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Studies of survival and distribution of liver cancer in children are scarce. In this study, using data

from the cancer registry of Taiwan, from 1979 to 1992, we identi®ed 377 young patients (0±15 years of

age) suVering from liver cancer, coded 155 according to the International Classi®cation of Diseases.

Among these patients, 122 were histopathologically proven hepatocellular carcinoma (HCC) and 43

hepatoblastoma (HB). For survival analysis, we also searched for cases of liver cancer in 0±16 year old

children in the Taiwan cancer registry for the period between 1988 and 1992. We found 109 cases with

identi®cation numbers and birth dates which allowed our cases to be linked with the death registry of

the National Health Department of Taiwan enabling the calculation of 5-year survival rates using

actuarial life tables. Between 1979 and 1992, for 122 HCC cases, there was a peak incidence at the age

of 1 year, then a decline to a trough at the age of 4 years, after which the number of cases increased to

the age of 15 years. After the age of 4 years boys outnumbered the girls by 2:1. 36 (84%) of 43 HB cases

were under the age of 5 years and boys tended to outnumber girls by 2.9:1. Between 1988 and 1992, of

the 109 patients, 49 were diagnosed histopathologically and 60 patients clinically. Their overall 5-year

survival rate was 19%. The 5-year survival rate of the 28 HCC patients was 17%, whereas that of the 17

HB patients was 47%. In conclusion, our epidemiological ®ndings indicate that the HCC distribution

among children is diVerent according to age and to some extent sex. The overall 5-year survival rate of

children suVering from liver cancer was still unfavourable. # 1998 Elsevier Science Ltd. All rights

reserved.
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INTRODUCTION

Hepatoblastoma (HB) and hepatocellular carcinoma (HCC)

are the two commonest types of childhood liver cancer.

Hepatitis B virus (HBV) can cause HCC and prevention of

HBV infection can decrease the incidence of HCC [1]. In an

HBV non-endemic area, childhood HB is more common

than HCC [2], whereas in an HBV endemic area, childhood

HCC is more common than HB [3]. The number of male

cases is higher than female cases for both diseases [2, 3].

Because the aVected cells are of diVerent types, the prognosis

for HCC is worse than for HB.

Studies of survival and distribution of children suVering

from liver cancer especially HCC, are scarce. Hsu and col-

leagues described 42 children between 4 and 15 years of age

suVering from HCC in Taiwan [4], but as they found no

children younger than 4 years, they were unable to determine

the distribution of HCC among children less than 4 years of

age. However, in the U.S.A., Exelby and associates described

a distribution of HCC among children with a peak before the

age of 4 years [2].

To study the actual distribution and survival rate of child-

hood liver cancer, we needed a suYciently large number of

childhood patients. The Taiwan cancer registry was opened

in 1979. Since then it has covered a suYciently large popu-

lation (20 million) and has been in existence long enough to

have registered more than a handful of childhood liver cancer

cases necessary for the proposed study.
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MATERIALS AND METHODS

The National Taiwan Cancer Registry was opened in

1979, and is a population-based registry. The cancer registry-

trained personnel review all discharge notes and all data

concerning patients' primary diagnosis of cancer. Noti®cation

of deaths from cancer at hospitals housing at least 30 beds are

forwarded to the National Health Department of Taiwan on

a voluntary basis. Almost all such hospitals participate in the

scheme (more than 142 hospitals). Cancer is diagnosed either

clinically or histopathologically. Clinical diagnosis usually

involves symptoms and signs, biochemistry, serum alpha

fetoprotein, hepatic sonography, technetium and gallium

scan, or hepatic angiography. The histopathological diagnosis

is made from biopsy, surgical resection, or autopsies. Upon

arrival at the National Health Department of Taiwan, the

data are ®rst checked for accuracy and completeness. If they

are inaccurate they are returned to the sender for correction,

otherwise they are entered into computer ®les and checked

again to avoid duplication. All validated data are kept on

computer ®les in the National Health Department of Taiwan.

We estimated that the registry covered approximately 50% of

adult liver cancer and 60% of childhood liver cancer in 1979,

but in recent years this estimate has risen to approximately

95% of adult and childhood liver cancer.

We searched the Taiwanese cancer registry from 1979 to

1992 and identi®ed 377 patients aged 0±15 years who were

suVering from liver cancer coded as 155 according to the

International Classi®cation of Diseases. None of the 377

patients was diagnosed by autopsy. 181 (48%) patients were

clinically and 196 (52%) were histopathologically diagnosed.

The characteristics of the 196 histopathologically proven liver

cancer patients included 122 cases of HCC (62%) and 43

(22%) HB. We analysed the 122 HCC and 43 HB data to

determine their distribution according to age and sex. The

ratio of gender was tested by binomial probabilities per-

formed with the SAS statistic software.

At the inception of the cancer registry in 1979, some data,

such as identi®cation numbers and birth dates, were avail-

able. It was not until 1988 that a database was kept that was

reliable in all respects. Therefore, we collected data concern-

ing liver cancer in 0±16 year old children for the period

between 1988 and 1992. We found 115 cases of liver cancer,

coded as 155 according to the International Classi®cation of

Diseases, 6 of which lacked identi®cation numbers and birth

dates, leaving 109 cases to be followed up (some of these

cases, those under 16 years of age, were included in the 377

cases mentioned above). With the help of identi®cation

numbers and birth dates we linked our cases to the 1988±

1994 National Deaths Registry of Taiwan kept by the Tai-

wanese National Department of Health. The latest follow-up

data were up to the end of 1994. The duration of follow-up

was between 2 and 7 years. Of the 109 cases, both identi®-

cation number and birth date were available for 56 cases and

birth date only for 53 cases, who therefore had to be matched

to the deaths registry by cause of death and area of residence

together. We used actuarial life tables to calculate the 5-year

survival rate.

RESULTS

The age and sex distributions of the 122 histopathologi-

cally proven HCC patients from 1979 to 1992 are presented

in Figure 1. Their age distribution was described by a rising

curve with a peak at 1 year of age, then a trough at 4 years of

age and rising again up to the age of 15 years. Boys (83)

outnumbered girls (39) with a ratio of 2.1:1. However, there

were 10 boys and 13 girls in the group younger than 4 years

of age, although this trend was not signi®cant (P > 0.05).

Beyond the age of 4 years, boys (73) outnumbered girls (26)

with a ratio of 2.8:1.

The age distribution of 43 histopathologically proven HB

patients is presented in Figure 2. Eighty-four per cent

(n = 36) of the 43 histopathologically proven HB patients

were under the age of 5 years. Again boys (32) outnumbered

girls (11) with a ratio of 2.9:1. Between 1988 and 1992, of

the 109 childhood liver cancer cases, 49 cases were diagnosed

histopathologically, with 28 cases of HCC, 17 HB and 4

others. 60 cases were diagnosed clinically. The 5-year survival

rates are listed for all 109 patients in Table 1. Nineteen per

cent of patients survived for longer than 5 years after diag-

nosis, as did 28% of histopathologically and 11% of clinically

diagnosed cases. The 5-year survival rate among the 28 HCC

cases was 17% and among the 17 HB cases was 47%.

Figure 1. Age distribution of hepatocellular carcinoma in
children from 1979 to 1992.

Figure 2. Age distribution of hepatoblastoma in children from
1979 to 1992.

Table 1. Five-year survival rate of 109 childhood liver cancer

cases between 1988 and 1992

Period (5-year) survival (%)

1 2 3 4 5

All liver cancer (n = 109) 32 23 21 20 19

Diagnosis

Pathological diagnosis (n = 49) 47 37 28 28 28

Hepatocellular carcinoma (n = 28) 32 25 17 17 17

Hepatoblastoma (n = 17) 76 47 47 47 47

Others (n = 4) ± ± ± ± ±

Clinical diagnosis (n = 60) 20 15 15 13 11
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DISCUSSION

There are two characteristics of the age and sex distribu-

tion of childhood HCC. The ®rst is the peculiar shape of the

age distribution; a peak at 1 year, a trough at 4 years followed

by a steady incline up to 15 years. A second characteristic is

the predominance of boys, with a ratio of at least 2:1, after

the age of 4 years. Our ®ndings concerning HCC distribution

according to age diVered from those of Hsu and colleagues

[4] and Exelby and associates [2]. Studying 4±15 year old

children, Hsu and colleagues reported an age peak at 7±9

years and another at 12±15 years, compared with the straight

inclining curve of ours. Hsu and colleagues may not have

studied a suYciently large number of patients and did not

cover the age range below 4 years. Exelby and associates also

reported two age peaks, one at under 4 years of age and

another at 12±15 years of age. Their ®rst peak coincides with

ours and their second peak may be associated with the fact

that their study took place in an HBV non-endemic area and

their population up to the age of 12 years was not exposed to

suYcient risks for the development of HCC.

The notion that the incubation period from HBV infection

to clinically demonstrable HCC is more than 20 years is no

longer true [5]. Many studies have found HBV to be corre-

lated with childhood HCC. Shimoda and colleagues descri-

bed a 6 year old boy suVering from HCC associated with

HBsAg [5]. Beasley and associates reported an HBsAg carrier

who developed HCC 7 years after perinatal infection [6]. A

study of Hsu and colleagues showed that all the 42 HCC

patients in their population sample were chronically infected

with HBV [4], as were all of the 20 children (1 was only 8

months old) with HCC reported by Wu and colleagues [7].

Our previous study which showed that hepatitis B vaccination

can reduce the incidence of HCC among 0±9 years old also

supports the idea that HBV can cause childhood HCC [1].

Thus, we think that HBV is a major aetiological factor of

HCC beyond the age of 4 years.

Newborns can be infected with HBV by their mothers and

become chronically infected early in life [8]. How long it

takes after that to develop HCC is unknown. Our epidemio-

logical ®ndings indicate the HCC distribution among chil-

dren is diVerent before and after 4 years of age. Further

studies should be carried out to determine the association

between HBV and children younger than 4 years of age. If

positive HBsAg occurs among HCC children under 4 years of

age at the same rate as in the general population, then HBV

cannot be considered the major aetiological factor in children

younger than 4 years old. However, if positive HBsAg occurs

among HCC children under 4 years of age at a higher rate

than in the general population, then HBV could be con-

sidered the major aetiological factor in all children.

Table 1 shows that the survival rate was 17% for the 28

HCC cases, 47% for the 17 HB cases and 11% for the 60

clinically diagnosed liver cancer cases, so it is likely that most

of the clinically diagnosed cases were HCC patients.

A number of studies of liver cancer are summarised in

Table 2. The resectable rate of HCC varies between 10 and

30% [2, 3, 9±11] and accordingly their 5-year survival rates

range between 0 and 29% [2, 3, 7, 9, 10, 12, 13]. The current

treatment for advanced unresectable tumour involves che-

motherapy initially, followed by surgery or liver transplanta-

Table 2. Studies of liver cancer 5-year survival rate

First author [ref.] Year Number Resectable rate (%) 5-year survival rate (%) Follow-up (years)

Population-based

Present 1988±1992 HB:17 47 2±7

HCC:28 17 2±7

Liver

Cancer:109* 19 2±7

Exelby [2] 1965±1974 HB:129 60 35 2±10

HCC:98 33 13 2±10

Miller [16] 1973±1987 HB:53 58.5 5

Mott [17] 1977±1994 HBy 32±73 3

Ajiki [18] 1975±1984 HB:30 36 5

Stiller [19] 1971±1985 HB:120 8±40 5

Kaatsch [20] 1980±1992 Liver cancer:174z 47 5

Hospital-based

Chen [3] 1976±1985 HB:10 60 40 > 1

HCC:30 10 7 1±4.7

Wu [7] 1974±1985 HCC:20 0 1

Ni [9] 1964±1989 HCC:71x 9.8 4 5±7.5

Lack [10] 1924±1981 HCC:27 15 7 0.5±12

Haas [11] 1973±1984 HB:196 33 MST: 19 months

HCC:28 21 MST: 13 months

HCC:14 14 MST: 7 months

Tagge [12] 1980±1990 HB:21 67 2.4 � 2.6

HCC:21 29 2.4 � 2.6

Leuschner [13] 1972±1988 HCC:11 18 5

Lack [14] 1924±1981 HB:54 61 24 1.3±21

Stringer [15] 1981±1993 HB:41 34 68 0.1±12.2

Gururangan [21] 1981±1090 HB:7 72 1.3±8

*There were 28 HCC, 17 HB, 4 other types, and 60 clinically diagnosed patients. yPatient number was not mentioned. zAmong them 80%

were HB and 20% were HCC. xAmong them 43 were HCC and 28 were clinically diagnosed. HCC, hepatocellular carcinoma; HB, hepato-

blastoma; MST, mean survival time.
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tion. The 5-year survival rate following such treatment is still

only 29% [12]. The resectable rate of HB ranges between 3

and 60% [2, 3, 11, 14, 15] and consequently the 5-year survi-

val rate in the case of HB varies between 8 and 73

[2, 3, 12, 14±21]. Surgery is still the most common treatment.

In conclusion, our epidemiological ®ndings indicate that

the HCC distribution among children is diVerent according

to age and, to some extent, sex, and the overall 5-year survi-

val rate of children suVering from liver cancer in our study

was still unfavourable (19%).
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