1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Int J Cancer. Author manuscript; available in PMC 2017 October 01.

-, HHS Public Access
«

Published in final edited form as:
Int J Cancer. 2016 October 01; 139(7): 1534-1545. doi:10.1002/ijc.30211.

International trends in liver cancer incidence, overall and by
histologic subtype, 1978-2007

Jessica L. Petrick!, Megan Braunlinl, Mathieu Laversanne?, Patricia Valery3, Freddie Bray?,
and Katherine A. McGlynnl
1Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD

2Cancer Surveillance Section, International Agency for Research on Cancer, Lyon, France

3QIMR Berghofer Medical Research Institute, Brisbane, Australia

Abstract

Primary liver cancer, the most common histologic types of which are hepatocellular carcinoma
(HCC) and intrahepatic cholangiocarcinoma (ICC), is the second leading cause of cancer death
worldwide. While rising incidence of liver cancer in low-risk areas and decreasing incidence in
some high-risk areas has been reported, trends have not been thoroughly explored by country or by
histologic type. We examined liver cancer incidence overall and by histology by calendar time and
birth cohort for selected countries between 1978 and 2007. For each successive 5-year period, age-
standardized incidence rates were calculated from volumes V-1X of the Cancer Incidence in Five
Continents electronic database (C15p/us) and the newly released CI5X (volume X) database. Wide
global variations persist in liver cancer incidence. Rates of liver cancer remain highest in Asian
countries, specifically Eastern and South-Eastern Asian countries. While rates in most of these
high-risk countries have been decreasing in recent years, rates in India and several low-risk
countries of Africa, Europe, the Americas, and Oceania have been on the rise. Liver cancer rates
by histologic type tend to convey a similar temporal profile. However, in Thailand, France, and
Italy, ICC rates have increased while HCC rates have declined. We expect rates in high-risk
countries to continue to decrease, as the population seroprevalence of hepatitis B virus (HBV)
continues to decline. In low-risk countries, targeted screening and treatment of the hepatitis C
virus (HCV), treatment of diabetes and primary prevention of obesity, will be key in reducing
future liver cancer incidence.

Introduction

Primary liver cancer is the fifth most commonly occurring cancer in men, and the second
most common cause of cancer mortality worldwide. However, liver cancer is less common in
females. The ratio of liver cancer mortality to incidence is 0.95, indicating a very poor
prognosis.t
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Primary liver cancer includes hepatocellular carcinoma (HCC) and intrahepatic
cholangiocarcinoma (ICC), as well as other rare types. Globally, HCC is the dominant
histologic type of liver cancer in most countries accounting for approximately 80% of total
cases. ICC is the second most common histologic type, accounting for approximately 15%
of total cases.? As the liver is a common site of metastasis from cancer of other organs,
coding a liver tumor as a primary without histologic examination is suspect. However, liver
cancer diagnoses in many countries, particularly those undergoing socio-economic
development and without long-standing cancer registries, are commonly derived from
clinical rather than morphological examination.3

Approximately 75% of all liver cancer arises in Asia, with China accounting for over 50% of
the world’s burden. According to estimates from GLOBOCAN, the highest incidence rate in
the world occurs in Mongolia, with an age-standardized rate (ASR) per 100,000 persons of
78.1 (97.8 in males and 61.1 in females). The lowest incidence rates in the world occur in
Nepal, with an ASR of 0.9 (1.2 in males and 0.7 in females).! Previous reports have noted
that liver cancer incidence has been increasing in many areas of the world. However,
incidence rates have declined in some Asian countries.*~" As a follow-up to these previous
evaluations, we examined international trends of liver cancer incidence overall and by
histologic type for the 30-year period from 1978 through 2007. This study extends prior
evaluations by combining registries within some countries for a more robust measure of
country-specific incidence, examining HCC versus ICC rates in selected populations and
conducting an age-period-cohort analysis to assess temporal heterogeneity as well as to
better understand the key drivers of the trends.

To examine temporal trends in liver cancer incidence over the past 30 years, we utilized data
from Cancer Incidence in Five Continents (C15) Volumes V-X. The CI5 database is
published every five years, from regional and national cancer registries worldwide, and
contains information on cancer site, sex, age, age-specific populations, age-adjusted
incidence rates, and histology, where available. The most recent data, for 2003-2007
(Molume X, CI5-X), is published in the CI5X electronic database. Data for prior volumes
were obtained from CI5p/us, including 1978-1982 (Molume V), 1983-1987 (Molume VI),
1988-1992 (Volume VII), 1993-1997 (Molume VIII), and 1998-2002 (Molume 1X).

Registries with at least 15 consecutive years (3 volumes) of data and inclusion in the most
recent volume (Molume 10) were included, as a measure of each registry’s data quality over
time.8 9 A total of 38 countries were included from Africa, Asia, Europe, the Americas, and
Oceania. Of these, 15 countries contributed national data to the analysis (Costa Rica,
Croatia, Czech Republic, Denmark, Estonia, Finland, Iceland, Latvia, Malta, Netherlands,
New Zealand, Norway, Slovakia, Slovenia, and Sweden). Additionally, the United States
contributed nationally representative data from 9 registries (Atlanta, Connecticut, Detroit,
Hawaii, lowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and Utah) in the
Surveillance, Epidemiology, and End Results Program. For the remaining countries, regional
registry data were aggregated, if available, to obtain an estimate of national incidence:
Australia (New South Wales, South Australia, Tasmania, Victoria, and Western Australia),
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Austria (Tyrol), Brazil (Goiania), Canada (Manitoba, Nova Scotia, and Saskatchewan),
China (Hong Kong and Shanghai), Colombia (Cali), Ecuador (Quinto), France (Bas-Rhin,
Calvados, Doubs, and Isere), Germany (Saarland), India (Chennai and Mumbai), Israel
(Jews), Italy (Parma, Ragusa Province, and Lombardy), Japan (Miyagi Prefecture, Nagasaki
Prefecture, and Osaka Prefecture), Philippines (Manila), Poland (Cracow City), Russia (St.
Petersburg), Singapore (Chinese and Malay), Spain (Navarra and Tarragona), Switzerland
(Geneva, Neuchatel, and Vaud), Thailand (Chiang Mai), Uganda (Kyadondo County), and
United Kingdom (North Western, Oxford, Birmingham and West Midlands Region, and
Scotland).

Trends in primary liver cancer incidence for each country were tabulated and plotted for the
period 1978-1982 through 2003-2007. Rates were age-adjusted to the world standard
population using 5-year age groups.10: 11 To examine the change in age-adjusted incidence
rates over time, the annual percent change (APC) and average annual percent change
(AAPC) were calculated using a Joinpoint regression model of the natural log-transformed
rates based on each 5-year period.12 Incidence rates were plotted at the midpoint of each 5-
year time interval on a semi-log scale to facilitate comparison of temporal trends and
magnitude across registries and countries.13

Age-standardized incidence rates by sex and by histology (HCC, ICC) were obtained from
the CI5-X database. To examine the sex differences in incidence rates, the rates among
males and females were plotted and the male:female ratio was calculated by country. HCC
was identified by ICD-O morphology codes 8170-8175 and 8576, and ICC was identified
by morphology codes 8050, 8140-8141, 8160-8161, 8260, 8440, 8480-8500, 8570-8572.14
As the values for the specified histology could be influenced by “unspecified” cases, we
graphed the rates of HCC and ICC and reported the percentage of tumors with an
“unspecified” or “other” classification for histology.

To evaluate differences by histologic type, we initially selected at least one country from
each continent in which to examine rates: Australia, Canada, Costa Rica, Denmark, France,
Italy, Japan, USA (Whites and Blacks), and Uganda. Age-adjusted incidence rates of HCC
and ICC were plotted by calendar time. Next, we chose to examine birth cohort trends in
high-risk populations in each of the respective continents (i.e., France, Italy, Japan, Thailand,
and USA), with the hypothesis that cohort effects are indicative of a changing distribution of
risk factors and that similar generational patterns may indicate similar etiologies among
populations. Birth cohorts were obtained by subtracting the midpoints of 5-year age groups
from the corresponding 1-year calendar periods. The observed incidence rates by birth
cohort and age were plotted on a semi-log scale. Finally, age-period-cohort models were
fitted, with the assumption that that incidence rates were constant within age classes and
periods of diagnosis.1® 16 We assumed that the number of new cases followed a Poisson
distribution with the offset specified as the logarithm of person-years at risk: [log(A(a, p)) =
as+ Bp+ v where A refers to the rate, a, By, and ycare functions of age (a), period (),
and birth cohort (¢), respectively. Using the full age-period-cohort model with incidence rate
ratios presented relative to the reference cohort (1935), cohort effects were estimated. The
non-identifiability inherent in age-period-cohort analyses — knowledge of the values of any
two of age, period, and cohort implies knowledge of the third, making one of the factors
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redundant — was managed by constraining the linear component of the period effect to have
zero slope (for both histologic types) in presenting the cohort effects. Solutions are entirely
dependent on the allocation of the linear trend (drift); our model assumes the entire linear
trend is due to generational influences given the number of individual risk factors for liver
cancer. Caution should be applied when interpreting the results.

As supplementary analyses, we plotted the recent age-adjusted rates versus AAPC on an
arithmetic scale. We also utilized C15-X to examine the heterogeneity of liver cancer rates
within countries, plotting the lowest and highest incidence rates by country or region.

Data management and analyses were performed using SAS statistical software (v9.3, SAS
Institute Inc., Cary, NC, USA). Figures were plotted using SigmaPlot (v12.5, SY Software
Inc., San Jose, CA, USA). The Joinpoint regression models were performed using the
Joinpoint Regression Program (v 4.2.0, IMS, Inc., Calverton, MD, USA). The age-period-
cohort model analyses and graphs were performed using APCYitin Stata (v13, StataCorp LP,
College Station, TX, USA).

Sex disparities in incidence were observed in most countries with male rates two to three-
fold higher than rates among females (Figure 1). Exceptions to this include several countries
in North/South America and Africa, e.g. Costa Rica [Male:Female (M:F) ratio=1.6],
Colombia (M:F ratio=1.3), Ecuador (M:F ratio=1.3), and Uganda (M:F ratio=1.3). High-risk
populations did not, however, have greater sex disparity in rates than other areas (e.g., China
M:F ratio=3.4). In fact, Western European countries had the greatest variability in incidence,
where some countries had male rates four to five times higher than those among females
(e.g., France M:F ratio=5.5 and Switzerland M:F ratio=4.8).

In 2003-2007, liver cancer incidence rates were highest in Eastern and South-Eastern Asian
countries and lowest in South-Western Asia and Northern European countries (Table 1 and
Supplemental Table 1). In males, the highest rates occurred in Thailand (ASR=28.0), China
(ASR=24.1), and Japan (ASR=23.6), with the lowest rate in the Netherlands (ASR=2.1). In
females, the highest rates occurred in Thailand (ASR=10.4), Uganda (ASR=8.0), and Japan
(ASR=7.9), with the lowest rates in Malta (ASR=1.0) and Norway (ASR=1.0). However,
rates were heterogeneous within regions, ranging, for example, from 2.1 in the Netherlands
to 12.7 in France, in men (High:Low ratio=6.0). Similarly, heterogeneity within countries
was also pronounced (Supplemental Figure S8 and S9). In China, male rates ranged from
16.7 in Beijing City to 77.5 in Qidong County among men (H:L ratio=4.6).

While rates among males were higher in every country examined, the trends were similar
between the sexes (Figure 2 and Supplemental Figure 1). Thus focussing on trends in men,
the incidence rates in five of the seven Asian countries under study decreased, with
significant decreases in China (AAPC=-2.0%) and Singapore (AAPC=-1.7%). A rapid
decline was also noted for the recent time period (1993-2007) in Japan (APC=-4.9%; Table
1). With the exception of Thailand, four of the highest risk populations (i.e., China, Japan,
the Philippines, and Singapore) experienced a decline in rates (Table 1 and Supplemental

Int J Cancer. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petrick et al.

Page 5

Figure S3). Similar trends were seen among females, with the exception of Uganda. Uganda
had particularly high rates of liver cancer among females and also had the most rapidly
increasing incidence rate (AAPC=4.8) (Supplemental Table S1 and Figure S4).

Rates in the Americas increased, with AAPCs ranging from 2.5% in Costa Rica to 4.2% in
the United States. The incidence rates increased rapidly in Australia (AAPC=4.7%) and
Uganda (AAPC=5.8) and in the U.K. (APC=4.2%) during the more recent time period
(1988-2007). Of note, Italy (AAPC=2.5) and Slovakia (AAPC=0.1) had overall increases or
relative stability in rates in the period 1978 to 2007, but their rates began to decline in more
recent years, circa early 1990s (APC=-1.1% and APC=-0.7, respectively) (Table 1).

As shown in Figure 2, temporal trends in liver cancer incidence rates among males have
been increasing in most countries. However, notable decreases have been occurring in some
Eastern Asian (e.g., China and Japan), South-Eastern Asian (e.g., Singapore), and Southern
European (e.g., Italy) countries. Additionally, rates in France have plateaued. Similar trends
were observed in females (Supplemental Figure 1).

HCC accounted for the majority of all histologically-verified tumors in all countries
examined during 2003-2007, and the HCC incidence rate was higher than ICC across all
time periods in the evaluated countries (Figure 3 and Supplemental Figure S2). The notable
exception is Thailand, where the rate of ICC was consistently similar to HCC across
calendar periods. However, higher rates of ICC were noted in Thailand for the most recent
time period (2003-2007) — 54% of histologically verified tumors were ICC and 46% were
HCC. In France and Italy, the incidence of ICC increased, while the incidence of HCC
decreased. Figure 4 shows the trends in observed 5-year age-specific HCC and ICC rates
plotted by birth year for selected countries. Rates of HCC generally decreased in younger
birth cohorts, with the exception of the US where substantial increases in HCC among the
1945-1965 birth cohorts are observed. In Japan and France, rates of HCC peaked in the
1920-1930 birth cohorts.

The peak age at diagnosis for HCC is around 5-15 years before that of ICC (Figure 5). Rates
of ICC have been rapidly rising with successive birth cohorts in Thailand, whereas ICC rates
have plateaued in other countries among recent generations. With each successive birth
cohort, HCC rates have declined in Japan and Thailand, plateaued in France, and increased
in the US. While in Italy, rates of HCC have been rising rapidly among cohorts born circa
1945 and thereafter.

Discussion

Disparities in the burden and risk of liver cancer persist across countries and regions
worldwide. During the years examined, incidence rates of liver cancer remained elevated in
Asian countries, specifically in a number of Eastern and South-Eastern Asian countries.
Rates in a number of very high-risk populations have however decreased in recent years,
while rates in low-risk countries including India and several countries in Africa, Europe,
America, and Oceania increased. The trends in liver cancer rates according to the two main
histologic types (HCC, ICC) were generally similar, following the temporal patterns of liver
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cancer overall. However, in three countries examined (i.e., Thailand, France, and Italy) for
the most recent time period, the rates of ICC increased while HCC rates decreased.

Of special note are the exceptions to the well-documented sex differences. In most areas of
the world, male liver cancer rates are two to three-fold higher than female rates. It has been
hypothesized that the higher rates among men could be due to higher prevalence of risk
factors and differences in sex steroid hormones, immune responses, or epigenetics between
men and women.1” However, we note that in several countries in North/South America and
Africa, e.g. Costa Rica, Colombia, Ecuador, and Uganda, the rates in females approach the
rates of liver cancer observed in males. An examination of GLOBOCAN reveals similar
estimated sex differences in rates among other countries in these regions, such as Guatemala
and Kenya.18 The explanation for these countries having similar rates in males and females
is not clear but may suggest the presence of, as yet, unidentified risk factors.

Previous reports have noted that liver cancer incidence increased in many areas of the world
but declined in some Asian countries.*~’ However, previous publications have not examined
global trends by histologic subtype. While HCC and ICC may have some common risk
factors, geographic areas exhibiting increasing ICC rates do not entirely correspond with
those where increasing HCC rates are observed. These unique geographic distributions thus
suggest potential differences in liver cancer etiology according to subtype.

Decreasing incidence rates, captured by downward trends in successive birth cohorts from
the 1960s — as seen in Chinese registries — are likely due to a multitude of factors. Aflatoxin
abatement programs likely explain the majority of the decrease.1? 20 For instance, Qidong,
China, which has some of the highest reported rates of liver cancer in the world, consumed
maize as a primary dietary staple. In 1985, a policy change introduced rice to the region, and
since that time, aflatoxin-albumin adduct levels have decreased by 40-fold and liver cancer
mortality has decreased by 45%.1% 20However, neonate HBV vaccination programmes will
likely be the major component of additional decreases among future birth cohorts.19 20 |n
1983-1984, a pilot study for HBV vaccination was undertaken in Qidong. This vaccination
program was expanded in the following years, until 2002 when GAVI, the Government of
China, and the China Centre for Disease Control partnered to create the National Expanded
Program of Immunization of China and subsidized the vaccination for all newborns.19: 20 |n
2001-2003 for Jiangsu Province (including Qidong), the coverage rate in newborns was
94% for all three doses of HBV vaccine, but in the western Chinese provinces, which are
more economically disadvantaged, the coverage rate was only 68%.21 There has also been
an emphasis on eliminating HCC co-factors, specifically by reducing smoking rates, eating a
healthier diet, and improving water quality.22 In Japan, the decreasing rates of HCC are
likely due to a decline in HCV prevalence in the population. Japanese cohorts born between
1925 and 1935 were at elevated risk of contracting HCV due to intravenous injection of
amphetamines and blood product transfusions during the middle decades of the twentieth
century.23

While the reasons for increasing incidence rates in many areas of the world can only be
partially explained, HCV and the associated metabolic disorders of obesity, diabetes and
metabolic syndrome certainly play a role. In the U.S., HCV is an important risk factor for
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HCC, particularly among persons born between 1945 and 1965, known as “baby boomers”,
and injection drug users.2* The prevalence of chronic HCV infection among the 1945-1965
birth cohorts is approximately 2.5% — five times the rates seen among adults born in
adjacent years.2® Individuals in this high-risk cohort are thought to have become HCV-
infected in the 1970s and 1980s, through injection drug use and contaminated blood and
blood products prior to the introduction of widespread HCV screening in 1992.2% As the
1945-1965 birth cohorts age, it is likely that rates of HCC will also rise in the US. However,
as observed in Japan where the HCV epidemic pre-dated the US epidemic by 20-30 years,23
overall US HCC rates should decline with subsiding generational risk.

The rising rates of obesity, diabetes and metabolic syndrome have also contributed to the rise
in HCC rates.26 The relative risk associated with obesity, diabetes, and metabolic syndrome
are not as high as those associated with HBV or HCV, but the population attributable
fractions (PAF) are higher because these conditions are much more prevalent. In the U.S.,
the PAF for obesity and diabetes is 36.6%, whereas the PAF for HCV and HBV are 22.4%
and 6.3%, respectively.2’ Additionally, as the prevalence of obesity?® and diabetes? are
increasing in both developed and developing countries, the proportion of liver cancer
attributable to these factors is expected to increase in the future.

Finally, the increasing rates of liver cancer could be due to improved survival after alcohol
cirrhosis diagnosis.30 In patients with HCV and cirrhosis, the risk of developing HCC varies
from 2 to 8% per year, depending on the type of cirrhosis.3! Thus, if treatment and survival
for patients with cirrhosis improves, these patients may also have an increased period at risk
of developing liver cancer.

The large geographic variation seen in primary liver cancer rates suggests differences in
environmental risk factors and/or genetic factors between populations. In high-risk areas,
environmental factors appear to play an important role. Migrants originating from Africa,
Asia, and South America, who have settled in Europe, have a consistently elevated risk of
liver cancer.26 Similarly, rates of liver cancer observed in Chinese populations residing
outside of China are lower than rates in their country of origin, but far higher than rates in
the host country population.> However, a Swedish study reported familial aggregation of
liver cancer but no spousal correlation.32 This suggests that genetics may be an important
factor in such countries, where a low prevalence of environmental risk factors combines with
incidence rates that have remained relatively low and constant over time.

Strengths of this study include the utilization of CI5 data, which are drawn from high quality
cancer registries throughout the world. Additionally, this study extended prior evaluations by
combining registries within countries to ensure robust measures of country-specific
incidence. While this provides a more complete examination than previous reports, the data
were still limited as in many countries, the rates were a proxy of the national profile, based
on regional registries and perhaps not nationally representative (e.g., Canada and
Philippines). Additionally, for certain (female and low-risk) populations, these data were
prone to random variation due to small numbers. Furthermore, data from lower-resource
countries may be incomplete and of variable quality.33 The current study also examined
trends of HCC versus ICC rates and utilized age-period-cohort analyses to assess temporal
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heterogeneity. However, our examination of HCC-ICC distinctions was limited, as some
countries (e.g., China) did not have histology information available in Ci5p/us and could not
be examined. Limitations include that Ci5 only histologically classifies microscopically
verified tumors, whereas diagnosis of liver cancer is commonly done by use of radiological
tests or alpha fetoprotein levels — even in developed countries.34 The modelled data and
histologic types should be interpreted with caution, as Joinpoint models are highly sensitive
to parameter choice and number of data points included. A final limitation was the inability
to examine trends in African countries due to historic lack of inclusion in CI5.

In summary in the period 1978 to 2007, rates in some high-risk countries decreased, while
rates in low-risk countries increased. It is likely that rates in the former populations will
continue to decline, with reductions in the population seroprevalence of HBV.3® In low-risk
countries, targeted screening and treatment of HCV/(+) individuals alongside the prevention
of obesity and the treatment of diabetes will be key, in reducing liver cancer incidence in
future decades.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty & Impact

Primary liver cancer is the second leading cause of cancer death worldwide.
Nevertheless, trends have not been thoroughly explored by country or by histologic type
— hepatocellular carcinoma and intrahepatic cholangiocarcinoma. Liver cancer rates by
histologic type tend to convey a similar temporal profile. However, in Thailand, France,
and Italy, ICC rates have increased while HCC rates have declined.
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