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Validation and limitation of age—period—cohort model in
simulating mortality due to hepatocellular carcinoma from

1940 to 2010 in Japan
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Aim: We aimed to simulate the mortality due to hepatocel-
lular carcinoma (HCC) by the age-period-cohort (APC) model
with use of sex- and age-specific mortality data, for the
purpose of validating the utility and assessing the limitation of
this model.

Methods: Age-specific mortality due to HCC was gleaned
from people aged 20-84 years during 1940 through 2010 in
Japan.

Results: The APC model had a high performance in repro-
ducing HCC mortality (modified determination coefficient
R%cor 2 0.99). Risk of HCC increased with age in both sexes,
while risk of period barely changed in both sexes. The birth
cohort factor in the APC model in males highlighted the
maximum point within birth years 1931-1935. The observed
HCC mortality in 2010 in males (19 444) was lower than

the predicted, and corresponded to 72.3% of the predicted
26 883.4, and in all age groups by 5-year increments (55.6-
90.9%). In females, the observed mortality was lower than that
predicted in those aged 64 years or less, but nat in those aged
65 years or more.

Conclusion: We applied the APC model to predict HCC mor-
tality rate, and it reproduced the observed mortality rate faith-
fully. However, in the recent past, the observed morality rate
in males was only 72.3% that of the predicted. Such differ-
ences would be attributed to combined effects of medical
interventions, such as antiviral treatments and screening for
hepatitis viruses implemented in the early 1990s in Japan.

Key words: age—period-cohort model, epidemiology,
hepatitis B virus, hepatitis C virus, hepatocellular carcinoma

INTRODUCTION

ALIGNANT NEOPLASM REMAINS the most
common cause of death in Japan. Mortality
caused by liver cancer in males started to increase in
1975, peaked at around 2000, and has been slightly
decreasing in recent years. By contrast, the mortality due
to liver cancer in females is still increasing slightly. At

Correspondence: Professor Junko Tanaka, Department of
Epidemiology, Infectious Disease Control and Prevention,

Institute of Biomedical and Health Sciences, Hiroshima University,
1-2-3 Kasumi, Minami-ku, Hiroshima 734-8551, Japan.

Email: jun-tanaka@hiroshima-u.ac.jp

Financial disclosure: None to declare.

Conflict of interest: None.

Received 30 April 2013; revision 23 May 2013; accepted 29 May
2013.

© 2013 The Japan Society of Hepatology

present, liver cancer remains the fourth leading cause
of death among malignant neoplasms in Japan, and
32 765 people died of it in 2010."

The age-period-cohort (APC) model® is based on
epidemiological experiences in which incidence or
mortality is influenced by three major factors: (i) age
factor; (ii) period factor; and (iii) birth cohort factor.
Age factor reflects the risk of aging, while period
factor mirrors the common risk posed on constituent
members during a given period, regardless of age. The
birth cohort factor reflects the risk of historical back-
ground of medical policies, such as treatments, vaccina-
tions, health insurance and screenings, as well as
environment shared by the birth cohort. The APC model
is used increasingly frequently for analyzing temporal
age-specific incidence or mortality data in late years. For
example, Pham efal?® analyzed the mortality due to
chronic obstructive pulmonary disease in Japan using

713



714 T. Akita et al.

the APC model, and proposed the relation to cigarette
smoking. Likewise, Ito etal® applied the model to
incidence rates and mortality of some cancers in Osaka,
Japan, and discussed the factor characteristics of each
cancer. Lee et al’ analyzed mortality data of hepatocel-
lular carcinoma (HCC) in Taiwan using the APC model.

From the etiological point of view, however, persis-
tent infections with hepatitis B virus (HBV) or hepatitis
C virus (HCV) are the primary cause of HCC in Japan.*”
HCC is principally caused by persistent infections with
HBV and HCV that were responsible for 16% and 80%
of the cases in 1995,° 13% and 81% in 2000,° and 15%
and 68% in 2005 of the cases, respectively.

Because HCC accounts for the great majority (94%) of
liver cancer in Japan,’ they were deemed equivalent and
will be collectively referred to as HCC in this study.

Since HCV was cloned in 1989, anti-HCV screening
was introduced to blood donors for the first time in the
world in Japan.'' The opportunity to undergo- HCV
testing has increased swiftly in hospitals and clinics, as
well as in health check-ups. We analyzed the utility of
the APC model, as well as the limitation, in simulating
yearly deaths due to HCC in Japan. We went on to assess
how countermeasures against hepatitis and HCC imple-
mented since 1990, such as hepatitis virus screening and
antiviral treatments, influenced the HCC mortality pre-
dicted by:the APC model.

METHODS

Data sources

EX- AND AGE-SPECIFIC mortality data of HCC were

obtained from Vital Statistics of Japan' for 15 time
points in 5-year increments from 1940 through 2010
(e.g. 1940, 1945, 1950). During the study period, the
International Classification of Diseases (ICD) changed
six times, and therefore we needed to employ the time-
dependent codes listed in Table 1. Vital Statistics of

Table 1 Target cause of death due to liver cancer

Year ICD Code
1940, 1945 ICD4 46 (2)
1950, 1955 ICD6 155, 156
1960, 1965 ICD7 155, 156
1970, 1975 ICD8 155, 197.8
1980, 1985, 1990 ICD9 155

1995, 2000, 2005, 2010 ICD10 C22

ICD, International Classification of Diseases.

© 2013 The Japan Society of Hepatology

Hepatology Research 2014; 44: 713-719

Japan in 1944 and 1945 are not published, so we used
Vital Statistics of Japan in 1943 to represent number of
deaths and population in 1945. No ethical problem
occurred in this study, because only census data were
used as the data source.

Data analysis

All mortality data were tabulated into 13 5-year age
groups (from 20-24 to 80-84 years) in each of 15 5-year
time periods (from 1940 to 2010).

- First, we estimated the sex-specific effects of age factor,
time period factor and birth cohort factor on HCC mor-
tality using the APC model:

¥y ~ Poisson (i), log (i) = log(Py) + fh+ A + P + C,

where y, A;, P; and C, denote intercept, factor of i-th age

group (i=1, 2,..., 13), factor of j-th time period
(i=1,2,...,15) and factor of k-th birth cohort (k=1,
2,..., 27), respectively. ; y; and Py denote expected

number of deaths, real number of deaths and popula-
tion in i-th age group, and j-th time period, respec-
tively. The APC model has methodical drawbacks, such
as the “identification problem” (see Appendix I for
details). We assumed that two effects of the birth
cohort factor, Cy (1896-1900) and Cy, (1901-1905),
would be the same with respect to the influence of this
problem by Barrett's technique.’> We set the baseline of
each factor as 20-24 years old (age factor), year 1940
for time period (period factor) and 1896-1900 and
1901-1905 for birth year cohorts (birth cohort factor),
respectively, in the calculation of 95% confidence
interval (95% CI).

We estimated effects and their 95% CI of age factor,
period factor and birth cohort factor by the maximum
likelihood method, and estimated the mortality by the
APC model using estimated effects for evaluating the
validity of the model. The expanded determination
coefficient R?cor'® was used for comparison between
observed and estimated mortality rates (see Appendix II
for details).

Second, we estimated the effects of age, period and
birth cohort factors by using data confined to 1940-
1990 in the same manner, and estimated number of
deaths due to HCC in 1995, 2000, 2005 and 2010 on
the basis of these effects. We assumed that effects
of the period factor after 1990 and those of the
birth cohort factor after 1970 would have remained
unchanged.

Statistical analyses were performed using JMP ver. 9
(SAS Institute, Cary, NC, USA).
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RESULTS

Performance of APC model in simulating
mortality due to HCC

HE 3-D PLOTS of sex- and age-specific mortality

rates from 1940 through 2010 are depicted in
Figure 1, for comparison of the observed mortality
against that estimated by APC model in males (a vs b)
and females (cvs d). Observed mortality rates are closely
reproduced by predicted mortality rates in both sexes
with very high expanded determination coefficients
(Rcon > 0.99).

Risk of HCC deaths in relation to age, time
period and birth cohort

The effects of age factor, time period factor and birth
cohort factor on the APC model are displayed graphi-
cally in Figure 2. Age effect was based on the 20-24 year
old group with 95% CI values. There was a trend for
higher risk for HCC mortality with increasing ages. The
effect of the period factor did not change enormously.
With respect to 95% CI values based on the year 1940,
there was no difference in the age-specific risk for HCC
mortality. In late years, however, the risk of HCC deaths
decreased gradually in males.

(a) Males, observed

Figure 1 Trend in observed and esti-
mated age-specific mortalities of hepa-
tocellular carcinoma (HCC) in males
and females. Observed and estimated
(by the age-period-cohort [APC]
model) mortalities (per 100 000
people) due to HCC during 1940
through 2010 are shown in the 3-D
plot. (a) Observed mortality in males,
(b) mortality estimated by the APC
model in males, (c¢) observed mortality
in females, (d) mortality estimated by
the APC model in females.

HCC death simulation in Japan by APC model 715

The birth cohort effect is exhibited based on 95% CI
of the 1896-1905 birth year group. In males, it was high
in birth cohorts born during 1916-1940, and culmi-
nated in the 1931-1935 birth year cohort. In females,
the risk of HCC mortality was the highestin 1881-1935
birth year cohorts.

Discrepancy between HCC deaths predicted
by APC from those observed since 1990

Numbers of HCC deaths were estimated by the APC
model based on 1940-1990 data, and they are com-
pared against observed numbers in Figure 3. In males,
predicted numbers of deaths became higher than
observed numbers since 2000. [Correction added on 11
October 2013, after first online publication: ‘In males,
predicted numbers of deaths became lower than
observed numbers since 2000” has been corrected to
‘... higher than observed’.] Predicted HCC deaths in
2010 are 26 883.4, which correspond to 138.3% of the
19 444 observed. [Correction added on 11 October
2013, after first online publication: ‘Predicted HCC
deaths in 2010 are 26 883.4, which correspond to
72.3% of the 19 444 observed’ has been corrected to
‘... correspond to 138.3% of the 19 444 observed'.] In
females, by remarkable contrast, predicted numbers of

(b) Males, estimated by APC

© 2013 The Japan Society of Hepatology
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Figure 2 Effects of age, period and
birth cohort factors on hepatocellular
carcinoma (HCC) mortality in males
and females predicted by the age-
period-cohort (APC) model. The rela-
tive risk of age factor, period factor and
birth cohort factor were estimated by
the APC model in (a) males and (b)
females. The baselines of age, period
and cohort effects were 20-24 years
old, the year 1940, and 1896-1900 as
well as 1901-1905 birth year cohorts,
respectively.

Figure 3 Comparison between obser-
ved -and predicted numbers of deaths.
Number of deaths during 1991 through
2010 were estimated based on mortal-
ity during 1940-1990 by the age-
period-cohort (APC) model in (a)
males and (b) females. O, predicted;
@, observed.



