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Abstract

Primary liver cancer (PLC) is the sixth most common cancer worldwide and the second most
common cause of cancer death. Future predictions can inform health planners and raise awareness
of the need for cancer control action. We predicted the future burden of PLC in 30 countries
around 2030. Incident cases of PLC (ICD-10 C22) were obtained from 30 countries for 1993—
2007. We projected new PLC cases through to 2030 using age-period-cohort models
(NORDPRED). Age-standardized incidence rates per 100,000 person-years were calculated by
country and sex. Increases in new cases and rates of PLC are projected in both sexes. Among men,
the largest increases in rates are in Norway (2.9% per annum), US whites (2.6%), and Canada
(2.4%), and among women in the US (blacks 4.0%), Switzerland (3.4%), and Germany (3.0%).
The projected declines are in China, Japan, Singapore, and parts of Europe (e.g. in Estonia, Czech
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SUPPLEMENTARY INFORMATION

Data on HBV immunization coverage among 1-year-olds, prevalence of obesity (percentage of adult population with a body mass
index (BMI) =230 kg/mz), and alcohol per capita (APC) consumption were obtained from the WHO Indicator and Measurement
Registry.1 APC consumption (total amount of alcohol consumed per adult (15+ years) over a calendar year in litres of pure alcohol)
was available yearly by country from 1980-2014, and projections available for 2015, 2020 and 2025.
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Republic, Slovakia). A 35% increase in the number of new cases annually is expected compared to
2005. This increasing burden reflects both increasing rates (and the underlying prevalence of risk
factors) and demographic changes. Japan is the only country with a predicted decline in the net
number of cases and annual rates by 2030.

Conclusion—Our reporting of a projected increase in PLC incidence to 2030 in 30 countries
serves as a baseline for anticipated declines in the longer-term via the control of HBV and HCV
infections through vaccination and treatment. However, the prospects that rising levels of obesity
and its metabolic complications may lead to an increased increasing risk of PLC that potentially
offset these gains, is a concern.

Keywords
liver; cancer; incidence; projections; worldwide

Primary liver cancer (PLC) is the sixth most common cancer worldwide and the second most
common cause of cancer death. In 2012, 782,000 new cases and nearly 746,000 liver cancer
deaths were estimated to have occurred globally.(1) Recent data from the International
Agency for Research on Cancer (IARC) shows that 83% of PLC cases occur in countries in
economic transition,(2) with China accounting for over 50% of the world’s burden.(1) The
highest incidence rates in the world occur in Mongolia, with the disease contributing almost
two-fifths of the total cancer burden in the country.(2, 3)

Hepatocellular carcinoma (HCC) accounts for 75-85% of PLC cases, intrahepatic
cholangiocarcinoma (ICC) for 10-15%, while the residual cases include other rare types.(4—
6) An accurate estimate of the incidence of PLC by subtype is obscured by difficulties in
detecting and definitively diagnosing PLC.(7) A lack of reliable data and non-standardized
incidence reporting methods in many countries make comparative assessments challenging.
As a further complication, liver is a common site of cancer metastasis from other organs,
making a diagnostic distinction between primary and metastatic liver cancer difficult in the
absence of histologic examination.

The main risk factors for PLC are chronic infection with hepatitis B virus (HBV) or hepatitis
C virus (HCV),(5, 6, 8) aflatoxin B4 contaminated foodstuffs, heavy alcohol intake, obesity,
and type 2 diabetes mellitus.(6, 9, 10) With non-alcoholic fatty liver disease (NAFLD) being
closely associated with diabetes and obesity, the increasing prevalence of obesity is likely to
be an important contributing factor for the rising incidence of HCC.(10)

The major risk factors for PLC vary by region. In most high-risk HCC areas (e.g. China,
Africa), the key determinants are chronic HBV infection and aflatoxin exposure, whereas in
Japan and Egypt, it is HCV infection.(11-13) In low-risk HCC areas, metabolic disorders
including obesity and diabetes are important.(14) In the U.S., HCV is an important factor
although metabolic disorders are associated with a larger relative proportion of the total
HCC burden.(15) ICC is a common malignancy in regions of South Eastern Asia (e.g.
Thailand, Laos), where high rates of infestation with bile duct flukes Opisthorcis viverrine
and Clonorchis sinesis are the major risk factor.(9, 16)
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Quantitative projections of the future burden of PLC can inform prevention strategies aimed
at reducing PLC occurrence. With a vaccine that is 95% effective against HBV infection
available since 1982,(17) and an increasing uptake of universal vaccination in many high
HBV prevalence countries, our reporting of projected PLC incidence to 2030 in 30 countries
serves as a baseline for future anticipated declines. We discuss geographical and temporal
variability of PLC rates in the context of the main risk factors.

Newly diagnosed cases of PLC (ICD-10 topography code C22 or ICD-9 topography code
155.0, all histological types) were available from high-quality national (n=16) and regional
(n=53; see list of countries in Tables 1 and 2) population-based cancer registries in 30
countries (31 populations: US for two races) over the period 1993-2007 by age group (ages
0-4, 5-9,.., 80 and over) following extraction from the IARC’s Carncer Incidence in Five
Continents series (C15).(18) The CI5 database contains annual incidence rates, number of
cancer cases by period, age group, sex, cancer site and the corresponding population at risk
for selected populations for which good quality data are available.(18) Data covered 3.4% of
the world population (Africa: 0%, Asia: 0.78%, Europe: 18.63%, Latin and Central
America: 0.36%, North America: 8.46%, and Oceania: 73.13%). Registries included here
had consistently high quality data over time. Multiple regional registries in a given country
were aggregated as proxies of national data.

Incidence rates were calculated by 5-year period of diagnosis and 5-year age group based on
the annual number of PLC incidence cases from each population-based cancer registry by
sex. Age-standardized incidence rates (ASR) per 100,000 person-years were computed at the
national level by sex using the world standard population of Doll et al. (1966).(19)
Cumulative risks were computed for ages 0-74 and expressed as percentages, assuming an
absence of competing causes of death.

To predict the numbers of new PLC cases and rates in 2030, we fitted an age-period-cohort
model to recent trends in incidence rates, assuming such temporal patterns serve as proxies
for the changing prevalence and distribution of risk factors over time. The NORDPRED
software package, developed and implemented in R, has been shown to perform well
empirically in projecting recent trends into the future.(20) The three or four most recent 5-
year observed periods (depending on national, or regional registry availability, where
applicable) were extrapolated using a power function to level off the growth, with a
projection of the recent linear trend for the last ten years that was attenuated by 25%, 50% in
the second and third prediction periods, respectively, and 75% for both fourth and fifth
prediction periods. Mean annual differences in the numbers of predicted PLC cases in 2030
relative to 2005 are partitioned into changes in risk (rates), and changes in demographics
(population growth and ageing). The numbers of new cases were predicted in the year 2030
by taking a weighted average of the projected incidence rates in the last two future
prediction periods, centering on 2030, and then applying the UN national population
forecasts available for each country for that year.
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Stata (v13, StataCorp LP, College Station, TX) was used for data management and plotting
the observed and modelled trends. The modelling analyses were performed using R (v2.15,
R Foundation for Statistical Computing, Vienna) and the functions available in the Epi
package (version 1.1.36), R Studio and NORDPRED software package (http://
www.kreftregisteret.no/en/Research/Projects/Nordpred/Nordpred-software/).(21)

The observed and predicted trends in PLC rates among men and women are presented in
Figure 1. Tables 1 and 2 show the observed number of cases and rates in 2005 for both men
and women, respectively, alongside the respective predicted values for 2030, and the overall
percentage change over the 25-year period, partitioned into demographic and risk
components.

Changes in PLC incidence rates 2005-30

The rates circa 2005 and 2030 are compared in Figure 2. The percentage change in ASR
over the 25-year period is predicted to be greater than 30% among men in 15 countries, and
among women in eight countries. Average increases in PLC (=1% per annum) are predicted
among men in approximately half of the study populations (n=15, 50%). Some of the largest
rate increases among men are predicted in Norway (2.9% per annum), US whites (2.6%),
Canada (2.4%), Russian Federation (2.2%), and in US blacks, Latvia, Spain and Australia
(2.1%). Equivalent increases in PLC among women are predicted in fewer (n=10)
populations (32% of those studied), with the greatest increases expected among US blacks
(4.0%), Switzerland (3.4%), Germany (3.0%), and Australia (1.6%).

Average decreases in PLC among men are predicted in six countries: Japan (—3.1%), China
(—2.1%), Singapore (-1.6%), Slovakia (—1.4%), Czech Republic (-1.0%), and Estonia
(—0.6%). Decreases in PLC among women are predicted in 14 countries (47% of selected
countries). The largest decreases are projected in Japan (-2.3%), Denmark (-1.8%), and
China, Lithuania and Croatia (each —1.7%).

Changes in numbers of new cases of PLC 2005-30

We predicted that in the selected countries by 2030, there will be a 35% increase in the
future number of new cases of PLC annually, from 339,000 in 2005 to over 459,000 in 2030
(329,000 among men and 130,000 among women). Despite a predicted demographic
increase due to population growth and ageing in most countries (n=23, 77%; exceptions are
Switzerland, Italy and Spain), changes in risk are the main drivers of the rising number of
new cases annually in future years. Japan is the only country where a declining number of
new cases is predicted by 2030 (a 48% reduction among men, 26% among women); this is
due in part to rapidly declining rates, as well as in relative terms, a more modest
demographic transition over the next decades.

Discussion

This study is the first to our knowledge to predict the future burden of PLC from a global
context. In the next 15 years, we project that both the number of new cases and the incidence
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rates of PLC will increase in most countries under study. There are exceptions: in several
Asian countries (China, Japan, Singapore) and some European countries (Estonia, Czech
Republic, and Slovakia), there will be declines in rates in both sexes. However, increases in
the absolute number of PLC cases can be expected in the vast majority of countries by 2030
due to continuations in population ageing and growth. Japan is one exception, where a 41%
reduction in new cases of PLC by 2030 largely due to changing risk patterns, with the
projected declines in rates resulting from diminishing HCV-related HCC from around 2000.
(22) In contrast, the declining rates of PLC in China have been preceded by declining
aflatoxin B1 levels in the population. (13, 23) It is unclear why rates are decreasing in
Estonia, Czech Republic, and Slovakia. Changing distributions of risk factors, especially
HBYV, HCV, alcohol consumption, and obesity, could alter future trends and projections.

Data on the prevalence of obesity and alcohol per capita consumption obtained from the
WHO Indicator and Measurement Registry indicate major geographic and temporal
variations.(24) The global prevalence of obesity in 2010 was 13.7% among women and
9.3% among men. In about two-thirds of the countries under study, the prevalence of obesity
is now 20% or greater (Annex Figure 1). Despite heterogeneity in trends in alcohol
consumption per capita of pure alcohol over time (Annex Figure 2), an increasing
consumption of alcohol is observed 1995-2015 and predicted to further rise by 2025 in most
countries (n=16, 55%). Annex Figure 3 demonstrates a correlation between PLC rates and
national levels of alcohol consumption.

Given the increasing rates of obesity(14) and recent or predicted declines in the prevalence
of HBV and HCV,(8, 25) the relevant importance of non-viral risk factors for HCC is
expected to increase in the future. In recent decades, men and women in most countries have
gained weight,(26) with the prevalence of adult obesity nearly doubling from 1980 to 2008.
(24) Obesity is associated with diabetes, NAFLD, and NAFLD’s most severe form, non-
alcoholic steatohepatitis (NASH).(27-29) In the setting of NASH/NAFLD with chronic
HBV or HCV infection, the odds of HCC increases.(30) With shifts in adult obesity
occurring worldwide, and with many lower- and middle-income countries in Africa(31, 32)
and Asia(30) undergoing nutrition transition,(33) increasing rates of obesity are likely
contributing to an increase in obesity-related HCC.(4) Rates of obesity classified as body
mass index (BM1) =30 kg/m? are <10% in Asian countries. However, the proportion of
people in these countries at high risk of diabetes and NASH/NAFLD is significant, as these
conditions occurs at BMI levels lower than the existing WHO cut-off points for overweight/
obesity.(34)

Over two decades ago, HBV and HCV infections were shown to increase the risk of HCC in
humans.(35) A subsequent focus on prevention, with recent WHO data on HBV
immunization(24) indicating at least 90% HBYV vaccine coverage among 1-year-olds in most
countries included in the current report (n=18), is likely to result in further reductions of
infection-related HCC in the future. For example, over 90% coverage has been reported for
Singapore since 1993, for Italy since 1991. While individuals vaccinated against HBV are
too young to have a substantial effect on the rates projected in the current study, neonatal
HBV vaccination is likely to result in further reductions of HBV-related HCC in the future.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Valery et al.

Page 6

The prevalence of HCV infection varies by region, with lower rates in the Americas, South-
East Asia and high-income Asia Pacific (1.2-2.0%), and higher rates in countries in the
Central, East, and South Asia (3.4%-3.8%), and North Africa/Middle East (3.6%).(36) In
2005 over 185 million people (2.8%) were infected with HCV.(36) In the US, increasing
HCC rates have been affected by ageing of persons chronically infected with HCV, who
acquired infections during the 1960-1970s.(4) In Japan, HCV infection is present as a risk
factor in 70% of cases, but rates of HCC are declining as infections were mostly acquired in
the 1940-1950s.(22) The advent of HCV RNA tests and their application in screening of
blood donors, significantly improved the safety of blood products in many countries.(37)
Education and increased awareness of HCV in the general population, targeted HCV
screening of at-risk groups, and needle and syringe exchange programmes are some of the
strategies that have halted disease transmission.(37) In countries where new second-
generation direct-acting antivirals (DAASs) for HCV are available, PLC rates are unlikely to
be affected unless major efforts are undertaken to expand treatment to underserved sub-
populations in the community.(38, 39) Nevertheless, some countries are attempting to make
these therapies widely available. For example, the Australian government has funded new
therapies for HCV at trivial or no cost to all patients with HCV infection, irrespective of
cirrhosis status.(38) The underlying premise of such universal HCV treatment is to prevent
cirrhosis, which is precursor lesion for HCC. However, time will tell whether compliance
issues, reinfection, immigration and treatment uptake will have an effect on HCV infection
complications in the long-term.(38, 39) Early case-series data have been conflicting
regarding the risk of HCC after achievement of cure (sustained viral response) after DAA
treatment. Some recent studies suggest occurrence and recurrence of HCC are high among
patients with HCV-related cirrhosis after sustained viral response, hypothesising viral-
initiated liver inflammation may serve a tumour surveillance role controlling HCC growth.
(40-42) Other studies have reported lower HCC recurrence among patients treated with
DAA compared with untreated patients.(43) These data suffer from bias inherent in
observational studies, and large-scale, well controlled prospective cohort studies are needed
to clarify these risks. Irrespective, international society Guidelines advocate for HCC
surveillance for all cirrhotic patients during and after antiviral therapy irrespective of
sustained viral response.(7)

Exposure to aflatoxin B4, a carcinogen produced by Aspergillus fungi,(44) is a significant
environmental co-factor in liver cancer globally,(9) with a population attributable risk of
23% in high-risk regions (e.g. Africa, East Asia).(16) Aflatoxins contaminate many
foodstuffs (e.g. cereals, oilseeds, ground nuts),(11) with dietary exposure in countries in
Africa and Asia being up to 400 times higher than exposure levels in North America, Europe
and Auwustralia.(45, 46) Most HCC cases occur in low-income countries, where both aflatoxin
exposure and chronic HBV infection are common, and where the relative attributable
fraction of HBV and aflatoxin is difficult to distil.(46) Due to a synergistic interaction
between aflatoxin exposure and HBV, co-exposure increases the odds of HCC up to 30 times
compared to exposure to one of these factors alone.(47) HBV-positive individuals contribute
a substantial portion of the total global aflatoxin-induced HCC burden in China, Southeast
Asia, and sub-Saharan Africa.(9) While aflatoxin regulatory programs are in place in most
countries, in the most affected areas these are often not enforced.(48) However, notably
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where reduction in aflatoxin exposure has been achieved, it has preceded decreases in PLC
incidence.(23) The control of both HBV and aflatoxin risk factors in high-risk countries
should be a priority. Whether aflatoxin has a synergistic effect on HCV-induced liver cancer
has not been extensively studied.(49)

Heavy episodic alcohol drinking contributes 15-34% of HCC cases in many developed
countries.(15, 50) WHO projects alcohol consumption will increases in about half of the
countries included here in the next decade, thus one may expect the proportion of HCC
attributable to alcohol, as the sole or a contributing factor, in these countries will also
increase in the future. Hence, public health policies discouraging harmful alcohol
consumption are critical (e.g. education, taxation, regulations on selling alcoholic
beverages). However, education alone is unlikely to bring change. While alcohol control
policies have been in place in many countries for decades, some countries (e.g. in Northern
Europe) have experienced an increase in alcohol consumption while others (e.g. Italy and
France) have seen a decrease.(51) Socio-demographic changes (e.g. changes in the role of
women in society, increase in health awareness), economic shifts (e.g. industrialization,
increased income), and migration (e.g. urbanization) during the 1970-2000s are believed to
be the key factors contributing to the decrease in alcohol consumption in these countries.(51,
52)

As noted in the current report, PLC rates are higher among men compared to women
worldwide. These sex differences in PLC rates are hypothesized to be due to differences in
the prevalence of known risk factors, sex steroid hormones, immune response, and/or
epigenetics between men and women.(53) However, it is unclear what risk factors are
driving the rate change discrepancies between sexes noted in certain populations. Many
additional factors have influenced the historical trends in PLC incidence rates, and
consequently also have the potential to affect projections. The quality of reporting of PLC,
demographic changes, enhanced diagnostic practices, the introduction of specific initiatives
(e.g. vaccination, donor screening), and in exposure to other risk factors are likely to have an
impact.

Petrick et al(4) has examined international trends of PLC by histologic subtype during
2003-2007. HCC accounted for the majority of all histologically verified tumours and
incidence rates of HCC were higher than incidence rates of ICC in 38 countries worldwide
(30 of which were included here). The only exception was Thailand, where the rates of ICC
and HCC were mostly similar.(4) Rates of ICC in Thailand have been rising with successive
birth cohorts, while ICC rates have plateaued in other countries among recent generations.
(4) One major limitation in all such studies, including the present one, is that the vast
majority of liver cancer is never confirmed histopathologically. Health education and
promotion programmes to enhance knowledge of the risk of infestation with bile duct flukes
Opisthorcis viverrine and Clonorchis sinesis should be of upmost priority to halt the increase
of preventable new ICC cases in high-risk countries of South Eastern Asia.(9, 16)

Strengths and limitations

Future projections depend on many assumptions, the key factor being whether past trends in
rates will continue into the future. The predicted numbers of cases are also reliant on
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population projections which are themselves future estimates based on assumptions on birth
and death rates, immigration and emigration. The extent to which registry coverage is
representative of the national profile of PLC is a possible limitation, with projections in
thirteen countries based on regional registries covering less than one-third of their respective
national populations. The rates in these countries were used a proxy of the (unknown)
national profile and therefore comparisons should be interpreted with some caution. On the
other hand, the CI5 process focuses on the completeness, quality and comparability of the
data (e.g., through the definition of an incident case of cancer, the stability of incidence rates
over time, and the proportion of cases microscopically verified).(18) Registries included
here were population-based and considered by the CI5 editors as of consistently high
quality, having been included in successive volumes. Anaother limitation is the potential
misclassification of cancer type (e.g. cancers arising in the pancreas and bile ducts,
metastasis of cancer from other organs).

A more complete account of the future trends of PLC incidence would be possible if
comparable PLC incidence data were assembled from a more geographically diverse set of
registries. The lack of data from Africa is a key limitation. Africa has high rates of PLC,(2)
high rates of HBV and HCV infection,(36, 54) variable HBV vaccination coverage,(24) and
aflatoxin abatement programs are scarce.(9) A greater availability and better reporting of
PLC rates is anticipated through the ongoing activities of the Global Initiative for Cancer
Registry Development (http://gicr.iarc.fr), a multi-partner initiative coordinated by IARC
that aims to provide measurable improvements in the coverage, quality and networking
capacity of cancer registries in across low and middle income countries.

Lastly, BMI and alcohol consumption data discussed here are based on ecological data.
Ecological studies are limited by an inability to infer that the observed associations apply to
individuals, rather than to the groups under study. They provide a broad level association of
risk and outcome, without inference of causality. Nevertheless, findings about the
associations between BMI and alcohol consumption and HCC are well aligned with results
from studies based on individual level data.(15, 30, 50)

Despite these limitations, projections presented here provide a necessary baseline for future
planning of resources and cancer control. The projected number of cases estimated here was
extrapolated from within recorded temporal data from population-based cancer registries
that have been evaluated as being of consistently high quality over time through careful
attention to the completeness, comparability and validity of the respective datasets by the
CI5 editors in each volume.

Conclusions

An increase in the number of new cases of PLC each year is predicted to 2030 in most
studied countries, as a result of both changes in risk factors as well as population ageing and
growth. HBV and HCV infections being major risk factors for HCC worldwide, and with
increasing control of HBV through vaccination and improved access to treatment, viral
hepatitis-related PLC rates may decrease in the future. Unfortunately, decreased in PLC
rates may be offset by increasing levels of obesity and its metabolic complications and
increasing alcohol consumption. Continued control of aflatoxin exposure, the complete roll-
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out of the HBV vaccination, discouragement of heavy alcohol intake as well as new primary
prevention strategies for obesity should be core components of programmes aimed to reduce
the future burden of PLC in short- and long-term future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Trends in primary liver cancer incidence rates in 30 countries 1990-2030: observed age-

standardised rates per 100,000 (solid lines) versus predicted rates (dashed lines), by region
and by sex (age-standardised rates per 100,000 men/women)
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Primary liver cancer age-standardised incidence rates per 100,000 in men and women in
2005 and predicted rates circa 2030 in 30 countries
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