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ABSTRACT OF THE THESIS

A 30-year time trend analysis
of primary liver cancer incidence in Canada, Mongolia,

and the United Kingdom, (1990 - 2019)

by

Duane Philip Palmer
Master of Science in Epidemiology
University of California, Los Angeles, 2022

Professor ZuoFeng Zhang, Chair

Background: As one of the leading causes of cancer deaths, reducing primary liver cancer
incidence remains a top global health priority. Overall, the most common causes of liver cancer
are chronic hepatitis B and hepatitis C viral infections, dietary alcohol abuse, and non-alcoholic
fatty steatohepatitis. Countries with historically high disease burden, such as China, have
implemented public health strategies to reduce primary liver cancer incidence significantly.
Conversely, countries like Mongolia have not experienced the same declines despite prolonged
public health intervention. Historically, Western countries have largely avoided substantial
disease burden, only to see upticks in incidence rates as etiology and populations have shifted.
This study examines primary liver cancer incidence in Canada and the United Kingdom,

representative of low burden North American and European populations, and Mongolia, a



representative of a high burden Asian population, to analyze incidence trends over 30 years and

evaluate for signs of disease reduction.

Methods: Data on liver cancer incidence estimates were retrieved from the Global Burden of
Disease 2019, covering 30 years from 1990 to 2019. Crude and age-standardized incidence rates
and a web-based Age-Period-Cohort tool were calculated to determine age, period, and cohort
effects. Hypothesis testing using Wald chi-squared testing was implemented to determine the

statistical significance of the time trends observed.

Results: Overall, populations in Canada, Mongolia, and the United Kingdom experienced
increasing age-standardized incidence rates of primary liver cancer over the 30 years. Plotted
longitudinal ASIR estimates reveal that Canadian and UK populations experienced steady
increases in age-standardized incidence rates. In contrast, Mongolia peaked around 2010,
withdrawing slightly to finish with a net increase. All populations experienced statistically
significant positive increases in net drift and period effects. Regardless of gender, all UK
populations experienced increased PLC risk after the 1955 reference cohort, while Canada

mostly saw statistically significant increases.

Conclusion: Exacerbated by shifting causal factors, asymptomatic disease progression, and
limited early-detection strategies, liver cancer incidence continues to increase globally.
Surveillance must guide data-driven public awareness campaigns, promote preventative lifestyle

behaviors, and reduce liver cancer incidence among populations at highest risk.
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Introduction

Primary liver cancer (PLC) remains one of the most common malignancies found
worldwide, despite it also being one of the most preventable [, According to 2020 global
estimates, liver cancer was the sixth most diagnosed cancer and third most common among
cancer-related deaths, after lung and colorectal cancers 2. After diagnosis, disease progression
is often rapid and fatal [Y]. Late-stage treatment is generally ineffective 1], and the 5-year
survival rate remains less than 20% [3 4. Therapies may be available during early disease stages
and often rely on aggressive procedures to improve prognosis, including surgical resection, liver
transplantation, and localized ablative techniques [* 5.  As such, substantial regional and global
health resources have been committed over decades to developing surveillance and management
strategies to reduce PLC incidence rates over time. From an international perspective, successful
national public health interventions are studied closely in hopes of applying similar principles to
other areas of high regional PLC burdens and reduce overall cancer incidence.

Historically, the distribution of international liver cancer incidence rates has been highly
variable, with roughly 83% of all PLC cases occurring in low- and middle-income countries [,
Regions such as Sub-Saharan Africa and Eastern Asia have experienced decades of heightened
disease burden, while Western countries have experienced relatively low levels [:8l. Intra-
country rates can vary widely as different populations accumulate different risk exposure profiles
and longitudinal exposure histories [°l. Diverging incidence rates have also been observed in
different urban settings, even in countries with historically low disease burden (1%, Additionally,
men typically have higher incidence rates than women, especially in countries with higher
disease burden [61. With respect to age, those younger than 45 typically shoulder higher risk of

incident PLC than those in countries with a lower disease burden [,



Decades of epidemiological research have established several well-confirmed, high-
impact risk factors for incident PLC, including the presence of gallbladder cancer, chronic viral
infection, alcoholic cirrhosis, dietary aflatoxins, and non-alcoholic steatohepatitis (NASH) [,
Given a direct anatomical connection to the intestine via the portal vein, researchers have also
suggested a relationship between the gut microbiome and the occurrence and development of
PLC %121 Interestingly, PLC was one of the first common cancers which was shown to have
viral etiology. Hepatitis B virus (HBV) and hepatitis C virus (HCV) can have both
asymptomatic courses of infection, eventually leading to chronic infection and persistent
inflammation of the liver 51, HBV infection is characterized by integrating viral dsDNA into the
host chromosome, promoting genomic instability, and accelerating the likelihood of field
cancerization of infected tissues. HCV infection involves metabolic reprogramming leading to
abnormal retention of lipids in the liver 141, Consequences of both viral infections are immune-
mediated oxidative stress and deregulation of cellular signaling pathways by viral proteins to
further destabilize tissues and lead to an increased likelihood of carcinogenesis [*]. Alcoholic
cirrhosis and NASH similarly achieve chronic liver inflammation through related pathways to
destabilize liver tissue and promote hepatocarcinogenesis over time [16],

Several international surveillance programs and databases, such as the Global Burden of
Disease (GBD), have been established to help monitor, evaluate, and direct public health efforts
to reduce the incidence of liver cancer worldwide. To enhance public health efforts, research
groups have shifted away from non-parametric descriptive epidemiology measures instead to
adopt parametric statistical models to better interpret PLC disease burden over time 7], One
such method, the Age-Period-Cohort (APC) analysis, has been used effectively to evaluate racial

disparity in breast cancer rates, testicular and ovary cancers, pancreas, and lung cancers [18-22],



As international surveillance programs chart changing PLC incidence rates, researchers
and public health officials can identify increasing or decreasing trends that can be used to
evaluate the effectiveness of any associated public health intervention efforts. Furthermore,
parametric statistical models, such as the APC method, can robustly power these institutions to
detect and analyze any estimated trends’ statistical significance. Historically, disease etiology
has been geographically varied. Researchers have described falling PLC incidence rates in
regions with historically high disease burdens; within the same time, however, other regions
have experienced increases or persistently high rates. This study selects countries for analysis
with either historically high PLC incidence burdens resistant to public health interventions or
historically low PLC incidence that are now seeing increased rates. Populations in Canada,
Mongolia, and the United Kingdom were selected because management strategies to control their
respective disease burdens reflect public health officials' current challenges to reduce incident
PLC going forward. Historically, the incident PLC burden in Mongolia has been some of the
highest globally [2], whereas Canada and the UK have been at low risk but are now among
regions showing increasing rates 1%, Together, these three countries represent areas with high
and low disease burdens struggling to reduce PLC incidence over time in Asian, North
American, and European populations. An analysis of these countries may highlight shifting
proportions among etiologies and differential responses to public health intervention strategies to
apply elsewhere to lower the disease burden. Together, an analysis of PLC incidence rates in
Canada, Mongolia, and the UK, will provide a statistically robust way to determine shifting APC
effects and provide a means for future disease surveillance, and evaluation of applied

interventions as effective cancer prevention strategy.



Data Sources and Methods
Data Sources:

All data used in this retrospective, registry-based study were retrieved from the GBD
study available through the Global Health Data Exchange (http://ghdx.healthdata.org/gbd-
results-tool; accessed December 2021). Commissioned in 1990 by the World Bank, the GBD
was established to estimate mortality and disability from major communicable and non-
communicable diseases, injuries, and risk factors. As of 2021, the GBD has grown to include
204 countries and territories, 369 diseases and injuries, and 87 risk factors through collaboration
with the WHO and researchers across the world 41, Previous studies have utilized this data
source to estimate liver cancer incidence trends 25 261,

Disease diagnosis of primary liver cancer at the local level were made in accordance with
the International Classification of Diseases and Injuries 9" and 10™ revisions, specifically all
ICD9 and ICD10 codes pertaining to PLC 155.0-155.963 and C22.0-C22.9. Careful attention
was made to diagnose according to pathology reports using patient biopsy samples, which limit
the inclusion of secondary liver cancer cases in the sub-national statistics. Data were then
reported to the appropriate national or regional cancer registry for consolidation and reporting
(271, At the national level, procedures are in place to routinely monitor, correct for, and
standardize methodologies to address data completeness, presence of case duplicates,
inconsistencies for reporting multiple cancers from the same individual 12, As a result, cases of
incident PLC and specific subtypes, including Liver cancer due to HBV infection (LCHB), liver
cancer due to HCV infection (LCHC), liver cancer due to alcohol (LCAL), liver cancer due to
NASH (LCNASH), and liver cancer due to other causes (LC_OTHER) were made publicly

available for research purposes and overall disease surveillance.



Statistical Analysis:

To obtain all incidence-related liver cancer data, the following search terms were
submitted to the GBD Results Tool, on the Overview Page: Measure: Incidence; Cause: B.1.7
Liver Cancer, B.1.7.1 Liver cancer due to hepatitis B, B.1.7.2, Liver cancer due to hepatitis C,
B.1.7.3 Liver cancer due to alcohol use, B.1.7.4 Liver cancer due to NASH, B.1.7.5 Liver cancer
due to other causes; Context: Cause; Location: Mongolia, Canada, United Kingdom; Sex: Male,
Female; Metric: Number. In addition to the above terms, ages were selected using 5-year age
groups from 15 to 79 years old, with individuals outside of that range being censored. Lastly, all
available years, from 1990 to 2019, in the database were selected and individually exported to
ensure a complete dataset as values can be lost if search criteria are too large. After obtaining
data for each year, using the above conditions, CSV files were consolidated into Microsoft
Excel, version 16.57, for data management and analysis. From the complete dataset, data by
country and sex were parsed into respective tabs using data filter.

Similarly, population data were obtained from the GBD Study 2019 and Population
Estimates 1950-2019 (http://ghdx.healthdata.org/record/ihme-data/ghd-2019-population-
estimates-1950-2019). Population data estimates were extracted from the CSV files titled
“Population estimates: Single-Year Age Groups, 1990-1999 [CSV]”, “Population estimates:
Single-Year Age Groups, 2000-2009 [CSV]”, and “Population estimates: Single-Year Age
Groups, 2010-2019 [CSV]”, and stored in excel. Next, data were filter-parsed to consolidate all
years and corresponding variables by country and sex into separate tabs. Finally, estimates were

tabulated by 5-year age groups and individual year over the 30-year period.



To calculate age-standardized incidence rates (ASIR) for each country, 5-year age groups
for primary liver and subtype incidence counts were calculated using the direct standardized
method. For each year, age-specific incidence counts were divided by corresponding population
estimates to obtain age-specific rates per population. Next, those rates were multiplied by the
2019 GBD standard ‘both sex’ population counts, categorized into the same 5-year age
groupings, and divided by 100,000 to achieve an ASIR value per 100k of population. This was
done using point, upper, and lower estimates corresponding to the appropriate 95% confidence
interval. These results are shown for PLC rates, as well as by PLC subtype. In other words, the
rates of each country by gender were multiplied by the weights of standard population and
divided by 100k. The generalized formula to calculate the ASIR values can be seen here:

(Equation 1)  ASIR (per 100,000) = Z(I&x W)

Where: A = Country and gender of interest
K = Age-specific 5-year grouping
12 = Age-specific incidence rate of country, per 100k
Tg= Number of persons by age group in standard population
Wi = (Tx)/(Zx Tg) = Weights for each age group

Crude incidence rates (CIR) were determined using the same data but summing across all
age groupings both incidence and population estimates, dividing cumulative incidence by
cumulative population, and multiplying the resulting rate by total count of the 2019 GBD ‘both
sex’ standard population, and dividing by 100k. CIR calculations can be generalized by the
function below:

(Equation 2) CIR (per 100,000) =14 x T* x 100,000

Where:



1A= Incidence rate [(incidence cases)/(total count of country-
specific population)]

T*= Total count of standard population

To perform the age-period-cohort analysis, separate CSV files by country and sex were
made and submitted to the APC webtool (https://analysistools.cancer.gov/apc/). There,
alternating incidence, and population estimates for each 5-year period were tabulated against 5-
year age groups from 15-79 years of age. For future applications of the APC webtool, the age
and year periods must be identical in length, matching as either 1, 5, or 10-year increments, for
example. The start year was set to 1990, starting age set to 15, and the interval (Years) set to 5.
References were determined manually by the user, setting Reference Year to 2000-2004 and
Reference Age to 45-49. After computation, results were exported to Excel. Wald chi-squared
tests of heterogeneity were applied to detect the significance of estimated drift, cohort, and
period effects relative to null values. All statistical tests were two-sided, and p-values less that

0.05 were considered statistically significant.

Results
Table 1: Country characteristics

From 1990 to 2019, Canada, Mongolia, and the United Kingdom, and experienced
growth across respective male and female populations, despite holding stable percentages of the
total global population over the same period. Similarly, all three national populations maintained
slight female over-representation with respect to male counterparts. In terms of PLC incidence,

simple count data increased for both sexes in all three countries over the thirty years. When



direct standardized, ASIR per 100k estimates maintained increased disease burden across males
and females of all three countries. In Mongolia, males' overall PLC disease burden increased
25%, while female cases increased by almost 85%. Canadian and UK males and females saw
larger increases. Canadian male and female PLC incidence rates more than doubled, at 221% and
230%, respectively. In the United Kingdom, male and female ASIR estimates more than

doubled, 232% and 225%, respectively.

Table 2: PLC subtype analysis

ASIR rates and counts of primary liver cancer, as summarized in Table 1, are further
detailed by subtype in Table 2 for the years 1990 and 2019. ASIR results are summarized by
gender for either country or PLC subtype, as seen below:

In the UK, the overall PLC disease burden essentially doubles in males, and nearly triples
in females across the 30 years, as measured by ASIR per 100k. UK males were most at risk for
LCAL, while UK females were most at risk for LCHC. Both UK males and females were least at
risk for LCNASH.

In Canada, the disease burden of each PLC subtype roughly doubled for both male and
female populations. Canadian males were most at risk for LCAL. At the same time, female
populations were most at risk for LCAL or LCHC. Baseline risk was observed for LCHB and
LCNASH across both genders.

In Mongolia, ASIR rates were considerably elevated compared to all other PLC subtype
ASIR estimates observed in Canada or the UK. Similar to Canadian and UK populations,
Mongolian males appear to hold at least double the risk for LCHB and LCAL over

females. Interestingly, however, Mongolian females have a slightly elevated LCHC and



LCNASH than their male counterparts. ASIR rates for LCHC and LCNASH, once slightly
below male rates in 1990, were now estimated to be slightly above corresponding male rates in
2019 for females. For both Mongolian males and females, the PLC disease burden appears to be
splitamong LCHB, LCHC, and LCAL. Males saw roughly consistent disease burden across PLC
subtypes, except for LCAL, while females saw considerable increases across every subtype
except for LCNASH.

Overall, Mongolian male and female populations carry the highest disease burden across
every PLC subtype category. Canada and the UK, however, exhibit higher rates of percent ASIR
increase across PLC subtypes, except for cases of LCAL and LCNASH among Mongolian
females. The highest percent attributable fraction (PAF) of PLC subtype incidence is found in
males from the United Kingdom and Canada, with estimates LCAL at 50% and 70%,
respectively. The next highest PAF was observed amongst LCHC cases in females from the
United Kingdom and Mongolia. Interestingly, females in Canada showed elevated PAF due to
LCNASH, contrary to those in the UK or Mongolia. The highest percent changes in ASIR by
PLC subtype were observed for cases of LCHB among males and females in the UK and for
cases of LCNASH among males and females in Canada, both of which tripled. From 1990 to
2019, the lowest percent change was observed in Mongolian males for cases of LCHB and

LCHC, which showed a modest increase of roughly 5-10%.

Figure 1: Longitudinal time trends of PLC incidence rates
For each country, male and female ASIR and CIR estimates are plotted over time, from
1990 to 2019. Supplementing the book-end analysis in Table 2, Figure 1 illustrates how CIR and

ASIR trends evolve yearly. The highest PLC disease burden magnitudes are among Mongolian



males and females, followed by males from Canada and the UK. Canadian and UK populations
generally display a monotonal increase over time, with few variations from the overall trend.
The UK does exhibit a plateauing of ASIR across both male and female populations. Similarly,
Canadian males and females showed a slight decrease in upward trajectory around 2005, only to
recover the overall upward trend. Interestingly, both male and female populations in Mongolia
show a persistent upwards trajectory in ASIR, followed by plateauing by 2010 and slight
retraction by 2019. Additionally, with CIR estimates larger in magnitude than the corresponding
ASIR estimates in the UK and Canada, there appears to be some degree of confounding brought
on by intrinsic differences within age structures amongst male and female populations of those

countries.

Figure 2: Net drifts and local drifts effects on incidence rates of different age groups

Overall, all evaluated male and female populations experienced statistically significant
increasing PLC burden, as suggested by point estimates of net drift, the overall annual
percentage change of all age groups across the 30 years (Figure 2, Table 3), and the
corresponding 95% confidence intervals. In terms of greatest disparity between male and female
populations within the same country, Mongolian females, 2.20 (1.12, 3.30), experienced roughly
twice the increase in disease burden as their male counterparts, 0.92 (0.08, 1.76), though the
difference isn’t formally statistically significant (Table 3). Conversely, Canadian and UK male
and female populations saw roughly similar overall increases in disease burden (Table 3).

Using a Wald chi-squared test for heterogeneity, each calculated net drift estimate was
subjected to formal hypothesis testing. The “Net Drift = 0” test tested the validity of the null

hypothesis that each estimated net drift value was the same as zero, statistically speaking.
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Conversely, the alternate hypothesis was that each estimated net drift value showed to be
statistically different from zero. The resulting p-values shown in Table 3 were all less than alpha
of 0.05, indicating rejection of the null in favor of the alternate hypothesis that each net drift
estimate is different from zero. All populations evaluated had net drift estimates that were
statistically different from zero, indicating increases in PLC disease burden over the 30 years.

In terms of local drift, the estimator of age-specific annual percentage change, there is a
high degree of overlap between male and female estimates (Figure 2). When examining if all
local drifts are statistically different from the static net drift value with a Wald chi-squared test
for heterogeneity, resulting p-values suggest a failure to reject the null hypothesis (Table 3).
This indicates that local drift estimates are not statistically different from estimates of the net
drift. Interestingly, Mongolian females had a p-value of roughly 0.10, suggesting an emerging
informal difference between respective net and local drifts. All other populations had a very
large p-value, indicating high agreement with the null hypothesis. Canadian males had a p-value
of 0.33, representing the second-lowest p-value observed, suggesting a lesser degree of
separation between local and net drifts than the Mongolian female population (Table 3).

Figure 3: Period effects on PLC incidence

The period effect reflects variation in risk estimates under specific calendar years that
affects all age groups relative to the rate ratio present during the 2000-2004 period. When
considering the complete period effect profile, UK and Canadian populations are roughly
consistent across males and females, with a statistically significant upwards trend shown after the
reference period (Figure 3). Male and female populations in Mongolia show similar profiles in
period effect to Canada and the UK, although a more informal separation exists between

Mongolian males and females (Figure 3). For all three countries, there exists a protective period
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effect relative to the PLC rate ratio between 1990 and 1999 and an increasing disease burden
associated with the years between 2005 and 2019.

Similarly, with other facets of the APC model, a Wald chi-squared test for heterogeneity
was applied to determine if the estimated period rate ratios differed from RR=1. Table 3 depicts
the Wald chi-squared test statistic, degrees of freedom, and corresponding p-value. All
populations examined had p-values smaller than alpha, suggesting a rejection of the null
hypothesis that all period rate ratios equal one. This result confirms a statistically significant

difference between a rate ratio of no change and period effects on PLC incidence observed.

Figure 4: Cohort effects on PLC incidence

The cohort effect reflects the overall observed PLC risk for individuals belonging to the
same birth year. All populations except for Mongolian males show highly similar, upwards
linear trends across the range of cohort birth years when observed on a logarithmic scale (Figure
4). Relative to the reference cohort born in 1955, more senior cohorts show lowered rate ratio,
while cohorts born after show increasing rate ratios of incident PLC. Mongolian males,
however, show cohort effects that are much closer to the null rate ratio (ex: RR=1).
When applying the Wald chi-squared test for heterogeneity, all populations show statistically
significant differences between observed cohort PLC rate ratios and the null rate ratio, even

among Mongolian males, despite their closer visual proximity with the null (Table 3).

Discussion
This study evaluates the incidence of primary liver cancer in Canada, the United

Kingdom, and Mongolia using non-parametric ASIR methods and parametric models to separate
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longitudinal time trends and age, period, and cohort effects. Previous work has estimated the
global PLC burden from 1990 to 2019 [?%, revealing that total ASIR trends continually
decreased, likely resulting from successful public health interventions in China and Southeast
Asia 30311 At the same time, interestingly, global mortality counts for all four PLC subtypes
increased, possibly due to population growth and aging [2°1. Despite overall declines in global
counts, much public health work remains. This study suggests substantial resiliency in
historically disease-burdened populations, increasing disease burden, and shifting etiology in
formerly low-risk countries. To mitigate these trends, data-driven public health interventions
will be required to help limit future PLC burdens.

Incident PLC burden was not equal across male and female populations in Canada,
Mongolia, and the UK, much in line with previous studies [33-31. This study found that males
have at least twice the risk of incident PLC than their female counterparts. Interestingly, males
and females tended to show mirrored longitudinal ASIR profiles. Sex-specific hormones [3]
immune responses, more significant accumulations of risk factors exposure histories to behaviors
such as drinking and smoking in males [36-31 can explain this resilient global difference in PLC
burden between sexes over time. Increased rates among female populations are fueled by
shifting proportions in underlying disease etiology prevalence. In Canada and the UK, countries
at historically low risk for PLC, females have increased ASIR rates due to LCHC and LCAL. In
Mongolia, females experienced a more significant risk from LCNASH than their male
counterparts. Within UK females, chronic hepatitis C infection produced the largest percent
increase in ASIR estimates from 1990 to 2019. All populations evaluated showed positive net
drift estimates indicating a statistically significant increase in incident PLC, with Canada and the

UK showing the largest increases.
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Interestingly, Mongolian females had a net drift that was much greater than their male
counterparts, representing the most significant male-female disparity observed in this study. In
terms of period and cohort effects, male and female populations in Canada and the UK showed
the most significant increases, consistent with studies showing increases in ASIR rates in
formerly low-risk countries across Europe, North America, and Australia 3% 4%, Furthermore,
females in the UK demonstrated increases in ASIR due to LCNASH, which has also been
reported previously #1421,

In theory, primary liver cancer incidence is a prime target for public health intervention
as its development and onset is associated with largely preventable risk factors. Control of
incident PLC would reduce the prevalence of one of the fastest-rising causes of cancer-related
deaths worldwide 31 and help to reduce overall cancer burden. In practice, however, the actual
surveillance and management of incidence PLC represents a significant public health challenge.
Clinical progression is often asymptomatic, underlying etiology varying, and life-saving
treatment options are limited if diagnosed outside of early stages. Factors promoting chronic
liver inflammation, such as chronic HBV infections and associated genomic instability, chronic
HBV infection, heavy alcohol use, and tobacco use [3¢] all have associated challenges in
managing rates over a national population.

The risk of new HBV infections can be negated by a 3-dose vaccination regimen for
neonates [** 41 while current infections in older individuals can only be alleviated, not cured, by
antiviral medication. There are no vaccinations available for HCV infection, although infections
can be treated with direct-acting antivirals that can cure over 90% of chronic carriers 1. Unsafe
need usage and blood transfusions represent another route that facilitates HCV spread [61,

Reducing heavy alcohol and tobacco usage is also challenging from a public health perspective,

14



as individuals would need to be receptive of and willing to change long term behaviors from a
public health awareness campaign to make a meaningful impact. Quitting is most complicated
by the addictive qualities of nicotine and alcohol. Previous work has shown that study
participants with thirty years or more of drinking exposure had an increased cancer risk odds
ratio compared to those with less than thirty years of exposure “7]. Normalized social drinking,
alcohol dependence and addictions, and long latency between exposure accumulation and disease
onset all represent significant hurdles to build overall public urgency and reduce harmful alcohol
consumption. Lastly, to combat increases in NASH prevalence within a population, only long-
term behavioral changes, such as reducing cholesterol intake, maintaining a healthy weight,
control of diabetes, and regular exercise, are available to help manage conditions and reduce
chances of further complications [,

Compounding the above issues is unequal coverage of healthcare across countries
struggling to manage with incident PLC burdens and shifting etiologies. Transitioned countries
such as Canada and the UK, while historically having the lowest PLC burden, have the greatest
available healthcare resources to devote to reducing disease burden. Mongolia, and other
similar transitioning countries, have historically experienced highest rates of PLC burden [+
with fewer public health resources available manage and intervene.

In fact, there is an interesting case-study to be made that compares the public health
interventions and measurable outcomes in terms of disease incidence. China and Mongolia have
had decades of high PLC burden, largely coming from chronic HBV infections [°%. Over the 30-
year period from 1990 to 2019, other studies have documented China’s drastic reduction in
overall PLC incidence, thanks largely to aggressive and widespread public health campaigns

directed towards vaccination 1. A series of programs, such as free-of-charge HBV vaccinations
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for all neonates and young children aged 8-15 51521 without previous HBV exposure, have
helped to reduce prevalence of chronic liver inflammation and drive down overall PLC burden
over time in China. Despite a national HBV vaccination program for newborns in place since
1991, Mongolia, however, has been unable to see a similar decrease in disease burden decades
after implementation of these programs, as neighboring China was. This discrepancy is likely
due to limited coverage of HBV vaccinations, varied program adoption and adherence, and
uneven access to healthcare across Mongolian populations.

Conversely, most countries in North America and Europe have experienced low levels of
PLC burden historically but have now observed increased rates in recent years [31. 4%, This study
confirms previous work, finding increasing ASIR trends and age, period, and cohort effects
associated with both males and females from Canada and the UK. This phenomenon is likely
due to changing prevalence of etiological factors such as harmful alcohol consumption, excess
body weight, and diabetes. Within formerly low-risk countries, such as the US, diverging trends
have been reported for PLC in rural and urban settings, with rates slowing in urban settings and
increasing across rural America [1%, In addition, variation in disease distribution is likely when
evaluating racial groups. A study looking at HBV and HCV infection prevalence among
Mongolian-born individuals living in Washington DC reported that nearly 13% had chronic
HBV, HCV infection, or both [331, which is lower than prevalence estimates in Mongolia of 19%
and higher than general US estimates [*4l. These studies expose differential distribution of PLC
risk factors and disease burden across racial and geographic groups and highlight the need to
commit resources to sub-populations otherwise hidden or marginalized by overall national

burden trends.
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There are several limitations to consider in this study. First, as a secondary analysis
relying on GBD data over a 30-year observation period, this study is subject to the same
accuracy and robustness issues as the GBD data itself, namely the accuracy and integrity of
extrapolated incidence counts to the country which reported them. For example, the ability to
diagnose disease with high sensitivity and specificity directly impacts reported estimates.
Second, the GBD database reports incident PLC due to either HBV, HCV, alcohol, NASH, or
other factors. While this covers the most common causes of PLC, the level of granularity for
more regionally specific causal factors may be lost at the expense of a standardized global
codebook. For example, the other category refers to other causes such as tobacco use, exposure
to dietary aflatoxin b1, or liver flukes. Lastly, this study evaluates the PLC burden across the
three decades prior to the SARS-CoV-2 pandemic, which abruptly changed the accessibility and

functionality of healthcare systems globally.

Conclusions

Liver cancer remains a globally important public health issue, but its effective control is
complicated by uneven, and oftentimes shifting disease etiology and burden. Thankfully, there
exist effective public health tools to reduce prevalence of the major causes of liver cancer,
although decades are required to observe any positive effects on incidence PLC. Through
effective vaccination programs, chronic HBV infections can be avoided. By utilizing direct-
acting antivirals and implementing safe blood transfusion and needle sharing programs, HCV
infections can be minimized. Harmful alcohol and poor dietary behaviors can be addressed
through public awareness campaigns, although challenges remain. Together, incidence liver
cancer can be a largely avoided, thereby reducing one of the leading causes of cancer-related

deaths globally. Results from this study highlight countries attempting to manage PLC incidence
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from opposite ends of the burden spectrum and identifies etiological targets for public health
intervention. Going forward, cost-effective, and nuanced prevention strategies are needed as

future cancer burdens are expected to increase in the coming decade.
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Table 1: Incidence of primary liver cancer in Canada, Mongolia, and the UK, from 1990 to 2019

Population (millions)

Percent of global population (%)

PLC incidence

30-year change (%)

Characteristics 1990 2019 1990 2019 1990 2019
United Kingdom
Males 27.9(26.1,29.7) 33.3(29.9, 36.6) 1.04 (0.99, 1.08) 0.86 (0.80, 0.91)

ASIR (per 100k)

Incidence count
Females

ASIR (per 100k)

Incidence count

29.6 (27.7, 31.5)

34.0 (30.6, 37.3)

1.11 (1.07, 1.16)

0.88 (0.82, 0.94)

3.42 (3.39, 3.44)
900 (850, 950)

1.63 (1.62, 1.64)
520 (491, 550)

7.95 (6.68, 9.39)
2,921 (2,218, 3,781)

3.68 (3.17, 4.26)
1,466 (1,144, 1,850)

2325 (197.1, 273.0)
324.5 (260.9, 398.0)

225.8 (195.7, 259.8)
281.9 (233.0, 336.4)

Canada
Males
ASIR (per 100k)
Incidence count
Females
ASIR (per 100k)
Incidence count

13.5 (12.4, 14.5)

13.8 (12.8, 14.9)

18.0 (19.5, 16.4)

18.6 (16.9, 20.1)

0.5 (0.47, 0.53)

0.52 (0.49, 0.55)

0.46 (0.44, 0.49)

0.48 (0.45, 0.50)

3.82 (3.59, 4.08)
387 (336, 446)

1.46 (1.31, 1.63)
173 (144, 207)

8.45 (5.89, 11.54)
1,745 (1,125, 2,559)

3.36 (2.34, 4.69)
747 (481, 1,120)

221.2 (164.1, 282.8)
450.9 (334.8, 573.8)

230.1 (178.6, 287.7)
431.8 (334.0, 541.1)

Mongolia
Males
ASIR (per 100k)
Incidence count
Females
ASIR (per 100k)
Incidence count

1.07 (1.00, 1.16)

1.08 (1.00, 1.16)

1.67 (1.47,1.87)

1.72 (151, 1.92)

0.040 (0.038, 0.042) 0.043 (0.039, 0.047)

0.041 (0.038, 0.043) 0.045 (0.040, 0.048)

129.02 (87.27, 180.67)
444 (276, 676)

50.92 (32.29, 75.01)
198 (116, 315)

162 (111.04, 223.45)
1,265 (738, 2,004)

93.84 (64.06, 129.16)
816 (485, 1,272)

125.6 (127.2, 123.7)
284.9 (267.4, 294.5)

184.3 (172.2, 198.4)
412.1 (403.8, 418.1)

Footnote: Age-Standardized Incidence Rates (ASIR) were calculated for 5-year age-groupings, from 15-79, using the Global Burden of Disease (GBD) database, the direct standardization method, and
either the 1990 or 2019 GBD 'Both Sex' standard populations. Percent 30-year change was calculated by dividing point estimates for 1990 ASIR values by 2019 values. All single values represent point
estimates, with adjacent ranges corresponding to lower and upper 95% confidence intervals estimates. Incidence counts reflect raw incidence count data from GBD. Subtype abbreviations are as follows:
LCHB-= Liver Cancer from Hepatitis B virus, LCHC= Liver Cancer from Hepatitis C virus, LCAL= Liver Cancer from Alcohol, and LCNASH =Liver Cancer from Non-Alcoholic Steatohepatitis.
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Table 2: Incidence of primary liver cancer subtype in Canada, Mongolia, and the UK, from 1990 to 2019

LCHB incidence

LCHC incidence

LCAL incidence

LCNASH incidence

Characteristics 1990 2019 1990 2019 1990 2019 1990 2019
United Kingdom
Males
ASIR (per 100k) 0.6 (0.46, 0.75) 1.84 (1.3, 2.46) 0.83(0.67, 1) 1.88(1.41, 2.44) 1.72(1.51,1.91) 3.98 (3.14, 4.89) 0.14 (0.11, 0.17) 0.37(0.27,0.48)
Incidence count 161(133, 193) 554 (400, 727) 279 (239, 324) 1,100 (833, 1435) 519 (463, 572) 1,880 (1428, 2423) 44 (37, 53) 197 (146, 260)
(%) PLC incidence 18 (13, 22) 23 (19, 26) 24 (19, 30) 24 (21, 26) 50 (44, 56) 50 (47, 52) 4(3,5) 5(4,5)

Females
ASIR (per 100k)
Incidence count
(%) PLC incidence

0.25 (0.19, 0.32)
85 (71, 102)
15 (12, 20)

0.74 (0.52, 0.99)
250 (181, 329)
20 (17, 23)

0.77 (0.68, 0.86)
391 (352, 426)
47 (41, 53)

1.71 (1.38, 2.04)
1,241 (987, 1539)
46 (43, 48)

0.33(0.26, 0.41)
135 (114, 158)
20 (16, 25)

0.75 (0.56, 0.97)
416 (313, 540)
20 (18, 23)

0.14 (0.11, 0.17)
68 (57, 81)
9(7,11)

0.38 (0.29, 0.49)
255 (193, 335)
10 (9, 12)

Canada
Males
ASIR (per 100k)

0.36 (0.19, 0.6)

0.72 (0.33, 1.36)

0.39 (0.21, 0.64)

0.88 (0.42, 1.58)

2.69 (2.26, 3.04)

5.9 (3.97, 8.25)

0.22 (0.13, 0.36)

0.63 (0.32, 1.11)

Incidence count 39 (27, 57) 154 (244, 92) 46 (28, 69) 242 (140, 390) 299 (264, 332) 1,432 (1013, 1901) 27 (18, 40) 173 (105, 272)

(%) PLC incidence 9 (5, 15) 8(6,12) 10 (6, 16) 10 (7, 14) 70 (63, 74) 70 (67, 71) 6(4,9) 7(5,10)
Females

ASIR (per 100k) 0.13(0.07,0.21) 0.25 (0.12, 0.46) 0.44 (0.27,0.61) 1(0.55, 1.61) 0.5(0.32, 0.69) 1.09 (0.6, 1.75) 0.24 (0.15, 0.36) 0.65 (0.36, 1.09)

Incidence count 17 (11, 24) 61 (37, 96) 70 (51, 90) 336 (220, 478) 71 (52, 91) 310 (197, 444) 40 (29, 55) 221 (145, 324)

(%) PLC incidence 9 (5, 13) 7 (5, 10) 30 (21, 37) 30 (23, 34) 17 (12, 20) 22 (17, 27) 16 (11, 22) 19 (15, 23)

Mongolia

Males
ASIR (per 100k)
Incidence count
(%) PLC incidence

Females
ASIR (per 100k)
Incidence count
(%) PLC incidence

50.6 (27.86, 81.37)
185 (128, 259)
39 (32, 45)

13.05 (6.29, 23.13)
54 (34, 81)
26 (19, 31)

55.9 (30.3, 90.27)
506 (325, 751)
35 (27, 40)

20.29 (10.37, 34.08)
209 (133, 311)
22 (16, 26)

29.76 (15.13, 50.44)
106 (66, 161)
23 (17, 28)

23 (12.74, 36.77)
99 (68, 138)
45 (39, 49)

31.2 (16.09, 51.63)
256 (151, 388)
19 (14, 23)

39.43 (23.03, 58.63)
401 (271, 545)
42 (36, 45)

41.21 (21.99, 66.6)
144 (90, 205)
32 (25,37)

8.45 (3.98, 15)
35 (20, 55)
17 (12, 20)

64.82 (37.2, 98.85)
517 (337, 747)
40 (33, 44)

20.72 (10.64, 34.48)
197 (118, 303)
22 (17,27)

458 (2.27,8.27)
17 (10, 26)
4(3,5)

3.81 (1.85, 6.93)
17 (10, 26)
7(6,9)

6.74 (3.49, 11.54)
56 (34, 87)
4(3,5)

8.74 (4.72, 14.76)
90 (138, 58)
9(7,11)

Footnote: Age-Standardized Incidence Rates (ASIR) were calculated for 5-year age-groupings, from 15-79, using the Global Burden of Disease (GBD) database, the direct standardization method, and either the 1990 or

2019 GBD 'Both Sex' standard populations. The (%) PLC incidence results are calculated as the proportion of ASIR by PLC subtype to the total PLC ASIR value. All single values represent point estimates, with adjacent ranges
corresponding to lower and upper 95% confidence intervals estimates. Incidence counts reflect raw incidence count data from GBD. Subtype abbreviations are as follows: LCHB= Liver Cancer from Hepatitis B virus, LCHC=
Liver Cancer from Hepatitis C virus, LCAL= Liver Cancer from alcohol consumption, and LCNASH =Liver Cancer from Non-Alcoholic Steatohepatitis.
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Table 3: Summary of net drift estimates and Wald chi-squared tests for heterogeneity across APC functions

Point estimate (95% CI) Wald xz test statistic df P-value
United Kingdom
Males
Net drift (% / year) 3.80 (3.27,4.32)
Net drift=0 206.85 1 6.68E-47 *
All local drifts = net drift] 5.02 13 0.97
All period RR =1 232.41 5 3.25E-48 *
All cohortRR =1 846.86 17 4.67E-169 *
Females
Net drift (% / year) 3.47(2.77,4.17)
Netdrift=0 96.30 1 9.86E-23 *
All local drifts = net drift] 6.61 13 0.92
All period RR =1 110.71 5 2.89E-22 *
All cohort RR = 1 440.08 17 7.50E-83 *
Canada
Males
Net drift (% / year) 2.89 (2.17,3.62)
Net drift=0 62.80 1 2.29E-15 *
All'local drifts = net drift] 14.65 13 0.33
All period RR =1 73.87 5 1.60E-14 *
All cohortRR =1 272.31 17 5.63E-48 *
Females
Net drift (% / year) 3.63 (2.63, 4.63)
Netdrift=0 52.15 1 5.13E-13 *
All local drifts = net drift] 1.47 13 1.00
All period RR =1 60.96 5 7.70E-12 *
All cohort RR = 1 164.15 17 4.03E-26 *
Mongolia
Males
Net drift (% / year) 0.92 (0.08, 1.76)
Net drift=0 4.65 1 3.11E-02 *
All local drifts = net drift] 6.07 13 0.94
All period RR =1 16.08 5 6.61E-03 *
All cohortRR =1 33.03 17 1.12E-02 *
Females
Net drift (% / year) 2.20 (1.12, 3.30)
Net drift=0 16.19 1 5.72E-05 *
All local drifts = net drif] 19.99 13 0.10
All period RR =1 41.01 5 9.34E-08 *
All cohort RR = 1 144.00 17 3.63E-22 *

* denotes statistical significance (alpha = 0.05)

Footnote: Net drift is a single point estimate of the annualized percentage change of the age-standardized incidence rate

over the 30-year observation period. Local drift, conversely, is the estimated annual change per year specific to an age group.
The remaining features represent several null hypotheses and results associated with key Wald tests for heterogeneity generated
the APC webtool.
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Figure 1: Crude incidence rates and age-standardized incidence rates in Canada,
Mongola, and the UK, from 1990 to 2019
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Footnote: Age-Standardized Incidence Rates (ASIR) were calculated for 5-year
age-groupings, from 15-79, using the Global Burden of Disease (GBD) database,
the direct standardization method, and either the 1990 or 2019 GBD 'Both Sex' standard

populations. All single values represent point estimates.
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Figure 2: Net and local drift estimates of incident primary liver cancer by country and sex
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Footnote: Results generated using GBD PLC incidence and population data from 1990 to 2019,
and the APC webtool (NIH Division of Cancer Epidemiology & Genetics). Error bars represent
upper and lower estimates for 95% confidence intervals.
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Figure 3: Estimated period effects of primary liver cancer incidence by sex in Canada,

Mongolia, and the UK, from 1990 to 2019
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Footnote: Results generated using GBD PLC incidence and population data from 1990 to

2019, and the APC webtool (NIH Division of Cancer Epidemiology & Genetics). Error
bars represent upper and lower estimates for 95% confidence intervals.
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Figure 4: Estimated cohort effects of primary liver cancer incidence by sex in Canada,

Mongolia, and the UK, from 1990 to 2019
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Footnote: Results generated using GBD PLC incidence and population data from 1990 to
2019, and the APC webtool (NIH Division of Cancer Epidemiology & Genetics). Error
bars represent upper and lower estimates for 95% confidence intervals.

25



References

1.

10.

11.

Adami, Hans-Olov, Hunter DJ, Lagiou P, and Mucci LA. Textbook of Cancer
Epidemiology. 2018. Print.

International Agency for Research on Cancer: Cancer Today. Accessed 2022.
https://gco.iarc.fr/today/onlineanalysistable?v=2020&mode=cancer&mode_population=c
ontinents&population=900&populations=900&key=asr&sex=0&cancer=39&type=0&sta
tistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&agesgroup%5B
%5D=17&group_cancer=1&include_nmsc=0&include_nmsc_other=1

SEER. Cancer Stat facts: liver and intrahepatic bile duct cancer.
https://seer.cancer.gov/statfacts/html/livibd.html

Yang JD,Hainaut P, Gores GJ, Amadou A, Plymoth A,Roberts LR,A global view of
hepatocellular carcinoma: trends, risk, prevention and management, Nat. Rev.
Gastroenterol. Hepatol. 16 (10) (2019) 589-604.

Llovet JM, De Baere T, Kulik L et al. Locoregional therapies in the era of molecular and
immune treatments for hepatocellular carcinoma. Nat Rev Gastroenterol
Hepatol 18, 293-313 (2021). https://doi.org/10.1038/s41575-020-00395-0

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin
DM, Forman D, Bray F, GLOBOCAN 2012 v1.0, Cancer Incidence and Mortalilty
Worldwide: IARC CancerBase No. 11 [Internet]. Lyon, France: International Agency for
Research on Cancer; 2013. Available from: http://globocan.iarc.fr, accessed 2017.

Zhang XF, Liu XM, Wei T, Liu C, Li MX, Long ZD, Lv Y. Clinical characteristics and
outcome of hepatocellular carcinoma in children and adolescents. Pediatr Surg Int 2013;
29:763-70.

Hung GY, Horng JL, Yen HJ, Lee CY, Lin LY. Changing incidence patterns of
hepatocellular carcinoma among age groups in Taiwan. J Hepatol 2015; 63:1390-6.

McGlynn KA, Tsao L, Hsing AW, Devesa SS, Fraumani Jr. JF, International trends and
patterns of primary liver cancer. IntJ Cancer 2001; 94:290-6.

Zhou K, Gainey CS, Dodge JL, Setiawan VW, Liu L, Cockburn MG, Terrault NA.
Diverging Incidence Trends for Hepatocellular Carcinoma in Rural and Urban Settings in
the United States. Clin Gastroenterol Hepatol.2021 Aug 27:51542-3565(21)00912-5. doi:
10.1016/j.cgh.2021.08.032. Epub ahead of print. PMID: 34461301

Ni HR, Zhou J, et al., Analysis of the relationship between the degree of dysbiosis in gut
microbiota and prognosis at different stages of primary hepatocellular carcinoma, J
Frontiers in microbiology 10 (2019) 1458.

26



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ren Z, Li A, Jiang J, et al., Gut microbiome analysis as a tool towards targeted non-
invasive biomarkers for early hepatocellular carcinoma, Gut 68 (6) (2018) 1014-1023.

D'souza S, Lau KC, Coffin CS, Patel TR. Molecular mechanisms of viral hepatitis
induced hepatocellular carcinoma. World J Gastroenterol. 2020 Oct 14;26(38):5759-
5783. doi: 10.3748/wjg.v26.i38.5759. PMID: 33132633; PMCID: PMC7579760.

Chang ML. Metabolic alterations and hepatitis C: From bench to bedside. World J
Gastroenterol 2016; 22: 1461-1476 [PMID: 26819514 DOI: 10.3748/wjg.v22.i4.1461]

Bartsch H, Nair J. Chronic inflammation and oxidative stress in the genesis and
perpetuation of cancer: role of lipid peroxidation, DNA damage, and repair. Langenbecks
Arch Surg 2006; 391: 499-510 [PMID: 16909291DO0I:10.1007/s00423-006-0073-1]

Yu MW, Hsu FC, Sheen IS, et al. Prospective study of hepatocellular carcinoma and liver
cirrhosis in asymptomatic hepatitis B virus. Am JEpidemiol 1997; 145:1039-47.

Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis of
cancer incidence and mortality rates. Cancer Epidemiol Biomarkers Prev. 2014
Nov;23(11):2296-302. doi: 10.1158/1055-9965.EP1-14-0300. Epub 2014 Aug 21. PMID:
25146089; PMCID: PMC4221491.

Anderson WF, Rosenberg PS, Menashe I, Mitani I, Pfeiffer RM. Age- related crossover
in breast cancer incidence rates between black and white ethnic groups. J Natl Cancer
Inst 2008; 100:11.

Speaks C, McGlynn KA, Cook MB. Significant calendar period devia- tions in testicular
germ cell tumors indicate that postnatal exposures are etiologically relevant. Cancer
Causes Control 2012; 23:1593-8.

Yang HP, Anderson WF, Rosenberg PS, Trabert B, Gierach GL, Wentzensen N, et al.
Ovarian cancer incidence trends in relation to changing patterns of menopausal hormone
therapy use in the United States. J Clin Oncol 2013; 31:2146-51.

Ma J, Siegel R, Jemal A. Pancreatic cancer death rates by race among US men and
women, 1970-2009. J Natl Cancer Inst 2013; 105:1694—700.

Rosenberg PS, Wilson KL, Anderson WF. Are incidence rates of adult leukemia in the
United States significantly associated with birth cohort? Cancer Epidemiol Biomarkers
Prev 2012; 21:2159-66.

International Agency for Research on Cancer. Cancer today. Estimated age-standardized

rates (world) of incident cases, both sexes, liver cancer, worldwide in 2012. 2018. http://
gco.iarc.fr/today/online-analysis-map/. Accessed February 18, 2018.

27



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lancet Global Burden of Disease Resource Center. https://www.thelancet.com/ghd.
Accessed 2020.

Akinyemiju T, Abera S, Ahmed M, Alam N, Alemayohu MA, Allen C, et al. The Burden
of Primary Liver Cancer and Underlying Etiologies From 1990 to 2015 at the Global,
Regional, and National Level: Results From the Global Burden of Disease Study 2015.
JAMA Oncol 2017; 3: 1683-1691. doi: 10.1001/jamaoncol.2017.3055.

Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and injuries for 195 countries
and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet 2018; 392: 1789-1858. doi: 10.1016/S0140-6736(18)32279-7.

Global Burden of Disease Cancer Collaboration. Global, Regional, and National Cancer
Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and Disability-
Adjusted Life-Years for 29 Cancer Groups, 1990 to 2017: A Systematic Analysis for the
Global Burden of Disease Study. JAMA Oncol. Published online September 27, 2019.
doi:10.1001/jamaoncol.2019.2996

Canadian Cancer Registry: Detailed information for 2018. Accessed 2022.
https://lwww?23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3207

Yang J, Pan G, Guan L, Liu Z, Wu Y, Liu Z, Lu W, Li S, Xu H, Ouyang G. The burden
of primary liver cancer caused by specific etiologies from 1990 to 2019 at the global,
regional, and national levels. Cancer Med. 2022 Mar;11(5):1357-1370. doi:
10.1002/cam4.4530. Epub 2022 Jan 6. PMID: 34989144; PMCID: PMC8894689.

Arnold M, Abnet CC, Neale RE, et al. Global burden of 5 major types of gas-
trointestinal cancer. Gastroenterology. 2020;159:335-349.e15.

Petrick JL, Florio AA, Znaor A, et al. International trends in hepatocellular carcinoma
incidence, 1978-2012. Int J Cancer. 2020;147:317-330.

Massarweh NN, El-Serag HB. Epidemiology of Hepatocellular Carcinoma and
Intrahepatic Cholangiocarcinoma. Cancer Control. 2017 Jul-
Sep;24(3):1073274817729245. doi: 10.1177/1073274817729245. PMID: 28975830;
PMCID: PMC5937247.

White DL, Thrift AP, Kanwal F, Davila J, EI-Serag HB. Incidence of hepatocellular
carcinoma in all 50 United States, from 2000 through 2012. Gastroenterology.
2017;152(4):812-820.

McGlynn KA, Petrick JL, EI-Serag HB. Epidemiology of hepato- cellular carcinoma.
Hepatology. 2021;73(S1):4-13.

28



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Montella M, D’Arena G, Crispo A, Capunzo M, Nocerino F, Grimaldi M et al. Role of
sex hormones in the development and progression of hepatitis B virus-associated
hepatocellular carcinoma. Int J Endocrinology 2015; 2015:854530.

Thomas London W, Petrick JL, McGlynn KA. Liver cancer. In: Thun M, Linet MS,
Cerhan JR, Haiman CA, Schottenfeld D, eds. Cancer Epidemiology and Prevention. 4th
ed. Oxford University Press; 2018:635-660.

El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma.
Gastroenterology. 2012;142(6):pp. 1264—73el.

McGlynn KA, Petrick JL, London WT. Global epidemiology of hepatocellular
carcinoma: an emphasis on demographic and regional variability. Clin Liver Dis.
2015;19(2):223-238.

Cox AL, El-Sayed MH, Kao JH, et al. Progress towards elimination goals for viral
hepatitis. Nat Rev Gastroenterol Hepatol. 2020; 17:533-542.

Florio A, Ferlay J, Znaor A, et al. Global trends in intrahepatic and ex- trahepatic
cholangiocarcinoma incidence from 1993 to 2012. Cancer. 2020; 126:2666-2678.

Pifiero F, Pages J, Marciano S, et al. Fatty liver disease, an emerging etiology of
hepatocellular carcinoma in Argentina. World J Hepatol. 2018;10(1):41-50.

Mittal S, EI-Serag HB. Epidemiology of hepatocellular car- cinoma: consider the
population. J Clin Gastroenterol. 2013;47(Suppl. 1):S2-S6.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016;66(1):7-
30.

Liu Z, Shi O, Zhang T, Jin L, Chen X. Disease burden of viral hepatitis A, B, C and E: a
systematic analysis. J Viral Hepatitis. 2020;27(12):1284-1296.

World Health Organization (WHO). Hepatitis B 3rd dose (HepB3) immuni- zation
coverage. Accessed October 28, 2020. who.int/gho/immunization/hepat itis/en/

Heffernan A, Cooke GS, Nayagam S, Thursz M, Hallett TB. Scaling up prevention and
treatment towards the elimination of hepatitis C: a global mathematical model. Lancet
(London, England). 2019;393(10178):1319-1329.

He F, Sha Y, Wang B. Relationship between alcohol consumption and the risks of liver
cancer, esophageal cancer, and gastric cancer in China: Meta-analysis based on case-
control studies. Medicine (Baltimore). 2021 Aug 20 ;100(33): €26982.d0i:10.1097/
MD.0000000000026982. PMID: 34414976; PMCID: PMC8376346.

29



48.

49.

50.

51.

52.

53.

54,

Treatent for NASH. Accessed 2022. https://stanfordhealthcare.org/medical-
conditions/liver-kidneys-and-urinary-system/nonalcoholic-steatohepatitis-
nash/treatments.html

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2018 Nov;68(6):394-424. doi:
10.3322/caac.21492. Epub 2018 Sep 12. Erratum in: CA Cancer J Clin. 2020
Jul;70(4):313. PMID: 30207593.

Liu Z, Mao X, Jiang Y, et al. Changing trends in the disease burden of primary liver
cancer caused by specific etiologies in China. Cancer Med. 2019;8(12):5787-5799.

LinL, Yan L, LiuY, Qu C, NiJ, Li H. The burden and trends of primary liver cancer
caused by specific etiologies from 1990 to 2017 at the global, regional, national, age, and
sex level results from the Global Burden of Disease Study 2017. Liver Cancer.
2020;9(5):563-582.

Liu Z, Mao X, Jiang Y, et al. Changing trends in the disease burden of primary liver
cancer caused by specific etiologies in China. Cancer Med. 2019;8(12):5787-5799.

Ha E, Kim F, Blanchard J, Juon HS. Prevalence of Chronic Hepatitis B and C Infection in
Mongolian Immigrants in the Washington, District of Columbia, Metropolitan Area,
2016-2017. Prev Chronic Dis 2019; 16:180104. DOI:
https://doi.org/10.5888/pcd16.180104.

Dashtseren B, Bungert A, Bat-Ulzii P, Enkhbat M, Lkhagva- Ochir O, Jargalsaikhan G,

et al. Endemic prevalence of hepatitis B and C in Mongolia: a nationwide survey amongst
Mongolian adults. J Viral Hepat 2017;24(9):759-67.

30



	ABSTRACT OF THE THESIS
	Committee Page
	Table of Contents
	List of Figures
	List of Tables
	List of Acronyms
	Introduction
	Data Sources and Methods
	Results
	Discussion
	Conclusions
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References



