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Abstract

Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer-related death
worldwide. Risk factors for HCC include chronic hepatitis B and hepatitis C, alcohol addiction,
metabolic liver disease (particularly nonalcoholic fatty liver disease) and exposure to dietary
toxins such as aflatoxins and aristolochic acid. All these risk factors are potentially preventable,
highlighting the considerable potential of risk prevention for decreasing the global burden of HCC.
HCC surveillance and early detection increase the chance of potentially curative treatment;
however, HCC surveillance is substantially underutilized, even in countries with sufficient medical
resources. Early-stage HCC can be treated curatively by local ablation, surgical resection or liver
transplantation. Treatment selection depends on tumour characteristics, the severity of underlying
liver dysfunction, age, other medical comorbidities, and available medical resources and local
expertise. Catheter-based locoregional treatment is used in patients with intermediate-stage cancer.
Kinase and immune checkpoint inhibitors have been shown to be effective treatment options in
patients with advanced-stage HCC. Together, rational deployment of prevention, attainment of
global goals for viral hepatitis eradication, and improvements in HCC surveillance and therapy

) roberts.lewis@mayo.edu.

Author contributions

L.R.R. researched data for the article, and all authors contributed equally to the discussion of content and writing and reviewing/
editing the manuscript before submission.

Competing interests
The authors declare no competing interests.

Supplementary information
Supplementary information is available for this paper at https://doi.org/10.1038/s41575-019-0186-y.


https://doi.org/10.1038/s41575-019-0186-y

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yang et al. Page 2

hold promise for achieving a substantial reduction in the worldwide HCC burden within the next
few decades.

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death in many parts of
the world. Over the past few decades, considerable progress has been made in understanding
the epidemiology, risk factors and molecular profiles of HCC. In addition, rational
approaches to prevention, surveillance, early detection, diagnosis and treatment have been
developed. Where these approaches have been applied in comprehensive programmes in
high-incidence populations, they have shown their efficacy in preventing HCC and in
curbing overall mortality from the disease. However, incidence and cancer-specific mortality
still continue to increase in many countries, and the majority of HCC patients still present at
an advanced stage in many parts of the worldL. In this Review, we discuss these recent
advances and propose an overall perspective on how the systematic deployment of realistic
approaches could achieve a substantial reduction in the overall burden of HCC within the
next few decades.

Epidemiology

HCC accounts for >80% of primary liver cancers worldwide?. HCC exacts a heavy disease
burden and is a leading cause of cancer-related death in many parts of the world, being
estimated to be the fourth most common cause of cancer-related death overall worldwide?.

Substantial global variations in the incidence and mortality from HCC exist owing to
differences in the timing and level of exposure to environmental and infectious risk factors,
healthcare resource availability, and the ability to detect earlier stage HCC and provide
potentially curative treatment (FIG. 1; Supplementary Tables 1,2). Almost 85% of HCC
cases are estimated to occur in low-resource or middle-resource countries, particularly in
Eastern Asia and sub-Saharan Africa3.

In contrast to the decreasing disease burden and impact of many other major cancers, the
overall burden of liver cancer worldwide is increasing over time. After lung cancer, liver
cancer was the second leading cause of years of life lost from cancer worldwide between
2005 and 2015 with a 4.6% increase in absolute years of life lost (95% CI - 1.6% to
15.4%)34.

Despite a slowly decreasing trend in global age-standardized incidence rates (ASIRs) of
liver cancer since the late 1990s, the total number of liver cancer cases has been increasing
owing to ageing and population growth®. If the population age structure and size were the
same in 2015 as they were in 2005, 8% fewer cases of liver cancer would have been
diagnosed in 2015 compared with 2005. While ASIRs have been minimally decreasing
globally since 2000, ASIRs have been increasing for high sociodemographic index countries
since 1990 (REF.1). Indeed, the incidence rates of HCC in the USA have increased twofold
to threefold over the past three decades®. The increase in the incidence rates of HCC in the
USA is due in part to the high prevalence of HCV infection in the birth cohort born between
1945 and 1965, as well to the progressive increase in HCC due to obesity-related fatty liver
disease over the past two decades®.
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The age of onset of HCC varies in different parts of the world. HCC tends to occur later in
life in Japan, North America and European countries, where the median age of onset is
above 60 years. In contrast, in parts of Asia and most African countries, HCC is commonly
diagnosed in the age range 30-60 years’. The HCC BRIDGE study of 18,031 patients with
HCC from 42 sites in 14 countries showed that the mean age at HCC diagnosis was 69,65
and 62 years in Japan, Europe and North America, respectively, whereas it was 59 and 52 in
South Korea and China, respectively’. In Africa, high-quality data from population-based
studies are lacking, but a tertiary-referral-centre-based cohort study published in 2015
showed that the age of onset of HCC is low in sub-Saharan Africa. A study of 1,552 patients
with HCC from 14 centres in seven African countries showed a median age at HCC
diagnosis of 45 years8. For HBV-induced HCC, the age range having the most frequent HCC
diagnoses was 32.5-37.5 years8. The early onset of HCC in individuals born in sub-Saharan
Africa was also seen in an analysis of 59,907 patients with HCC diagnosed in the USA
between 2000 and 2012 in the Surveillance, Epidemiology, and End Results (SEER)
programme. Very early-onset HCC at <40 years of age was most strongly associated with
being born in West Africa (adjusted odds ratio (AOR) 16.3, 95% CI 9.2-27.9; £<0.01),
Central/South/other Africa (AOR 11.0, 95% CI 4.5-23.7; £<0.01), Oceania (AOR 4.9, 95%
Cl 2.9-8.0; P<0.01) and East Africa (AOR 3.5, 95% Cl 1.5-6.8; £<0.01)°. The number of
African-born Americans in the SEER studies is small, leading to wide confidence intervals
in the AOR estimates. Importantly, the countries of West Africa, where the earliest onset of
HCC is seen, include 384 million people, approximately 30% of the population of Africa.
High-quality, population-based studies are needed to improve our understanding of HCC
epidemiology in Africa.

Overall survival of patients with HCC varies substantially across the world”:10 (FIG. 2).
Median survival in Taiwan and Japan is significantly higher than in sub-Saharan Africa,
where the median survival is only 2.5 months, highlighting the devastating effects of the
combined lack of surveillance programmes and availability of effective treatments. Taiwan
and Japan have the best clinical outcomes of patients with HCC. This is likely because both
countries have comprehensive programmes for identifying all adults at risk of HCC and
enrolling them in regular, intensive liver cancer surveillance programmes that use multiple
tumour biomarkers (alpha-fetoprotein (AFP), the Lens culinaris agglutinin-reactive
glycoform (AFP-L3), and des-gamma-carboxy prothrombin (DCP)) and liver
ultrasonography reflexing to cross-sectional imaging in high-risk individuals developing new
or suspicious liver nodules!. Consequently, >70% of HCCs diagnosed at major medical
centres in these countries are detected at very early or early stages and are eligible for
curative therapies. HCC outcomes in Korea and China or in North America and Europe are
not as good as in Taiwan or Japan as =60% of patients in these countries present with
intermediate-stage or advanced-stage HCC”. In Africa, the overall survival of patients with
HCC in Egypt is longer than in the other sub-Saharan and East African countries studied.
This finding is likely due to the lower proportion of patients presenting with advanced-stage
or terminal-stage disease, representing 69% of HCC cases in Egypt compared with 95% in
all the other African countries in the study (A<0.01), and the higher proportion of patients
receiving any HCC treatment (76% in Egypt versus 3% in the other African countries;
£<0.01).
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Risk factors

Viral hepatitis B and C and cirrhosis.

Chronic HBV and HCV infection are the most important causes of HCC and account for
80% of HCC cases globally312. Chronic HBV infection is the leading cause of HCC in
Eastern Asian countries and most African countries, except for northern Africa where the
prevalence of HCV is highest’:8. It is estimated that 257 million individuals worldwide have
chronic HBV infection and that 20 million deaths between 2015 and 2030 will be
attributable to acute hepatitis, chronic hepatitis, cirrhosis and HCC caused by HBV, with 5
million deaths from HCC alonel3. In addition, it is estimated that 57 million people have
chronic HCV infection, of whom 10-20% will develop liver complications including
decompensated cirrhosis and HCC814, HCV is the leading virus-related cause of HCC in
North America, Europe, Japan, parts of central Asia including Mongolia, and northern
Africa and the Middle East, particularly Egypt’-10.

In most instances, and particularly in high-resource countries, HCC develops as a sequel to
protracted chronic hepatitis, occurring after patients develop liver cirrhosis from HBV or
HCV infection. Overall, the annual incidence of HCC is 2-5% in patients with cirrhosis
from chronic HBV or HCV infection!®. However, HBV-associated HCC frequently occurs in
the absence of cirrhotic liver disease, accounting for 30-50% of HCC in HBV endemic areas
such as Eastern Asia and most African countries'®. By contrast, in cohort studies from the
USA where HBYV is not endemic, >90% of patients with HBV-associated HCC have
cirrhotic liver diseasel®. Differences in the mode of HBV transmission, onset and duration
of infection, and environmental exposures may explain the higher frequency of HCC in
patients with HBV without cirrhaosis in HBV endemic areas.

Fatty liver disease and diabetes.

Nonalcoholic fatty liver disease (NAFLD) is now the most common liver disease and a
major risk factor for HCC in most developed countries”:18, Between 10% and 20% of HCC
cases in the USA are now attributed to NAFLD19:20. High-quality, population-based studies
investigating the association between NAFLD and HCC are lacking. Several studies have
investigated the strength of the association between NAFLD and HCC and the population-
attributable fraction of NAFLD for HCC using the US SEER-Medicare database, which is
representative of the general population with Medicare benefits, most of whom are aged over
65 years1921, One study reported that NAFLD was associated with a 2.6-fold increased risk
of HCC19. Diabetes mellitus and/or obesity, major clinical risk factors for NAFLD, had the
highest population-attributable fraction of 37% for HCC in the USA2L. As the patient age at
onset of HCC is associated with the aetiology of the underlying liver disease, NAFLD-
associated HCC as compared with virus-associated HCC (as an example) is more common
in elderly patients than young patients, and thus the findings of studies with a preponderance
of persons aged over 65 years should be interpreted with caution as these studies might over-
represent NAFLD-associated HCC. NAFLD-associated HCC also occurs frequently in the
absence of cirrhosis20-22, A population-based study of 93 patients with HCC in Olmsted
County, Minnesota, showed that 27% of patients with NAFLD-HCC did not have
cirrhosis?0. Similarly, a Veterans Health Administration study of 1,500 patients with HCC in
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the USA showed that patients with NAFLD-associated HCC had a more than fivefold risk of
having HCC in the absence of cirrhosis, compared with patients with HCV-associated
HCCZ,

Diabetes mellitus is associated with a twofold to threefold increased risk of HCC15:23.24,
Insulin resistance and consequent production of reactive oxygen species that trigger hepatic
inflammation are thought to have a role in hepatocarcinogenesis?®=27. One study suggests
that diabetes increases the risk of HCC even in patients with liver cirrhosis®. Whether
interactions between diabetes and the aetiology of liver cirrhosis influence the risk of HCC
remains controversiall®:24,

Alcohol.

Alcoholic cirrhosis is the second most common risk factor for HCC in the USA and
Europe’. A meta-analysis of 19 studies [77= 5,650) by the World Cancer Research Fund
found a statistically significant increased risk of 4% per 10 g alcohol intake per day (relative
risk 1.04, 95% CI 1.02-1.06)28. However, the absolute risk of developing HCC in patients
with alcohol-related cirrhosis seems to be lower than that in patients with cirrhosis from
chronic viral hepatitis2®-30. A Danish nationwide population-based study showed that the 5-
year cumulative HCC risk was 1.0% (95% CI 0.8-1.3%) among all Danish citizens with a
first-time hospital diagnosis of alcoholic cirrhosis from 1993 to 2005 [7= 8.482)3.
Similarly, a population-based study of 3,107 cirrhosis patients using the UK General
Practice Research Database (1987-2006) found that patients with alcohol-related cirrhosis
had a twofold to threefold lower risk of HCC than patients with cirrhosis due to viral
hepatitis?®. A single-centre retrospective cohort study of 450 patients with alcoholic
cirrhosis showed that older age (=55 years) and thrombocytopenia (platelet count <125,000
per mm3) were independent risk factors for the development of HCC31.

Aflatoxin and aristolochic acid.

Aflatoxins are mycotoxins with strong hepatocarcinogenic effects that contaminate many
staple cereals and oilseeds®2. Aflatoxin contamination is widespread in areas with a high
incidence of HCC. For example, >90% of the general population of several West African
countries are exposed to aflatoxins due to inappropriate postharvest processing, whereas
exposure is minimal in Western countries33. The main form of aflatoxin involved in liver
carcinogenesis is aflatoxin B1 (AFB1) produced by Aspergillus sp. Aflatoxin exposure is
thought to at least partially account for the early onset of HCC in many sub-Saharan African
countries!2:32:34.35 AFB1 predominantly causes mutations at codon 249 in the 7P53tumour
suppressor gene (AGG to AGT), resulting in substitution of arginine for serine (R249S),
which is rarely observed in cancers other than HCC33. The R249S mutation accounts for 50—
90% of 7P53 mutations found in HCCs from regions with high aflatoxin exposure levels;
this percentage drops to <6% of 7P53mutations in HCCs from patients in the USA33:36,

There is a strong interaction between HBV and aflatoxin exposure in liver cancer risk3’.
Chronic HBV infection may induce the cytochrome P450s that metabolize inactive AFB1 to
the mutagenic AFB1-8,9-epoxide. Hepatocyte necrosis and regeneration from chronic HBV
infection also increase the probability of the AFB1-induced 7P53 mutations. In addition,
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nuclear excision repair, which is normally responsible for removing AFB1-DNA adducts, is
inhibited by HBV oncogenic protein3.

Avristolochic acid (AA) is a highly mutagenic compound found in plants known as
Aristolichia or Asarum (Chinese wild ginger) which grow worldwide3?. Plants containing
AA have been used in traditional Chinese herbal medicines for centuries. Next-generation
sequencing studies have shown that a proportion of HCCs in patients from Asia, particularly
China, Taiwan, Vietnam and Southeast Asia, show high rates of mutations matching a
mutational signature characteristic of AA exposure*®41, The trinucleotide contexts
characteristic of AA exposure included a prominent peak at 5'-CTG-3" (5"-CAG-3" on the
complementary strand)*L. A large study of 1,400 HCCs from diverse geographical regions
showed that 78% of HCCs from Taiwan, 47% of HCCs from China, 29% of HCCs from
Southeast Asia, 13% of HCCs from Korea, 2.7% of HCCs from Japan, 4.8% of HCCs from
North America and 1.7% of HCCs from Europe showed the AA signature*!. One study of a
randomly sampled cohort of 200,000 National Health Insurance patients in Taiwan between
1997 and 2003 showed that about one-third of the Taiwanese population had been exposed
to AA*2. A dose-response relationship has also been shown in Taiwan between AA exposure
and risk of HCC*3,

Other causes of cirrhosis.

Other chronic liver diseases, such as chronic biliary disease and genetic or metabolic liver
diseases, can lead to cirrhosis and promote the development of HCC, but the proportion of
HCCs caused by these other aetiologies is <5% to 10% worldwidel2.

Protective factors.

Coffee, statins, metformin and aspirin have been shown to be protective against the
development of HCC in multiple observational studies**~47. Although none of these
protective associations have been confirmed in randomized controlled trials (RCTSs), coffee
use is now recommended by the European Association for the Study of the Liver (EASL)
2018 clinical practice guidelines for HCC*8,

Pharmacological suppression of HBV or clearance of HCV by highly potent antiviral
treatment seems to decrease the risk of HCC in infected individuals by 50-80%4%-52 The
effect of direct-acting antiviral (DAA) treatment for HCV infection on hepatocarcinogenesis,
tumour recurrence and progression has become a matter of intense discussion, owing to
findings of an association between DAA treatment and an increased risk of HCC recurrence
after curative cancer treatment in a retrospective study in four Spanish referral hospitals®3.
An Italian retrospective cohort study including 59 patients with previous HCC showed
similar results®*. Another retrospective study confirmed a nonsignificant trend towards an
increased risk of HCC recurrence after liver transplantation in 5 (28%) of 18 DAA-treated
patients compared with 6 (10%) of 63 nontreated patients®. A small single-centre study
from the USA showed high incidence rates of de novo HCC after DAA treatment in patients
with HCV-related cirrhosis®6. However, several subsequent studies have failed to show an
association between DAA treatment and increased risk of HCC recurrence®’—59, A
retrospective multicentre study published in 2019 of 793 patients with HCV-associated HCC
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of whom 38% received DAA therapy showed that, after adjusting for covariates, DAA
therapy was not associated with HCC recurrence (HR 0.90, 95% CI 0.70-1.16)°. Overall,
the initial potential warning signals that DAAs might increase the risk of HCC recurrence
after curative treatment do not seem to be confirmed in larger studies; however, well-
designed prospective multicentre studies are needed to fully characterize the clinical effect
of DAA therapy on the risk of HCC recurrence.

Although the association between DAA treatment and the risk of HCC recurrence after
curative treatment remains controversial, successful DAA treatment does seem to decrease
the risk of de novo HCC development. A nationwide Veterans Health Administration study
in the USA showed that DAA treatment decreased the risk of HCC in patients with HCV-
related cirrhosis, particularly after successful achievement of a sustained virologic response
(SVR)®2. An SVR with DAA treatment was associated with a 72% reduction in risk of HCC
(HR 0.28, 95% CI 0.22-0.36). Among patients with an SVR, the presence of cirrhosis and a
history of alcohol abuse were independent risk factors for HCC®2, A large French
multicentre study of 1,270 patients with compensated biopsy-proven HCV-associated
cirrhosis showed that the crude 3-year cumulative incidences of HCC were 5.9% in the DAA
group versus 3.1% in the group of patients who achieved an SVR following an interferon-
based regimen (HR 2.03, 95% CI 1.07-3.84; £=0.030). However, after adjusting for other
known risk factors, there was no statistically significant increase in risk for HCC associated
with DAA use, suggesting that the apparent increased risk of HCC in the DAA group was
possibly due to patient characteristics, such as age, diabetes and/or impaired liver function®.

patterns of carcinogenesis

Integrative studies combining exome sequencing, transcriptome analysis and genomic
characterization of HCCs have shown that HCC is heterogeneous at the histomolecular level,
with variable molecular features and clinical outcomes®1-63, One validated analysis has
identified six robust subgroups of HCC, designated G1-G6, that are associated with specific
genetic and clinical characteristics®4.65. Mutations in the TERT promoter (occurring in 44—
65% of patients with HCC and regulating transcription of the catalytic subunit of
telomerase), CTNNBI1 (27-40%, encoding p-catenin, a proto-oncogene in the WNT
signalling pathway) and 7P53 (21-31%, the master cell cycle regulator) are the most
commonb1:68, Specific aetiologies of HCC are associated with particular genetic
alterations®. For example, TERT promoter and 7P53 mutations are the most frequent
genetic events in HBV-associated HCC, whereas CTNNBI mutations are strongly associated
with alcohol-related HCC. Furthermore, 7”53 mutations are associated with reduced
survival®1.64, 11-6-Janus kinase-signal transducer and activator of transcription pathway
activation without TERT, CTNNBL or P53 pathway alterations is frequently seen in the
steatohepatitic subtype of HCC6®. These integrated analyses emphasize the molecular
diversity of HCC and the associations of different aetiologies with distinct mechanisms of
hepatocarcinogenesis.

Overall, around one quarter of HCCs seem to contain molecular or genetic alterations
potentially targetable by currently approved drugs, fuelling an interest in the use of
molecular signatures for designing targeted therapeutic trials6267. Studies prospectively
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characterizing HCC by next-generation sequencing in patients treated with systemic
therapies are beginning to provide insights into the interactions between alterations in
different cell signalling pathways and rates of disease control in response to specific classes
of systemic therapies. For example, for patients with HCC treated with immune checkpoint
inhibitors, activating mutations in the Wnt/B-catenin signalling pathway have been
associated with a lower disease control rate and survival®’.

Prevention and surveillance

Preventing chronic HBV and HCV carriage.

From a global perspective multiple approaches exist to prevent HCC. Primary prevention is
essential — and perhaps the only realistic and sustainable approach — for decreasing the
burden of HCC in low-resource countries where viral hepatitis is endemic and resources for
the management of viral hepatitis and HCC are limited. In endemic areas, HBV is mainly
transmitted through contact with infected blood, frequently by vertical transmission from
mother to baby in utero or during delivery, as well as by horizontal transmission from family
members to infants and children!2. A population-based study in Taiwan showed that HCC
incidence was fourfold higher in the HBV unvaccinated cohort than in the vaccinated birth
cohorts88, The study used data from two Taiwan HCC registry systems on patients 6-26
years old diagnosed with HCC from 1983 to 2011. Among the 1,509 patients, 1,343 were
born before and 166 were born after the start of the HBV vaccination programme®®. The
relative risks for HCC in patients 6-9 years old, 10-14 years old, 15-19 years old and 20-26
years old who were vaccinated versus those who were unvaccinated were 0.26 (95% ClI
0.17-0.40), 0.34 (95% CI 0.25-0.48), 0.37 (95% CI 0.25-0.51) and 0.42 (95% CI 0.32-
0.56), respectively58. Although neonatal HBV vaccination is available and recommended in
most countries, vaccine coverage is only 40-70% for the largest and most populated African
countries with high incidences of HCC89, providing a clear window of opportunity for
improvement in prevention. In addition, evidence exists that antiviral treatment of pregnant
mothers who have high HBV loads in the third trimester of pregnancy reduces the risk of
mother-to-child transmission’%.Whether administration of hepatitis B immunoglobulin to
pregnant mothers is useful for the prevention of mother-to-child transmission is under
debate?0.71,

Prevention of HCV by vaccination is not currently possible, but minimizing transmission of
viral hepatitis through the screening of blood products before transfusion, the use of single-
use disposable needles and other incidental supplies, and sterilization of surgical and dental
instruments are cornerstone strategies to decrease iatrogenic transmission of HBV and
HCV12, Screening for HCV infection is currently recommended for the high-risk birth
cohort born in the USA between 1945 and 1965 (REF.”2). While population-based HBV and
HCYV screening and provision of antiviral treatment to infected individuals in highly
endemic areas are currently lacking, the implementation of a strategy for worldwide
elimination of chronic viral hepatitis by 2030 has the potential to substantially alleviate the
HCC disease burden®0:51.73.74,
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Maintaining healthy lifestyles.

Maintaining a healthy lifestyle and avoiding HCC risk factors are additional strategies for
the prevention of HCC. Avoiding heavy alcohol use and a hypercaloric diet leading to
obesity and metabolic syndrome will decrease fatty liver-related liver injury and cirrhosis
and the associated burden of HCC”®. Smoking is an established risk factor for HCC and
pooled data of 14 prospective US cohorts suggest that the risk of HCC among individuals
who quit smoking >30 years ago was almost equivalent to that in never-smokers (HR 1.09,
95% CI 0.74-1.61), suggesting that smoking cessation reduces the risk of HCC'8,

Minimizing dietary aflatoxin exposure is a crucial step for decreasing HCC burden in areas
with a high endemic burden. A meta-analysis of 19 studies estimated the population
attributable risk of aflatoxin-related HCC at 17%, being higher in HBV carriers (21-23%)
than in noncarriers (8-9%)77. Studies included in the metaanalysis used AFB1-albumin
adducts, urinary aflatoxin metabolites, AFB1-DNA adducts and dietary history (peanut
butter and corn consumption) as surrogates for aflatoxin exposure. In 2014, the International
Agency for Research on Cancer convened a working group that evaluated the effectiveness
of various intervention strategies to reduce human exposure to aflatoxins32. These measures
include the selection of genetically resistant seeds, improved postharvest processing,
primary prevention with mycotoxin-trapping enterosorbents and opportunities for
chemoprevention. Postharvest measures, in particular, can result in a marked decrease in the
levels of biomarkers of aflatoxin contamination in individuals participating in these
interventions’879,

Surveillance.

HCC surveillance is a secondary prevention strategy to decrease the burden of HCC through
early tumour detection and appropriate early management. HCC surveillance is indicated in
patients with liver cirrhosis or chronic HBV infection with high risk features, in other words
Asian male hepatitis B carriers >40 years of age, Asian female hepatitis B carriers >50 years
of age, hepatitis B carriers with a family history of HCC and African or North American
black individuals with chronic hepatitis B8, The EASL guidelines recommend HCC
surveillance in high-risk, patients with chronic HBV infection according to the PAGE-B
classification based on platelet count, age and gender, which was developed to predict the 5-
year risk of HCC in white patients receiving entecavir or tenofovir for chronic hepatitis
B#8:81 No high-quality RCTs exist, but a metaanalysis of 47 studies including 15,158
patients found that HCC surveillance is associated with improved overall survival through
detection of HCC at a very early or early stage, when patients are eligible to receive
potentially curative treatments82. Although the benefits of surveillance are well
acknowledged among the clinical community and guideline writing committees*8:80, the US
National Cancer Institute seems less convinced with their website stating that “Based on fair
evidence, screening of persons at elevated risk does not result in a decrease in mortality from
hepatocellular cancer”3. This discrepancy in recommendations is due to the lack of high-
quality evidence that HCC surveillance decreases HCC mortality, despite numerous
observational study results supporting the impact of surveillance in improving overall
survival in patients with HCC82. However, it seems that a randomized study of HCC
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screening is not feasible when informed consent is provided as informed patients prefer
surveillance84.

Liver ultrasonography is the standard HCC surveillance test endorsed by the American
Association for the Study of Liver Diseases (AASLD), the EASL and the Asia Pacific
Association for the Study of the Liver#8:80.85 The optimum surveillance interval is 6
months, based on the median doubling time of HCC ranging from 3 months to 9 months and
studies showing that the 6-month interval is equivalent in efficacy to 3-month to 4-month
intervals and is better than a 12-month surveillance interval86.87,

Among blood-based surveillance tests, detection of elevated levels of serum AFP is
commonly used as an adjunct to liver ultrasonography, although its use as a surveillance test
for HCC remains controversial owing to its low sensitivity of 40-60% with a specificity of
80-90% at a cut-off of 20 ng/ml (REF.88). A study of 1,597 patients with cirrhosis from
Taiwan showed that measuring AFP levels in addition to standard ultrasonography
substantially improves the sensitivity of surveillance compared with ultrasonography alone
without a substantial loss of specificity. Ultrasonography alone achieved a sensitivity of
92.0% and a specificity of 74.2%, whereas the combination of ultrasonography and AFP
achieved a sensitivity and specificity of 99.2% and 68.3%, respectively®. A large
population-based study of 1,487 hepatitis B surface antigen-positive Alaskan native carriers
showed that surveillance using AFP levels alone could detect most HCCs at a resectable
stage and substantially prolonged survival, suggesting that AFP can be used as an HCC
surveillance test when ultrasonography is not widely available owing to limited resources®.
A multicentre retrospective study from the USA showed that the performance of AFP
measurement improves substantially in patients with cirrhosis and viral hepatitis when they
have normal alanine aminotransferase levels®0. A nationwide Veterans Affairs registry study
from the USA also showed that the use of AFP for detection of HCC had better performance
in patients with low serum alanine aminotransferase levels, reflecting low levels of hepatic
inflammation®L. Assessment of the trend of change in AFP levels or the standard deviation
of AFP measurements can improve the performance of single estimations of the AFP level,
which are frequently assessed in studies but rarely used in isolation by experienced
practitioners92,

Other serum-based biomarkers, such as AFP-L3 and DCP, have been used for surveillance
for HCC, particularly in Japan®394. In addition, the GALAD score, which is derived from
gender, age, AFP-L3, AFP and DCP and has been shown to be a highly accurate model for
the detection of HCC, has been proposed for early detection of HCC%:9, A 2018
multicentre phase 11 biomarker study showed that GALAD is superior to ultrasonography for
the detection of HCC9’. This study included a total of 111 patients with HCC and 180
controls with cirrhosis or chronic hepatitis B9. The area under the curve of the GALAD
score for HCC detection was 0.95 (95% CI 0.93-97), which was higher than the area under
the curve for ultrasonography (0.82, A<0.01). At a cut-off of —0.76, the GALAD score had a
sensitivity of 91% and a specificity of 85% for HCC detection®’. The performance of the
GALAD score should be further investigated in prospective biomarker studies in comparison
or in combination with imaging tests, and its cost-effectiveness should also be carefully
assessed. This score might be a useful test, as it can be easily calculated based on patient
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demographics and measurement of blood-based tumour markers using a small volume of
peripheral blood. If the assay costs can be reduced, the GALAD score might be a practical,
effective surveillance test in low-resource countries where ultrasonography equipment and
trained radiologists are scarce, which might improve compliance with surveillance and lead
to improved effectiveness of cancer control programmes.

Following advances in molecular technologies and genomics, circulating cancer biomarkers,
such as microRNAS, specific peptides identified by proteomics, DNA mutations and
differentially methylated regions have been shown to have potential use for surveillance and
early detection of HCC%8-192, However, such candidate biomarkers have not yet been used
in clinical practice.

Although the benefit of HCC surveillance has been studied extensively, selection of
appropriate individuals for surveillance remains very important to avoid overdiagnosis of
HCC. For example, patients with cirrhosis and severe hepatic dysfunction (Child-Pugh score
class C) should undergo HCC surveillance only if they are eligible for liver transplantation,
as their expected survival is very short owing to their high risk of death from liver failure in
the absence of transplantation8. Attempting to detect early HCC in this group of patients is
considered overdiagnosis of HCC, which can lead to overtreatment, increasing costs, adverse

physical effects and psychological harms without improving overall survival or quality of
lifel03,104

Diagnosis and staging

Noninvasive radiological diagnosis.

Staging.

Traditionally, the diagnosis of HCC has been established based on cytology or histology.
Following advances in understanding HCC-specific radiological features during phasic
vascular perfusion of contrast during cross-sectional imaging with CT and MRI, the
diagnosis of HCC in patients with cirrhosis who are under surveillance can now be made
reliably without biopsy. The AASLD and EASL guidelines state that the diagnosis of HCC
can be made radiologically if a new mass measuring =1 cm is found that demonstrates
arterial hyper-enhancement and venous washout in a cirrhotic liver using either multiphasic
contrast CT or MR148:80,

In 2011, the Liver Imaging Reporting and Data System (LI-RADS) was introduced to
standardize the reporting and data collection of CT and MRI for HCC195, LI-RADS
classifies new hepatic lesions into five classes based on their size, extent of interval growth
and patterns of enhancement. Of note, lesions with a low LI-RADS class 1-2 should also be
followed carefully as the system has low specificity for the prediction of benign lesions19.
A large prospective validation of the LI-RADS system is still needed.

Most staging systems were developed for prognostication of patients with HCC, but a few
staging systems also propose an optimum treatment approach07. The Barcelona Clinic
Liver Cancer (BCLC) classification is currently the most commonly used standard staging
system for HCC, and is the only staging system that has been prospectively validated108.109,
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The BCLC staging system classifies HCC into five stages and provides estimated median
survival periods and recommended treatments for patients at each stage. One of the
drawbacks of the BCLC system is the substantial heterogeneity of tumour burden, severity
of liver dysfunction and prognosis in patients with intermediate-stage (BCLC stage B) or
advanced-stage (BCLC stage C) HCC. A number of investigators have sought to refine the
BCLC system by subclassifying BCLC stage B into intermediate stages. The Italian Liver
Cancer Group proposed a subclassification of BCLC stage B based on the Child-Pugh Score
and extent of tumour (within or beyond the up-to-seven criterion)!10. Japanese investigators
have proposed a further subclassification of the BCLC stage B based on the albumin-
bilirubin grade, which is an indicator of the severity of hepatic dysfunction112113 This
approach has not been widely adopted as yet in routine clinical practice, and further
prospective validation is needed.

The Hong Kong Liver Cancer (HKLC) staging system also provides treatment guidance in
addition to prognostic classification!14. The HKLC staging system classifies patients with
HCC into five stages with nine substages that have distinct median survival times based on
differences in the extent of tumour, presence of vascular invasion, Child-Pugh stage and
Eastern Cooperative Oncology Group performance status. Several studies have shown that
the HKLC staging system can accurately stratify patients with HCC into different prognostic
groups107.115.116 The most important aspect of the HKLC staging system is the expansion
of the criteria for potential curative therapies in patients classified as having intermediate-
stage HCC using the BCLC staging system. Overall, the study performance of the HKLC
staging system is promising, but further validation in prospective studies is warranted.

Several other staging systems have been proposed97-111, To minimize the subjectivity of the
survival model, the Model to Estimate Survival in Ambulatory HCC patients (MESIAH)
score was proposed!l”. The MESIAH score model incorporates age, number of tumour
nodules, size of the largest nodule, vascular invasion, metastasis, and serum albumin and
AFP levels in addition to the MELD (Model for End-Stage Liver Disease) score. The
MESIAH score model uses the MELD score rather than the Child-Pugh score to assess the
severity of liver dysfunction as the calculation of the Child-Pugh score can be subjective in
the assessment of hepatic encephalopathy or ascites grade. The MESIAH model was shown
to be highly discriminant with a ¢ statistic of 0.77, which was superior to that for BCLC
(0.71) (P<0.01). The model was further validated in Asian and European cohorts116-118,
While the MESIAH score provides prognostication, it does not make a treatment
recommendation.

Similar to the MESIAH score model, the BALAD staging system, which is based on levels
of five serum markers (bilirubin, albumin, AFP-L3, AFP and DCP), has been reported to
have excellent discriminative ability9>:119, Bilirubin and albumin reflect the severity of liver
dysfunction and AFP-L3, AFP and DCP represent tumour burden and biology. The ¢
statistic for the BALAD score was 0.70 and discrimination was equally good regardless of
the HCC treatment®,

Overall, the BCLC staging classification is currently the most commonly used standard
staging system for HCC and is the only staging system with robust prospective validation
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despite the several limitations described above. Therefore, it is routinely used as a main
stratifying factor in clinical trials.

The management of HCC involves a complex decision-making process, taking into account
not only the tumour extent and patient comorbidities but also the severity of liver
dysfunction, as most treatments for HCC can exacerbate underlying liver disease. The
availability of treatment options is highly variable between medical centres in different
countries with various levels of expertise and resources. Thus, HCC management requires a
multidisciplinary team approach to achieve the best outcomel20.

Surgical resection is a recommended treatment option in patients with resectable disease in
the absence of clinically significant portal hypertension, which is defined as a hepatic
venous pressure gradient =10 mmHg and practically assessed by the presence of ascites,
oesophageal varices or a platelet count <100,000/mm3 associated with clinically significant
splenomegaly21-123 The comparatively restrictive criteria of the BCLC staging system for
treatment recommendation and allocation have been challenged. A multiregional cohort
study of 8,656 patients with HCC showed that, in patients who were not ideal candidates for
resection under the BCLC classification, surgical resection was associated with better
survival than embolization (HR 1.4, 95% CI 1.3-1.6, A<0.001) or other locoregional or
systemic treatments (HR 1.8, 95% CI 1.4-2.3, £<0.001)124. Similarly, a multicentre study in
Korea showed that liver resection provides a survival benefit compared with nonsurgical
treatment for patients with potentially resectable BCLC stage B HCC125, Surgical resection,
which is potentially applicable across all resource settings, should be considered for select
individuals with intermediate- or advanced-stage disease.

Surgical resection is a potentially curative treatment, but almost 70% of patients develop
recurrent HCC after resection'26. One of the advantages of surgical resection is the
availability of the surgical histopathological specimen, which can help in predicting the risk
of recurrent HCC127. The BCLC group has proposed and validated salvage transplant
approaches after surgical resection in patients with high-risk histological markers such as
microvascular invasion and/or satellite lesions28. Importantly, in low-resource settings,
palliative surgery can be an important option for very symptomatic patients with relatively
preserved liver function, who can obtain substantial relief, improved quality of life and
improved survival with noncurative surgery129-131,

Transplantation.

Liver transplantation is the most definitive treatment option for HCC, as it removes not only
the tumour but also the unhealthy liver that has limited functional capacity and a tendency to
develop additional metachronous HCCs within the cirrhotic tissue field prone to
carcinogenesis. As HCC incidence increases, HCC has become the leading indication for
liver transplantation in the USA32. Liver transplantation is an excellent treatment for early-
stage HCC in the setting of liver dysfunction that precludes surgical resection. The Milan
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criteria (one lesion <5 cm or two or three lesions each <3 cm) were first established more
than two decades ago to define the optimum tumour burden for which liver transplants can
achieve excellent long-term outcomes (typically >70% 5-year overall survival)133. Expanded
selection criteria for HCC have been proposed to offer liver transplantation beyond the
Milan criteria in patients without aggressive tumour biology who are not eligible for other
potentially curative treatments34-136, Of the extended criteria for liver transplantation, the
University of California San Francisco criteria (a single nodule up to 6.5 cm, or up to three
lesions, the largest of which is 24.5 cm, with the sum of the diameters =8 cm) have been the
most widely accepted and have been shown to have excellent post-transplant
outcomes?36-138_ To be eligible for liver transplantation, patients who fulfil the University of
California San Francisco criteria should receive local or locoregional therapies to downstage
the tumours to fulfil the Milan criteria. Tumours that have been successfully downstaged
have presumed favourable biology, and these patients have excellent long-term outcomes
after liver transplantation39.140, A retrospective multicentre study of 187 consecutive HCC
patients enrolled in the downstaging protocol at three liver transplant centres in California
showed that liver transplantation was performed after successful downstaging in 58% of
patients and their 5-year post-transplant survival was 80%40.

Ablation.

Percutaneous local ablation is a potentially curative treatment used in patients with early-
stage HCC. The two most commonly used modalities are radiofrequency ablation and
microwave ablation. Microwave ablation is an increasingly used local ablation modality241.
Both approaches induce tumour necrosis by delivering heat directly into tumours, but
microwave ablation has some advantages over radiofrequency ablation owing to its higher
thermal efficiency through its different mechanism of heat generation. Microwave ablation is
less susceptible to the heat sink effect from large vessels adjacent to the tumour, is more
efficacious for ablation of larger tumours 3—4 c¢m in size, and requires less ablation time than
radiofrequency ablation142-144_ A randomized controlled, single-blinded phase II trial at
four tertiary university centres in France and Switzerland compared the efficacy of
microwave ablation (7= 76) with that of radiofrequency ablation (7= 76) in patients with
HCC with up to three lesions of 4 cm or smaller size who were not eligible for surgery. At 2
years, six (6%) of 98 lesions had local tumour progression in the microwave ablation group
compared with 12 (12%) of 104 in the radiofrequency ablation group (risk ratio 1.6, 95% CI
0.7-3.9, P=0.27). Although the local progression rate was numerically lower with
microwave ablation, it did not reach statistical significance, likely due to an underpowered
study design14®. Percutaneous ethanol injection into HCC tumours was frequently used in
the past as an ablation technique and is still commonly used in resource-limited settings!2.
Ethanol injection can be a preferred treatment in high-resource countries when the tumour
nodule is adjacent to large intrahepatic vessels or bile ducts to avoid heat injury to these
organs by radiofrequency ablation or microwave ablation. In addition, cryoablation has been
shown to be as effective as radiofrequency ablation and is occasionally used in high-resource
settings146-148_ | ocal ablation is usually used in patients who are not candidates for liver
transplantation or surgical resection owing to medical comorbidities or hepatic dysfunction.
Local ablation can also be used as bridge therapy to liver transplantation4®. The best
management approach for small tumours that are eligible for both resection and local
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ablation has been controversial. Based on a meta-analysis of three RCTs, the most recent
AASLD guidelines recommend that adults with Child-Pugh score class A cirrhosis and
resectable small tumours should undergo resection rather than ablation150-153,

Transarterial embolization and radiotherapy.

Transarterial chemoembolization (TACE) is an effective treatment option in patients with
intermediate-stage HCC. TACE involves two main steps — intra-arterial infusion of
cytotoxic chemotherapeutic agents and delivery of embolization particles into the tumour-
feeding artery, causing ischaemic necrosis of the tumour. The most common drugs used
during conventional TACE are doxorubicin, epirubicin or cisplatin>4. TACE is the most
commonly used locoregional treatment in patients listed for liver transplantation to prevent
tumour progression. TACE was shown to improve overall survival in patients with
nonresectable HCC in RCTs performed in Europe and Asial®>:1%6, The additional use of
chemotherapeutic agents in TACE compared with the use of bland embolization with plastic
beads alone, referred to as transarterial embolization (TAE), has been challenged as there is
some evidence that most of the antitumour effect achieved by TACE is via the ischaemia
induced by occluding the vascular supply to the tumour. An RCT of 101 patients (51 treated
with TAE and 50 treated with doxorubicin-eluting bead TACE) showed no difference in
treatment response, progression-free survival, overall survival or adverse events between the
two groups, suggesting no additional benefit of chemotherapy in TACE®7. In this RCT,
median overall survival in both arms was only 21 months, which was shorter than expected
as other reports show a median survival of up to 30-40 months following TACE
treatment199.158_ The survival of patients following TACE is dependent on the tumour extent
and severity of liver dysfunction and shows substantial variability between different regions
of the world. A prospective study of 173 patients with HCC from Greece who were not
suitable for curable treatments showed a mean overall survival of 43 months following
TACE using drug-eluting beads loaded with doxorubicin!®8. The 5-year overall survival rate
was 23% in Child-Pugh class A patients compared with 13% in Child-Pugh class B patients
(P=0.03)1%8,

As the evidence of a lack of benefit from the chemotherapeutic agent in TACE when
compared with TAE is from a single-centre study with a comparatively small number of
patients, further external validation is needed before changing clinical practice. With the
promising efficacy and approval of newer systemic treatments for advanced-stage HCC, the
potential for using newer systemic treatments rather than conventional chemotherapeutic
agents for TACE also needs to be further investigated in future studies.

Transarterial radioembolization (TARE) is another form of locoregional treatment that is
useful as a primary treatment for nonresectable HCC as a downstaging treatment before liver
transplantation or to produce lobar ablation (radiation lobectomy), which induces
compensatory hypertrophy of the untreated, uninvolved lobe and facilitates surgical
resection. TARE is a form of intratumoural brachytherapy that delivers radioactive
microspheres loaded with p-emitting yttrium-90 isotope into the arteries that feed HCC
tumours, potentially achieving radiation doses that are higher than those achievable with
external beam radiation. In contrast to TACE, TARE has minimal embolic effects in the

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2019 October 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yang et al. Page 16

hepatic artery distribution and can, therefore, be used in patients with portal vein thrombosis
or tumour invasion!®. The efficacy and safety of TARE have been extensively evaluated
over the past decadel60-165 A meta-analysis that included 284 patients with TACE and 269
with TARE showed no statistically significant difference in survival between the two groups
(HR 1.06, 95% CI 0.81-1.46, P= 0.57)164. Patients treated with TACE had more
posttreatment pain than those treated with TARE (RR 0.51, 95% CI 0.36-0.72, A<0.01), but
less subjective fatigue (RR 1.68, 95% CI 1.08-2.62, £<0.01)164. TARE has been proposed as
a treatment option in patients with locally advanced HCC. RCTs from Europe and the Asian
Pacific have evaluated the safety and efficacy of TARE in comparison with sorafenib in
patients with locally advanced HCC and neither trial showed a survival benefit of TARE
over sorafenib166.167,

Stereotactic body radiation therapy and proton beam therapy have also demonstrated
efficacy in HCC, and early results suggest outcomes equivalent to those of TACE with a
reduced adverse-effect profilel68-175 However, high-quality data on stereotactic body
radiation therapy and proton beam therapy are lacking and additional studies are needed to
define the optimal treatment selection process for locoregional therapy.

Systemic pharmacological treatment.

Sorafenib is a small-molecule multikinase inhibitor that targets the vascular endothelial
growth factor receptors VEGFR1, VEGFR2 and VEGFR3, platelet-derived growth factor
receptor-p (PDGFRp) and the Raf family kinases (predominantly C-Raf rather than B-Raf).
Sorafenib was the first drug approved for first-line systemic treatment of patients with
advanced-stage HCC and is the first systemic treatment that has been shown to prolong the
survival of patients with advanced-stage HCC in phase 111 RCTs, with an improvement in
median overall survival of 2-3 months (median overall survival of 10.7 months in the
sorafenib group versus 7.9 months in the placebo group in the SHARP trial, and median
survival of 6.5 months in the sorafenib group versus 4.2 months in the placebo group in the
Asia-Pacific trial)176:177 However, in phase |11 RCTs, sorafenib was found to be ineffective
as an adjuvant treatment after curative resection (STORM trial)178, or as concurrent
treatment with TACE (SPACE trial)17°.

Lenvatinib, a multikinase inhibitor targeting VEGFR1-3, fibroblast growth factor receptors
FGFR1-4, PDGFRa, RET and KIT was shown to be noninferior to sorafenib in the phase
[11 REFLECT trial'8. This trial was conducted in 954 eligible patients with HCC at 154
sites in 20 countries from the Asian Pacific, European and North American regions who
were randomly assigned to lenvatinib (7= 478) or sorafenib (7= 476). The study had strict
exclusion criteria including 50% or higher involvement of the liver by tumour, invasion of
the bile duct or the main portal vein, and previous systemic therapy for HCC. The median
overall survival with lenvatinib was 13.6 versus 12.3 months for sorafenib (HR 0.92, 95% ClI
0.79-1.06). Progression-free survival, time to progression and objective response rate were
also improved with lenvatinib compared with sorafenib. Lenvatinib was approved for use in
the USA, European Union and most Asian countries as a first-line systemic therapy for HCC
in 2018.
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Most patients treated with sorafenib eventually show disease progression. RCTs of agents
for second-line treatment after sorafenib failure had been negative until a phase Il
multicentre RCT of regorafenib, a multikinase inhibitor chemically related to sorafenib,
showed improved overall survival for regorafenib versus placebo (median survival 10.6
months versus 7.8 months)181. Regorafenib was approved for treatment of HCC after prior
sorafenib therapy in 2017 in the USA, Europe and most Asian countries.

In 2018, the phase 111 CELESTIAL trial showed that treatment with cabozantinib, an
inhibitor of tyrosine kinases including MET, AXL and VEGF receptors, resulted in a
statistically significant and clinically meaningful improvement in median overall survival
compared with placebo in patients with advanced HCC who had previously received
sorafenibl82, In a total of 707 patients randomly assigned in a 2:1 ratio to receive
cabozantinib or placebo, the median overall survival was 10.2 months with cabozantinib and
8.0 months with placebo (HR 0.76, 95% CI 0.63-0.92, A= 0.005). Grade 3 or grade 4
adverse events occurred in 68% of patients in the cabozantinib group and 36% in the placebo
group. It was interesting to note that in the subgroup analysis the hazard ratio for death was
0.69 in patients with HCC infected with HBV and 1.11 in patients with HCC infected with
HCV, suggesting the possibility of effect modification of cabozantinib according to the
underlying aetiology of liver disease and that cabozantinib could be an effective second-line
treatment option particularly in patients with HBV infection. This aspect should be further
investigated in future studies.

In 2019, the antiangiogenic VEGFR2 antagonist ramucirumab was shown to improve overall
survival in patients with advanced HCC and serum AFP levels =400 ng/mlI183. Ramucirumab
blocks the activation of VEGFR2 by blocking the binding of the VEGF receptor ligands
VEGFA, VEGFC and VEGFD!84, Ramucirumab is the first biomarker-based systemic
treatment for HCC and could be an excellent second-line treatment option in the subset of
patients with advanced HCC and AFP levels =400 ng/ml. This was the first positive
enrichment clinical trial in HCC and new trials should consider enrolling selected groups of
patients with HCC with similar tumour biology to maximize the treatment efficacy in future
studies. Ramucirumab was approved by the FDA in May 2019 as a single agent for
treatment of HCC in patients previously treated with sorafenib who have an AFP level =400
ng/ml.

Immune checkpoint inhibitors have emerged as a promising treatment option for advanced-
stage HCC185, A multicentre phase I/11, open-label, dose-escalation and dose-expansion trial
published in 2017 showed promising efficacy of nivolumab, a human anti-PD-1 monoclonal
antibody, for the treatment of patients with advanced HCC (7= 262)185, The objective
response rate was 15% in the dose-escalation phase and 20% in patients treated with 3
mg/kg nivolumab in the dose-expansion phase. Nivolumab had an acceptable adverse effect
profile regardless of underlying HCC aetiology8°. Based on these results, in September
2017 the FDA granted approval for the use of nivolumab as a second-line treatment for
advanced HCC in patients previously treated with sorafenib. A phase 111 RCT of nivolumab
monotherapy compared with sorafenib in the first-line setting for advanced HCC is ongoing,
with an estimated study completion date of June 2019 (NCT02576509)186. Similarly, in
November 2018, the FDA granted accelerated approval to pembrolizumab for patients with
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HCC previously treated with sorafenib based on the results of KEYNOTE 224
(NCT02702414), a single-arm, phase Il, multicentre trial of 104 patients with disease
progression on or after sorafenib or who were intolerant to sorafenib. The overall response
rate was 17% (95% Cl 11-26%)187.

For patients with advanced HCC who are not amenable to treatments that can improve
survival, providing a range of palliative and supportive care options is crucial. In those with
intractable pain, partial tumour resection and low-dose external beam radiation protocols can
be very usefull3l,

HCC management at different resource levels.

The proposed overall approach for HCC management in different resource settings is
summarized in FIG. 3. The optimal treatment should be considered even in intermediate-
resource or low-resource countries if the treatment option is available; however, not all
forms of treatment are equally cost-effective and equally years-of-life-saving in every
setting, regardless of their cost. For early-stage HCC, potentially curative treatments
(namely, ablation, resection or liver transplantation) should be considered. For intermediate-
stage HCC, locoregional treatments such as TACE, TAE or TARE should be offered.
However, these therapeutic modalities are resource-intensive, and sorafenib could be
considered as an alternative option in countries with limited resources. For advanced-stage
HCC, targeted receptor tyrosine kinase inhibitors or immunotherapy should be considered
regardless of the level of resources. Reducing the cost of medication will be critical to
enabling the successful use of these medications, particularly in resource-limited countries.
Best supportive care should be provided for patients with terminal-stage HCC.

Global strategies for the management of HCC

Four main areas need to be improved to decrease the burden of HCC worldwide: preventing
HBYV and HCV infection; treating chronic hepatitis B, hepatitic C and liver disease;
mitigating exposure to dietary and metabolic risk factors; and improving liver cancer
detection, diagnosis and therapy. Strict estimates of the effects of specific measures are
lacking, but it should be considered that none of these measures on their own will be
sufficient to considerably decrease the number of deaths through liver cancer in the next
decades. These measures need to be combined into an organized and structured action plan
for a realistic chance of counterbalancing the increase in liver cancer cases owing to
population expansion and ageing. In BOX 1 we propose a framework of global
recommendations, taking into account progress to date as well as new actions that seem both
necessary and possible on the basis of the latest advances in HCC prevention and therapy88,
This framework includes primary prevention, including universal HBV vaccine coverage,
controlling chronic viral hepatitis with antiviral treatment, and reducing environmental- and
lifestyle-related risk factors, secondary prevention, including early detection via HCC
surveillance programmes, and tertiary prevention through universal access to the most
appropriate treatments in different resource settings, which are further discussed in detail
below.
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To date, only infant HBV vaccination has been rolled out as a structured worldwide
programme, as part of the Expanded Programme of Immunization, using multivalent
vaccines that are usually administered beginning at 6-8 weeks after birth. This is primarily
due to the efforts of the WHO (World Health Organization), the UNICEF (United Nations
Children’s Fund) and Gavi, the Vaccine Alliance, a public-private global health partnership
founded by the Bill and Melinda Gates Foundation with the shared goal of improving access
to vaccines for children living in the world’s poorest countries, in collaboration with local
national health systems. However, population coverage of the Expanded Programme of
Immunization remains <75% in around one-third of these countries, particularly those
countries with limited medical resources®®. Thus, despite much hope for universal HBV
vaccination, the number of deaths from HCC will continue to grow in the next decades
unless better coverage and other prevention measures are efficiently implemented. In
particular, the lack of effort to prevent mother-to-child transmission by broad introduction of
the birth dose of HBV vaccine to newborn babies within the first 24 h of life, as well as by
identification and treatment of the hepatitis B ‘e’ antigen-positive pregnant women who are
most likely to transmit HBV infection to infants, is a missed opportunity in many regions of
low-income and middle-resource countries®®. In addition to HBV vaccination, HBV and
HCV screening in high-risk populations and universal access to pharmacological treatment
of chronic HBV and HCV infections for those who have acquired infection will reduce the
global burden of HCC.

Active mitigation of aflatoxin exposure requires a multilevel action plan, but passive
reduction will spontaneously occur through diversification of the diet as many low-resource
countries are moving from low-income to middle-income status!®8. However, economic
growth and dietary diversification are also expected to cause many changes that might lead
to an increase in the incidence of liver cancer. A switch towards Westernized hypercaloric
diets and sedentary lifestyles, occurring in many traditionally underdeveloped areas, is
causing a rapid surge in population obesity, metabolic syndrome and diabetes!8°. This
development increases the prevalence of risk factors for liver cancer in both HBV carriers
and noncarriers, including individuals in whom carriage has been prevented by neonatal
vaccination’®. Monitoring these trends will be essential to distinguish positive and negative
effects of the changes associated with development. Thus, curbing the liver cancer epidemic
will require careful and rational management of global ecosystems, taking into account
economic growth, changes in agricultural and dietary practices, and reduction of endemic
conditions, such as viral hepatitis and obesity and lifestyle-related risk factors such as
alcohol and cigarette smoking.

Access to diagnosis, treatment and palliation is dramatically constrained by limited
economic resources in most HCC endemic countries. However, the global trajectory of liver
disease and cancer indicate that an excellent window of opportunity exists for screening,
early detection and early intervention!%0, Technology-intensive treatments, such as liver
transplantation or catheter-based locoregional treatments, are often not available in countries
with low-resource or middle-resource levels. Thus, best alternative treatments should be
provided depending on the stage of HCC. The positive results of trials with kinase inhibitors
and immune checkpoint inhibitors in the past few years are likely to spur increased access
and reductions in cost of systemic therapy worldwide. For all these interventions, improved
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medical access and clinical expertise in affected countries and regions is crucial. Efforts
might be particularly successful in the case of local ablation and surgical resection, for
which it is feasible to provide comparably low-cost solutions and transfer the needed
knowledge for hepatobiliary surgery, anaesthesia and perioperative care to enable relatively
safe and curative management options.

All aspects of the effort to decrease the burden of liver cancer worldwide urgently require
advocacy at the local, governmental and regional levels. The main areas include the
development and deployment of effective screening and surveillance programmes and
improvement of access to affordable diagnostics and therapies. In addition, adoption of
transformative new technologies needs to be promoted, including eHealth or mobile health
applications, new low-cost device platforms for improving viral hepatitis screening and new
technologies for HCC surveillance, including molecular assays, cell-phone or hand-held
device-based technology for liver ultrasonography or other forms of liver imaging, such as
for neoangiogenesis9l,

The growth of national, regional and global advocacy networks focusing on addressing the
epidemic of viral hepatitis and liver cancer has been one of the most important developments
in the past 10 years. These networks have stimulated the development of new guidelines for
hepatitis B and hepatitis C by the WHO, the adoption of resolutions recognizing chronic
viral hepatitis as a major cause of morbidity and mortality worldwide at the World Health
Assembly and the addition of the elimination of viral hepatitis worldwide to the global
Sustainable Development Goals'92. The work of these networks, which have coalesced in
the World Hepatitis Alliance, is highlighted by the organization of the World Hepatitis
Summit meetings in 2015 and 2017. These meetings have gathered key stakeholders and
resulted in the development of action plans for achieving the global elimination of viral
hepatitis by the year 2030 (REF.13). A major characteristic of these initiatives that
distinguishes them from previous efforts to combat HIV infection worldwide is the
recognition that efforts to eliminate viral hepatitis must include broad-based efforts to
strengthen health system infrastructures in low-income and middle-income countries where
the vast majority of those infected live. The launch of the global Fund for the Elimination of
Viral Hepatitis in November 2017 is a key step and commitment by the global philanthropic
sector to mobilize resources towards the achievement of these goals.

Finally, an action network addressing HCC screening, diagnosis and treatment in the low-
resource setting is urgently needed. Efforts are underway through the African and
International Hepatobiliary Pancreatic Associations to enhance training in liver surgery and
through the formation of the Gastroenterology and Hepatology Association of Sub-Saharan
Africal®. Anticipated collaborations with the African Organization for Research and
Training in Cancer and local, regional and international professional and advocacy
organizations will be needed to achieve meaningful progress in this area.

Conclusions

HCC is a major contributor to the cancer-related disease burden in many regions of the
world, particularly in African and Asian countries where medical and social care resources
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are often limited. Prevention and treatment of viral hepatitis and minimizing aflatoxin
exposure are crucial elements in decreasing the global burden of HCC. HCC surveillance
leads to early detection of cancer and improves overall survival. Thus, implementation of
programmes for viral hepatitis screening, HCC surveillance in high-risk patients and
effective treatment of HCC are important to improve the current dismal outcomes of patients
with this disease. The marked increase of community, health advocacy, public health and
civil society efforts in the past few years gives hope for the prospect of substantially
decreasing the global burden of illness and death from HCC within the next few decades.
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Years of life lost
An estimate of the average years a person would have lived if he or she had not died
prematurely.

Age-standardized incidence rate (ASIR).
The incidence rate after accounting for the differences in the age structure of the
populations.

Sociodemographic index
A summary measure of geographical sociodemographic development, determined based on
average income per person, educational attainment and total fertility rate.

Surveillance, Epidemiology, and End Results (SEER)
A National Cancer Institute programme that provides information on the incidence of cancer
and survival from cancer in the USA.

Adjusted odds ratio (AOR)

The ratio of the odds of the presence of an antecedent in those with a positive outcome to the
Odds in those with a negative outcome after adjusting for Other factors that can affect the
outcome.

Population-attributable fraction
The proportion of incidents in the population that are attributable to the risk factor.

Relative risk
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The ratio of the probability of an outcome in an exposed group to the probability of an
outcome in an unexposed group.

Absolute risk
Tile risk of developing the outcome of interest.

Direct-acting antiviral (DAA)
A new class of medication that acts directly to target specific steps in the HCV life-cycle.

Sustained virologic response (SVR)
An undetectable viral titre at least 12 weeks after completing treatment.

Primary prevention
Preventive interventions that are applied before there is any evidence of disease or injury.

Hepatitis B immunoglobulin
A human immunoglobulin that is used to prevent the transmission of HBV infection.

Enterosorbents
An adsorbent for binding toxic substances in the gastrointestinal tract.

Secondary prevention
Preventive interventions that try to detect a disease early and prevent it from getting worse.

Child-Pugh score
A classification system for the severity of cirrhosis.

Up-to-seven criterion
The sum of the largest tumour size in centimetres and the number of tumours <7.

Eastern Cooperative Oncology Group performance status
A performance status score used to assess the ability of a patient to tolerate cancer treatment.

MELD

A scoring system for assessing the severity of chronic liver disease which is now used by the
United Network for Organ Sharing and Eurotransplant for prioritizing allocation of liver
transplants.

Embolization
A treatment that blocks blood vessels to prevent blood flow to the tumour.

Heat sink effect
The cooling effect of blood flow leading to incomplete thermal ablation of liver tumours
near large blood vessels.

Bridge therapy
Hepatocellular carcinoma treatment during the waiting time prior to transplantation to
prevent tumour progression.
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Lobar ablation
Delivery of high-dose radiation to one lobe of the liver, causing hypotrophy of the treated
lobe of the liver.

Brachytherapy
A form of radiotherapy where a sealed radiation source is placed inside or next to the area
requiring treatment.

Stereotactic body radiation therapy
A focused radiation treatment using several beams of various intensities aimed at different
angles to precisely target the tumour.

Objective response rate
The proportion of patients with a reduction in tumour burden of a predefined amount.

Immune checkpoint inhibitors
A form of immunotherapy that works by releasing a natural brake on the immune system so
that T cells can recognize and attack tumours.

Sustainable Development Goals

A collection of 17 global goals set by the United Nations General Assembly in 2015 for the
year 2030 to end poverty, protect the planet and ensure that all people enjoy peace and
prosperity.
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Box 1 |

Framework recommendations for global reduction of HCC burden
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Achieving universal HBV vaccine coverage

Roll out sustainable HBV neonatal vaccination programmes
Monitor long-term protection (vaccine effectiveness)
Study interactions with other infections

Assess the usefulness of administration of hepatitis B immunoglobulin to
pregnant mothers for preventing mother-to-child transmission

Inform and educate populations and stakeholders, address changing
perceptions towards vaccination

Controlling HCV-related and HBV-related diseases

Promote HBV and HCV screening in high-risk populations

Promote universal access to pharmacological treatment of chronic HBV and
HCYV infections

Reducing environmental and lifestyle exposures

Promote substitute crops with less contamination by aflatoxin
Enforce stricter control on aflatoxin contamination levels

Promote healthy diet and physical exercise for prevention of metabolic
syndrome, NAFLD and NASH

Promote alcohol and smoking cessation

Control exposure to liver carcinogens and toxicants in the environment and in
the workplace

Improving early detection, staging and management

Develop nationwide programmes for HCC surveillance of at-risk individuals

Develop and roll out improved early detection strategies using noninvasive
biomarkers and imaging

Address the need for early detection in low-resource settings where HCC
often develops early without pre-existing cirrhosis

Promote universal access to best-available treatment options irrespective of
resource context, including access to targeted therapies and immunotherapies

Develop awareness of liver disease, support to patients and families and
access to palliation

HCC, hepatocellular carcinoma.
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Key points

Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer-
related death worldwide; >80% of HCC cases occur in low-resource and
middle-resource countries, particularly in Eastern Asia and sub-Saharan
Africa, where medical and social care resources are often constrained.

Prevention and treatment of viral hepatitis and mitigation of exposure to
aflatoxin and aristolochic acid, the main risk factors in high-incidence
regions, are critical for decreasing the global burden of HCC.

HCC surveillance enables early detection and increases the chance of
potentially curative treatment; therefore, broad implementation of HCC
surveillance in high-risk patients is essential to reduce the high mortality from
HCC.

Early-stage HCC is amenable to potentially curative treatment, which
includes local ablation, surgical resection and liver transplantation.

Catheter-based locoregional treatment is indicated in patients with
intermediate-stage disease; kinase and immune checkpoint inhibitors have
been shown to be effective treatment options in patients with advanced-stage
HCC.

Global reduction of HCC burden can be achieved by universal HBV
vaccination, control of chronic viral hepatitis, avoiding environmental and
lifestyle risk factors, and improving early detection and management.

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2019 October 25.




1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Yang et al.

Page 36

Incidence
m =84
5.8-8.4
4.7-5.8
3.3-4.7
<3.3

No data
Not applicable

O

Vgl 37 o

Mortality
>8.2
5.3-8.2

4.3-5.3

3.1-4.3

<3.1

No data

Not applicable

Fig. 1 |. Global disease burden of primary liver cancer.
Global variation exists in the incidence (part a) and mortality (part b) of primary liver

cancer, with the highest burden seen in East Asia and sub-Saharan Africa where medical
resources are often limited. Hepatocellular carcinoma accounts for 80-90% of primary liver
cancer. Numbers are per 100,000 person-years.

Data from Globocan 2018 (https://gco.iarc.fr/today/home).
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Fig. 2 |. Global variation in the overall survival of patients with HCC.
Taiwan and Japan have the best clinical outcomes for patients with hepatocellular carcinoma

(HCC), probably owing to the high proportion of HCCs that are detected at an early stage as
a result of nationwide intensive surveillance programmes in both countries’. By contrast,
outcomes in other East Asian countries are not as good as in Japan or Taiwan, as more
patients present at an advanced stage. Overall survival of patients with HCC in Egypt was
longer than in the other African countries, probably because more patients with HCC are
diagnosed whilst under surveillance for HCC, so that a lower proportion of patients present
with advanced- or terminal-stage disease and a higher proportion of patients receive HCC
treatment®. Data from Park et al. Global patterns of hepatocellular carcinoma management
from diagnosis to death: the BRIDGE Study. Liver /nt. 35, 2155-2166 (2015)” and Yang et
al. Characteristics, management, and outcomes of patients with hepatocellular carcinoma in
Africa: a multicountry observational study from the Africa Liver Cancer Consortium. Lancet
Gastroenterol. Hepatol. 2, 103-111 (2017)10.
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Resources

Stages 4 Limited Intermediate High

Early

Ablation, resection
( Ablation or resection or liver
transplantation

Intermediate

( Sorafenib ) ( TACE, TAE or TARE )
Advanced
Sorafenib or Sorafenib — regorafenib or nivolumab
lenvatinib or cabozantinib or ramucirumab
( Best supportive care )

Fig. 3 |. Strategy for HCC treatment in countries with different resource levels.
The optimal-treatment for hepatocellular carcinoma (HCC) should be considered even in

intermediate-resource or low-resource countries if the treatment option is available; however,
not all forms of treatment are equally cost-effective and years-of-life-saving in every setting,
regardless of their cost. For early-stage HCC, potentially curative treatment should be
considered whereas locoregional treatment would be the first-line treatment for
intermediate-stage HCC. However, these therapeutic modalities are resource-intensive and
sorafenib could be considered as an alternative option in countries with limited resources.
For advanced-stage HCC, targeted or immunotherapy should be considered regardless of
resource level. Best supportive care should be provided in patients with terminal-stage HCC.
TACE, transarterial chemoembolization; TAE, transarterial embolization; TARE,
transarterial radioembolization.
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