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continuous inflammation and tumor promotion,
Vasiliev & Moizhess [5] reported that the growth of
a small number of tumor cells was stimulated when
they were inoculated on or close to the surface of a
polymer film. They suggested that host reactions such
as inflammation may cause or promote tumorigenesis
or tumor growth. Subsequently, Hamada et al. [6]
succeeded in converting ER-1, a weakly tumorigenic
cloned cell line of a rat mammary carcinoma, into a
highly tumorigenic and metastatic cell line by inter-
action with host cells reactive to a foreign body
(plastic plates). There are many reported clinical
instances that demonstrate the relationship between
continuous inflammation and carcinogenesis: Helico-
bacter pylori infection and gastric cancer [7,8], ulcer-
ative coliis and colorectal cancer [9], Clonorchis
sinensis infection and cholangiocellular carci-
noma [10,11], and so on.

Considering the above findings, it is possible that
the same mechanism is involved in the development
of human hepatocellular carcinoma (HCC) and that
the development of HCC is accelerated by continuous
inflammation in the liver of patients with hepatitis C
virus (HCV)-associated liver cirrhosis (I.C). How-
ever, it is widely accepted that fibrosis may accelerate
the development of HCC in HCV-associated liver
diseases [12,13].

We previously demonstrated [14] the strong asso-
ciation between sustained high serum alanine amino-
transferase (ALAT) levels (280 international units
(INU) annual average) and the development of
HCC in patients with HCV-LC (Child Stage
A [15]) by long-term observation lasting about 7 years.
However, the stage of LC at which inflammation
strongly affects the development of HCC remained
unclear. In this retrospective study, we focused on the
first 3 years after the diagnosis of Child Stage A L.C.
That is, the effects of continuously high ALAT levels
(=80 IU) for 3 successive years following the diagnosis
of LC on the subsequent development of HCC were
observed in this study.

Material and methods
Study population

At the start of the study, patients who had previously
been exposed to the hepatitis B virus, and patients
who were positive for hepatitis B surface antigen,
hepatitis B core antibody, and hepatitis B surface
antibody were excluded from the study. Patients
who had previously undergone hepatic resection for
HCC were also excluded. Patients who had previously
been treated with interferon (@ANF) were also
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excluded. Of the 179 HCV-LC patients who were
either anti-HCV posidve (as confirmed by C-100
antibody or second-generation antibody) or HCV-
RNA positive (as confirmed by polymerase chain
reaction), 25 habitual alcohol drinkers were excluded.
This group included patients who consumed >40 g of
ethanol daily and those who drank alcohol >3 days per
week. Of the remaining 154 patients with pure HCV-
associated LC, 3 patients who died within 3 years of
the study, and 19 patients who developed HCC within
3 years of the diagnosis of .C (Child Stage A) were
also excluded, as it was speculated that HCC cells had
already developed in the liver at the time of diagnosis
of LC in these patients.

The study was confined to patients with Child
Stage A [15] HCV-LC, because long-term follow-
up is required to observe the occurrence of HCC.
Most of the patients were hospitalized for liver biopsy
diagnosis at Kanagawa Cancer Center Hospital,
Kumamoto University Hospital, or Kitasato Univer-
sity Hospital between 1 April 1990 (when the esti-
mation of HCV antibody became possible in our
hospitals) and 31 January 1995.

The diagnosis of cirrhosis was made by liver biopsy
for most of the patients (87 out of 132, 65.9%), butin
some cases it was made on a clinical basis using
ultrasound (US, 21, 15.9%), computed tomography
scans (CT), biochemical tests (serum albumin level,
zinc turbidity test, ASAT/ALAT ratio), and platelet
counts. This study was carried out according to the
Declaration of Helsinki; all patients provided written
informed consent, and the study protocol was
approved by the Human Research Review Committee
of each hospital. The enrollment date for each patient
was the date of diagnosis of LC in all cases.

The annual average of serum ALAT levels, starting
from the date of diagnosis of LC, was calculated for all
patients. For this calculation, 12 measurements were
usually included, because the patients generally
received a consultation once a month at our hospitals.
Patients whose estimation of serum ALAT levels was
incomplete for any year were omitted.

At the end of the 3-year follow-up, we divided the
patients into three groups, and the subsequent inci-
dence of HCC was observed: continuously high
ALAT group (annual average over 3 years always
280 IU), continuously low ALAT group (annual
average over 3 years always <80 IU), and intermit-
tently high AI.AT group (mixed high and low average
ALAT levels, unclassified group). The reason 80 IU
was adopted as a cut-off level was because the annual
average ALAT level of patients with HCV-associated
cirrhosis with high DNA synthesis activity of hepato-
cytes estimated by BrdU uptake [16] i vitro (BrdU
labeling index (LI) 21.5%) that was shown in our



1342 K. Miyakawa et al.

previous study [17] to have a high risk of developing
HCC was found to be >80 IU in all patients [18). The
incidence of HCC starting 3 years after the diagnosis
of LC was compared retrospectively among the
groups. This comparison was made to examine the
precise effect of inflammation in the first three years
after diagnosis on the subsequent development of
HCC in HCV-LC patients.

Follow-up study

Upon admission, most patients underwent a liver
biopsy, and US and either magnetic resonance imag-
ing (MRI) or computed tomography CT scans were
carried out in all cases to exclude patients who already
had HCC. After the patients were discharged, they
were examined by US every 3 months and MRI or CT
scans every 6 months to detect the presence of small
HCC nodules. Serum o-fetoprotein (AFP) levels
(radioimmunoassay <15.0 ng/ml) were measured,
and biochemical tests, including serum albumin,
serum AIAT, serum aspartate aminotransferase
(ASAT), the thymol turbidity test, the zinc turbidity
test, and peripheral blood counts were assessed every
month. The patients were followed carefully during
the long-term observaton period, and endoscopic
examination of esophageal varices was performed
every 6-12 months in all patients. If esophageal var-
ices with signs of redness were found, then either
sclerotherapy or ligation therapy was carried out to
prevent esophageal bleeding. If the US, CT, MRI, or
AFP studies suggested the development of HCC,
then further imaging examinations, including helical
dynamic CT scans, lipiodol-CT [19], and angiogra-
phy, were carried out to confirm the diagnosis of
HCC. In particular, all patients with suspected devel-
opment of HCC underwent angiography and Lipio-
dol infusion into the hepatic artery.

Out of the 80 cases that developed HCC in this
study, HCC was confirmed histologically in 49
(61.3%) (hepatectomy in 40, biopsy in 9).

Therapeutic procedures

Stronger-neo-minophagen C (SNMC) [20] and Sho-
saiko-to [21] are herbal medicines used throughout
Japan to treat chronic viral liver diseases. They act by
reducing inflammatory processes [22] and controlling
ALAT levels. Ursodeoxycholic acid (UDCA) [20] is
also known to suppress elevated ALAT levels in some
cases. Suzuki et al. [20] observed a significant
decrease in serum ALAT levels by i.v. injection of
SNMC in patents with chronic hepatitis, and
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Hirayama et al. [21] observed a significant decrease
in serum ALAT levels by p.o. administration of Sho-
saiko-to to patients with chronic active hepatitis.
Moreover, Bellentani et al. [23] observed a significant
decrease in serum ALAT levels by long-term p.o.
administration of UDCA to patients with chronic
hepatitis. Furthermore, we recently showed a signif-
icant decrease in serum ALAT levels by combination
therapy with these drugs in patients with HCV-asso-
ciated cirrhosis [24].

For all patients in this study, we made an intensive
effort to maintain average serum ALAT levels below
80 IU using one of the above-mentioned anti-inflam-
matory agents or a combination of these agents. The
choice of agent was determined according to which
was most effective for suppressing serum ALAT levels
in each patient,

Staristical analysis

A total of 132 cases were followed up for >5 years, and
were subdivided into three groups: the continuously
high ALAT group, the continuously low ALAT
group, and an unclassified (intermittently high)
ALAT group. Demographic comparison of the three
groups was done by one-way ANOVA or the Mann-
Whitney test, according to data distribution.

Results

The results are presented as mean values (SD) or
frequency (%) of descriptive statistics. The contin-
gency table was analyzed with the x2 test. The differ-
ences in the risk of HCC incidence among the
continuously high AL AT group (n=41) and the inter-
mittently high ALAT group (n=43) as the reference of
the continuously low ALAT group (n=48) were cal-
culated by logistic regression [25].

The cumulative incidences of HCC in the three
groups were analyzed taking into consideration the
competing risks [26] using the Kaplan-Meijer
method [27] and the log-rank test. All analyses
were two-tailed, and p-values of less than 0.05 were
considered statistically significant. The statistical
analyses were done on a personal computer using
the statistical package SPSS for Windows (version
13.0; SPSS, Chicago, Iil. USA).

Finally, 132 patients with post-hepatic cirrhosis at
Child Stage A [15] who had not received INF therapy
were enrolled in this retrospective study. The char-
acteristics of the 132 patients included in the study
and the 49 excluded subjects at the beginning of the
study are summarized in Table I. The reason for the



Prediction of HCC in high ALAT HCV-LC patients 1343
Table I. Patient characteristics of 132 included and 49 excluded subjects upon diagnosis of HCV-LC.
Characteristics Study included Study excluded p-value
No. of cases 132 47
Age (years) (mean (SD)) 59.0 (7.1) 57.2 (7.8) 0.138
Gender (M/F) 59/73 33/14 0.003*
BMI (mean (SD)) 24.1 (3.0) 23.4 (3.3) 0.207
Smoking habit (+)/(—) 49/80 30/17 0.002*
Liver tests
Albumin (g/dl)
Mean (SD) 4.1 (1.2) 4.0 (0.5) 0.457**
Median (IQR) 3.9 (3.64.3) 4.0 (3.6-4.3)
ASAT (I0U)
Mean (SD) 94.7 (50.3) 109.8 (81.1) 0.506**
Median (IQR) 86.0 (60.3-124.3) 87.0 (57.8-142.3)
ALAT (IU)
Mean (SD) 108.9 (64.1) 108.6 (63.3) 0.937**
Median (IQR) 94.0 (64.0-139.8) 101.0 (60.0-160.0)
Prothrombin time (%)
Mean (SD) 78.6 (16.8) 70.0 (19.3) 0.009**
Median (IQR) 81.9 (66.6-89.7) 71.2 (53.0-88.9)
Platelet counts (per mm>x104)
Mean (SD) 10.7 (3.5) 9.3 (4.9) 0.003**
Median (IQR) 10.2 (8.3-12.8) 8.2 (6.2-11.3)
AFP
Mean (SD) 36.5 (15.4) 32.3 (66.6) 0.007**
Median (IQR) 15.4 (6.1-40.3) 6.0 (0.0-28.0)
Observation period (years)
Mean (SD) 7.9 3.7) 5.75 (3.9) 0.000**
Median (IQR) 7.0 (6.0-10.0) 5.0 (2.0-9.0)

Abbreviations: BMI = body mass index; SD = standard deviation; IQR = interquartile range; M = male; F = female; ASAT = aspartate
aminotransferase; ALAT = alanine aminotransferase; AFP = a-fetoprotein; HCV-LC = hepatitis C virus-liver cirrhosis.
p-value, ANOVA; *p=x2 test; **p, Kruskal Wallis test.

high proportion of male patients being among the
excluded subjects was that the majority of the 25
habitual alcohol drinkers were male patients.
Platelet counts were more deteriorated in the
excluded subjects. This seems also to be due to the
existence of many habitual alcohol drinkers and
patients who died within 3 years. The 132 included
subjects were followed for >5 years. Of these, 41 were
in the continuously high ALAT group, 48 in the
continuously low ALAT group, and 43 in the unclas-
sified (intermittently high) ALAT group. The average
observation period in each group was 7.2+2.6 years in
the continuously high ALAT group, 8.1+3.0 years in
intermittently high AL.AT group, and 8.6+3.4 years in
continuously low ALAT group (Table II).

IGHTS LK

78

The characteristics of the patients in these three
groups are presented in Table II. There were no
significant differences in gender, smoking habit,
serum albumin, prothrombin time, and platelet
counts among these groups at the beginning of the
study. However, there were significant differences in
age and ASAT and ALAT levels. The average age in
the continuously high AL AT group was slightly lower
than that in the patients with continuously low ALAT
levels. However it seems reasonable because the prog-
ress of the liver disease would be suspected to be
earlier than in those with continuously low ALAT
levels. Additionally, the ALAT level in patients
excluded because of developing HCC within 3 years
was 117.7+45.4 TU and was higher than that in the
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Table II. Patient characteristics of continuously high, intermittenty high and continuously low alanine aminotransferase groups on diagnosis

of HCV-LC.

Continuously high Intermittently high Continuously low
Characteristics ALAT group ALAT group ALAT group p-value
No. of cases 41 43 48
No. of cases developed HCC 32 (78.0%) 26 (60.5%) 22(45.8%) 0.008
Age (years)

Mean (SD) 57.7 (6.1) 58.2 (7.6) 61.3 (7.1) 0.034
Gender (M/F) 22/19 18/25 19/29 0.182*
Child classification (A/B) 41/0 43/0 48/0 1.000"

BMI

Mean (SD) 24.7 (2.7) 24.5 (2.9) 23.1 3.2) 0.034
Smoking habit (+)/(—) 16/25 18/24 15/31 0.605*
Liver tests
Albumin (g/dl)

Mean (SD) 3.9 (0.4) 4.2 (1.2) 4.1 (1.5) 0.636**

Median (IQR) 3.8(3.5-4.2) 4.1(3.7-4.5) 3.9(3.7-4.2)

ASAT (IU)
Mean (SD) 107.3 (56.8) 110.9 (52.0) 64.4 (27.0) 0.000**
Median (IQR) 103.0 (75.5-133.0) 100.0 (79.5-136.3) 67.5(51.5-86.0)

ALAT JU)
Mean (SD) 131.9 (65.9) 125.7 (72.3) 74.6 (48.7) 0.000**
Median (IQR) 123.0 (86.0-187.5) 109.0 (72.0-140.0) 68.0 (52.5-93.5)

Prothrombin time (%)
Mean (SD) 80.8 (13.3) 75.1 (13.7) 79.6 (17.1) 0.086*
Median (IQR) 83.3 (74.9-90.2) 78.7 (65.0-85.7) 82.6 (64.2-93.7)

Platelet counts (per mm>x 10%)
Mean (SD) 9.9 (3.1) 10.9 (4.1) 11.2 (3.2) 0.193**
Median (IQR) 9.6 (7.4-10.8) 10.0 (8.5-13.4) 10.7(8.6-13.5)

AFP
Mean (SD) 54.1 (76.7) 28.8 (45.0) 27.9 (39.9) 0.037**
Median (IQR) 24.1 (10.9-80.8) 13.1 (6.0-36.5) 13.0 (5.1-31.0)

Observation period (years)
Mean (SD) 7.2 (2.6) 8.1 (3.0) 8.6 (3.9 0.165**
Median (IQR) 7.0 (5.0-8.5) 7.0 (6.0-10.0) 7.0 (6.0-11.0)

Abbreviations: BMI = body mass index; SD = standard deviation; IQR = interquartile range; M = male; F = female; ASAT = aspartate
aminotransferase; ALAT = alanine aminotransferase; AFP = a-fetoprotein; HCV-LC = hepatitis C virus-liver cirrhosis.

value, unpaired z-test; *p, %2 test; **p, Mann-Whitney test.
p y

132 patients included (108.9+64.1 TU) at the begin-
ning of the study (p=0.249). The AFP level was
slightly elevated in the continuously high ALAT
groups. This seemed to be the result of continuous
inflammation in this group of patients. The HCV-
RNA level at the beginning of the study is not cited,
because in many cases estimation of the HCV-RNA
level was not undertaken at these days.
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Figure 1 shows the cumulative incidence of HCC
starting 3 years after the diagnosis of LC in patients
with continuously high, continuously low, and unclas-
sified (intermittently high) ALAT levels. The cumu-
lative incidence of HCC in patients with continuously
high serum ALAT levels for the first 3 years after the
diagnosis of LC (Child Stage A) was significantly
higher than that in patients with continuously low
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Figure 1. Cumulative incidence of hepatocellular carcinoma (HCC) starting 3 years after diagnosis of liver cirrhosis (I.C) in patients with
continuously high and continuously low serum alanine aminotransferase (ALLAT) levels for the 3 years, and for those with intermittently high

serum AL AT levels (Kaplan-Meier).

serum ALAT levels for the same period (p <0.005).
The cumulative incidence of HCC in patients with
intermittently high ALAT levels was higher than that
in patients with continuously low serum ALAT levels,
although the difference was not significant (p=0.090).
There was also a tendency for the cumulative inci-
dence of HCC in patients with continuously high
AILAT levels to be higher than that in patients with
intermittently high ALAT levels, but again the differ-
ence was not significant (p=0.083).

The 5-year incidence of HCC after classification of
LC groups was 59% (11.8%/year) in the high ALAT
group and 26% (5.2%/year) in the low ALAT group.
The difference in cumulative incidence of HCC
between the continuously high and continuously
low groups was more marked in the period of less
than 10 years after diagnosis of .C than in the period
of more than 10 years after diagnosis; the ratio of
incidence between these two groups at 8 years was
1.93-fold compared with 1.35-fold at 16 years after
diagnosis (Figure 1).

In the univariate logistic analyses, as shown
in Table III, the following four risk factors affected
(p <0.20) the cumulative rate of incidence of HCC in
all patients: gender, AFP, administration of SNMC,
and ALAT group. As shown in Table III, the odds
ratio of developing HCC in patients with continu-
ously high serum ALAT levels was 5.1-fold that in
patients with continuously low serum ALAT levels,
while the odds rato in patients with intermittently
high ALAT levels was 1.5-fold that in patients with
continuously low serum ALAT levels. Multivariate
analysis using the logistic regression model showed
that only one factor was statistically significant: the
AIAT group (continuously high and continuously
low ALAT group) independently contributed to
HCC development (Table IV). Finally, if we assume
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the decrease in serum AILLAT levels 225% to be an
effective improvement, the effective improvement
percentages in each drug are: SNMC (16 out of
31, 51.6%), UDCA (14 out of 36, 38.9%), Sho-
saiko-to (7 out of 24, 29.2%), a combination of
SNMC and UDCA (18 out of 31, 58.1%).

Discussion

In this study we demonstrated that if high serum
ALAT levels (280 IU) persisted for 3 successive years
from the diagnosis of LC (Child Stage A), the 5-year
incidence of HCC was markedly increased to as high as
59% (11.8%/year) in HCV-L.C patients. It is clear that
continuously high levels of ALAT in Child Stage ALC
have a significant impact on the development of HCC.
Thus, high ALAT levels (280 IU) for the 3 years
following the diagnosis of L.C can be highly predictive
of the development of HCC. On this point, Mahmood
et al. [28)] also found that the 3-year annual average
ALAT post-IFN therapy was significantly related to
HCC occurrence in the HCV-associated chronic hep-
atitis patients with stage 3 fibrosis, although the ten-
dency was more marked in our study with cirrhosis.

Many investigators have shown that patients with
cirrhosis and high AFT levels have a high risk of
developing HCC. Oka et al. [29] demonstrated that,
in the cirrhotic patients without HBs-Ag, the cumu-
lative incidence of HCC during a 5-year follow-up
period was 28% in patients who had AFP levels of
below 20 ng/ml at the time of entry, as compared
with 44% in patients with AFP levels of 20 ng/ml
or more.

In this study, we demonstrated that the continu-
ously high serum ALAT levels for the first 3 years after
diagnosis of LC was also as closely associated with the
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Table III. Risk contributed to HCC development in univariate logistic model.

Items p-value Odds ratio 95% Confidence interval
Age 0.367 1.024 0.973-1.078
Gender (female) 0.167 0.592 0.282-1.246
BMI 0.997 1.000 0.879-1.138
Smoking habit 0.662 1.184 0.556-2.520
Albumin 0.356 0.862 0.629-1.182
Platelet counts 0.334 0.949 0.853-1.055
AFP 0.067 1.009 0.999-1.020
SNMC 0.101 1.864 0.886-3.922
UDCA 0.275 1.515 0.719-3.191
Sho-saiko-to 0.855 1.082 0.466-2.511
Juzen-taiho-to 0.913 0.921 0.210-4.047
Intermittendy high ALAT 0.325 1.536 0.654-3.609
(reference: continuously low ALAT)

Continuously high ALAT 0.002 5.120 1.816-14.433

(reference: continuously low ALAT)

Abbreviations: HCC = hepatocellular carcinoma; BMI = body mass index; AFP = a-fetoprotein; SNMC = stronger-neo-minophagen C;

UDCA = ursodeoxycholic acid; ALAT = alanine aminotransferase.

Table IV. Risk contributed to HCC development in a multivariate logistic model.

Items p-value Odds ratio 95% Confidence interval
Gender (female) 0.310 0.664 0.301-1.464

AFP 0.210 1.007 0.996-1.017
SNMC 0.501 1.327 0.581-3.029
Intermittently high ALAT 0.506 1.354 0.554-3.307
(reference: continuously low ALAT)

Continuously high ALAT 0.013 3.931 1.336-11.565

(reference: continuously low ALAT)

Abbreviations: HCC = hepatocellular carcinoma; AFP
aminotransferase.

development of HCC as the high AFP levels in the
study by Oka et al. [29]. The odds ratio increased to
5.1-fold in patients with continuously high serum
ALAT levels for the 3 years after diagnosis as com-
pared with patients with continuvusly low ALAT
levels for those years. In contrast, the odds ratio in
patients with intermittently high ALAT levels was
only 1.5-fold that of patients with low ALAT levels.
Moreover, multivariate analysis confirmed that the
ALAT group was independently associated with the
development of HCC. Furthermore, the difference in
cumulative incidence of HCC is more marked in the
early period of follow-up than in the late period,
suggesting the late occurrence of HCC in patients
with continuously low ALAT levels for the 3 years
following diagnosis of L.C.
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o-fetoprotein; SNMC = stronger neo-minophagen C; ALAT = alanine

Recently many studies have demonstrated the close
association between ALAT levels and the development
of HCC. Ishiguro et al. [30] demonstrated that serum
ALAT concentration was dependently associated with
an increased risk of HCC in both virus-positive and
virus-negative participants in a large population-based
cohort study in Japan. Kurokawa et al. [31] studied the
long-term effects of INF-alpha-2b plus ribavirin ther-
apy on the incidence of HCC in patients with chronic
hepatitis C and found that the cumulative incidence of
HCC was significantly lower in patients ‘who had
average serum ALAT levels of <40 IU/L than in those
who showed average serum ALAT levels of 240 TU/L
after combination therapy. Moreover, Kumada
et al. [32,33] surveyed the risk factors involved in
the development of HCC in patients with chronic
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HCV infection who had normal ALAT levels (<40 IU/
L) over 10 years, and found that a slightly high ALAT
level (>20 IU/L) was closely associated with the devel-
opment of hepatocarcinogenesis.

The next issue is why the risk of developing HCC was
increased so markedly in the continuously high ALAT
group, as demonstrated in this study. It is likely that
genetic alterations accumulate rapidly as inflammation
persists and that the multistep process of carcinogenesis
or promotion of tumor growth progresses more rapidly
in patients with continuously high AL AT levels. In this
respect, Ferenc et al. [34] demonstrated significant
differences in the p53 expression between mildly, mod-
erately, and severely inflamed biopsy samples in ulcer-
ative colitis. 8-hydroxy-2’-deoxyguanosine (8-OHdG)
is a pro-mutagenic DNA lesion produced by oxygen
(hydroxy) radicals [35,36}, and is known to be a param-
eter of genetic risk for hepatocarcinogenesis [37]. Fur-
thermore, 8-OHdG was demonstrated to be involved in
the initiation of rat liver hepatocarcinogenesis by low
doses of N-nitrosodiethylamine (DEN) [38].

Shimoda et al. [39] examined the levels of 8-OHdG
in patients with chronic hepatitis, liver cirrhosis, and
HCC and found that the OHdG level in liver affected
by chronic hepatitis was significantly higher than thatin
normal liver, and that the OHdG level in liver affected
by cirrhosis also tended to be higher than that in
normal liver. They also found a significant correlation
between the OHAG content in non-cancerous liver
tissue and individual serum ALAT levels, and con-
cluded that chronic inflammation in the liver might
produce oxidative DNA damage, which would
increase the risk of genomic alterations causing hepa-
tocarcinogenesis. If high-grade inflammation persists
in the liver for many years, as in the continuously high
AIAT group of patients in our study, the level of
8-OHdG might be high throughout the cirrhotic liver,
resulting in the development of HCC.

Nowadays, patients with chronic hepatitis C in all
countries are generally treated with IFN, and more
than 50% of patients become HCV-RNA negative
following PEG-IFN plus ribavirin therapy, but unfor-
tunately, the IFN therapy is not effective in about 70%

" of patients with HCV-associated liver cirrhosis. More-
over, patients with HCV-associated cirrhosis carry a
high risk of HCC, and in Japan, HCC actually devel-
ops in about 7% of those patents every year [40].
A strategy for preventing HCC development other
than IFN therapy is therefore urgently needed for
those patients.

In conclusion, we demonstrated that if the serum
ALAT level was high (280 IU) for 3 successive years
following the diagnosis of I.C, then the risk of sub-
sequently developing HCC increased markedly as
compared with the continuously low ALAT group

82

1347

in Child A HCV-LC patients. Multivariate analysis
confirmed that the ALAT group of LC was indepen-
dently associated with HCC development. Thus,
continuously high ATAT levels for 3 years following
the diagnosis of LC (Child Stage A) can be highly
predictive of the development of HCC. However,
prospective trials using therapeutic approaches to
decrease ALAT levels are necessary to confirm a
positive impact of ALAT reduction on the incidence
of HCC in patients with HCV-LC. The present study
suggests that serum ALAT levels in HCV-LC patients
must be lowered to below 80 IU by anti-inflammatory
drugs as soon as a diagnosis of LC is confirmed.
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Activity of Palliative Care Team at Oncology Center and Cooperation with Local Palliative Care Network: Esaki
T*1, Takayama R*1, Higuchi Y*! and Oshima A*! (*!Palliative care team, National Kyushu Cancer Center)

The roles of palliative care team at oncology center are 1) Symptom control and psychosocial support of the cancer
patient since the moment of initial diagnosis to the end of life combined with anti-cancer therapy, 2) Education for the
medical staffs (oncologist, nurse, pharmacist, etc) about palliative care, 3) Cooperation with local network of palliative
care institutions (hospice, clinic, nursing at home station) to offer palliative care to a patient and/or family without inter-
ruption. We are going to report the present activity of palliative care team at National Kyushu Cancer Center and a role
in regional alliances of palliative care.

Key words: Oncology Center, Palliative care team, Education of palliative care for doctors, Cooperation with local pal-

liative care network
Jpn J Cancer Clin 55(6): 433~439, 2009
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Abstract. The combination of 5-fluorouracil (5-FU) and
cisplatin (CDDP) has been reported to be active against
metastatic gastric cancer (MGC) and great synergy has been
shown in vivo and in vitro when 5-FU precedes CDDP. The
sequential combination of S-1 (tegafur, oxonic acid, 5-
chloro-2 4-dihydroxypyridine} followed by CDDP for MGC
was investigated. A phase I trial applying increasing doses
of oral administration of S-1 (65-80 mg/m?) for 21 days and
increasing doses of CDDP (60-80 mg/mz) on day 22 every
35 days was conducted in order to determine the maximum
tolerated dose (MTD) and recommended phase II dose.
FPatients with metastatic or recurrent gastric cancer, no prior
chemotherapy, measurable disease, ECOG performance
status less than 3 and adequate organ functions were eligible
for the study. Three patients were treated at each dose level
with escalation based on toxicity. Fifteen patients were
included and evaluated for dose-limiting toxicity (DLT) and
MTD. DLT included NCICTC grade 3 anorexia and fatigue
in patients treated at S-1 80 mg/m? and CDDP 80 mg/m?
(dose level 5). The other toxicities, grade 3 or higher,
included neutropenia (grade 3) and nausea/vomiting ( grade
3). Non-hematological toxicities were grade 1/2 and included
diarrhea, nausea and stomatitis. There was no treatment-
related mortality. Therefore, the recommended dose was a
combination of S-1 at 80 mg/m? and CDDP at 70 mg/m?.
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This sequential administration of S-1 and CDDP every 35
days is tolerable and warrants a phase II trial. A multicenter
phase II study is currently under way.

Although the survival benefit of 5-fluorouracil (5-FU)-based
chemotherapy has been shown, in comparison to the best
supportive care (BSC) for unresectable advanced or
metastatic gastric cancer (MGC) patients (1-3), the
prognosis of such patients is still poor, with a median
survival of less than 9 months. In order to improve the
clinical efficacy of chemotherapy for patients with MGC,
many clinical trials employing anticancer agents such as
5-FU, cisplatin and new classes of drugs, such as taxanes and
irinotecan, have been conducted. However, no specific
regimen has shown survival benefit superior to that of
continuous infusion of single agent 5-FU in randomized
phase III clinical trials (4). Therefore, it is still necessary to
develop effective chemotherapy for MGC.

S-1 is an oral fluoropyrimidine consisting of tegafur, a
prodrug of 5-FU, 5-chloro-2,4-dihydroxypyridine (CDHP),
which inhibits dihydropyrimidine dehydrogenase, and
potassium oxonate (Oxo), which is protective against tegafur-
inducing toxicity (5). The feasibility of single agent S-1 for
MGC was assessed in phase I and early phase II studies and
a recommended regimen of 80 mg/m%/day, oral
administration for 28 consecutive days, followed by a 14-day
interval was established. The clinical activity of S-1 for MGC
is reported to be 26% to 45% (6-8). Combination therapy of
S-1 was also attempted with other agents such as CDDP,
irinotecan and taxanes (9-12). The S-1 plus CDDP regimen
was one of the most promising combination therapies and a
phase /I trial revealed a prominent response rate of 76% and
mean survival time (MST) of 12.6 months (9). This study
was scheduled as S-1 at 40 mg/m’ twice daily for 21
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Table 1. Summary of the toxicities experienced in all cycles.

1 (3 patients)
65 mg/m?
60 mg/m?

2 (3 patients)
65 mg/m?
70 mg/m?

Dose level (n)
Dose of S-1
Dose of CDDP

_ 5 (3 patients)
80 mg/m?
80 mg/m2

3 (3 patients)
80 mg/m?
60 mg/m?

4 (3 patients)
80 mg/m?
70 mg/m2

2 3 2 3

—

NCI-CTC Grade

2 3 2 3 2 3

Toxicity (n)
Leukocyte
Neutrocyte
Platelet
Hemoglobin
ALT
Nausea/Vomiting
Fatigue
Anorexia
Alopecia
Fever
Diarrhea
Stomatitis
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-
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n: Number of patients

consecutive days and a 2-h infusion of CDDP at 60-70
mg/m? on day 8, followed by a 14-day interval.

The combination of 5-FU and CDDP has been shown to
exhibit great synergy in ir vitro and in vivo studies when
5-FU precedes CDDP (13, 14). Since this sequence-
dependent interaction would be exhibited in a combination
of S-1 and CDDP, a phase I trial was conducted applying
increasing doses of S-1 (65-80 mg/m?) for 21 days and
increasing doses of CDDP (60-80 mg/m?) on day 22 every
35 days. This report presents the safety data of this regimen
and recommends doses of the agents for phase II trial.

Patients and Methods

Patients. The main eligibility criteria included a histologically
proven, unresectable, locally advanced or metastatic gastric
adenocarcinoma; age, 20 to less than 75 years; Eastern
'Cooperative Oncology Group (ECOG) performance status, 2 or
less; measurable disease; leukocyte count 3,500/mm3, or more;
neutrophil count 1,500/rom3, or more; platelet count 100,000/mm3,
or more; serum creatinine 1.5 mg/dl, or less; serum bilirubin 2.0
mg/dl, or less; aspartate aminotransferase (AST) 100 IU/I or less;
alanine aminotransferase (ALT) 100 IU/, or less; a life expectancy
of 3 months or more; and no prior chemotherapy or radiotherapy
except adjuvant chemotherapy more than 30 days prior to entry.
This study was approved by the local Ethics Committee at each
institution and patients were informed of the investigational nature
of the study and provided their written informed consent before
registration in the study.

Patients with the following criteria were not eligible: central
nervous system metastasis  with neurological symptoms,
unresolved bowel obstruction or diarrhea, and known
contraindication to fluorouracil (angina pectoris, myocardial
infarction in the past 6 months).
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Study design and treatment. The study was designed as a phase I
dose-finding study to determine the maximum tolerated dose
(MTD) and recommended dose of S-1 and CDDP. Treatment
consisted of CDDP in 500 ml of saline, given intravenously (i.v.)
over a 120-min period with appropriate hydration. The MTD was
defined as the dose level associated with the same dose-limiting
toxicity (DLT) in at least two out of three, or two out of six patients.
DLT was defined as the occurrence of one or more of the following
National Cancer Institute (NCI) common toxicity criteria (CTC):
grade 3 or greater nonhematological toxicity, except for nausea and
vomiting; grade 4 neutropenia lasting fdr more than 4 days; grade 3
neutropenic fever; or grade 4 thrombocytopenia.

Drug administration and dose escalation. S-1 was administered orally
for 21 consecutive days and CDDP was administered on day 22, and
cycles were repeated every 35 days. The starting dose of S-1 was 65
mg/m? plus CDDP 60 mg/m2. Dose escalation then proceeded as
listed in Table I. No intrapatient dose escalation was permitted during
the study. The number of patients per dose level was based on any
DLT experienced during cycles 1 and 2. If a DLT was observed in
one of the first three patients treated at a particular dose level, three
further patients were recruited. If the same DLT occurred in two out
of the six patients, this dose was defined as the MTD.

Treatment was continued until evidence of progression,
unacceptable toxicity, or patient refusal. S-1 administration was
delayed if, on the planned day of treatment, there was leukopenia
(leukocytes less than 3,000/mm3); platelets less than 75,000/mm3;
total bilirubin, ALT and AST more than three times the upper limit
of the normal range; serum creatinine more than 1.2 the upper limit
of the normal range; or nonhematological toxicities greater than
grade 3, except for nausea and vomiting. When the S-1 treatment
was delayed over 21 consecutive days, the administration was
restarted after the disappearance of the above causes and was
continued over 21 days. If a delay exceeded more than 8 days, the
present course was discontinued and starting of the next course was
postponed until recovery. When a next course was not started 15
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days after the planned day, treatment was discontinued. CDDP
administration was delayed on day 22, if leukocytes were less than
2,000/mm?; platelets less than 50,000/mm3; serum creatinine more
than 1.2X the upper limit of the normal range; creatinine clearance
less than 50 ml/min; or diarrhea greater than grade 2. When these
causes still remained on day 31, CDDP treatment was skipped and
the next cycle was started after a 14-day interval. When a patient
experienced DLT, S-1 was reduced by approximately 20% and
CDDP was reduced by 10 mg/m?. In the event of life-threatening
toxicities, treatment was definitively interrupted. To prevent nausea
and vomiting, 5-hydroxytryptamine-3 antagonists and/or
dexamethasone were administered i.v. before chemotherapy.
Granulocyte colony-stimulating factor (G-CSF) was used when
neutrophils were reduced to 500/mm> or there was febrile
neutropenia (neutrophils less than 1,000/mm3).

Assessability, toxicity and response criteria. The pretreatment
evaluation included a history and a physical examination,
performance status assessment, complete blood count with
differential and platelet counts, complete blood profile,
carcinoembryonic antigen, carbohydrate antigen (CA) 19-9,
urinalysis, ECG, chest radiograph or computed tomography (CT)
scan, abdominal CT scan and/or ultrasonography, and any other
appropriate diagnostic procedure to evaluate the metastatic sites.
During treatment, a physical examination was performed every
week, a complete blood cell count twice a week and a blood profile
and urinalysis every week. Sites of metastatic disease were re-
evaluated every 8 weeks. Chest radiography and/or an abdominal
CT scan or ultrasonography were repeated at least every 3 months,
if there was no evidence of lung or abdominal disease. Toxicities
were monitored weekly and were scored according to standard NCI-
CTC. Responses were evaluated every 8 weeks according to the
World Health Organization criteria.

Results

Patient characteristics. Fifteen patients were enrolled in this
study. There were 9 men and 6 women. The median age was
61 years, with range of 44 to 72 years. ECOG performance
status was O to 1 in the 15 patients.. Ten patients were
unresectable and 5 patients had a recurrent tumor. No patient
had prior chemotherapy, including adjuvant setting
chemotherapy. Four patients out of 15 had only the original
gastric lesion, 7 patients had the original gastric and
metastatic lesion, and 4 patients had a metastatic lesion
alone. The average number of chemotherapy cycles was 3.6,
with range of 1 to 17 cycles.

Dose escalation. The first three patients received S-1 at
65 mg/m? and CDDP at 60 mg/m® (dose level 1) and,
because after two cycles no DLT had occurred, the
subsequent group of three patients received S-1 at 65 mg/m?
and CDDP at 70 mg/m2 (dose level 2; Table I). After
confirming that no DLT had occurred in the patients at each
dose level, dose escalation proceeded to level 3 (S-1 at 80
mg/m> and CDDP at 60 mg/m?) and subsequently level 4
(S-1 at 80 mg/m2 and CDDP at 70 mg/m?). Since DLT did

not occur in these 6 patients at dose levels 3 and 4, an
additional three patients were recruited at dose level 5
(S-1 at 80 mg/m? and CDDP at 80 mg/m?). Two out of
three patients at this dose level had grade 3 anorexia and
grade 3 fatigue. As a result, two out of three patients had
DLT at level 5 and this level was considered as the MTD.
Therefore, the recommended phase II dose is S-1 80 mg/m?
and CDDP 70 mg/m?.

Toxicity. All patients were assessable for toxicities. There was
no treatment-related death in the entire number of cycles in the
study. A summary of the hematological toxicity is listed in Table
I. At dose level 5, only one of the three patients experienced
grade 3 neutropenia. All other hematological toxicities in all
cycles were less than grade 2. Overall, no patient required dose
reduction of S-1 and CDDP. Three out of 51 cycles were
delayed for more than 7 days because of toxicity. G-CSF was
not used for neutropenia in this study. As a result, the relative
dose intensities for S-1 and/or CDDP, calculated as the actual
dose delivered divided by the intended dose, were 93.1% and
87.2% respectively at all courses and 100% and 100% at dose
level 4. A decrease of platelets below 75,000/mm? (grade 2 or
greater) was not observed in any of the cycles. The effects on
red blood cells were also mild. Anemia below 8.0 g/dl (grade 3
or greater) did not occur. Nonhematological toxicities were
major problems in this study. The incidences of major
nonhematological toxicities are listed in Table 1. Two patients
with grade 3 anorexia and one patient with grade 3 fatigue were
observed in the first cycle of dose level 5. These symptoms
completely disappeared several days after stopping the
administration. Grade 3 nausea was observed in two patients at
dose level 5, one at dose level 4 and one at dose level 2.

Response. Response to therapy was a secondary outcome and
was measured in all patients. All patients were assessable for
response. Of the 15 patients, 3 experienced a partial response
(PR) and S had stable disease (SD) (Table I). An overall
response rate of 20.0% was observed. Two patients out of 10
patients with the original gastric lesion showed a PR (20.0% ).
However, one out of 6 patients with liver metastasis and none
of 3 patients with peritoneal lymph nodes metastasis had PR.

Discussion

S-1 is currently the one of the most promising agents against
MGC in Japan. According to several clinical trials of
combination chemotherapy using S-1 and CDDP, the
combination therapy shows a superior response rate and
feasibility. Koizumi et al. reported a response rate of 76%
for Japanese MGC patients in a phase II study (9) and a
49% response rate was observed in Western MGC patients
(15), although the administration schedule and doses of these
agents were different.
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Table 1. Patient characteristics.

Level Gender DLT Response No. chemotherapy cycles Reasons for discontinuation Survival (days)
1

1-1 F - NC 3 Patient’s withdrawal 866.0

1-2 M - NC 4 PD 638.0

1-3 M - NC 4 PD 5440
2

2-1 M - PR 4 Gastrectoray 15370

2-2 F - NC 4 PD 638.0

2-3 F - PR 17 Unknown 14480
3

3-1 M - PD 3 PD 3610

3.2 M - PD 1 PD 156.0

3-3 M - PR 2 Doctor’s decision 584.0
4

4-1 M - NC 2 PD 1750

4-2 F - PD 2 PD 404.0

4-3 M - NE 2 Unknown 414.0
5

5-1 F - NE 1 Doctor’s decision 198.0

5-2 M G3 Fatigue NE 1 Adverse events 606.0

G3 Anorexia
5-3 F G3 Anorexia NE 1 Adbverse events 146.0

NC, No change; RR, partial response; PD, progressive disease; NE, not evaluable; DLT, dose-limiting toxicity.

The present study employed sequential administration of
S-1 and CDDP based on the rationale obtained by preclinical
studies showing that 5-FU preceeding CDDP augmented the
cytotoxicity of CDDP or could even circumvent CDDP
resistance by inhibiting the repair machinery of CDDP-
induced platinum-DNA interstrand crosslinks (13). The
excision repair enzyme, ERCC1, has been shown to be
involved in the repair of CDDP-induced DNA damage (16);
5-FU-mediated down-regulation of the expression of its gene
may account for this synergy (17). In addition, reduction of
glutathione contents due to 5-FU-induced inhibition of
gamma-glutamylcysteine synthetase (gamma-GSC) was also
been shown as a mechanism for the synergistic effect (18).

In the phase I trial of single administration of S-1,
leukocytopenia and gastrointestinal toxicities more than
grade 3 were reported to appear in the patients with rates of
7-10% (6, 7). A dose-escalation study was designed, starting
with a reduced amount of S-1 in levels 1 and 2 and a
standard dose of S-1 was administered in levels 3-5 for
combination with CDDP. The safety profile of the present
protocol demonstrated that hematological toxicities more
than grade 3 were not shown in all courses at levels 1-4 but
grade 3 neutropenia appeared at level 5 (1 out of 15 cases).
In addition, nonhematological toxicities more than grade 3,
namely anorexia (2 out of 15 cases) and fatigue (1 out of 15
cases), were observed. Therefore level 4 was considered to
be the recommended phase II dose.
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As previously reported, the recommended doses of
80 mg/m?/day of S-1 may result in considerable toxicities in
the patients in Western countries (6, 19, 20). Ajani et al.
reported a phase II trial of 50 mg/m?/day (day 1-21) of S-1
and 75 mg/m? (dayl) of CDDP for MGC to show 26% of
patients with fatigue and 13% with anorexia, which were both
more than grade 3 (15). A phase II study with administration of
S-1 for 21 days and 60 mg/m? (day 8) of CDDP for Japanese
MGGC patients showed incidences of severe neutropenia (16% ),
anemia (16% ), anorexia (26% ), nausea (16% ) and diarrhea
(5% ; (9)). The other phase I/II study in Japan with S-1 for 14
days and 70 mg/m? CDDP (day 8) resulted in 9.1% of patients
with severe neutropenia (21). Therefore, the present study with
higher S-1 and CDDP dose intensities showed equivalent or
less toxicity than the previous reports. It may be possible that
S-1 administered prior to"CDDP could achieve a higher dose
intensity more safely. Several randomized phase III studies for
MGC employing cytotoxic and molecular targeting drugs are
ongoing and their results may strongly reflect establishing a
standard therapy for MGC (22-27).

Conclusion

Sequential S-1 plus CDDP administration in this study was
feasible and might be a promising therapy for MGC. A
phase II study using the recommended doses is currently
underway.
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