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Background: In 2012, liver cancer ranked as the fifth and eighth most common cancer in men
and women, respectively, in urban Shanghai. This study aims to present the trend and projection
of age-specific incidence and mortality of liver cancer in Shanghai.

Methods: We extracted data of liver cancer incident cases and deaths between 1973 and 2012.
An age—period—cohort model was used to analyze the data.

Results: A total of 47,344 men and 18,692 women were diagnosed with liver cancer from
1973 to 2012. The overall age-standardized incidence was 26.89 and 8.89 per 100,000 for
men and women, respectively. Correspondingly, a total of 44,355 and 18,084 men and women
died from liver cancer during this period. The overall age-standardized death rate was 25.34
per 100,000 in men and 9.39 per 100,000 in women. Between 1973 and 2012, liver cancer
incidence and mortality in all age groups, except people aged 0-19 years, experienced a
significant decline. Similar temporal patterns were detected in liver cancer mortality in both
sexes when compared with incidence. Liver cancer incidence and mortality are expected to
further decline among all age groups in 2013-2020 in both sexes, though the numbers of
incident cases will remain stable.

Conclusion: Incidence and mortality of liver cancer in urban Shanghai have decreased by about
40% and 50%, respectively, over the past four decades. This decline is expected to continue
in the near future. However, the population is aging, which is reflected in the increasing crude
rates and decreasing age-adjusted rates.
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Introduction

China is the country most afflicted by liver cancer in the world.! The estimates of
new liver cancer cases and deaths were 355,595 and 322,416, respectively, in China
in 2011, which were much higher than those of Western countries.?* The incidence of
liver cancer varies across 31 provinces in mainland China.

In previous decades, Shanghai had a higher liver cancer incidence compared
with other provinces,* which may partially be due to the earlier establishment of a
cancer registration report system in Shanghai. A previous study reported that the age-
standardized incidence rates (ASIRs) of liver cancer in urban Shanghai were 33.9 per
100,000 among men and 11.4 per 100,000 among women between 1976 and 1980.
The incidence decreased to 25.8 and 8.5 per 100,000 in men and women, respectively,
by 2001-2005.° It has been well documented that this significant decrease was largely
attributed to the wide availability of hepatitis B virus (HBV) vaccines in the last 20-30
years.® The age-patterns in liver cancer incidence as well as the long-term alteration
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of liver cancer mortality, however, have not been well inves-
tigated in the Shanghai population.

Additionally, one of the most important sociodemo-
graphic changes in Shanghai is the dramatic increase in
the number of older adults (age =65 years). Specifically,
the elderly population in urban Shanghai has increased
threefold in the last four decades, with the number increas-
ing from 0.34 million in 1973 to 1.15 million in 2013.7 The
proportion of older people in urban Shanghai was as high
as 18.6% in 2013. Since cancer occurs more commonly
in older populations,®® the aging of Shanghai’s population
is expected to lead to a marked increase in the number of
cancer diagnoses as well.

In order to better understand the incidence and mortality
trends of liver cancer and provide potential insights for the
prevention and control of liver cancer in urban Shanghai, we
conducted a population-based study to further investigate
the longitudinal changes in morbidity and mortality of liver
cancer. These results will be helpful to precisely assess the
future burden of liver cancer and subsequently better manage
the limited health resources.

Materials and methods

Incident cases

Cancer incidence data during 1973-2012 were obtained
from the Shanghai Cancer Registry, which was officially
established in 1963 and is one of the largest population-based
cancer registries in China.'” The Shanghai Cancer Registry is
one of the earliest associated members of the World Health
Organization International Agency for Research on Cancer.
Incident cases of liver cancer were identified by the Interna-
tional Classification of Diseases for Oncology (third edition)
using topography code C22.

Death cases

Data on cause of death between 1973 and 2012 were reported
by the Shanghai Centers for Disease Control and Prevention.
Deaths caused by liver cancer were identified based on the
International Classification of Diseases version nine codes
for deaths registered from 1973 to 1994 and on the 10th
version of International Classification of Diseases thereafter.

Population

The total population at the end of each year during the study
period was provided by the Shanghai Municipal Bureau of
Public Security. The mid-year population by sex was esti-
mated as the average of the calendar years before and after
each midpoint, and was used as the annual average population

and a surrogate for the person-year at risk. Furthermore, the
population was divided into 18 age groups of 5-year intervals
stratified by sex. The population data used for the projection
of the cancer burden was estimated using the Cohort Compo-
nent Method.!! Age-specific fertility and mortality rates were
obtained from the Sixth National Population Census con-
ducted in 2010. We assume that the death rates are constant
from 2010 to 2020, while the fertility rates will experience
a slight increase because of the universal two-child policy
in China. The fertility rate in 2010 was multiplied by 1.1 to
estimate the average fertility rate in 2013-2020.

Statistical analysis
The population was divided into five age groups (0-19,
20-34,35-49, 50-64, and 65+ years) to study the age-pattern
of liver cancer, and the study period was divided into four
intervals (1973-1982, 1983-1992, 1993-2002, and 2003—
2012) to describe the period-pattern of liver cancer. Age-
adjusted and truncated (35—64 years) rates were calculated.
The standard world population (World Health Organization,
2000) was used to directly standardize the incidence rates
in each age group. The estimated annual percentage change
(EAPC) was applied to quantify the cancer incidence trend.!?
A regression line was fitted to the natural logarithm of the
rates; that is, y=a+pfx+¢, where y=In(rate) and x=calendar
year, and the EAPC was calculated as 100x(exp(f)—1).3

Age—period—cohort analyses of morbidity and mortal-
ity rates were conducted for 10 birth year intervals from
1893-1902 to 2003-2012, 5-year age groups from 0—4 to
75-79, and 10-year calendar periods from 1973—-1982 to
2003-2012 to provide matched birth cohorts, age groups, and
periods. The relationship between age group, birth cohort,
and period was estimated using the method of Clayton and
Schifflers."*!* A Bayesian age—period—cohort analysis with
integrated nested Laplace approximation was conducted to
project age-specific cancer incidence and mortality in future
8 years (2013-2020)."5 Due to the expectation that effects
adjacent in time might be similar, the second-order random
walk (RW2) model with inverse-gamma prior distribution
was used for age, period, and cohort effects.®

All statistics were implemented in R software (Version
3.3.3). Age-period-cohort (APC) analyses were imple-
mented with Epi package,'” and the Bayesian APC model
was conducted with BAPC'® and integrated nested Laplace
approximation package'® in R.

This study was undertaken with the registry data from
the Shanghai Cancer Registry, which is freely available, and
no private information was collected as part of this study.
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Therefore, no approval from an ethics committee or informed
consent from patients is required for this study.

Results

Liver cancer incidence
All reported incidence rates are per 100,000 people. A total
0f47,344 men and 18,692 women were diagnosed with liver
cancer from 1973 to 2012. The incidence was higher for men
than for women. The overall crude incidence in both sexes
increased with time, and peaked at 40.28 in men and 16.23
in women in 2003-2012. However, the ASIRs had decreased
over time, with the lowest observed incidences being 20.65
in men and 6.63 in women in 2003—2012 (Table 1, Figure 1).
ASIRs of liver cancer decreased in all age groups between
1973 and 2012, except for people aged 0—19 years for whom
the overall EAPC was —1.68 (95% CI: —4.17, 0.88) in men
and —0.51 (95% CI: —3.39, 2.47) in women (Table 2). For
men aged 2034, the incidence rates decreased from 2.94 in
1973-1982 to 1.11 in 2003-2012, with an overall EAPC of
—3.39 (95% CI: —4.16, —2.60; Table 2). Among men aged
35-49 years, the incidence rate decreased from 29.90 in
1973-1982 to 15.99 in 2003-2012, with an overall EAPC
of —1.94 (95% CI: —2.40, —1.58). Among men aged 50-64
years, the incidence rate decreased from 87.66 in 1973—1982
t0 66.79 in 2003-2012 (EAPC=-1.82,95% CI. —2.07,—1.58),
though significant decrease was only detected in 1983—1992
(EAPC=-2.11, 95% CI: —3.12, —1.10). Among men aged
above 65 years, the incidence decreased from 151.22 in
1973-1982 to 118.93 in 2003-2012, with an overall EAPC
of —0.82 (95% CI: —1.12,-0.52). The period-specific EAPCs
are shown in Table 2. Similar temporal patterns were observed
among women. The overall EAPCs in age groups, except for
the 0-19 year group, were —2.37 (95% CI: —3.50, —1.23),

Table | Incidence of liver cancer in Shanghai from 1973 to 2012

—2.40 (95% CI: —2.96,—1.83), -2.71 (95% CI: —3.06, —2.35),
and —0.95 (95% CI: —1.22, —0.69), respectively (Table 2).

Liver cancer mortality
A total of 44,355 men and 18,084 women died from liver
cancer during 1973-2012 (Table 3). The crude mortality rates
and age-standardized mortality rates (ASMRs) in both sexes
decreased during this period (Table 3; Figure 1). The overall
ASMR was 25.34 in men and 9.39 in women (Table 3).
Between 1973 and 2012, ASMR in all age groups, except
for the 0—19 group, showed a significantly decreasing trend
(Table 4). In men aged 2034 years, for example, the overall
liver cancer mortality fell from 2.54 in 1973-1982 to 0.73
in 2003-2012, with an integrated EAPC of —4.26 (95% CI:
—5.40,-3.12). Among men aged 3549 and 50—64, the overall
EAPC was —2.60 (95% CI: —3.03, —2.16) and —2.54 (95% CI:
—2.78, —2.31), respectively. A slightly decreasing trend was
detected in men aged 65+ (EAPC= —1.23, 95% CI: —1.52,
—0.94). In this age group, the mortality rate was as high as
163.57 in 1973-1982, which then slowly decreased to 145.96
in 1993-2002, followed by a dramatic drop to 110.53 in
2003-2012. Significant lower death rates were observed for
women compared to men in all age groups and time periods.
All age groups in women showed a significant decreasing
trend during the study period, with the exception of individu-
als aged 0-19 (EAPC=1.13, 95% CI: —2.29, 4.66; Table 4).

Age—period—cohort effects

Figures 2 and 3 display the age—cohort and age—period effects
of liver cancer. As shown in Figure 2, both incidence and
mortality of liver cancer increased with age in most birth
cohorts. Horizontally, the age—cohort lines were steepest
in younger people and were nearly level in older people.

Sex Period Cases ASR (/10%) CIR (/10%) ASR (/10°) TR (35-64 years)
0-19 20-34 35-49 50-64 65+

Male
19731982 10,781 33.59 37.39 0.62 2.94 29.90 87.66 151.22 70.62
1983—-1992 12,337 28.54 35.31 0.40 2.87 20.23 72.88 150.99 55.03
1993-2002 11,757 25.07 36.40 0.22 2.02 20.58 58.66 142.03 47.49
2003-2012 12,469 20.65 40.28 0.33 .11 15.99 50.12 118.93 39.53
Total 47,344 26.89 36.98 0.39 2.12 19.46 66.79 143.39 52.49

Female
1973-1982 4021 11.53 14.28 0.26 0.74 6.18 25.82 76.98 19.09
1983-1992 4926 10.03 14.69 0.23 0.82 4.18 22.16 72.46 15.46
1993-2002 4733 8.48 15.11 0.30 0.53 3.87 16.01 68.04 11.95
2003-2012 5012 6.63 16.23 0.20 0.40 2.79 11.38 58.97 8.45
Total 18,692 8.89 15.02 0.25 0.6l 3.99 18.32 68.89 15.17

Abbreviations: ASR, age-standardized incidence rate; CIR, crude incidence rate; TR, truncated rate.
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Figure | Age-standardized incidence and mortality per 100,000 cases of liver cancer in urban Shanghai from 1973 to 2012 stratified by sex and age group.

Abbreviation: ASR, age-standardized incidence rate.

Table 2 The estimated annual percentage changes of liver cancer incidence in Shanghai from 1973 to 2012

35-49

50-64

65+

Sex Period EAPC (95% CI)
0-19 20-34

Male
1973-1982 587 (-21.95, 13.52) —2.84 (-7.34, 1.87)
1983-1992  9.10 (-8.66, 30.32) —0.37 (-3.86, 3.24)
1993-2002 —19.65 (-35.88,0.70) —3.84 (—10.51, 3.33)
2003-2012  3.78 (-8,83, 7.35) —6.08 (—14.29, 2.91)
Total —1.68 (—4.17, 0.88) -3.39 (-4.16, -2.60)

Female
1973-1982 2,92 (-27.06,29.21)  0.40 (-5.72, 6.93)
1983-1992  -2.46 (-22.32,22.47) —1.30 (-8.87, 6.90)
1993-2002 1543 (—13.28,53.67) 5.18 (—6.10, 17.83)
2003-2012  20.44 (-16.02,72.73)  —2.59 (-15.70, 12.57)
Total —0.51 (-3.39, 2.47) -2.37 (-3.50, -1.23)

~4.60 (-7.74, -1.35)
-3.31 (-6.30, -0.23)
1.99 (-0.38, 4.43)

~6.48 (-9.21, -3.66)
~1.94 (-2.40, —1.47)

—4.09 (-8.57, 0.60)
~2.74 (~7.60, 2.38)
1.66 (-3.91, 7.55))
~3.02 (-7.67, 1.86)
~2.40 (-2.96, —1.83)

—2.42 (—4.90, 0.12)
—2.11 (=3.12, -1.10)
1.81 (-0.30, 3.97)
~1.70 (-3.47, 0.10)
~1.82 (-2.07, -1.58)

~1.26 (-4.57,2.17)
~2.44 (-3.97, -0.89)
0.63 (~1.18, 2.48)
~3.80 (~7.53, 0.07)
-2.71 (-3.06, -2.35)

0.77 (~1.02, 2.60)
~0.65 (-3.03, 1.77)
110 (-0.41, 2.64))
~5.22 (-6.38, —4.05)
~0.82 (-1.12, -0.52)

~1.89 (~4.68, 0.98)
~1.51 (-2.72, -0.28)
~0.80 (~2.36, 0.78)

~4.38 (-6.47, -2.24)
-0.95 (-1.22, -0.69)

Note: Bold text indicates a significant result.
Abbreviation: EAPC, estimated annual percentage change.

Vertically, lower incidence and mortality rates were detected
among younger birth cohorts. As shown in Figure 3, both
incidence and mortality continuously increased with age
throughout the study period. In the periods 1983-1992,
1993-2002, and 2003-2012, incidence and mortality were
lowest at about age 10, after which they increased sharply.

However, these increases slowed among individuals aged
above 40 years. This trend was much more obvious in men
compared to women. Overall, the age-specific incidence and
mortality rates were higher in earlier periods in both sexes.
The figures and parameters of the APC models are presented
in Figures S1 and S2, and Table S1.

submit your manuscript

280

Dove

Clinical Epidemiology 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Trends and projections of liver cancer in Shanghai

Table 3 Mortality of liver cancer in Shanghai from 1973 to 2012

Sex Period Deaths ASR (/10°) CIR (/10%) ASR (/10°) TR (35-64 years)
0-19 20-34 35-49 50-64 65+
Male
1973-1982 10,729 33.59 37.20 0.49 2.54 27.94 86.51 163.57 68.61
1983-1992 12,052 27.82 34.94 0.40 2.51 18.28 69.18 157.74 51.80
1993-2002 11,097 23.55 3433 0.17 1.77 17.58 52.96 145.96 42.19
20032012 10,477 16.98 33.85 0.19 0.73 11.97 38.84 110.53 30.28
Total 44,355 25.34 34.88 0.25 2.12 18.32 57.88 149.87 48.97
Female
1973-1982 4102 11.79 14.56 0.21 0.69 5.72 26.14 82.93 18.91
1983-1992 5084 10.20 15.16 0.14 0.65 3.48 21.93 78.60 14.93
1993-2002 4592 8.02 14.65 0.21 0.37 3.02 14.49 69.86 10.43
2003-2012 4306 5.34 13.95 0.12 0.26 1.71 797 53.39 5.84
Total 18,084 9.39 14.62 0.18 0.52 342 16.34 70.22 13.87
Abbreviations: ASR, age-standardized incidence rate; CIR, crude incidence rate; TR, truncated rate.
Table 4 The estimated annual percentage changes of liver cancer mortality in Shanghai from 1973 to 2012
Sex Period EAPC (95% CI)
0-19 20-34 35-49 50-64 65+
Male
1973-1982 8,62 (-22.63,7.94) 0.38 (—6.81, 8.13) —3.04 (-6.00, 0.02) —1.86 (—4.68, 1.05) 0.25 (-1.16, 1.69)
1983-1992  7.29 (-10.32, 28.37) —2.77 (-6.38, 0.97) —4.25 (-7.37,-1.01) -2.69 (-3.75,-1.61) 0.86 (—0.94, 2.69)
19932002 -21.26 (—49.46,22.68) —6.24 (-10.34,-1.95) .12 (-1.20, 3.49) —0.30 (-1.81, 1.23) 0.33 (-0.92, 1.60)
2003-2012  35.69 (1.03, 82.26) —3.52 (-17.51,12.83) -5.79 (-8.81,-2.67) -0.83 (-2.51, 0.88) —4.18 (-5.62,-2.71)
Total —2.66 (-5.35, 0.12) —4.26 (-5.40,-3.12)  -2.60 (-3.03,-2.16) -2.54(-2.78,-2.31) -1.23 (-1.52,-0.94)
Female
1973-1982  13.31 (—16.94, 54.55)  —3.06 (—11.81, 6.56) —2.32 (-8.82, 4.64) —0.57 (-2.83, 1.75) -2.18 (-4.11,-0.20)
1983-1992 -5.86 (-38.27,43.57)  -0.21 (-6.01, 5.94) —3.55 (-8.65, 1.83) —2.44 (-4.27,-0.57) —0.43 (-2.66, 1.85)
1993-2002 —1.17 (-34.29, 48.63)  —8.67 (—22.20, 7.20) —-0.26 (-6.51, 6.41) -0.72 (-3.91, 2.59) -1.79 (-3.11, -0.45)
2003-2012  1.35 (-35.60, 59.50) —7.31 (-22.86, 11.39) —2.79 (-12.36,7.83) —3.56 (-7.29, 0.33) -3.98 (-5.70, -2.22)
Total 1.13 (-2.29, 4.66) -3.41 (-4.76,-2.03)  -3.69 (-4.47,-2.89) -3.81 (-4.26,-3.35) —1.48 (-1.75,-1.21)

Note: The cells in bold format show significant EAPC.
Abbreviation: EAPC, estimated annual percentage change.

Projections of liver cancer incidence and

mortality

In 2010, the proportion of elderly people (aged 65+) was
16.9% in urban Shanghai, and this proportion increased
to 18.8% in 2015 and is expected to be 25.4% in 2020.
The number of elderly people increased from 1,047,125 in
2010to 1,217,748 in 2015 and is expected to be 1,603,661
in 2020. The sex ratio (M/F) in this age group was 0.84 in
2010, 0.89 in 2015, and is expected to be 0.89 in 2020. The
whole population in urban Shanghai, however, is predicted
to remain relatively stable (6,194,982 in 2010 and 5,941,427
in 2020) according to our results (data not shown). The
number of new cases is expected to decrease slightly from
1101 in 2012 to 913 (95% CI: 824.23, 982.31) in 2020 in
men. In contrast, it is anticipated to increase from 456 in
2012 to 471 (95% CI: 398.43, 587.23) in women. Liver

cancer incidence and mortality are expected to further
decline in all age groups between 2013 and 2020 in both
sexes (Figure 4; Tables S2 and S3). Specifically, for men
aged 65+, the incidence rate is predicted to decrease from
102.92 (95% CI: 77.44, 134.28) in 2013 to 69.97 (95% CI:
41.78, 105.39) in 2020, with an EAPC of —5.35 (95% CI:
—5.77,—4.92). The greatest decline is expected to occur in
the 50-64 group, with an annual decrease of —=7.13% (95%
CIL: =7.25%, —7.01%) from 52.89 (95% CI: 39.90, 68.68)
in 2013 to 31.68 (95% CI: 18.59, 48.65) in 2020. Lower
EAPCs are expected in each age group for women compared
to men, with the greatest decline in the 65+ group. In this
group, the incidence rate is predicted to decrease by —3.76%
(95% CI: —3.96%, —3.57%) per year during 2013-2020.
Similar temporal patterns were projected in liver cancer
mortality in both sexes.
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Figure 2 Age-standardized incidence and mortality per 100,000 cases of liver cancer in urban Shanghai from 1973 to 2012 by birth cohort and age.
Notes: (A) Incidence in males; (B) incidence in females; (C) mortality in males; (D) mortality in females.

Discussion

Liver cancer is one of the primary lethal neoplasms in China,
with an incidence rate that is 5-10 times higher than that in
most European and American populations.'®* A consider-
able body of evidence has demonstrated that liver cancer
incidence varies across China,* with Shanghai being at the
lower end compared to other regions of China. For example,
the age-adjusted incidence of liver cancer in Qidong, Jiangsu
province, an endemic area for liver cancer, was nearly five
times higher than that in Shanghai.* In Beijing, the incidence
rates were 29.29 and 10.04 per 100,000 for men and women,
respectively, in 2004, which were slightly higher than those
in Shanghai.*

In the present study, we depicted and analyzed the secu-
lar trends of incidence and mortality rates of liver cancer
in urban Shanghai from 1973 to 2012. Consistent with
previous studies,’*** our study suggests that the incidence
and mortality rates of liver cancer in urban Shanghai have
been decreasing over the past four decades, and that these
decreases are more pronounced than the national decrease
for both men and women.?® Ongoing reductions in both the

incidence and mortality of liver cancer can be attributed to
continuing progress in specific areas of public health and
oncology care. Nonsignificant decreases in both incidence
and mortality rates over that period, however, were detected
among children and adolescents (aged 0—19 years). We fur-
ther observed that the liver cancer incidence and mortality,
which were lowest at about age 10, did not increase with
age in this period. These results can be explained to a large
extent by the inclusion of hepatoblastoma, which is the
most common liver malignancy in children aged under 5,
in the Shanghai Cancer Registry.?® It is further of note that
the slowest decrease in the study period was observed for
people aged 65+, which is not only illustrative of the fact
that age is still the most critical risk factor for liver cancer
development, but also suggests an accumulation of cases in
the aging population in Shanghai.

Different from previous studies, we are the first to predict
the disease burden of liver cancer based on demographic
changes in Shanghai. Since age is the most important factor
in cancer development,”’?® aging of Shanghai’s population
is expected to lead to a marked increase in the number of
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Figure 3 Age-standardized incidence and mortality per 100,000 cases of liver cancer in urban Shanghai from 1973 to 2012 by time period and age.
Notes: (A) Incidence in males; (B) incidence in females; (C) mortality in males; (D) mortality in females.

new cancer diagnoses. In this study, we found that the crude
incidence of liver cancer had increased over the past four
decades, although the age-adjusted incidence had decreased.
Meanwhile, the numbers of liver cancer cases are expected
to remain relatively stable over the 2013—-2020 period. These
results further suggested that liver cancer will remain a major
health concern in Shanghai in the future.

It is important to realize, however, that the predictions of
liver cancer incidence and mortality rates in this study were
done without consideration of other potential factors such
as obesity and diabetes. Previous studies have demonstrated
that the association between obesity/diabetes and liver cancer
is particularly strong. Obesity has been associated with liver
diseases such as non-alcoholic fatty liver disease and the
more severe non-alcoholic steatohepatitis.?** The prevalence
of obesity and diabetes in China has increased substantially
over recent decades,*'** which might influence the trend of
liver cancer incidence in the near future.

During the previous 40 years, Shanghai has made a
tremendous effort to battle with liver cancer. The risk fac-
tors for liver cancer have been extensively investigated.

Environmental risk factors of liver cancer, including expo-
sure to aflatoxin B1, alcohol consumption, cigarette smok-
ing, and unhealthy diet, may have partially contributed to the
trends in liver cancer incidence observed in Shanghai.’* %
Moreover, nearly 80% of cases of primary liver cancer can
be attributed to chronic viral infections with either HBV
(50%—55%) or hepatitis C virus (HCV; 25%-30%).3%%7
According to our unpublished data, HBV incidence was
26.52 per 100,000 in 2004 in Shanghai and remained stable
until 2014, while HCV incidence increased rapidly from
1.01 per 100,000 to 7.29 per 100,000 during this period. The
constant trend of new HBV infections, especially among
young and middle-aged people, was mainly ascribed to
the wide coverage of HBV vaccination. In fact, 95% of the
newborns in urban Shanghai have been inoculated with the
HBYV vaccine since the year 1992.° The large-scale HBV
vaccination of newborns in Shanghai has been shown to
be effective and is expected to lead to a further reduction
of HBV infections in the future. Consequently, we would
expect to see a decrease in the incidence of liver cancer
in these children as they become adults. However, the
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emergence of HCV infection is a new challenge for liver
cancer prevention.

We further found that EAPCs were generally higher in
women than in men, although not consistently. This sex dif-
ference might be attributed to many underlying causes. For
example, the prevalence of smoking and alcohol consump-
tion in Shanghai might have decreased much more rapidly in
women compared to men. Women might be better protected
from HBYV infection compared to men because the govern-
ment has paid more attention to the prevention of mother-
to-child transmission of HBV. Further studies are needed to
confirm these conjectures.

Our study observed parallel reductions in liver cancer
mortality. Liver cancer is a malignant carcinoma with poor
prognoses. The 5-year survival rate of liver cancer was 9.0%
in Shanghai in the early 1990s, which increased to about
13.0% in the last decade.**?* Declining trends of liver cancer
mortality co-occurred with a decreasing incidence, and this
was indicative of the improvements in the health care system
and medical capacity in Shanghai.

lity in women.

Some limitations of this study should be mentioned.
First, we were not able to resolve the inherited problems of
APC models, which include the requirement for arbitrary
constraints to achieve identifiability of the effects of age,
period, and cohort. Second, liver cancer could not be grouped
in terms of the histology, which may, to some extent, bias
the results, including the proper explanations of the reduc-
tion of liver cancer mortality. Third, hepatoblastoma was not
separated from liver cancers. Recent data showed that the
incidence of hepatoblastoma has increased by 2.18% annually
in children and adolescents, and that 90% of patients under
5 years of age with liver malignancies were diagnosed with
hepatoblastoma.?® Thus, the inclusion of hepatoblastoma will
overestimate the primary liver cancer incidence in children
and adolescents.

Conclusion

In summary, we analyzed and projected the age-specific inci-
dence and mortality rates of liver cancer in urban Shanghai
from 1973 to 2020. Although ongoing decreases in these rates
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were observed in people aged above 20 years during the study
period, the incidence in Shanghai remains high compared to
that in Western countries. As a result, the improvement of
liver cancer prevention strategies, such as diminishing HBV
and HCV infections and avoidance of dietary exposure to
aflatoxins, remains important for the future. Most impor-
tantly, to counteract the effect of an aging population and the
effect of an subsequent anticipated surge in cancer incidence,
significant research investments are needed.
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Table S| Fitting of the age—period—cohort models for the liver cancer incidence and mortality in Shanghai from 1973 to 2012

Sex Terms in model Deviance df Adeviance Adf P-value
Incidence
Male Age 3091.0 618
Age—drift 1604.0 617 1486.98 | <0.001
Age—cohort 1390.7 613 213.34 4 <0.001
Age—period—cohort 1295.3 609 95.37 4 <0.001
Age—period 1520.3 613 —224.97 -4 <0.001
Age—drift 1604.0 617 -83.74 -4 <0.001
Female Age 1688.63 578
Age—drift 1065.17 577 623.46 | <0.001
Age—cohort 773.55 573 291.61 4 <0.001
Age—period—cohort 685.90 569 87.65 4 <0.001
Age—period 1013.04 573 -327.13 —4 <0.001
Mortality
Male Age 4440.9 714
Age—drift 1804.0 713 2636.96 | <0.001
Age—cohort 1463.6 709 340.33 4 <0.001
Age—period—cohort 13374 705 126.23 4 <0.001
Age—period 1667.2 709 -329.76 —4 <0.001
Age—drift 1804.0 713 —-136.80 —4 <0.001
Female Age 25,9185 714
Age—drift 14,062.0 713 11,856.5 | <0.001
Age—cohort 13,094.3 709 967.7 4 <0.001
Age—period—cohort 5935.3 705 7159.0 4 <0.001
Age—period 6492.3 709 —556.8 -4 <0.001
Age—drift 14,062.0 713 —7569.9 -4 <0.001

Table S2 The projection of liver cancer incidence in Shanghai from 2013 to 2020 based on the registry data, 1973-2012

Sex Period  Age-specific incidence per 10° (95% CI)
0-19 20-34 35-49 50-64 65+

Male
2013 0.18 (0.09, 0.30) 1.46 (0.98, 2.07) 15.17 (11.23, 20.01) 52.89 (39.90, 68.68) 102.92 (77.44, 134.28)
2014 0.17 (0.08, 0.30) 1.36 (0.88, 1.99) 14.05 (10.15, 18.89) 49.46 (36.71, 65.01) 98.61 (72.95, 130.16)
2015 0.16 (0.07, 0.29) 1.28 (0.78, 1.94) 13.04 (9.11, 17.95) 46.06 (33.42, 61.50) 94.16 (68.11, 126.11)
2016 0.15 (0.06, 0.29) 1.20 (0.69, 1.90) 12.13 (8.15, 17.18) 42.74 (30.12, 58.21) 89.58 (63.00, 122.08)
2017 0.14 (0.05, 0.29) 1.13 (0.61, 1.87) 11.32 (7.25, 16.57) 39.59 (26.91, 55.23) 84.84 (57.70, 118.02)
2018 0.13 (0.05, 0.29) 1.06 (0.53, 1.85) 10.59 (6.42, 16.09) 36.68 (23.89, 52.65) 79.94 (52.31, 113.86)
2019 0.13 (0.04, 0.29) 1.00 (0.46, 1.85) 9.93 (5.66, 15.73) 34.04 (21.11, 50.46) 74.93 (46.95, 109.61)
2020 0.12 (0.04, 0.30) 0.95 (0.40, 1.85) 9.34 (4.96, 15.48) 31.68 (18.59, 48.65) 69.97 (41.78, 105.39)
EAPC —5.33 (-5.53, -5.13) —5.95 (-6.11, -5.79) —6.69 (—6.93, —6.45) —7.13 (=7.25,-7.01) —-5.35 (-5.77, -4.92)

Female
2013 0.12 (0.06, 0.21) 0.50 (0.32, 0.75) 3.11(2.24,4.21) 13.83 (10.37, 18.07) 48.45 (36.38, 63.02)
2014 0.11 (0.05, 0.22) 0.48 (0.29, 0.75) 3.01 (2.11,4.16) 13.34 (9.82, 17.65) 46.30 (34.25, 60.93)
2015 0.11 (0.05, 0.22) 0.47 (0.27, 0.76) 291 (1.97,4.13) 12.86 (9.25, 17.32) 44.36 (32.17, 59.24)
2016 0.11 (0.04, 0.23) 0.45 (0.25, 0.77) 2.82(1.83,4.12) 12.42 (8.67, 17.08) 42.61 (30.14,57.91)
2017 0.10 (0.04, 0.23) 0.44 (0.23, 0.78) 2.73 (1.69, 4.14) 12.00 (8.08, 16.93) 41.03 (28.16, 56.93)
2018 0.10 (0.03, 0.24) 0.43 (0.21, 0.80) 2.65 (1.55, 4.19) 11.60 (7.50, 16.87) 39.59 (26.23, 56.26)
2019 0.10 (0.03, 0.25) 0.42 (0.19, 0.82) 2.57 (1.42, 4.25) 11.24 (6.93, 16.89) 38.24 (24.34, 55.84)
2020 0.10 (0.03, 0.26) 0.41 (0.17, 0.85) 2.50 (1.30, 4.33) 10.89 (6.37, 16.99) 36.98 (22.50, 55.65)
EAPC —2.13 (-2.32, -1.95) —2.71 (-2.85, -2.57) -3.09 (-3.19, —2.98) —3.36 (-3.45,-3.27) —-3.76 (-3.96, -3.57)

Abbreviation: EAPC, estimated annual percentage change.
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Table S3 The projection of liver cancer mortality in Shanghai from 2013 to 2020 based on the registry data, 1973-2012

Sex  Period Age-specific incidence per 10° (95% CI)

0-19 20-34 35-49 50-64 65+
Male
2013 0.12 (0.06, 0.21) 1.05 (0.67, 1.52) 11.48 (8.31, 15.40) 43.00 (31.97, 56.49) 96.62 (71.75, 127.33)
2014 0.11 (0.05, 0.20) 0.98 (0.61, 1.47) 10.68 (7.55, 14.57) 40.35 (29.66, 53.49) 92.76 (68.16, 123.29)
2015 0.11 (0.05, 0.20) 0.92 (0.54, 1.43) 9.95 (6.84, 13.87) 37.69 (27.29, 50.61) 88.74 (64.31, 119.22)
2016 0.10 (0.04, 0.20) 0.87 (0.48, 1.39) 9.28 (6.17, 13.28) 35.11 (24.91, 47.92) 84.59 (60.26, 115.18)
2017 0.10 (0.04, 0.20) 0.81 (0.43, 1.36) 8.68 (5.53, 12.80) 32.65 (22.57, 45.49) 80.30 (56.03, I11.11)
2018 0.09 (0.03, 0.20) 0.77 (0.37, 1.34) 8.14 (4.94, 12.40) 30.37 (20.35, 43.35) 75.85 (51.64, 106.92)
2019 0.09 (0.03, 0.20) 0.72 (0.33, 1.33) 7.64 (4.40, 12.09) 28.29 (18.27, 41.53) 71.28 (47.18, 102.65)
2020 0.08 (0.02, 0.20) 0.68 (0.29, 1.32) 7.18 (3.89, 11.84) 26.40 (16.34, 39.97) 66.71 (42.76, 98.44)
EAPC —5.35 (-5.52, -5.18) —5.92 (-6.05, -5.79) —6.48 (—6.66, —6.31) —6.79 (—6.90, —6.68) —5.14 (-5.55, —4.73)
Female
2013 0.06 (0.02, 0.12) 0.29 (0.17, 0.49) 1.94 (1.28, 2.80) 10.14 (7.11, 14.01) 42.59 (29.99, 58.49)
2014 0.06 (0.02, 0.13) 0.29 (0.15, 0.49) 1.87 (1.20, 2.77) 9.77 (6.74, 13.68) 40.36 (28.07, 56.06)
2015 0.06 (0.02, 0.13) 0.28 (0.14, 0.50) 1.80 (1.12, 2.76) 9.42 (6.36, 13.43) 38.39 (26.28, 54.08)
2016 0.05 (0.02, 0.13) 0.27 (0.13, 0.51) 1.74 (1.03, 2.76) 9.09 (5.97, 13.25) 36.69 (24.64, 52.57)
2017 0.05 (0.02, 0.14) 0.26 (0.11, 0.53) 1.69 (0.95, 2.79) 8.77 (5.57, 13.14) 35.23 (23.10, 51.50)
2018 0.05 (0.01, 0.15) 0.26 (0.10, 0.54) 1.63 (0.87, 2.83) 847 (5.17, 13.11) 33.95 (21.63, 50.81)
2019 0.05 (0.01, 0.15) 0.25 (0.09, 0.57) 1.59 (0.79, 2.89) 8.19 (4.78, 13.14) 32.78 (20.20, 50.44)
2020 0.05 (0.01, 0.16) 0.24 (0.08, 0.59) 1.54 (0.71, 2.97) 7.92 (4.39, 13.25) 31.69 (18.79, 50.31)
EAPC —1.68 (-1.97, -1.39) —2.64 (-2.83, —2.45) -3.21 (-3.33,-3.08) —3.47 (-3.53,-34I) —4.10 (—4.44, -3.75)

Abbreviation: EAPC, estimated annual percentage change.
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Figure S| Estimated effects of liver cancer incidence from the age—period—cohort model in males and females from 1973 to 2012 in Shanghai, China.

Notes: The left curve shows the fitted age-specific rates for 10° person-years at risk during the reference cohort (1931.5 in male and 1926.5 in female), the middle curve
displays the rate ratios of cohorts relative to the reference cohort (1931.5 in male and 1926.5 in female), and the right curve shows the rate ratios of period conditional on
the estimated age and cohort effects relative to the reference period (2005). The open circle in the cohort—effect curve represents the reference birth cohort.
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Figure S2 Estimated effects of liver cancer mortality from the age—period—cohort model in males and females from 1973 to 2012 in Shanghai, China.

Notes: The left curve shows the fitted age-specific rates for 10° person-years at risk during the reference cohort (1930.5 in male and 1958.5 in female), the middle curve
displays the rate ratios of cohorts relative to the reference cohort (1930.5 in male and 1958.5 in female), and the right curve shows the rate ratios of period conditional on

the estimated age and cohort effects relative to the reference period (2005). The open circle in cohort—effect curve represents the reference birth cohort.
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