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Background: Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are the most
common subtypes of primary liver cancer, but nationwide incidence of both liver cancer subtypes have never
been reported in China. We aimed to estimate the most recent incidence of HCC and ICC and temporal
trends in China based on the most updated data from high qualified population-based cancer registries
(covering 13.1% of the national population), in comparison to those in the United States at the same period.
Methods: We used data from 188 Chinese population-based cancer registries covering 180.6 million
population of China to estimate the nationwide incidence of HCC and ICC in 2015. And 22 population-
based cancer registries’ data were used to estimate the trends of HCC and ICC incidence from 2006 to
2015. Multiple imputation by chained equations method was used to impute liver cancer cases with unknown
subtype (50.8%). We used data from 18 population-based registries from the Surveillance, Epidemiology,
and End Results program to analyze incidence of HCC and ICC in the United States.

Results: In China, an estimated 301,500 and 61,900 newly diagnosed HCC and ICC occurred in 2015. The
overall age-standardized rates (ASRs) of HCC incidence decreased by 3.9% per year. For ICC incidence, the overall
ASR was relatively stable, but increased in the population of over 65 years old. Subgroup analysis by age showed
that the ASR of HCC incidence had the sharpest decline in population who were less than 14 years old and received
neonatally hepatitis B virus (HBV) vaccination. In the United States, though the incidence of HCC and ICC were
lower than those in China, the overall HCC and ICC incidence increased by 3.3% and 9.2% per year.
Conclusions: China still faces with a heavy burden of liver cancer incidence. Our results may further
support the beneficial effect of Hepatitis B vaccination on reduction of HCC incidence. Both healthy lifestyle
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promotion and infection control are needed for future liver cancer control and prevention for China and the
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Introduction

Liver cancer is the sixth most common cancer worldwide,
with more than 905,000 new cases occurring annually (1).
China has the world’s largest liver cancer burden and more
than 40% of world’s new liver cancer cases occur in China (1).
Although a significantly decreasing trend in liver cancer
incidence was observed recently in China, high prevalence
of hepatitis B virus (HBV) infection, population growth and
aging still lead to a large and rising number of new cases
(2,3). Hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC) are the most common subtypes
of primary liver cancer (4). Both diseases share some
common risk factors including chronic infection with HBV
and/or hepatitis C virus (HCV), cirrhosis, heavy alcohol
drinking, and smoking (4-7). Additionally, the specific
risk factors for ICC exist, for example, choledochal cysts,
primary sclerosing cholangitis, hepatolithiasis, parasitic
infections, and occupational exposure to thorotrast (4).
Given that HCC and ICC are two different diseases with
some specific risk factors, trends of HCC and ICC burden
in one country may be different. For instance, Thailand and
Italy showed rising incidence of ICC in the past decades,
in contrast to a stable or declining incidence of HCC (8,9).
Besides, it is reported that there is a significant difference
in liver cancer’s risk factors between eastern and western
countries, which may lead to disparity in disease burden (10).
China and the United States, which represent two different
countries with different risk-factor distribution, may show
the different trends in liver cancer incidence.

Previous study has not yet examined the trends and
incidence patterns of liver cancer by histologic subtypes
in China. In this study, we used the most updated data
from nationwide population-based cancer registries in
China, covering 180.6 million population (13.1% of the
national population), to examine updated statistics in the
incidence of HCC and ICC overall, by sex, area, and age
group. We further examined the trends of HCC and ICC
incidence from 2006 through 2015, and compared these
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estimates between China and the United States. A better
understanding of patterns and trends of HCC and ICC
incidence may provide scientific basis on the prevention
and control of liver cancer. We present the following
article in accordance with the STROBE reporting
checklist (available at https://hbsn.amegroups.com/article/
view/10.21037/hbsn-21-75/rc).

Methods
Data sources

Data on liver cancer incidence in China were obtained from
National Central Cancer Registry (NCCR), which is the
sole national agency with the mandate to oversee national
population-based cancer statistics in China (11). NCCR is
responsible for the collection, management, analysis and
publication of nationwide cancer registry data. Based on the
criteria of Chinese Guideline for Cancer Registration (12) and
International Agency for Research on Cancer/International
Association of cancer registries IARC/IACR) data-quality
criteria (13), we checked and evaluated the cancer data by
indicators, such as mortality to incidence (M/I) ratio, the
percentage of cases morphologically verified (MV%), the
percentage of death certificate-only cases (DCO%), and the
percentage of cancer with unknown histological subtypes
(Table S1). Registries with ten consecutive years of data
which met the quality were included in the trend analyses.
To estimate the incidence of HCC and ICC in China
in 2015, we used the most recent data from population-
based cancer registries of China. Of 501 cancer registries
that submitted cancer registration data, we included
qualified 188 local population-based cancer registries,
covering about 180.6 million people (13.1% of the national
population). The 188 qualified registries (61 in urban
areas, 127 in rural areas) covered 27 provinces from seven
different geographical areas of China. The distribution and
population coverage of each cancer registry were shown in
Figure S1. Twenty-two cancer registries, which provided
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a population coverage of about 46.6 million, had qualified
data during 2006-2015 for the trend analyses. Among them,
half of the cancer registries are certified by the IARC (2),
the other half of the cancer registries are certified by the
NCCR. In this study, we defined liver cancer based on
the International Classification of Disease for Oncology
(ICD-0-3) classification. HCC classification was based on:
topography code of C22.0 with morphology code of 8170-
8175 (14). We defined ICC based on the following criteria:
topography code of C22.0 with morphology code of 8140,
8160, 8161, 8162, 8480, 8481, 8500; topography code of
C22.1 with morphology code of 8000, 8010, 8020, 8140,
8160, 8161, 8162, 8480, 8481, 8500 (15).

National population data were obtained from the
National Bureau of Statistics of China (16). Local cancer
registries provided population data in the respective areas to
the NCCR. The population denominators in each registry
were from local Statistical Bureaus, Public Security Bureaus,
or estimates based on national census data. Incidence data
in the United States was obtained from the National Cancer
Institute’s Surveillance, Epidemiology, and End Results
(SEER) program. We used data from 18 population-
based registries for trend analysis, covering approximately
27.8% of the United States population (17). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the ethics
committee of National Cancer Center/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union
Medical College (18-016/1645).

Multiple imputation method

Given that 50.8% of liver cancer cases were present
with unknown subtype (C22, 8000-8005), we used
multiple imputation with chained equations to impute
liver cancer cases with unknown subtype. We assumed
that cases with unknown histology were missing at
random (18). The variables which entered the multiple
imputation were age, year at diagnosis, sex, and area
of residence (urban and rural area), because they were
associated with the distribution of liver cancer subtype
and missingness of histology (19,20). We imputed 50
completed datasets and combined these 50 estimates and
standard errors (SEs) based on Rubin’s rule (21). We
further calculated the 95% confidence interval (CI) of
the incidence rates using the combined SEs. To check for
multicollinearity, we calculated variation inflation factors
(VIF) and no serious multicollinearity (VIF less than 5)
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was seen. Under the assumption that the factors were
independently associated with distribution of liver cancer
subtype or missingness of liver cancer subtype, we did not
include interactions in multiple imputation analysis.

Statistical analysis

We used the imputed datasets to estimate the incidence of
HCC and ICC, overall, by sex, area, and age group. We
calculated the age-standardized rates (ASRs) of incidence
based on world Segi’s population (22). We examined the
temporal trends of HCC and ICC incidence from 2006 to
2015 in China using a Log-linear model through Joinpoint
regression program, version 4.8 (23). We restricted to a
maximum of three joinpoints in all models. Trends were
expressed as annual percentage change (APC), average
annual percentage change (AAPC), and the Z test was used
to assess whether the APC or AAPC was statistically different
from zero. P value less than 0.05 was considered significant.
"To compare the trends in HCC and ICC incidence between
the United States and China, we used SEER*Stat developed
by National Cancer Institute to analyze the incidence trends
of ASR of HCC and ICC during 2006-2015 in the United
States, based on SEER database.

In sensitivity analysis, we estimated trends of HCC and
ICC incidence in China using the proportion of HCC and
ICC in complete datasets of 22 cancer registries with known
liver cancer subtype. We performed data analysis using SAS,
version 9.4 (SAS Institute, Cary, NC). Multiple imputation
and figures were performed using R, version 4.0.2 (R Core
Team, Vienna, Austria).

Results

In China, the estimated incidence rates and the number of
new cases for HCC and ICC in 2015 by sex and area are
presented in 7ible 1. There were about 301,500 and 61,900
newly diagnosed HCC and ICC in 2015, respectively. The
ASRs of HCC and ICC incidence were 13.7 per 100,000
and 2.7 per 100,000, respectively. For both HCC and ICC,
the ASRs of incidence were higher in males than in females
(HCC 21.5 per 100,000 vs. 5.9 per 100,000; ICC 3.5 per
100,000 vs. 1.8 per 100,000). By area, the ASRs for both
HCC and ICC were higher in rural areas than in urban
areas (HCC 16.4 per 100,000 vs. 11.8 per 100,000; ICC
2.8 per 100,000 vs. 2.6 per 100,000). For both subtypes, the
age-specific incidence rates increased with age (Figure I).
From 2006 to 2015, the ASRs of HCC incidence in
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Table 1 Estimated incidence rates and estimated new cases for HCC and ICC in China, 2015

HCC ICC

Areas Sex Cas:s( é;rlzucs;znd% (pz:L;c(j)eO,rg:]%), (pAerS1ROV(\)I,cE]r(|)c:]), Cas:s(g(tsrlzu(-sjla)nd), (pg:ﬂc:)% ,rg(t)?)), (p/_e\rS1R0V(\)I,c(>)r(|)c(jJ),
rate (95% CI) rate (95% ClI) rate (95% CIl) rate (95% ClI)

All areas Total 301.5(288.9,314.1) 21.9(21.0,22.9) 13.7(13.0,14.5) 61.9(56.2,67.6) 4.5(4.1,4.9 2.7 (2.4,3.0)
Male 232.7 (224.7,240.6) 33.0(31.9,34.2) 21.5(20.6,22.4) 39.2(35.9,42.4) 56(5.1,6.00 3.5(3.1,3.9

Female 68.8 (64.6, 73.0) 10.3 (9.6, 10.9) 5.9 (5.5,6.4) 22.7(20.3,25.1) 3.4(3.0,3.8) 1.8(1.6,2.1)

Urban areas Total 152.3 (145.6, 159.0) 19.8(18.9,20.6) 11.8(11.2,12.5) 35.3(32.1,38.5) 4.6(4.2,5.00 2.6(2.3,2.9)
Male 119.9 (115.6, 124.1)  30.5(29.4,31.5) 18.9(18.1,19.8) 22.5(20.7,24.4) 5.7(6.3,6.2) 3.4(3.0,3.9)

Female 32.5 (30.3, 34.6) 8.6 (8.0,9.2) 4.7 (4.2,5.1) 12.8(11.4,141) 3.4(3.0,3.7) 1.7(1.5,2.0)

Rural areas  Total 149.2 (143.3, 155.1)  24.7 (23.7,25.7) 16.4(15.6,17.2) 26.6(24.1,29.00 4.4(4.0,4.8) 2.8(2.5,3.2)
Male 112.8 (109.1, 116.5) 36.3(35.1,37.5) 25.1 (24.1,26.1) 16.6(15.2,18.00 5.4(4.9,5.8) 3.6(3.3,4.0

Female 36.4 (34.3, 38.4) 12.4 (11.7,13.1) 7.7(71,8.2) 9.9 (8.9,11.0) 3.4(3.0,38) 2.0(1.7,2.3)

ASR world: age-standardized incidence rates based on world segi’s standard population. HCC, hepatocellular carcinoma; ICC,

intrahepatic cholangiocarcinoma; Cl, confidence interval.

100+ Sex -
A ://’:’
c /
2 10 /
)
3 ’
2 /
o /
g /
o / ~o—HCC male
o
- / HCC female
8 0.1 / ICC male
8 ICC female
©
o
0.01+

0-14 15-24 25-34 35-44 45-54 55-64 65-
Year

Area

B 1001
g 7
>
g /
o /
o o
o
o 1 / ~o—~HCC urban
o
9 / HCC rural
g’_ y /;' ICC urban
g 0.1 / ICC rural
g |/

0.014

0-14 15-24 25-34 35-44 45-54 55-64 65~
Year

Figure 1 Age-specific incidence for HCC and ICC in China by sex and geographic area. HCC, hepatocellular carcinoma; ICC, intrahepatic

cholangiocarcinoma.

22 registries of China decreased by 3.9% per year (95%
CL: —4.7% to —3.1%) (Table 2, Figure 2). Especially, from
2006-2010 to 2011-2015, the ASR of HCC incidence
decreased from 14.0 per 100,000 to 11.4 per 100,000 in
22 registries (Table S2). The age-specific incidence of HCC
showed significant decreases in all age groups, with the
sharpest decrease in the age group of 0-14 years (AAPC:
-17.8%, 95% CI: =29.3% to —4.5%) (Tuable 2). From
2006-2010 to 2011-2015, the crude incidence of HCC for
subjects age 0-14 decreased from 1.4 per million to 0.7 per
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million (Table S2). By sex, both males and females showed
decreasing trends of HCC incidence with AAPC -3.7%
95% CIL: ~4.4% to —3.1%) and —4.1% (95% CI: ~6.1% to
-2.1%), respectively (Table 2, Figure 3). The HCC incidence
declined by 4.3% in urban areas (95% CI: -5.1% to —=3.5%)
and 2.9% in rural areas (95% CI: —4.1% to —1.6%) (Table 2,
Figure 4).

For ICC, the ASRs of incidence were 2.0 per 100,000 in
2006-2010 and 2.2 per 100,000 in 2011-2015 respectively
(Table S3). The ASRs of overall incidence showed non-
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Table 2 Trend analysis for incidence of HCC overall, by age group, sex and area in China, 2006-2015

Group Segment1 APC (95% ClI) Segment2 APC (95% ClI) AAPC (95% ClI)
Total 2006-2015 -3.9* (-4.7,-3.1) -3.9* (-4.7,-3.1)
Age group
0-14 2006-2015 -17.8* (-29.3, -4.5) -17.8* (-29.3, -4.5)
15-24 2006-2010 3.8(-9.1,18.6) 2010-2015 -15.6* (-23.2, -7.3) -7.5* (-12.9,-1.7)
25-34 2006-2015 -8.2* (-10.1, -6.4) -8.2* (-10.1, -6.4)
35-44 2006-2015 -4.7* (-5.9,-3.4) -4.7% (-5.9, -3.4)
45-54 2006-2008 0.5(-4.8,6.1) 2008-2015 -4.9" (-5.6,-4.2) -3.7 (-4.7,-2.8)
55-64 2006-2015 -3.4* (-4.1,-2.7) -3.4* (-4.1,-2.7)
>65 2006-2008 3.5(-3.5,11.0) 2008-2015 -4.3* (-5.2,-3.4) -2.6" (-3.9,-1.4)
Sex
Male 2006-2015 -3.7* (-4.4,-3.1) -3.7* (-4.4,-3.1)
Female 2006-2008 2.9 (-7.9, 15.0) 2008-2015 -6.0* (-7.4,-4.6) -4.1* (-6.1,-2.1)
Area
Urban 2006-2015 -4.3* (-5.1,-3.5) -4.3* (-5.1,-3.5)
Rural 2006-2015 —2.9* (-4.1,-1.6) —2.9* (-4.1,-1.6)

*, the APC or AAPC is significantly different from zero (P<0.05). HCC, hepatocellular carcinoma; APC, annual percentage change; Cl, con-

fidence interval; AAPC, average annual percentage change.
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Figure 2 Trends in age-standardized incidence for HCC and ICC between China and USA, 2006-2015. HCC, hepatocellular carcinoma;

ICC, intrahepatic cholangiocarcinoma.

significant increase during 2006-2015 in China (AAPC:
2.1%, 95% CI: =0.9% to 5.1%). However, we observed a
significant increase of ICC incidence in individuals over 65
years old (AAPC: 3.1%, 95% CI: 0.4% to 5.9%) (Table 3).
Trends of ICC incidence were further analyzed by sex and
by area. Similar stable trends were shown in males, females,
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in urban areas and rural areas (Figures 3,4).

In the United States, the ASR for HCC incidence
increased from 3.9/100,000 in 2006 to 5.1/100,000 in 2015,
representing an AAPC of 3.3% (95% CI: 2.6% to 4.1%).
The ASR for ICC incidence increased from 0.36/100,000 in
2006 to 0.77/100,000 in 2015, representing an AAPC of 9.2%
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Figure 4 Trends in age-specific incidence for HCC and ICC after multiple imputation in China, 2006-2015, by area. HCC, hepatocellular

carcinoma; ICC, intrahepatic cholangiocarcinoma.

(95% CI: 8.1% to 10.3%) in the United States (Figure 2). Discussion

SenSitiYit}f analyses showed sirr.1illar. de.clining trends in Using the most updated cancer registration data in China,
ASRs of incidence and age-specific incidence for HCC we provided comprehensive information on the nationwide
(Table S4). While the overall ASRs of incidence for ICC incidence of HCC and ICC in China during 2006-2015.
increased significantly with AAPC of 3.1% (Table S4). Our results showed that in China, the burden of HCC
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Table 3 Trend analysis for incidence of ICC overall, by age group, sex and area in China, 2006-2015

Group Segment1 APC (95% Cl) Segment2 APC (95% Cl) AAPC (95% ClI)
Total 2006-2015 2.1 (-0.9,5.1) 2.1(-0.9,5.1)
Age group
0-44 2006-2015 1.3(-2.9,5.7) 1.3(-2.9,5.7)
45-54 2006-2015 1.6(-1.9,5.2) 1.6(-1.9,5.2)
55-64 2006-2015 2.2(-1.2,5.7) 2.2(-1.2,5.7)
>65 2006-2015 3.1 (0.4, 5.9) 3.1 (0.4, 5.9)
Sex
Male 2006-2015 2.8 (-0.6, 6.2) 2.8 (-0.6,6.2)
Female 2006-2015 1.0 (-1.6, 3.6) 1.0 (-1.6, 3.6)
Area
Urban 2006-2015 1.7 (-1.4, 5.0) 1.7 (1.4, 5.0)
Rural 2006-2009 -6.5 (-22.5,12.7) 2009-2015 9.1* (2.4, 16.2) 3.6 (-2.2,9.7)

*, the APC or AAPC is significantly different from zero (P<0.05). ICC, intrahepatic cholangiocarcinoma; APC, annual percentage change;

Cl, confidence interval; AAPC, average annual percentage change.

remains high, and that disparities in burden of HCC persist
across gender. In China, males are more likely to develop
HCC than females. Hormonal factors may partially explain
the sex differences in incidence (24,25). Consistent with this
hypothesis, the national hepatitis serosurvey conducted in
2006 showed that males had higher HBV surface antigen
(HBsAg) seropositivity than females (8.6% vs. 5.7%) (26).
Similarly, the prevalence of anti-HCV seropositivity was
higher in males than in females (0.5% vs. 0.4%) (27).
The synergistic action of sex hormones and of immune
responses, together with viral factors may be associated
with disparities in the outcome and progression of HBV/
HCV infection (28). Meanwhile, potential differences of
unhealthy lifestyle risk factors may also contribute to the sex
disparities in HCC incidence. For instance, the prevalence
of unhealthy drinking in males and females was 7.9% and
3.3%, respectively (29).

We found that rural residents had higher incidence of
HCC compared to their urban counterparts. Many factors
likely contribute to this geographic disparity, but the varying
prevalence of HBV and HCV in different areas likely plays
dominant roles (30-32). In 2006, the HBsAg prevalence
was higher in rural areas (7.3%) than in urban areas (6.8%).
Especially, the proportion of HBsAg seropositivity was 8.3 %
in western areas, 6.7% in central areas and 6.5% in eastern
areas (26). The prevalence of HCV infection was higher in
North China (0.5%) than in South China (0.3%) (27).
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We found a significantly decreasing trend of HCC
incidence in China, with the sharpest decrease in population
less than 14 years. HBV infection has been regarded as
the major cause of liver cancer (33). It was estimated that
about 76% of HCC cases were HBsAg-positive in China
mainland (31). The HBV vaccine was firstly recommended
for routine vaccination of infants by Ministry of Health in
China in 1992 (3). Then China made the HBV vaccination
to all children at no cost in 2002 (34,35). With the support
of national financial funds, the neonatal Hepatitis B
vaccination rates increased from 30.0% in 1992 to 99.6%
in 2015 (36). The success of HBV vaccination has been
shown to prevent liver cancer in children previously
(37,38). Our results may further support the contribution
of HBV vaccination to HCC incidence decrease in China.
Meanwhile, we observed significantly declining trends of
HCC incidence in elderly population who did not receive
neonatally HBV vaccination. Therefore, other factors may
also contribute to the decrease of HCC incidence, including
a reduction in the consumption of aflatoxins-contaminated
food and improved quality of drinking water by removing
cyanotoxins from water sources (39-41). This finding is
supported by a previous study from Qidong in China,
which had high liver cancer incidence partly because of
dietary exposure to aflatoxin. After interventions in 1980s
to reduce dietary aflatoxin, aflatoxin-albumin adduct levels
have decreased by 40-folds and liver cancer incidence has
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decreased by up to 14-folds (42).

In China, ICC incidence rates were lower than that of
HCC, which was a general situation in most countries.
Notable exception was Thailand, where the rate of ICC
was consistently similar to HCC (8). Similar to HCC,
ICC presented sex and geographic disparities, as males and
residents in rural areas had higher incidence than females
and individuals in urban areas. Contrary to declining trend
of HCC incidence, the incidence rate of ICC did not
show a decrease in China during the past few years. We
even observed an increasing trend of ICC in the elderly
population. These results suggest potential etiological
differences between HCC and ICC. For instance, primary
sclerosing cholangitis and choledocholithiasis are the
established risk factors for ICC. Meanwhile, the same risk
factors such as HBV infection could be related to both
cancers but pose a much greater risk for HCC than ICC.
Similar studies raise the concern of rising incidence of
ICC worldwide (43,44). ICC is a rare cancer with dismal
prognosis. A further investigation is warranted to explore the
relative contribution of multiple potential risk factors in the
future.

The etiology of liver cancer is multifactorial. China and
the United States have varying distribution of potential
risk factors. For instance, in 2016, the prevalence of HBV
seropositivity in China and in the United States was 3.5%
and 0.3 %, respectively (45,46). The estimated prevalence of
non-alcoholic fatty liver disease (NAFLD) in China (17.6%)
was lower than the United States (26.3%) in 2016 (47).
And prevalence of obesity in China was lower than that in
the United States (male: 5.0% wvs. 30.7%; female 5.5% vs.
35.5%) (48).

Our results showed that, although HCC incidence in
the United States is lower than in China, it has increased by
30% in the United States over the past ten years. Much of
this might be explained by the differences in the attributable
risk factors of HCC between the two countries. In China,
a decline in the prevalence of HBV has been attributed to
the HBV vaccination (10). By contrast, the prevalence of
HCV, which was the predominant cause of HCC in the
United States, has been increasing (49). The number of new
cases of HCV infection in United States increased from
10,000 per year in 2005 to 40,000 per year in 2016 (50). In
the United States, it is estimated that NAFLD is becoming
an important cause of HCC, and these rates are increasing
by approximately 10% per year (51). Other possible
explanations for the increase in HCC rates in the United
States include better diagnosis for HCC, better survival of
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cirrhotic patients and possibly as well as increased rates of
diabetes and obesity. In the United States, the incidence rate
of ICC has doubled from 2006 to 2015. Factors that may
have contributed to the increase include the increase in the
prevalence of unhealthy lifestyle and the improvement in
disease awareness, detection services, and data completeness.
Some risk factors for ICC, such as diabetes, although weak,
are increasing globally and may contribute to the rising rates
of ICC in the United States.

Our study for the first time provides the most updated
and comprehensive information on nationwide incidence
of HCC and ICC in China, using data from 188 cancer
registries, covering 180.6 million population (13.1%
of the national population), which were the largest and
best available population-based estimates in China. As
the primary source of cancer statistics for the Chinese
government, it is also the updated largest effort undertaken
by the NCCR of China. This finding may not only provide
scientific basis for precise control of HCC and ICC in
China, but also may support for generating etiological
hypotheses and exploring potentially risk factors. However,
the study has several limitations. First, the percentage of
cases with unknown liver cancer subtype was 50.8% in our
study. Population-based data of liver cancer usually has a
high percentage of missing histological diagnosis because
liver is a deep organ and the diagnosis of liver cancer by
histopathological and/or cytological confirmation would
only be made in those with a good performance status.
Moreover, if the patients are present with the disease at
late stage and the aim of treatment by physicians is just
for palliation, investigation for specific histological type is
not necessary. Thus, we used multiple imputation methods
to impute the missing data with unknown liver cancer
subtype. Previous study from Thailand with 60-67% of
missing histological diagnosis for liver cancer applied the
same approach for the missing data (14). Sensitivity analysis
without multiple imputation showed similar trends of
HCC reduction and ICC increase in the elderly population
(>65 years). Second, although we used the largest population
registries’ data to estimate the national incidence, the
covered individuals still represent less than one-fifth of the
total Chinese population only. There remains an unknown
level of uncertainties in these estimates. NCCR of China
will take more extensive efforts to improve the quality of
cancer data and population coverage of cancer registration.
In particular, China has established a systematic plan to set
up cancer registration framework in each county of China

up to 2022 (52). Third, exploring possible causes of HCC
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and ICC will be useful to understand the disparities of HCC
and ICC across different population. The NCCR does not
provide nationwide data on cancer risk factors, we therefore
cannot determine specific causes for observed trends.
Using a prospective design to collect both information
on risk factors and liver cancer outcome will be beneficial
to understand more deeply between the risk factors and
HCC/ICC incidence. Fourth, information of staging and
survival will be important to understand the diagnostic and
prognosis of HCC and ICC. Since 2015, China has invested
stable funding in population-based survival investigations.
We may further compare the stage and survival of HCC and
ICC between China and the United States in the future.

In summary, this is the first study providing
comprehensive nationwide incidence of HCC and ICC in
China. We observed a significantly pronounced decrease
in the incidence of HCC from 2006 to 2015. Our results
may further support contribution of HBV vaccination
to the sharp decrease of HCC incidence in the Chinese
young population. Meanwhile, the incidence of ICC in
population who were 65 years and above is still on the rise.
Given that China still has 86 million cases with HBsAg
positivity, an estimated 8.9 million people living with
chronic HCV infection (53), and the aging population is still
growing (54), the burden of liver cancer will continue to
be heavy. Therefore, liver cancer is still a priority when
allocating cancer control resources in the country. In the
United States, both HCC and ICC are on the rise. Healthy
lifestyle promotion and infection control are especially
needed for future liver cancer control and prevention for
both countries.
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