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Objective
The authors attempted to clarify the clinicopathologic differences of hepatocellular carcinoma
(HCC) patients, according to age distribution, and to investigate whether these differences
contribute a certain hepatocarcinogenesis.

Summary Background Data
Hepatitis-associated viruses causing HCC have been investigated, and the infection of the viruses
and etiologically, the peak age of the disease vary according to geographic barriers. However, a
correlation between clinicopathologic differences and the age distribution of the patients is not
well understood.

Methods
The authors reviewed their institutional experience from 1978 to 1990 in treating 428 patients with
HCC. The carrier rate for hepatitis B surface antigen (HBsAg), the frequency of occurrence of high
serum alpha-fetoprotein (AFP) of 2000 ng/mL, the degree of liver damage represented by the
retention rate of indocyanine green dye at 15 minutes (ICGR15), and the incidence of
accompanying liver cirrhosis were investigated and compared in each decade of age.

Results
The HBsAg carrier rate and the frequency of high serum AFP values were significantly prominent
in the younger patients (20-49 yrs). The degree of liver damage and the incidence of liver cirrhosis
were prominent in the elderly patients (older than 70 yrs) or the middle-aged patients (50-69 yrs);
however, these four values in the middle-aged patients were intermediate with respect to those
observed in the other two age groups. In addition, there was a positive correlation between the
HBsAg carrier rate and the frequency of high serum AFP values or between the degree of liver
damage represented by ICGR15 and the incidence of liver cirrhosis, showing that the former
correlation was inversely related to the latter.

Conclusions
The authors' study indicates that there are age-related differences of clinicopathologic features in
HCC patients, suggesting that there are different steps or mechanisms of hepatocarcinogenesis
according to the patient's age-distribution.
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South Africa, Southeast Asia, China, Taiwan, Japan,
and the Pacific Islands have a high incidence of hepato-
cellular carcinoma (HCC), presenting a correlation be-
tween age of the onset and frequency of the disease.",2
The peak age of onset of HCC varies considerably with
geographic differences-i.e, the 30s in South Africa,34
the 40s in Southeast Asia,5 the late 50s in Japan,5 and
older than 60 years in the United States and western Eu-
rope.6 These differences indicate that geographic barriers
have a certain relation to hepatocarcinogenetic patterns
and suggest that the patients in areas with high inci-
dences ofHCC might have been carriers of the hepatitis
B surface antigen (HBsAg) from an early age, or may
have suffered different degrees of liver damage according
to their age distribution.

However, a correlation between the clinicopathologic
characteristics and the age distribution of the patients
with HCC is not well understood. We reviewed the re-
cords of428 patients with HCC to investigate age-related
clinicopathologic differences of the disease, and tried to
clarify the characteristics leading to the cause of hepato-
carcinogenesis.

In this study, we found clinicopathologic differences
in the patients with HCC according to their age distribu-
tion, and thus, we divided the patients into three age
groups. We named the younger patients (20-49 yrs) the
Eastern type, middle-aged patients (50-69 yrs) the Tran-
sitional type and elderly patients (over 70 yrs) the West-
ern type. We then discussed different steps or mecha-
nisms of hepatocarcinogenesis in each of three types.

PATIENTS AND METHODS
During a 12-year period, from 1978 to 1990, 428 pa-

tients were diagnosed with HCC at our hospitals. There
were 349 men and 79 women; a male:female ratio of4.4:
1. The age distribution of these patients is shown in Fig-
ure 1. Diagnosis ofHCC was histopathologically or clin-
icopathologically confirmed from a biopsy specimen or
by combined examinations of selective angiography,
computed tomography, ultrasonography, and serum al-
pha-fetoprotein (AFP) assay. The patients were classified
according to the TNM classification of the Manual for
Staging ofCancer,7 based on diagnostic images. In short,
the staging of HCC was defined by the number and size
of the primary tumor and by the presence or absence of
regional lymph node or distant metastasis. Laboratory
examinations were performed during the patients' initial
visit to our outpatient clinics. Hepatitis B surface antigen
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Figure 1. Age distribution of the patients with HCC. A total of 428 pa-
tients were diagnosed as suffering from HCC: 349 men and 79 women.
All the patients were grouped according to age distribution.

was measured with a commercially available radioim-
munoassay kit (Abbott Laboratories, Abbott Park, IL).
Serum AFP values were determined by means ofa radio-
immunoassay (Amersharm Corp., Amersharm, UK)
and a passive hemagglutination method. The retention
rate of indocyanine green dye at 15 minutes (ICGR15)
was tested for after 0.5 mg of indocyanine green dye/kg
body weight had been injected intravenously. The biopsy
or resected hepatic specimen was stained with hematox-
ylin-eosin and was examined histopathologically for ac-
companying liver cirrhosis. The data obtained were ar-
ranged according to the age distribution of the patients
for a comparative study. For statistical analysis, the chi
square test was employed, and a p value of < 0.05 was
considered significant.

RESULTS
Incidence

All the patients with HCC were grouped according to
age distribution, as shown in Figure 1 i.e., 349 men and
79 women, with a total male:female ratio of 4.4:1. The
peak age of onset was in the group of patients in their
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Figure 2. The number of HCC patients with stage Ill and IV cancer. A total
of 389 patients were clinicopathologically divided into stages through IV,
according to TNM classification. The ratio of the patients with stage Ill and
IV cancer to those with stage and 11 cancer, according to age distribution,
is shown.

50s, followed by those in their 60s. When we classified
younger patients as ranging in age from 20 to 49 years of
age, middle-aged patients as ranging from 50 to 69 years
of age, and elderly patients as those older than 70 years,
the number of patients with HCC was 79 (18.5%) in the
younger patients, 308 (72.0%) in the middle-aged pa-
tients, and 38 (8.9%) in the elderly patients, respectively;
the number ofHCC cases was the highest in the middle-
aged patients, followed by the younger group.

TNM Staging
A total of 389 patients were diagnosed accurately with

various images and classified according to TNM staging.
Figure 2 shows the ratio of stage III and IV cases to stage
I and II cases, according to age distribution, because the
former stage is more advanced than the latter. Over 60%
of the cases in each decade were stage III or IV, except in
the group in their 80s. The number ofstage III or IV cases
was 57 (75%) in the younger patients, 186 (67.1%) in the
middle-aged patients, and 24 (66.7%) in the elderly pa-
tients, respectively, with no significant difference among
the groups.

A total of 338 patients were examined preoperatively
for HBsAg. As shown in Figure 3, the incidence of
HBsAg carriers had a characteristic distribution-i.e.,
the incidence decreased with age. The incidence was
59.4% in the younger patients, 25.0% in the middle-aged
patients and 9.1% in the elderly patients, respectively,
showing a significant difference (p < 0.001) between the
younger patients and the middle-aged or elderly patients,
and a significance (p < 0.05) between the middle-aged
and the elderly patients.

Serum Alpha-Fetoprotein
A total of 399 patients were examined preoperatively

for serum AFP. The number of patients with more than
2000 ng/mL ofserum AFP value is represented in Figure
4, according to age distribution. The incidence was very
high in the groups of patients in their 20s and 30s,
abruptly decreased with age, and was lowest in the group
in their 50s. The respective ratio was 46.2% in the youn-
ger patients, 28.9% in the middle-aged patients, and
35.1% in the elderly patients, showing a significant
difference (p < 0.01) between the younger and the mid-
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Figure 3. Incidence of HBsAg-positive patients. A total of 338 patients
were examined. The ratio of HBsAg-positive patients to HBsAg-negative
ones, according to age distribution, is shown.
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Figure 4. The number of patients with more than 2000 ng/mL of serum
AFP. A total of 399 patients were examined. The ratio of patients with
more than 2000 ng/mL to those with less than 2000 ng/mL of serum AFP,
according to age distribution, is shown.

nlying liver cirrhosis had a distribution similar to that
shown in Figure 5. Again, the incidence increased with
age through the 70s. The respective incidence was 31.7%
in the younger patients, 71.2% in the middle-aged pa-
tients, and 70.0% in the elderly patients, respectively,
showing a significant difference (p < 0.001, 0.05) be-
tween the younger patients and the middle-aged or el-
derly patients, respectively, but no significant difference
between the middle-aged and the elderly patients.

DISCUSSION

Hepatocellular carcinoma is an important cause of

cancer-related morbidity and mortality in geographic re-

gions where hepatitis B virus (HBV) infection is preva-

lent. The incidence and age distribution of patients with

HCC are higher and earlier, respectively, in high preva-

lence areas, and most are older in low prevalence areas

ofHBV infection. '6 In Japan, the peak age of incidence

of HCC is in the 50s,5 supported by the present study.

However, the incidence of HCC varied considerably

with age distribution as shown in Figure 1, and a correla-

tion between the clinicopathologic features and the age

distribution of patients with HCC has, to date, not been
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Figure 5. Frequency of patients with more than 15% of ICGR15. A total
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Figure 6. Incidence of accompanying liver cirrhosis. A total of 285 pa-
tients were examined histopathologically. The ratio of patients with liver
cirrhosis to those without liver cirrhosis, according to age distribution, is
shown.

well established. We have, therefore, reviewed features
such as positivity tests for HBsAg carriers, serum AFP
levels, ICGRI5, and histopathologic examinations for
liver cirrhosis in patients with HCC, according to age dis-
tribution, and we divided the patients into three age
groups for a comparative study. The ratio of stage III and
IV to stage I and II cases of the TNM system7 was not
significantly different among the three age groups, re-

vealing that most patients were diagnosed as suffering
from HCC when it already had reached an advanced
stage. This study demonstrated that there was a positive
correlation between the HBsAg carrier rate and the fre-
quency of a high serum AFP level or between the degree
ofliver damage represented by ICGR,5 and the incidence
of liver cirrhosis according to age distribution, and the
former correlation was inversely related to the latter. In
addition, the former and the latter features were frequent
and low, respectively, in the younger patients, and not
frequent and high, respectively, in the elderly patients,
whereas the features of the middle-aged patients were

transitional between both age groups.
Epidemiologic, case control, and molecular biologic

studies have reported that most patients with HCC suffer
from chronic HBV infection, 8-'0 and the prevalence of

HBV carriers is related closely to the incidence in the
HCC.2 This study revealed an age-related difference in
the HBsAg carrier rate, with significant differences
among the three age groups. Molecular biology showed
that HBV-DNA is integrated in both adult and pediatric
patients"-'3; however, the integration of HBV-DNA
into a single site within the host cellular DNA appears to
be common in HCC tissues obtained from children, but
uncommon in tumor tissues obtained from adults,'3
causing speculation that the development of HCC
caused by chronic HBV infection varies according to the
patients' age or the carrier status of HBV or HBsAg. In
addition, a comparative study of patients with HCC in
high, moderate, or low prevalence areas for HCC inci-
dence showed that Asian patients generally are younger,
with 82% being positive for HBsAg, and the average
Western patients are older by more than a decade, with
25% positive for the same antigen.'" The positivity rate
for HBsAg was 59.4% in the younger patients and 25.0%
in the middle-aged patients in this study, indicating that
the prevalence ofHBV is less in this region (Japan) than
in other Asian countries or Africa, and more than in the
United States or Europe. These observations raise the
possibility that the mechanisms of hepatocarcinogenesis
may be different between younger patients and middle-
aged or elderly patients, and present the following epide-
miologic problems: geographic barriers; environmental
factors, such as the workplace; materials or organisms;
age, food, smoking, or drinking habits; and diagnostic
abilities. It has been reported that hepatocarcinogenesis
can be mainly divided into hepatitis virus-related or al-
cohol-related mechanisms, and that mechanisms ofhep-
atocarcinogenesis in patients in high prevalence areas of
HBV infection are correlated strongly with HBV and
those in low prevalence areas are correlated strongly with
alcohol consumption'4,15; however, such a concept is too
simple, as shown in this study. Because the HBsAg car-
rier rate in the middle-aged patients was the same as that
in Western patients with HCC,'4 conversely, the rate was
significantly higher in the younger patients. The patho-
genetic effect of HBV on hepatocarcinogenesis is likely
to be different according to the age ofpatients. This study
and a previous report'5 give rise to the possibility that
hepatocarcinogenesis appears to be caused by a variety
of initiators or promotors according to the age distribu-
tion of patients.
The percentage of the patients with a serum AFP

value of more than 2000 ng/mL varied according to
age distribution. This tendency was similar to that of
the positivity rate for HBsAg. Kew and Maccrollo'6
and other investigators'7"8 also found that HCC cells
secrete more serum AFP in younger patients than in
elderly patients, suggesting that the biologic heteroge-
neity of cancer cells at different ages may influence the

U.--:; :;;;:: i;: .; qtx: "ll
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serum AFP secretion. Because the sources of serum
AFP are HCC cells or regenerating hepatocytes that
originate from cholangiole cells and are in cell differ-
entiation,19-2' the question remains whether the main
source of serum AFP is different with the age of pa-
tients. Because the degree of liver damage represented
by ICGRI5 and the incidence of accompanying liver
cirrhosis were significantly low in the younger pa-
tients, their serum AFP seemed to be generated mainly
by cancer cells, indicating that in younger patients, the
integration of HBV-DNA into hepatocytes may cause
carcinogenesis because the disease progresses with
high secretion of AFP. In contrast, because the degree
of liver damage and the incidence of liver cirrhosis
were significantly high in the middle-aged and the el-
derly patients, and the regenerating response of hepa-
tocytes to liver damage is likely to be poor because of
cirrhotic changes, their serum AFP also seemed to be
generated by cancer cells; however, their ability of se-
creting AFP is thought to be relatively poor. These ob-
servations indicate that the mechanisms for hepato-
carcinogenesis probably are different between younger
patients and elderly patients, and a clue to resolve this
issue may exist in the pathosis of middle-aged patients,
because the pathosis was likely to be a transitional
one between that of the two other age groups. From
the aforementioned discussion, hepatocarcinogenesis
seems to be different according to age distribution, and
we present the following notion: there may be three
mechanisms of hepatocarcinogenesis, and we have
tentatively named them the Eastern type, the Transi-
tional type, and the Western type. The Eastern type is
contributed mostly to by HBV infection with ex-
tremely high values of serum AFP and accompanied
by low-grade liver damage. The Western type is con-
tributed mostly to by consumed liver damage, with rel-
atively low values of serum AFP and accompanied
only by a slight contribution ofHBV. The Transitional
type is intermediate between both. Even in high prev-
alence areas for HBV infection, HCC patients also
were divided into three types. Younger patients be-
longed to the Eastern type, middle-aged patients to the
Transitional type, and elderly patients to the Western
type. What cause these differences between the three
age-groups remains to be solved, and we speculate that
HBV may act during hepatocarcinogenesis as a pro-
motor and disease progression-enhancer through a
specific integration of virus genomes in host hepato-
cytes and thereby, induce insertional mutations,22'23
chromosomal deletions or translocation, or both,24 es-
pecially in the Eastern type. Chronic and progressive
liver damage may be followed by a serial phenomenon
of necrosis, inflammation, and regeneration in the
liver, eventually inducing a malignant transformation
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of hepatocytes, especially in the Western type. There is
no indication ofthe mechanism for hepatocarcinogen-
esis in the Transitional type. However, we can imagine
that the contribution of the hepatitis C virus may be
involved in this type of hepatocarcinogenesis because
the percentage of HCC patients with positive HBsAg
recently has been decreasing in Japan and, in contrast,
the number of hepatitis C virus carriers is increasing.25
The C type hepatitis has a chronic course leading to
liver cirrhosis after approximately 20 years, probably
without hepatitis C virus-DNA integration into hepa-
tocyte DNA because it is an RNA virus,26'27 speculat-
ing that hepatocarcinogenesis associated with hepatitis
C virus infection can possibly be grouped in the Tran-
sitional type. We need to make further investigations
to study the possible mechanisms of hepatocarcino-
genesis, including the etiologic role of hepatitis-related
viruses, habits of food and drink, and environmental
factors.
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