL, Ratziu V, Yuen M-F, Poynard T. Viral hepatitis B. Lancet
2003;362:2089-94.

[3] Dienstag JL, Perrillo RP, Schiff ER, Bartholomew M, Vicary C,
Rubin M. A preliminary trial of lamivudine for chronic hepatitis B
infection. N Engl J Med 1995;333:1657-61.

[4] Nevens F, Main J, Honkoop P, et al. Lamivudine therapy for chronic
hepatitis B: a six-month randomized dose-ranging study. Gastroen-
terology 1997;113:1258-63.

{51 Kohmoto M, Enomoto M, Yano Y, et al. Detection of serum hepatitis
B virus DNA by real-time quantitative polymerase chain reaction
(TaqMan PCR) during lamivudine treatment: comparison with three
other assays. Hepatol Res 2003;26:125-33.

{6] Sakugawa H, Kobashigawa K, Nakayoshi T, et al. Monitoring low
level hepatitis B virus by a newly developed sensitive test. Hepatol
Res 2003;26:281-6.

[7] Honkoop P, de Man RA, Niesters HG, et al. Quantitative hepatitis
B virus DNA assessment by the limiting-dilution polymerase chain
reaction in chronic hepatitis B patients: evidence of continuing vi-
ral suppression with longer duration and higher dose of lamivudine
therapy. J Viral Hepat 1998;5:307-12.

[8] Ohkoshi S, Ogata N, Ichida T. The long-term clinical outcome of
1-year treatment of chronic hepatitis B with lamivudine-5 years ob-
servation. Hepatol Res 2003;27:13-7.

[9] Liaw YF, Leung NWY, Chang TT, et al. Effects of extended lamivu-
dine therapy in Asian patients with chronic hepatitis B. Gastroen-
terology 2000;119:172-80.

[10] Wolters LMM, Niesters HGM, Hunsen BE, et al. Development of
hepatitis B virus resistance for lamivudine in chronic hepatitis B
patients co-infected with the human immunodeficiency virus in a
Dutch cohort. J Clin Virol 2002;24:173-81.

[11] Johnson MA, Moore KH, Yuen GJ, Bye A, Pakes GE. Clinical
pharmacokinetics of lamivudine. Clin Pharmacokinet 1999;36:41-66.

[12] Ide T, Kumashiro R, Koga Y, et al. A real-time quantitative poly-
merase chain reaction method for hepatitis B virus in patients with
chronic hepatitis B treated with lamivudine. Am J Gastroenterol
2003;98:2048-51.

[13] Zaaijer HL, ter Borg F, Cuypers HT, Hermus MC, Lelie PN. Com-
parison of methods for detection of hepatitis B virus DNA. J Clin
Microbiol 1994;323:2088-91.



PO Box 2345, Bejing 100023, China
www.wjgnet.com
wig@wijgnet.com

e v e
ELSEVIER

World | Gastroenterol 2005;11(9):1356-1360
World Journal of Gastroenterology 1SSN 1007-9327
©2005 The WJG Press and Elsevier Inc. All rights reserved.

© CLINICAL RESEARCH o

High relative fat-free mass is important for maintaining serum
albumin levels in patients with compensated liver cirrhosis

Kazuhiro Kotoh, Makoto Nakamuta, Marie Fukushima, Chitose Matsuzaki, Munechika Enjoji, Hironori 'Sakai, Hajime Nawata

Kazuhiro Kotoh, Makoto Nakamuta, Marie Fukushima, Chitose
Matsuzaki, Munechika Enjoji, Hajime Nawata, Department of
Medicine and Bioregulatory Science, Graduate School of Medical
Sciences, Kyushu University, Fukuoka 812-8582, J apan

Hironori Sakai, Department of Gastroenterology, National Hospital
Organization Kyushu Medical Center, Fukuoka 812-8582, J apan
Correspondence to: Makoto Nakamuta, M.D., Ph.D,, Department
of Medicine and Bioregulatory Science, Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka
812-8582, Japan. nakamuta @intmed3.med kyushu-u.ac.jp
Telephone: +81-92-642-5282  Fax: +81-92-642-5287
Received: 2004-08-13  Accepted: 2004-10-05

Abstract

AIM: In patients with liver cirrhosis, hypoalbuminemia
causes edema and ascites, and a reduction in the quality
of life. Since musculature is catabolized to supply amino
acids for albumin synthesis in malnutritional cirrhotic
patients, muscular volume is hypothesized to play an
important role in albumin production. Therefore, we
investigated the correlation between serum albumin levels
and the fat-free mass (FFM) in cirrhotic patients.

METHODS: Fifty-seven patients (26 males and 31 females)
with compensated fiver cirrhosis were evaluated. Patients
with edema or ascites were excluded from the study.
Healthy volunteers (17 = 104; 48 males and 56 females)
were also evaluated as controls, FFM was measured using
5-500 kHz multifrequency bioelectric impedance analysis.
To minimize the difference in FFM distribution between
males and females, we introduced a new marker, relative
FFM (rFFM), whicf) represents the ratio of FFM in a patient
relative to that in/a volunteer of the same height. Following
FFM measurement, the serum albumin levels of patients
were assayed monthly,

RESULTS: In patients with active cirrhosis (alanine
aminotransaminase [ALT] >50 U/L), both albumin (the
difference between maximum and minimum levels) and
the standard deviation of albumin levels (SD-albumin) during
the observation period showed a significant correlation
with rFFM. Multiple linear regression analysis using variables
such as rFFM, platelet number, and serum cholesterol levels,
choline esterase, albumin, bilirubin, and ALT revealed that
rFFM and ALT were significant and independent factors
that influenced albumin or SD-albumin in cirrhotic patients.

CONCLUSION: Our results indicate that cirrhotic patients
with high rFFM showed less of a decrease in albumin
levels, and that the muscie volume is one of the most

important factors for maintaining serum albumins level
in active cirrhosis. Exercise and protein-rich nutrition at
the early stage of liver cirrhosis may be advisable for
maintaining or increasing muscular volume.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

In eatlier reports, several factors were established for
predicting the prognosis of patients with liver cirrhosis, such
as ascites, liver volume, encephalopathy, esophageal varices,
serum albumin, serum bilirubin and clotting factors!".
Among these factors, serum albumin level was commonly
regarded as the most reliable. The usefulness of utilizing
hepatic protein synthesis as a parameter for predicting the
prognosis of cirthotic patients is supported by a series of
repotts, which showed that a medication with branched amino
acid elevated the serum levels of albumin and improved
the prognosis®®. Besides predicting survival, maintaining
high albumin levels is clinically important for patients with
liver cirrhosis, because decreased serum albumin levels cause
ascites and edema, which lower the quality of life.

With tespect to protein metabolism in cirthotic patients,
it should be emphasized that musculature plays an impottant
role as an amino-acid pool. In healthy controls, the amino
acid pool is distributed in the musculature (80%), liver (15%)
and plasma (5%)P. In cirrhotic patients, starvation readily
induces muscle protein catabolism because there is relatively
litle glycogen stored in the citrhotic liver. Therefore, in the
assessment of nutritional status in citrrhotic patients, the
evaluation of muscle protein stores is important.

Bedrest is commonly prescribed for the management
of patients with liver cirrhosis. However, it is obvious that
a bedrest results in muscle volume reduction, which might
reduce the serum levels of albumin. Thetefore, it seems
reasonable to postulate that cirrhotic patients with high
muscle volume would be more resistant to reductions in
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serum albumin associated with the progression of liver
damage. In order to confirm this hypothesis, we examined
the relationship between serum albumin levels and body
composition in cirrhotic patients.

A number of techniques are available for measuting
body compartments, such as dual energy X-ray absorptiometry
(DEXA), total body potassium measured by whole-body
potassium-40 counting, total body water measuted by isotope
dilution, ## vive neutron activation analysis TVNAA), and
bioelectric impedance analysis (BIA). Those techniques,
except BIA, associated with high cost and labot-intensive
methods. Although BIA has been used to estimate fat-free
mass (FFM) of cirthotic patients at bedside, the validity of
the measurements obtained with the single-frequency
method has been questioned. Borghi (1996) showed that
multifrequency BIA might yield valid body composition data
for cirrhotic patients without ascites!™. In the present study,
we used multifrequency BIA for measuring FFM and we
limited the study population to cirthotic patieats without
ascites or edema.

MATERIALS AND METHODS

Patients

Fifty-seven patients with compensated liver citthosis, who
were outpatients of our department from April 2000 to
March 2002, were evaluated (Table 1). They consisted of
26 males and 31 females, and tanged in age from 27 to
83 years. Fifty-two (92%) and five (8%) patients were
classified as Child A and Child B without edema and ascites
respectively. Fifty (88%) and 7 (12%) cases were caused by
hepatitis C virus and hepatitis B virus, respectively. There
was no significant difference in the basic charactetistics
between males and females (Table 1). Patients with edema
were excluded from this study. Ultrasonography (US) was
done to confirm that the evaluated patients did not have
ascites. The patients wete diagnosed with liver cirthosis based
on the results of liver biopsy and/or imaging studies
(computed tomography and USA). One hundred and four
volunteers (48 males and 56 females) were also evaluated
as control.

For all patients, 5-500 kHz multifrequency BIA was
performed using InBody 3.0 (Exercise Physiology USA and
Biospace Co., Ltd)!"l. On the same day, they underwent
general laboratory examination for albumin, bilirubin,
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Table 1 Characteristics of the 57 patients at base line (meantSD)

Variables Male Female All

n 26 31 57
Age (yr) 62.0+11.4 66.0£10.0 64.2+10.8
Etiology 23/2/1/0 27/2/1/1 50/4/2/1
(HCV/HBV/Alcohol /PBC)

Child-Pugh(A/B/C) 23/3/0 29/2/0 52/5/0
BMI 23.742.2 22.0+2.7 22.8+2.6
Albumin (g/dL) 3.38+0.49 3.57:0.47 3.48+0.48
Bilirubin (mg/dL) 1.31£0.64 1.09£0.49 1.19+0.57
AST(U/L) 87.2£71.7 76.0+55.1 81.1462.9
ALT (U/L) 77.7£72.3 64.9:70.1 70.7+£70.8
Cholesterol (mg/dL) 155.3x38.2 156.3+27.3 155.9+32.3
ChE (mg/dL) 83.0+32.2 92.0+38.9 88.0+£36.0
Platelet (x10*/L) 9.1+3.8 10.9+6.5 10.1+5.5

cholesterol, aspartate aminotransaminase (AST), alanine
aminotransaminase (ALT), and blood platelet count. The
patients and control volunteers fasted overnight prior to
the laboratory examinations. FFM was calculated as
described previously!'®'). After measurement of FFM,
serum biochemistry assays were performed every month
on an outpatient basis. The average observation period was
15.4 mo, ranging from 12 to 24 mo.

Statistical analysis

The results of laboratory data are shown as meantSD.
Differences in the average and dispetsion of FFM and
(FFM between males and females wete confirmed by #test
and f-test. Stepwise multivatiate linear regression analysis
was performed to confirm the significant predictive factors
for albumin stability using variables such as tFFM, albumin,
bilitubin, cholesterol, ALT, and blood platelet count.

RESULTS

Standard FFM of volunteers

In order to evaluate the relationship between FFM and
height, 48 male and 56 female volunteets, whose body mass
index (BMI) ranged from 20 to 24, underwent
multifrequency BML. As shown in Figure 1, there was a
good correlation between FEM and height for males and
females, and the standard FFM could be calculated as below.
Male: standard FEM (kg) = 0.565Xheight (cm) - 43.261;
Female: standard FFM (kg) = 0.677Xheight (cm) - 66.084.

y = 0.677x-66.084 2 = 0.820
5
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Figure 1 Correlation between fat-free mass (FFM) and height in volunteer males (right panel) and females (left panel). There was a significant
positive correlation between FFM and height in each sex (male: r= 0.781, £<0.0001; female: r= 0.906, P<0.0001).
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Calculation of relative FFM

According to the regression formula above, expected FEM
was calculated using the height for each patient. Ther relative
FEM (tFFM) was then calculated as follows. rFFM (%) =
(measured FFM/standard FFM) x100. In short, tFFM
tepresents the ratio between the FFM of a patient and that
of 2 normal control with an average structure and the same
height as the patient.

The left columns in Figute 2 show the FFM disttibutions
of citthotic patients, and thete was a significant difference
in dispersion between males and females (P<0.001). In
calculating tFFM for the patients (right columns of Figure 2),
the dispersion did not diffet significantly between males
and females. Therefore, it was possible to compare rfFEM
of patients regardless of their sex differences.

SD-albumin and -albumin
Serum albumin levels were measured for all patients every
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month. Using the monthly results, standard deviation was
calculated for all patients (SD-albumin). The difference
between the maximum and minimum results during the
entite observation period was also calculated (albumin). Both
SD-albumin and -albumin were considered to be indications
of the stability of hepatic synthetic function.

Compatison of tFFM and SD-albumin, ot tFFM and
-albumin for all patients, showed no significant correlations.
However, when the analysis was limited to patients with
average ALT levels over 50 U/L, we found significant
correlations between tFFM and SD-albumin, and between
tFFM and -albumin (Figure 3).

Muttiple regression analysis

It is teasonable that tFFM correlates significantly with
SD-albumin and -albumin in patients with high ALT levels,
since the demand for amino acids would be incteased under
conditions in which hepatocytes are regenerating, However,
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Figure 2 Distribution of fat-free mass (FFM) and relative FFM (rfFFM) in cirrhotic patients. In FFM, the distributions among the sexes differed
significantly (left two columns) (P<0.001). In contrast, when rFFM was applied for the same patients (right two columns); the dispersion did

not differ significantly.
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Figure 3 Correlation between rFFM with -albumin (right panel) and SD-albumin (left panel). In patients with average ALT levels >50 U/L, there

was a significant correlation of rFFM with SD-albumin (r=

0.469, P= 0.006) and with -albumin (r= 0.415, P= 0.017).
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other factors, such as the hepatic functional reserve or
nutritional status at the time of tFFM measurement, might
also influence SD-albumin and -albumin.

To investigate this possibility, we performed stepwise
regression analysis using variables such as tFFM, platelet
number, and the serum levels of cholesterol, chorine
esterase, albumin, bilitubin and ALT. This analysis revealed
that tFFM and ALT were independent predictors for both
-albumin and SD-albumin (Table 2).

Table 2 Univariate analysis of -atbumin and SD-albumin, and multi-
variate analysis using potential univariate predictors

vs -Albumin
Univariate analysis Multivariate analysis
R2 F p E P
rFFM 0.094267 5.6202 0.0214 6.0402 0.0173
Albumin 0.016847 0.9254 0.3404 - -
Bilirubin 0.017005 09342 03381 - -
ALT 0.08064 4.7365 0.0339 5.0355 0.0290
Cholesterol 0.009282 0.4965 0.4841 - -
Platelet 0.021799 11811 0.2821 - -
vs SD-Albumin
Univariate analysis Multivariate analysis
R2 F P F P
FFM 0.06456 3.7268 0.0488 3.8602 0.0447
Albumin 0.02243 1.2390 0.2706 - -
Bilirubin 0.003762 0.2039 0.6534 - -
ALT 0.072818 4.2410 0.0443 4.3666 0.0415
Cholesterol 0.005361 0.2857 0.5952 - -
Platelet 0.02186 1.1845 0.2814 - -
ISCUSSION

It has been widely accepted that the determination of body
composition is useful for evaluating nutritional status.
However, traditional methods, such as skinfold measurement,
are easy to petform but lack accuracy and reproducibility.
On the other hand, other methods such as tracer dilution,
neutron activation analysis and DEXA require sophisticated
equipments and skilled technique. In recent years, BIA has
emetged as a simple and reproducible method that can be
used for the evaluation of FEM. Several reports have shown
that the results of BMI correlate well with those of other
methods>",

Regardless of the method used for the analysis of body
composition, sex differences have been a substantial obstacle.
The results of measurements in males and females cannot
be readily compared since their average body composition
values differ significantly. To solve the problem, we applied
a new factor, rfFEM (= [measured FFM/standard FFM]
%x100%). Using this new vatiable, we could compare the
FFM results of all patients, regardless of their sex. Although
we used the formula derived from the correlation between
the FFM and height of the controls in calculating tFFM, the
average body compositions are known to differ by racet*™.
Therefore, the controls for standard cutves should be
prepared for each individual study.

Our results revealed that tFFM cortelated with -albumin
and SD-albumin in patients with high ALT levels, which
indicated that muscle volumes would be one of the most
importtant factors for maintaining the serum albumin level
in active cirthosis. This result seems reasonable since muscle
protein serves as an amino acid pool. It should be noted
that the stability of serum albumin levels is important not
only for predicting the prognosis of patients with liver
cirrhosis, but also to ensure a high quality of life. Serum
albumin accounts for the colloid osmotic pressure of
plasma; therefore hypoalbuminemia causes ascites, edema,
and a reduction of circulating plasma volume, which would
exacerbate hepatic failure.

In order to maintain or improve muscle volume, two
interventions should be considered namely, amino acid
supplementation and exercise. Citrhotic patients often suffer
from negative enetgy balance even at an early stage of the
disease, characterized predominantly by protein deficiency

-and it is well known that they also have reduced plasma

branched-chain amino acid (BCAA). Recent studies
demonstrated the efficacy of branched-chain amino acid
supplementation in improving the hypoalbuminemia of
cirrhotic patientst™. In the present study, none of the patients
had received BCAA-supplementation because decompensated
patients were excluded. Theoretically, BCAA-supplementation
could inhibit muscle catabolism and contribute to the
maintenance of muscle volume.

Regarding the usefulness of exercise for cirthotic
patients, most teports have focused on decompensated
patients with ascites. Salo e 2/I'%, noted that moderate
physical exetcise caused a marked impairment in the renal
function of patients with ascites as well as marked stimulation
of vasoconstrictor systems, wheteas Garcia-Pagan e a/l',
indicated that moderate exercise increased portal pressure
and might therefore increase the tisk of variceal bleeding
in patients with esophageal vatices. Although the conttibution
of exercise to the prognosis of cirthotic patients remains
unclear, we believe that exetcise at the compensated stage
would be useful for maintaining muscle volume which could
delay the emetgence of symptoms such as ascites and edema
that accompany the progtession of cirrhosis. Once ascites
emerge in a cirrhotic patient, abdominal fullness causes
appetite loss, which induces further hypoalbuminemia and
reduction of hepatic blood flow. To avoid such an injurious
cycle, it is important to prevent hypoalbuminemia at the
compensated stage. Taken together, the evidence suggests
that the periodic evaluation of body composition using BAT,
in addition to the physician’s recommendation for exercise,
would be useful for improving the prognosis of compensated
citrhotic patients.
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A multi-step, incremental expansion method
for radio frequency ablation: optimization
of the procedure to prevent increases 1n
intra-tumor pressure and to reduce the

ablation time

Kotoh K, Nakamuta M, Morizono S, Kohjima M, Arimura E, Fukushima
M, Enjoji M, Sakai H, Nawata H. A multi-step, incremental expansion
method for radio frequency ablation: optimization of the procedure to
prevent increases in intra-tumor pressure and to reduce the ablation time.
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Abstract: Background|Aims: Radio frequency ablation (RFA) has been
accepted clinically as a useful local treatment for hepatocellular carcinoma
(HCC). However, intra-hepatic recurrence after RFA has been reported. We
initially hypothesized that recurrence was attributable to increases in intra-
tumor pressure during RFA, and we subsequently measured the pressure and
optimized the procedure. Methods: A block of pig liver sealed in a rigid
plastic case was used as a model of an HCC tumor with a capsule. We
compared the pressure between a single-step full expansion of the needle
(single-step method) and incremental, stepwise expansion (multi-step
method), and evaluated the effect of varying the electrical power. Finally, we
performed a preliminary comparison of the ablation times for these methods
in HCC cases. Results: The multi-step method resulted in a significantly
lower pressure and shorter total ablation time than the single-step method.
Furthermore, incremental expansion in 10 steps resulted in a lower pressure
and shorter ablation time than four steps. Seventy W-ablation resulted in a
lower pressure and shorter time than 30- or 50 W-ablation. In HCC cases, the
multiple-step method had a significantly shorter ablation time than the single-
step method. Conclusion: The multi-step method can be recommended to
reduce the ablation time, and suppress the increase in pressure.
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Hepatocellular carcinoma (HCC) is one of the
most common cancers worldwide and usually is
associated with hepatitis B virus (HBV) or hepa-
titis C virus (HCV) infection. In Japan, over 80%
of HCC patients suffer from HCV-induced liver
injury and most have underlying liver cirrhosis (1).
Consequently, surgical resection is impossible in
many cases of HCC because of a poor hepatic
functional reserve. Under such conditions, percu-
taneous ethanol injection therapy (PEIT) has been
used widely for the treatment of unresectable HCC
(2). Many reports showed that the efficacy of PEIT

Abbreviations: RFA, radio frequency ablation; HCC, hepato-
cellular carcinoma; PEIT, percutaneous ethanol injection therapy.
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for small HCC tumors was comparable with that
of hepatic resection. As we demonstrated pre-
viously, however, PEIT demands multiple sessions
to achieve complete necrosis, resulting in pro-
tracted hospitalization (3). Furthermore, many
patients suffer from local recurrence after PEIT
(4, 5). Such recurrence is considered to be attribu-
table to intra-tumor septa that prevent the injected
ethanol from infiltrating the entire tumor. We
believe that local recurrence after PEIT should
be prevented as much as possible because it is one
of the most important negative prognostic factors
for HCC patients (unpublished data).

Over the last several years, radio frequency
ablation (RFA) has become a popular alternative



