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Abstract

Hepatitis B infection (HBV) is one of the most common causes of hepatocellular carcinoma (HCC) worldwide. The
age of occurrence, prognosis and incidence vary dramatically depending on the region of the world. This
geographic variation is largely dependent on the contrasting incidence of HBV, age of transmission of the virus, the
timing of integration into the human genome, and different HBV genotypes, as well as environmental factors. It
results in a wide difference in viral interaction with the immune system, genomic modulation and the consequent
development of HCC in an individual. In this review, we describe many factors implicated in HCC development,
provide insight regarding at-risk populations and explain societal recommendations for HCC surveillance in
persons living with HBV in different continents of the world.
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INTRODUCTION

Hepatocellular carcinoma (HCC) remains the most common primary liver malignancy and the third
leading cause of cancer-related death worldwide'. Its distribution varies geographically and is dependent on
the etiology of underlying liver disease. Non-alcoholic fatty liver disease (NAFLD) and alcohol-related liver
disease are primary etiological factors in Western countries whereas hepatitis B infection (HBV) is the
predominant culprit in Asia and Africa®*.

The role of HBV in the development of HCC is undisputed. Although the presence of cirrhosis is a major
risk factor for development of HCC in patients with HBV, the tumor may also occur in the absence of
advanced fibrosis. This particular feature of the virus to be a carcinogen per se is mainly attributed to the
ability of the HBV DNA to integrate into the host cellular genome, thus inducing genetic damage among

5,6]

other factors!

According to the 2016 Polaris Observatory Study, the worldwide prevalence of chronic HBV is about 290
million”. This prevalence differs widely from one continent to the next, with 80% of the global burden
represented by the African, Western Pacific, and Southeast Asia regions'. Furthermore, although the
development of HCC may occur in up to a quarter of these patients, the incidence of HBV-related HCC
also varies geographically [Figure 1]. In Asia, the incidence rate of HCC was 0.2 per 100 person-years in
inactive carriers and 3.7 per 100 person-years in patients with compensated cirrhosis, compared to studies
done in Europe where rates were 0.02 per 100 person-years in inactive carriers and 2.2 in those with

compensated cirrhosis'*"”.

In addition to the inherent risk HBV infection conveys, there is also a multiplicative effect of heavy smoking
and alcohol drinking in those with HBV infection, increasing the risk of HCC 9-fold in these individuals"".

It is clear that the prevalence of HBV-related HCC differs worldwide, and the associated immune and
epigenetic factors lead a variable incidence and age of occurrence, so the surveillance strategies contrast
from one continent to the next. Nonetheless, there are many similarities that underscore the significant
health burden of this important health condition. In this review we provide specific insight into HBV-
associated HCC in different regions of the world, provide focus on the most important target populations to
be at higher risk due to alternate risk factors, and emphasize the recommendations of different liver
societies in terms of HCC surveillance.

NORTH AMERICA

The healthcare burden of HBV-related HCC varies across countries in North America. As North America is
mostly inhabited by individuals from all over the world, the etiology of HCC is therefore quite variable'?.
Hepatitis C infection (HCV), alcohol-related liver disease and NAFLD remain the most common causes
among non-immigrants populations. Immigration seems to be propelling the rates of HBV-HCC in North
America as individuals from Asia and Africa with HCC commonly have a background of HBV
infection"*". Modification of environmental exposures driven by population movement and environment
change appears to mitigate the early occurrence of HCC in HBV-infected individuals, but further research
on this issue is required"*"”’. An outlier of the North American territory lies in the Alaskan region. Native
Alaskans suffer some of the highest rates of HBV-related HCC and is one of the few non-immigrant

populations in the world with 5 out of the 8 genotypes of HBV present"?. Although aflatoxin exposure does
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GEOGRAPHICAL DISTRIBUTION OF HBV-RELATED HEPATOCELLULAR CARCINOMA WORLDWIDE
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Figure 1. Graphic indicating percentage of HBV-related HCC depending on the geographical area of the world.

not seem to be a prevailing additional risk factor, the presence of genotypes A and F1 has shown to confer a
higher risk for HCC progression in this group
HBV-HCC. NAFLD is recognized as a major risk factor in the country and thus, it is responsible for a large

[17

I In contrast, studies from Mexico suggest a low burden of

number of cases with cirrhosis and HCC"". Although a large group of HCC cases are also related to
alcohol-associated liver disease and HCV, HBV is only implicated in a small number of cases*?'. This will
be discussed in more detail in the section on Latin America.

The implementation of widespread vaccination programs, as well as the use of anti-viral therapy, has
succeeded in considerably reducing the incidence of HBV-HCC in North America. However, the morbidity
and mortality from HBV-HCC have been shown to be largely affected by suboptimal HCC screening in
HBV patients as early detection of HCC increases the likelihood of curative therapies such as surgical
resection and liver transplantation'®.

Target population

It’s difficult to predict HCC risk in patients with HBV. Scoring systems that may help stratify patients into
low to high risk for HCC include the PAGE-B and the Toronto HCC risk index (THRI). The PAGE-B
scoring system was studied to assess the patients’ platelets, age, and gender to calculate a 5-year risk of HCC
in a cohort of Caucasian patients with chronic HBV treated with tenofovir or entecavir, showing a c-index
of 0.82). The THRI, with the aid of available clinical and laboratory parameters, also predicts the risk of
HCC". Despite the validation of these scoring systems, they are not widely used in North America and

25]

adherence to surveillance programs is key to detection and management of HCC*?.

Among patients with HBV, HCC surveillance should be instituted in all patients with cirrhosis, regardless of
age or race. The American Association for the Study of Liver Disease (AASLD) includes HBsAg-positive
adults at high risk for HCC, including Asian or black men over 40 years and Asian women over 50 years of
age, persons with a first-degree family member with a history of HCC, or persons co-infected with HDV"?.

Guidelines from the Canadian Association for the Study of the Liver (CASL) are largely similar to those put
forth by the AASLD; however, the age for commencement of screening in patients of African origin is 20
years, and the guidelines also include co-infection with HIV'™. Screening and surveillance for HCC in
Mexico is largely governed by the Latin-American association for the Study of the Liver (Asociacién
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Latinoamericana para el Estudio del Higado - ALEH). The ALEH develops guidelines for the Latin
American region, so this will be discussed in detail in the section on Latin America.

Methodology and frequency of surveillance

According to the AASLD and CASL, the modalities for detection of HCC in HBV patients include
transabdominal ultrasound scan (US) and measurement of serum alpha-feto protein (AFP). Although it is
difficult to carry out a comparison between US and serum AFP in HCC surveillance, the addition of AFP to
US seems to increase its sensitivity”*””. AFP may also be reserved for areas where US is absent or not easily
accessible [Table 1].

Notwithstanding their well-known diagnostic accuracy, the cost effectiveness of cross-sectional imaging
modalities such as the computed tomography (CT) scan and magnetic resonance imaging (MRI) in HCC
surveillance has not been shown and therefore, these should be reserved for patients with suboptimal
ultrasound results.

The frequency of surveillance for HBV patients at risk for HCC using US with or without serum AFP, is
every 6 months'>*,

LATIN AMERICA

According to the estimates of the World Health Organization for Latin America, liver cancer has the oth
highest incidence among all malignant neoplasms, with 39,495 new cases in 2020 (6.0/100,000 inhabitants).
Moreover, it figures as the 6th cause of cancer-related deaths in the region, which was associated with
37,566 deaths in the same year (5.7/100,000 inhabitants)**.

An initial Latin American survey looking at HCC which included 240 patients from 9 countries, found that
85.4% of patients had cirrhosis, and HBV infection was present in 13.7% of patients™. A larger study,
including 1405 patients with HCC from 29 Brazilian centers (men accounting for 78%) showed a median
age of 59 years for HCC diagnosis, with 98% of patients having cirrhosis and 18% having HBV"”. In a more
recent cohort from the South American Liver Research Network assessing 1336 patients with HCC from 14
South American centers, 68% of individuals were male, with a median age of 64 years, and HBV was
associated with the liver disease in 14% of cases™. In that cohort, HBV association with HCC was higher in
Peru and Brazil, and HCC was diagnosed in patients with HBV at earlier ages (38% under 50 years of age)
than in those with other liver diseases™. It is also noteworthy that, in a Peruvian study, individuals
developed HCC despite having low HBV DNA loads"™.

An underestimated situation associated with HCC development refers to occult HBV infection (OBI). It is
possible that OBI leads to hepatocarcinogenesis through the integration of HBV DNA in liver DNAP**,
Some studies have verified the presence of OBI among Latin American patients with HCC*\.

Some risk factors for hepatocarcinogenesis have been studied in patients with HBV in Latin America. The
most common HBV genotype in the region is F, which has been associated with early-age HCC among
Alaska natives®™*¥!, Furthermore, the HBV A1762T/G1764A double mutant strain, which is associated with
HCC development, has been described in Latin American populations, though in variable frequencies>*.

Moreover, coinfection with hepatitis D virus (HDV) in this geographical region seems to be associated with
much higher rates of complications of liver disease, including HCC, than in other regions. This might be
attributed to the predominance of genotype 3 of HDV, which is exclusive of the north-western regions of
South America, especially the Amazon Basin, and this genotype is specifically associated with a poor
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Table 1. Recommendations for HCC surveillance according to different societies

. . . . . Modality of
Region  Association/Liver society Target population surveillance Frequency
North American Association for the Study of Liver Disease Canadian All patients with cirrhosis USS with or 6 months
America  Association for the Study of the Liver In patients without cirrhosis; Asian men over 40 years, Asian women over 50 years of age, persons without AFP
with a first-degree family member with a history of HCC, African men over the age of 18-20 yearsm’%]
Latin Latin-America Association for the Study of the Liver (Asociaci Patients with cirrhosis USS with or 6 months
America  6n Latinoamericana para el Estudio del Higado - ALEH). No specification on timing in those without cirrhosis. May consider surveillance based on without AFP
American/European guidelines >
Europe European Association for the Study of the Liver Patients with cirrhosis USS with or 6 months
In non-cirrhotic HBV patients, surveillance is recommended in those at intermediate or high risk of HCC without AFP
identified by a PAGE-B score 210"
French guidelines propose HCC screening in patients with HCC in a first-degree relative'®®’
Asia Asian-Pacific Association for the study of the Liver All patients with cirrhosis USS with or 6 months
In those without cirrhosis, this unclear and varies from one country to the next™” without AFP
Africa No continental societies All patients with cirrhosis USS with or 6 months
Recommendations based on adaptation of global guidelines  All patients with HBV without AFP
Oceania Consensus statement for management of HCC All patients with cirrhosis USS with or 6 months
In non-cirrhotic patients; Asian men older than 40 years, Asian women older than 50 years, people without AFP
bornin Slflb Saharan Africa older than 20 years, Aboriginal and Torres Strait Islander people older than
50 years

HBV: Hepatitis B virus; HCC: hepatocellular carcinoma; USS: ultrasound scan; AFP: alpha-feto protein, PAGE-B: platelets, age, gender, hepatitis B.

prognosis™. On the other hand, HIV co-infection does not seem to play an important role in the development of viral hepatitis-related HCC™.

Besides properly treating HBV infection, some other measures are of great importance for preventing HCC development or improving its prognosis. The most
relevant preventive measure is universal vaccination against HBV. In a Peruvian experience, HCC-related mortality decreased from 9.2 to 3.3/100,000
inhabitants after the institution of a vaccination program'. On the other hand, when chronic liver disease has been established, close attention must be paid to
HCC surveillance. Unfortunately, in different Latin American cohorts, only half of all HCC cases were diagnosed while patients were under surveillance

programs”>*"*?.. Nevertheless, when individuals were under surveillance, HCC was diagnosed in earlier stages”*>*!, and survival rates were significantly
higher*,

Target population

Latin America is predominantly a continent of low and intermediate endemicity of HBV. Nevertheless, high prevalence can be found in some regions,
especially in the Amazon Basin, including northern Brazil, Colombia, Peru and Venezuela. ALEH recommends surveillance for HCC in patients with
cirrhosis and in some at-risk populations infected with HBV. Nevertheless, its guidelines do not specify when surveillance should begin in patients with HBV
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who do not have cirrhosis'*”. Considering the early development of HCC in Latin American patients with
HBYV, it might be argued that the age for surveillance should probably be anticipated in relation to that of
individuals of European ancestry and closer to what is reccommended for Asian or African individuals®. In
this context, the Brazilian Society of Hepatology, for instance, recommends surveillance for patients with
HBYV who have cirrhosis or other risk factors for HCC, such as Asian or African ethnicity, age over 40 years
for men or over 50 years for women, family history of HCC in a first-degree relative, coinfection with HCV
or HIV and association with NAFLD". Moreover, other methods should be investigated to improve
surveillance and early detection of HCC. PAGE-B risk score has shown good screening performance in
Caucasian individuals infected with HBV™. As this score is based on easily available variables (platelet
count, age and gender) and its use would not increase costs of the health systems in developing countries, it
should be studied in Latin American cohorts. The Argentinian Association for the Study of Liver Diseases
already suggests its use in order to identify patients who should be submitted to surveillance!”.
Methodology and frequency of surveillance

ALEH recommends surveillance for HCC preferably with semiannual ultrasound in patients with cirrhosis
and in some other at-risk populations, among whom are individuals infected with HBV. According to its
guidelines, AFP could be used as a biomarker in the absence of quality ultrasound“”. However, it should be
noticed that a recent meta-analysis has demonstrated an increase in sensitivity when both methods are used
together®. As mentioned above, considering the early development of HCC in Latin American patients
with HBV, it could be argued that the age for surveillance should probably be anticipated in relation to
ancestry of the individual.

EUROPE

In Europe, the pattern of HCC occurrence shows geographical imbalance with higher incidence in southern
Europe, especially in Bosnia and Herzegovina, Italy, France, Republic of Moldova and Romania, with the
estimated age-standardized incidence rates in 2018 between 6.5 and 13.8 per 100.000"*. In the last few
decades, the increasing incidence of HCC is ascribed to the emergence of chronic liver disease due to HCV
and NAFLD but also to an increase in HBV-related HCC, particularly among immigrants from countries
with endemic HBV infection. About half of HCC is related to alcohol consumption in Central and Eastern
Europe, and to HCV in Western Europe™. The proportion of HBV-related HCC is about 15%-20% across
different European countries and seems to be more frequent in Eastern Europe and combined with HCV or
HDV co-infection™. The prevalence of HBsAg chronic carriers in the general population ranges from 0.1%-
7% in European countries with distinct geographic distribution of HBV genotypes. HBV genotype A
predominates in Northern Europe and genotype D in Mediterranean countries”'!. In France, the incidence
of HCC was 1768 new cases per year in 1980 and increased to 10,705 in 2017, with 44% of HCC due to
alcohol, while HBV was responsible for less than 3% of cases'™”. In a French cohort of HBV patients, about
two-thirds of them were from Africa or Asia and 13% were co-infected with HDV™. A similar trend was

[54]

also observed in Italy

Vaccination against HBV prevents HBV-related HCC occurrence and it is recommended for all new-born
and high-risk groups®. Most European countries conduct universal immunization against HBV for
neonates and infants. Nonetheless, some northern countries such as Denmark, Finland and Iceland among
others have not yet introduced universal immunization against HBV due to the very low endemicity.

Target population
Surveillance for HCC should take into account the incidence in a specific set of individuals and the ease of
access to curative therapy. In Europe, the majority of countries follow the HCC European Association for
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the Study of the Liver (EASL) guidelines proposed in 2018"*. With HCC, the incidence is higher in more
advanced liver disease and about 90% of HCC in Europe occurs on a background of cirrhosis. Cost-
effectiveness studies indicate that surveillance must be performed in patients with cirrhosis Child-Pugh
stage A and B, as well as Child-Pugh C awaiting liver transplantation regardless of the cause of the liver
disease. Recent advances in HBV therapy have led to high rates of sustained HBV-DNA suppression”****.
However, effective HBV treatment reduces but does not eliminate the risk of HCC and surveillance should
be continued in HBV patients with cirrhosis according to EASL guidelines.

In HBV patients without cirrhosis, the exact degree of HCC risk seems to be influenced by a series of viral
parameters (high levels of HBV replication, genotype, and e-antigen seropositivity), individual features
(male and older age), family history and geographical origin®*?. In fact, patients from Asia and Africa
present higher risk of HCC, especially if they have been exposed to aflatoxin B1 or if they present a family
history of HCC***. European guidelines do not recommend routine surveillance for patients with a family
history of HCC. However, similar to AASLD guidelines, the French guidelines propose HCC screening in
patients with HCC in a first-degree relative®. Different models have been proposed to evaluate the risk of
developing HCC in HBV patients, but these studied Asian subjects and appeared suboptimal in Caucasian
patients'”. In Europe, the EASL guidelines recommend the use of the PAGE-B classification in Caucasian
patients with or without nucleotide or nucleoside (NUC) treatment'*’. This scoring system (discussed
above) stratifies HCC risk in HBV patients into three groups - low, intermediate and high risk; and those
with a PAGE-B score < 9 rarely develop HCC under NUC therapy, and would not require surveillance®. It
is important to note, however, that even if surveillance may not be indicated at initial observation, such
patients should be assessed yearly to evaluate for any progression of HCC risk. In non-cirrhotic HBV
patients, surveillance is recommended in those at intermediate or high risk of HCC identified by a PAGE-B
score 2 10 and in patients with F3 fibrosis regardless of etiology based on individual risk assessment
according to European guidelines.

Method and frequency of surveillance

When surveillance is indicated, the EASL guidelines recommends semi-annual ultrasound-based screening
without serum AFP". Surveillance every 3 months was not associated with an increase in overall survival in
a French randomized series®. On the contrary, patients with a new diagnosis of HCC whose last screening
ultrasound was more than seven months old presented with more advanced disease and decreased overall
survival . The use of biomarkers such as AFP, lectin-binding AFP-3 (AFP-L3) and des-gamma-
carboxyprothrombin (DCP), is not recommended in routine surveillance per EASL guidelines as they are
suboptimal in terms of cost-effectiveness, but AFP in combination with ultrasound is recommended in the
French guidelines'*”. Similar to American and Asian guidelines, CT scan and MRI should be performed
only in patients with suboptimal ultrasound scans.

AFRICA

In Africa, HCC is a well-recognized scourge in the healthcare service. According to the GLOBOCAN
report, an estimated 70,542 new cases and 66,944 deaths occurred from HCC in Africa in 2020". However,
HCC-related deaths are likely underreported in the area.

Most cases of HCC in Africa occur with a background of HBV infection which accounts for approximately
55% of cases”. A special scenario is in Egypt where HCV is the most common cause, representing 84% of
HCC". The reason for this is proposed to be the iatrogenic transmission of HCV during the era of

injectable treatment for schistosomiasis'™.
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Other peculiar proposed etiologies for HCC are exposure for aflatoxin which is a common contaminant of
grain products especially during storage period. The practice of open markets for grain and condiments in
sub-Saharan Africa coupled with the high moisture content in storage contributes to elevated levels of the
mycotoxin in food products”™. Another recognized entity is African iron overload syndrome which is
related to the methods used during alcoholic beverage preparation mainly in west Africa. In this case,
metallic pots used to make these beverages are considered to contain high amount of iron and this leads to
excessive iron overload overtime with excessive iron deposition in the liver which in turn leads to higher
degrees of cirrhosis and malignancy. Homebrewed beer in this method contains iron in amounts of 46-82
mg/L compared to 0.5mg/L in standard commercial beers"”*.

HCC in general is considered to occur at an early age in sub-Saharan Africa compared to the east Asia or
western world. This is partly because HBV-associated HCC occurs earlier than that of other causes of liver
disease™”*. Moreover, a study conducted in seven African countries has shown that HCC occurs at a
median age of 46 in sub-Saharan Africa compared to 58 years of age in Egypt”. The reasons for this
variation are not clear but proposed mechanisms are multifactorial combination of country of birth, early
age of acquisition of HBV, integration of the virus, exposure to carcinogens, and specific HBV genotype or
sub-genotypes'”.

Despite the substantial effect of HCC in the continent, management of the condition has been dismal.
Outcome of therapy is limited by lack of therapeutic options and palliative therapy. In limited scenarios
where therapy is available, mortality rates are higher compared to the rest of the world”””. Because of this,
emphasis is given to addressing the causes of HCC in particular viral hepatitis, with most providers focusing
on early treatment of hepatitis as well as vaccination. A major obstacle in controlling HBV infection in
Africa is the lack of provision of birth dose vaccination for HBV in most countries”. HBV vaccination has
been incorporated in most routine Extended Program for Immunization (EPI) in Africa. However, in this
program, the first dose is administered at 6 weeks of age and there is a potential window period of
transmission before the administration of the vaccine™. It is thought that this initial approach was adopted
to decrease costs and due to an early notion of low HBV transmissibility due to hepatitis B e antigen
(HBeAg) negative prevalence. However, considering the poor coverage of antenatal screening of HBV in
sub-Saharan Africa, the provision of the birth dose vaccine is considered to improve the prevention of HBV
infection in the continent™. It should be noted though that a birth dose vaccine entails higher cost on the
healthcare system as it requires cold-chain service, and this is a major limiting factor across the continent.

Target population

Target populations for HCC screening in the continent are patients with HBV infection and those with
established cirrhosis. As discussed above, due to the young onset of HCC in the continent, the target age
group is relatively larger, which incurs significant cost to potential screening programs. As a region per se all
populations in Africa are at high risk for HBV-associated HCC. However, based on the known association
of HBV and aflatoxin exposure leading to HCC, hot spot areas for aflatoxins should be a focus in terms of
populations to specifically target, particularly regions where pre-harvest interventions to reduce aflatoxin in
grain have not been implemented. In this regard, certain areas in Kenya and the Gambia are considered
high in aflatoxins, but proper studies have not been performed in most regions of the continent™*.

Historically, western Africa also bears a higher proportion of HBV-infected individuals and therefore this
region should be a special focus for assessment and screening®*!. It is likely, however, that a vaccine-related
epidemiological balance as well as intrinsic continental mobility has led to a more homogenous risk of
HBV-related HCC in most of sub-Saharan Africa. Moreover, the relatively uniform spread of HIV and
therefore HBV-HIV coinfection has also played a differential role in modifying the epidemiology. This is
becoming clear with newer studies showing high incidence of HCC in eastern and southern regions of the
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continent”"*,

Methodology and frequency of surveillance

There is a lack of continental bodies for recommendations of surveillance programs in Africa. In most
scenarios, there is local adaptation of global guidelines with emphasis on local applicability vis-a-vis cost
implication. The preferred screening methods for HCC in Africa similar to the rest of the world is
ultrasound and AFP level®. Improvement in Ultrasound technology and the potential use of portable
ultrasound machines do offer an opportunity to implement surveillance programs in the continent!”.
Regardless, providing these machines across the continent as well as training of personnel requires a
comprehensive effort and multilateral cooperation.

ASIA

Asia is the most populous continent in the world. Moreover, there is high heterogeneity throughout Asia in
the health care delivery system, including infrastructure for diagnosis and surveillance, and the management
of cancers™®*!. Highly modernized health systems for the entire population are available in some Asian
countries, such as Japan, Singapore, Hong-Kong, South Korea, and Taiwan. In contrast, knowledge,
attitude, and performance (KAP) pertaining to health education is poor in many rich countries in the
Middle East and the rest of Asia. Finally, considerable numbers of people in most south Asian countries
may never be treated by a qualified doctor during their lifetime.

The epidemiology of HCC due to HBV is poorly understood, as nationwide surveys on HBV or HCC have
been performed in few Asian countries. Thus, a proper understanding of the epidemiology and surveillance
of HBV-related HCC is lacking. Published studies and various observations have provided important
information. According to a systematic review, Asia accounts for about 75% of all patients chronically
infected with HBV worldwide™. Also, Asian and Middle Eastern countries are highly endemic for HBV,
except Japan, Pakistan, Egypt, and Saudi Arabia”’. Furthermore, hospital-based, general observational
studies, and other well-designed studies have reported a marked increase in HCC-related annual death rates
during the past two decades, and the majority of all HCC cases worldwide occur in the Asia-Pacific
region”. HBV remains the primary cause of cirrhosis of the liver and HCC in Asian countries, despite the
number of new HBV infections having decreased significantly in all Asian countries due to the use of
vaccines and implementation of other prophylactic measures. The prevalence of HBV-related HCC is
mostly lower in the northern and western parts of Asia. In contrast, HBV-related HCC is highly prevalent in
China and southeast Asian countries. Taken together, the data indicate that HBV-related HCC is one of the
major causes of liver-related morbidity and mortality in Asia”. Although the economic impact of HBV and
HBV-related HCC is tremendous in Asian countries, policymakers have not acted uniformly to attenuate
the increase in cases.

Target population

Transmission of HBV in Asia is mostly vertical, occurring either during birth, perinatally or within 5 years
of birth. A male predominance of HBV-related HCC is prevalent, in common with other regions in the
world. As a risk factor for the development of HBV-related HCC, aflatoxin can induce early development of
HBV-related HCC in some Asian populations'”. Another notable finding is the development of progressive
liver disease, including HCC, in HBeAg-negative chronic HBV-infected patients. High levels of HBV DNA
and increased levels of hepatitis B virus surface antigen (HBsAg) have been reported to be associated to
HCC by some studies conducted in economically rich Asian countries, but no consensus has been reached
regarding the significance of these findings"***.
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HBV genotype plays an important role in the progression to HCC in Asian populations. HBV genotype C is
notorious for its association with cancer development. Several studies have reported that patients with HBV
genotype C showing mutations in some regions of the HBV genome are more prone to develop HCC than
patients with other genotypes lacking these mutations”**. However, this has not been verified in many
Asian countries or in cohorts with equally distributed genotypes across different environmental exposures.
HBYV genotype C is not prevalent in all areas of Asia, or even in all regions of some Asian countries.

Surveillance of HCC is important for containing HBV-related HCC. However, the hallmark of HBV-related
HCC surveillance depends on detecting groups at risk. As many of the patients with chronic HBV infection
have not been identified in most Asian countries, HBV-related HCC surveillance is the next step. Most
Asian countries lack proper surveillance mechanisms for detecting HBV infection. Thus, most patients
infected with chronic HBV are unaware of their infection status. Almost all Asian countries are signatories
of “Elimination of Hepatitis by 20307, a Sustainable Development Goals project of the United Nations.
Some advanced countries in Asia, such as Japan, Singapore, Taiwan, and Korea, have established
mechanisms to identify unknown HBV-infected patients, by various means, and ensure appropriate follow-
up and management. China has made considerable progress with respect to combating HBV infection and
HBV-related HCC. India, which has a huge population and a HBV burden, has failed to make similar
progress. Several Asian countries with moderate-to-high levels of chronic HBV-infected subjects lack
proper surveillance systems.

Methodology and frequency of surveillance

Surveillance of HCC in Asia generally follows the recommendation of Asian-Pacific Association for the
study of the Liver (APASL). This includes hepatic ultrasonography, with or without measurement of AFP,
performed every 6 months. This may be feasible in most parts of Asia through national- and international-
level collaborations. In addition, assessment of DCP is recommended in some Asian countries, such as
Japan as a routine procedure of surveillance. The cost-effectiveness of surveillance programs in Asian
countries would likely be highly variable!™.

OCEANIA

Oceania refers to the geographic region with a total population of 41.5 million people that includes
Australia, New Zealand (NZ), Pacific Island Countries and Territories (PICT), encompassing 22 countries.
There is a high prevalence of HBV-related morbidity and mortality in the PICT as well as in the Aboriginal
and Torres Strait islanders in Australia and Maori people of NZ with significant challenges when aiming for
elimination of HBV!*,

While HBV in Australia and NZ is predominantly among people born overseas, there is also a
disproportionately high HBV burden among the indigenous people (Aboriginal and Torres Strait islanders
in Australia and Maori in NZ) similar to the situation among indigenous people globally. It is worth noting
at this point that HBV Surface antigen (then called Australia antigen) was first documented among
Aboriginal and Torres Strait island people in Australia"®". While the prevalence of HBV is low in Australia
at 1.0%, it is 4.11% in NZ owing to the higher proportion of indigenous people and those born in PICT"*.
On the other hand, HBV has moderate to high endemicity ranging from 3% in some PICT to 23% in

Kiribati™®.

Target population
A retrospective review in 2018 from NZ found that more than half of HCC related to HBV was diagnosed in
late stages when curative options are no longer possible. A significant proportion of patients (26%) with
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advanced HCC related to HBV did not receive HCC surveillance prior to the diagnosis. In this study, the
majority of the patients with HCC related to HBV were from Maori (39%), Pacific islander (34%) and Asian
(20%) ethnicities. Much work is still needed in improving HCC surveillance in these ethnic and minority
groups with healthcare disparities"*. In a resource-poor Pacific island nation like Kiribati HBV and HDV
co-infection is endemic placing a higher risk for HCC in this population. Moreover, there are significant
challenges in infrastructure and healthcare functionality making regular HCC surveillance or HCC
treatment beyond reach for most of the population"*. Incidence of HCC continues to rise in Australia with
disproportionate numbers in indigenous Australians who comprise 3.3% of the total population. More than
50% of HCC in Australia occurs in people born overseas and across culturally and linguistically diverse
populations"”"*>'*). The high incidence of HCC among the indigenous people and those born overseas
appears to be related to the high prevalence of HBV in these two groups. Indeed, the prevalence of HBV
among indigenous Australians in Northern Territory estimated to be 6%. Data from the state of Victoria in
Australia in 2012-2013 showed HBV-related HCC to be 22% of all cases*. Overall, available Australian
data on HBV-HCC are comparable with global statistics on viral hepatitis-related HCC.

Methodology and frequency of surveillance

Recent Australian consensus recommendations include HCC surveillance (by ultrasound and AFP level)
every 6 months among HBV patients with cirrhosis"””. Screening with ultrasound and AFP every 6 months
is also recommended in those with HBV but with no cirrhosis if they are in the appropriate age group from
Asia, sub-Saharan Africa or from indigenous populations (Asian men older than 40 years, Asian women
older than 50 years, people born in sub-Saharan Africa older than 20 years, aboriginal and Torres Strait
Islander people older than 50 years)"”. However, it is unclear that these recommendations do apply to
resource-poor areas with high level of HBV-HDV co-infection such as Kiribati.

CONCLUSIONS

This review attempts to highlight the evident differences in HBV-related HCC across different regions of
the world. A variety of important factors, including age of transmission of HBV, environmental factors,
genotype and family history among others all contribute to different interactions between the immune
system, genomic modifications and the occurrence of HCC at the individual level. It is unclear that different
societies take into account the entire multitude of factors implicated in HCC risk in persons living with
HBV when providing recommendations. These factors should be taken into account to properly survey
HCC based on the individual risk of a population.
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