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PURPOSE: Hepatocellular carcinoma (HCC) is one of the most common malignant primary liver tumors
worldwide. A previous study showed a decline in pediatric HCC in Taiwan after the universal vaccination
program was initiated in 1984. We investigated whether the recent change in HCC mortality in Taiwan
represented a short-term fluctuation or an emerging long-term decline trend.

METHODS: An age-period-cohort analysis was conducted to show HCC mortality trends between 1976
and 2005. A total of 121,643 HCC mortality cases (92,926 males and 28,717 females) of individuals older
than 40 years of age was used in the analyses.

RESULTS: Results indicate an increasing secular trend in HCC mortality over the last three decades in
people aged 60 years and above. In the age group of > 85 years old, the mortality rate for males and females
was 7.47 (95% confidence interval [95% CI]: 6.24-8.94) and 25.0 (95% CI: 15.5-40.2) times greater than in
the youngest age group (40-44), respectively. The relative risk of dying from HCC in the period 2001-2005
was 1.36 (95% CI: 1.23-1.50) for males compared to the 1976-1980 time period, and 1.42 (95% CI: 1.17-
1.72) for females compared to the 1986-1990 time period. A strong birth-cohort effect was also found. Indi-
viduals born around 1936 had the highest risk of dying from HCC.

CONCLUSION: These findings imply that important determinants of HCC may occur early in life, with

their effects only becoming apparent much later.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignant primary liver tumors worldwide.
Global HCC mortality ranks fifth in mortality frequency
in men and eighth in women (6% of males and 3% of
females) (1). It is even more prominent in Taiwan, where
it ranks first in cancer mortality in men and second in
women (21.8% of males and 14.2% of females) (2).
HCC incidence has increased worldwide and is now the
fifth most frequent cancer, killing 300,000 to 500,000
people each year (3, 4).

HCC affects people of all ages. In Asia and Africa, the
peak of HCC morbidity occurs in adolescence or between
the ages of 20 and 40 years, corresponding to predominantly
perinatal or postnatal infection with the hepatitis virus. In
countries with a low HCC incidence, the morbidity peak
is between the ages of 50 and 60 years (1).
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The HCC gender ratio between men and women is about
3:1, but is as high as 8:1 in countries with a high incidence of
HCC. In individuals with a cirrhosis-free liver, however,
men and women are afflicted by HCC at the same rate.
Thus the cirrhosis gender ratio seems to determine the
HCC gender ratio (4). Androgens are thought to be of path-
ogenic significance, since carcinoma cells which display
qualities favoring growth have been shown to carry
androgen receptors, and a protective effect was observed
in animal carcinogenesis experiments when androgen was
withdrawn (5).

A study by Chang et al. (6) showed a decline in pediatric
HCC in Taiwan following the universal vaccination
program. We conducted a birth cohort study of HCC
mortality trends in order to determine whether the recent
decrease in HCC mortality in Taiwan represents a short-
term fluctuation or is representative of an emerging trend
toward long-term decline. Birth-cohort analysis is consid-
ered more appropriate than cross-sectional current-year
studies for examination of early environmental exposures
(7). The present study used an age-period-cohort (APC)
analysis to show the secular trends for mortality from cancer
of the liver in Taiwan between 1976 and 2005 using age,
period, and cohort indices (7). The relative individual
impact of these indices on HCC mortality rates and the
effect of the hepatitis B virus (HBV) vaccination program
on outcomes are also discussed.
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Selected Abbreviations and Acronyms

HCC = hepatocellular carcinoma

APC = age-period-cohort

ICD = International Classification of Diseases
CI = confidence interval

HBV = hepatitis B virus

HCV = hepatitis C virus

MATERIAL AND METHOD
Data Sources

Information on all reported mortality cases in Taiwan from
1976 to 2005 were from individual health records obtained
from the Department of Health, Taiwan. Mortality from
HCC was identified as code number 150 in both International
Classification of Diseases 8th and 9th editions (ICD-8 and
ICD-9) (8, 9). A total of 121,643 HCC mortality cases
(92,926 males and 28,717 females) for individuals older
than 40 years of age were collected. The data from the
mid-year population in Taiwan were obtained from “Vital
Statistics,” published annually by the Department of
Health, in which data were tabulated by gender and 5-
year age groups (8, 9).

Statistical Analysis

The mortality data were separated into 10 five-year age
groups (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70—
74, 75-79, 80-84, and 85+), 6 five-year time periods
(1976-1980, 1981-1985, 1986-1990, 1991-1995, 1996—
2000, and 2001-2005), and 15 birth cohorts (mid-cohort
years: 1891, 1896, 1901, 1906, 1911, 1916, 1921, 1926,
1931, 1936, 1941, 1946, 1951, 1956, and 1961).

From the data, age-specific mortality rates were estimated
for each period for each gender and were plotted using a log
scale. Age-adjusted HCC mortality rates were calculated
using the direct method for each gender. The rates were
adjusted to the 2000 World Standard Population (10).
Age, period, and birth cohort for each gender were first eval-
uated by a log-linear Poisson model. Age, period, and cohort
factors were included in the model alone. Then, three two-
factor “age + period” (AP model), “age + cohort” (AC
model), and “period + cohort” (PC model) models were
evaluated. The likelihood ratio statistic and its degree of
freedom were derived from the differences in deviances
and in degrees of freedom, respectively, between the APC
model and each two-factor model. To avoid problems of
nonidentifiability, the age, period, and cohort effects were
evaluated by an autoregressive APC model (11). That is,

loghj=p + a; + B + v,

i=1,2,....I, j=12,....], k=j—i+] and
Y=Yy + O0,where 6y i.i.d. ~N(0, %)
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In the model described above, u is the intercept term, and
o, B, and vy represent the age, period, and cohort effects,
respectively. The usual constraints imply that
>, o= B;=0. Two parameters, the ¢ (the autocorre-
lation cobfficient) and the " (the variance of the white
noise), are introduced to model the autoregressive nature of
the cohort effects. The statistical package SAS 9.1 was used
to perform the statistical analysis. A SAS/IML program
for the autoregressive APC model is available from the
author (WC.L.).

RESULTS

The secular trends of age-adjusted HCC mortality rates for
males and females in Taiwan (Fig. 1) show increasing trends
during the period 1976-2002, but revealed a slight decline
in more recent years. Age-specific HCC mortality rates in
Taiwan (Fig. 2) increased slowly between 1976 and 2005
for both genders aged 60 years and older, but had declining
trends for both genders aged 59 years and younger. Mortality
rates for females younger than 49 years of age showed an
especially significant decline. However, this calendar year,
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FIGURE 1. Age-adjusted HCC mortality rates for males and
females in Taiwan; rates per 100,000.
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FIGURE 2. Age-specific 5-year HCC mortality rates for males and females in Taiwan; rates per 100,000.

age-specific rate analysis did not explain the period effect or
the cohort effect upon which the secular trends depend.

Table 1 shows the results of the likelihood ratio test for
the APC analysis. In both genders, a significant increase
in deviance was achieved for each and every model that
departed from the full APC model. These results indicate
that the age, period, and cohort effects should all be taken
into account. For males, the likelihood ratio statistic was
higher for the PC model vs. APC model (likelihood ratio
statistic = 1113.16) than for the AP model vs. APC model
(likelihood ratio statistic = 588.46) and for the AC model
vs. APC model (likelihood ratio statistic = 59.26). These
results indicate that the age effect was more important
than the period and cohort effects. However, for females,
the cohort effects (likelihood ratio statistic = 981.09, for
AP model vs. APC model) were more important than the
other two effects.

Fig. 3 shows the age effects for males and females. As age
increased, the risk of dying from HCC increased dramati-
cally. In the oldest age group (85+ vyears), the mortality
rate was 7.47 (95%Cl: 6.24-8.94) times and 25.0 (95%ClI:
15.5-40.2) times that of the youngest age group (40-44
years) for males and females, respectively. Period effect is de-
picted in Fig. 4 and shows a slightly increasing trend for both
genders. The relative risk of dying from HCC in the period
2001-2005 was 1.36 (95% CI: 1.23-1.50) for males
compared to the 1976-1980 time periods, and 1.42 (95%
CIL: 1.17-1.72) for females compared to the 1986-1990
time periods. As demonstrated in Fig. 5, individuals who
were born around 1936 had the highest risk of dying from
HCC among the birth cohorts evaluated. The risk of dying
from HCC decreased thereafter for both genders, but

especially for females. The relative risk was 1.49 (95% CI:
1.21-1.82) for males and 3.04 (95% CI: 1.76-5.26) for
females, respectively, for the highest-risk birth cohort of
~1936 (mid-cohort year=1936) as compared to the most
recent ~ 1961 birth cohort.

DISCUSSION

Studies on secular trends of mortality and/or incidence rates
for a particular disease can provide epidemiologists with
clues or hypotheses for testing the disease etiology. Using

TABLE 1. Age-period-cohort model for HCC mortality rates in
Taiwan

Models df Deviance Likelihood ratio statistic (df*)  p Value
Males
Age 50 1742.61 1670.54 (18) <0.0001
Period 54  34984.69 34912.63 (22) <0.0001
Cohort 45 18183.27 18111.20 (13) <0.0001
AP 45 660.52 588.46 (13) <0.0001
AC 36 131.33 59.26 (4) <0.0001
PC 40 1185.23 1113.16 (8) <0.0001
APC 32 72.07 Reference Reference
Females
Age 50 1815.68 1770.34 (18) <0.0001
Period 54  29289.21 29243.87 (22) <0.0001
Cohort 45 12578.41 12447.09 (13) <0.0001
AP 45 1026.43 981.09 (13) <0.0001
AC 36 174.12 128.78 (4) <0.0001
PC 40 529.98 484.64 (8) <0.0001
APC 32 45.34 Reference Reference
df = degree of freedom; likelihood ratio statistic = increase in deviance from the

APC model; df* = increase in df from the APC model; APC = full age-period-
cohort model; AC = age-cohort model; AP = age-period model; PC = period-
cohort model.
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FIGURE 3. Age effects of HCC mortality for males and females.
mortality data to make an etiological inference has a draw- the last two decades. Alternatively, the trends of increased
back pertaining to the separation of the effects of survival incidence may reflect better diagnosis, resulting from the
rate from true incidence change. However, HCC survivor- improvement of medical care facilities. The observations
ship is relatively poor and has shown little change over from our study show that the mortality rates in younger
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FIGURE 4. Period effects of HCC mortality for males and females.
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FIGURE 5. Cohort effects of HCC

cohorts are declining, whereas those in the elderly have
been increasing. This apparent effect is probably not related
to the improvement of medical care facilities.

Instead, our analyses on the trends of HCC mortality data
in Taiwan between 1976 and 2005 by means of the APC
analysis have revealed that the birth-cohort effect, but not
the period effect, played a paramount role in HCC mortality
trends. This observation suggests that some important
disease determinants may occur early in life, with their
effects only becoming obvious some time later. The
declining risk in the 1936 to 1961 birth cohorts may indicate
that environmental factors (e.g., aflatoxin Bl exposure)
(12-14) that are promotional for HCC, regardless of what
they are, have diminished in intensity in the five most recent
birth cohorts.

In addition to the possible changes in environmental
factors, it is likely that large-scale HBV vaccination of
newborns in Taiwan (15) by itself brings about a further
drop in adult (aged 40+) HCC mortalities in birth cohorts
after 1984. At least 20+ more years of follow up will have
to occur before this hypothesis can be directly tested.
However, at present we wish to point out that a significant
proportion of childhood HCC was not prevented by the
HBV immunization program (16). Vaccine failure and
failure to receive hepatitis Bimmunoglobulin are considered
the main problems preventing eradication of HCC in
Taiwan (16). Indeed, the percentage of HBV-related
HCC in Taiwan has progressively decreased between 1981
and 2001, from 81.5% to 66.2% in males and from 66.7%

1891 1901 1911 1921 1931 1941 1951 1961
Bith cohort

mortality for males and females.

to 41.4% in females (17). It was suggested that this relative
decrease in HBV-related HCC was not due to a decrease in
HBV-related HCC. Instead, it is believed to be the result of
an increase in hepatitis C virus (HCV)-related HCC (18,
19). Although HBV is the dominant cause of HCC in
Taiwan, in Taiwan and many other countries, HCV has
become a force to be reckoned with in the last two decades
(20). Moreover, other non-viral causes of HCC that lead to
cirrhosis, including diabetes mellitus (21, 22) and non-
alcoholic steatohepatitis (23), should also be taken into
consideration.
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