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Abstract

Sections

Hepatocellular carcinoma (HCC) is the third leading cause of cancer
deathworldwide. Surveillance for HCC is critical for early detection
and treatment, but fewer than one-quarter of individuals at risk of

HCC undergo surveillance. Multiple failures across the screening
process contribute to the underutilization of surveillance, including
limited disease awareness among patients and health-care providers,
knowledge gaps, and difficulty recognizing patients who are at risk.
Non-alcoholic fatty liver disease and alcohol-associated liver disease
are the fastest-rising causes of HCC-related death worldwide and are
associated with unique barriers to surveillance. In particular, more
than one-third of patients with HCC related to non-alcoholic fatty liver
disease do not have cirrhosis and therefore lack a routine indication

for HCC surveillance on the basis of current practice guidelines.
Semi-annual abdominal ultrasound with measurement of a-fetoprotein
levelsisrecommended for HCC surveillance, but the sensitivity of

this approachforearly HCCis limited, especially for patients with
cirrhosis or obesity. In this Review, we discuss the current status of HCC
surveillance and the remaining challenges, including the changing
aetiology of liver disease. We also discuss strategies toimprove the
utilization and quality of surveillance for HCC.
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Key points

o Fewer than one-quarter of patients with cirrhosis receive surveillance
for hepatocellular carcinoma (HCC).

o Multiple patient-related and provider-related barriers limit the
utilization of HCC surveillance; these barriers include limited disease
awareness, knowledge gaps, lack of resources and failure to recognize
patients at risk.

¢ Non-alcoholic fatty liver disease-related HCC develops in many
people without cirrhosis, but routine HCC surveillance is not
recommended in the absence of cirrhosis; surveillance should be
individualized on the basis of additional risk factors.

e Unique barriers to HCC surveillance (for example, non-adherence,
limited social report, stigma and psychological issues) are associated
with alcohol-associated cirrhosis; a multidisciplinary approach is
required to address these barriers.

o Ultrasonography has a suboptimal sensitivity for the detection of
early-stage HCC and its performance can be poorer in the presence of
obesity and non-alcoholic fatty liver disease-related or alcohol-related
cirrhosis.

¢ Novel blood-based and imaging-based biomarkers for HCC
surveillance are emerging but require validation.

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer
and the third leading cause of cancer-related deaths worldwide?.
In2020, an estimated 905,700 people were diagnosed with liver can-
cer globally’. The prognosis of HCC is poor — 5-year overall survival
rates are <20%*°. Tumour stage at the time of diagnosis is the leading
determinant of prognosis; 5-year survival rates exceed 55% among
patients with early-stage HCC but median survival among those with
advanced tumours is 1-2 years**™*. Over 90% of HCC occurs in the
setting of advanced chronic liver disease or cirrhosis, and HCC is one
of the leading causes of death among patients with liver disease'".

Cirrhosis is the leading risk factor for HCC'®, and major soci-
ety guidelines recommend that individuals with compensated cir-
rhosis should undergo surveillance using ultrasonography every
6 months'>7, This recommendation is supported, in part, by a ran-
domized trial that involved individuals with chronic hepatitis B and
demonstrated that surveillance reduced HCC mortality, though the
percentage of participants with cirrhosis was not reported'. No ran-
domized controlled trial of HCC surveillance specifically in patients
with cirrhosis has been conducted”. Nevertheless, a meta-analysis of
59 cohort studies showed that HCC surveillance was associated with
improved early-stage detection, receipt of curative treatment, and
prolonged survival and that surveillance-related adverse effects were
generally mild, strongly supporting the benefit of surveillance among
patients with compensated cirrhosis®. Despite these benefits, HCC sur-
veillanceis underutilized and multiple patient-related, provider-related
and disease-related barriers hinder surveillance” .

The global epidemiology of HCC is changing owing to increases
in non-alcoholic fatty liver disease (NAFLD) and alcohol-associated

liver disease and decreases in HCC related to hepatitis B virus (HBV)
and hepatitis C virus (HCV)". These changes in underlying liver disease
aetiology have important implications for HCC surveillance, includ-
ing lower utilization of surveillance, gaps in disease awareness, and
reduced sensitivity of ultrasound for early-stage detection of HCC
and other focalliver lesions® 7.

In this Review, we examine the current utilization of HCC surveil-
lance and consider the implications of the changing aetiology of liver
disease for surveillance. We highlight the barriers that limit HCC sur-
veillance and propose strategies toimprove the utilization and quality
of surveillance for HCC.

Utilization of HCC surveillance
Guidelines from major societies, including the American Association
forthe Study of Liver Diseases (AASLD)*, the European Association for
the Study of the Liver (EASL)" and the Asia-Pacific Association for the
Study of the Liver (APASL)", all recommend semi-annual ultrasound
scans for patients with compensated cirrhosis (Table 1). APASL recom-
mends HCC surveillance in specific subgroups of patients with chronic
hepatitis B without cirrhosis such as African people, Asian men older
than 40 years and Asian women older than 50 years" (Table 1). The
AASLD recommends surveillance in people with chronic hepatitis B
(men older than 40 years and women older than 50 years) who are
from countries where chronic hepatitis Bis endemic, and suggests that
people from Africa living with chronic hepatitis B start surveillance
from the age of 30 years**?’, The EASL recommends HCC surveillance
inpatients with chronic hepatitis Bwho are atintermediate or high risk
of HCC on the basis of the PAGE-B score (calculated from age, sex and
platelet count after receipt of tenofovir or entecavir)*.

Despite the fact that a substantial number of patients meet
the criteria for HCC surveillance, utilization is suboptimal® (Table 2).
Inthe following sections, we review utilization of HCC surveillance in
different groups. Important to keep in mind is that the majority of
studies of HCC utilization in patients with cirrhosis and chronic hepa-
titis B were based on data from administrative databases, which are
susceptibletobiasrelated to errorsin codingandincomplete records.
Consequently, interpretation of these data requires caution.

Patients with cirrhosis

A systematic review and meta-analysis of 29 studies that included a
total of 118,799 individuals estimated that HCC surveillance was utilized
for just 22% of patients with cirrhosis”. The same study demonstrated
that study setting is important: among study participants who were
enrolled from hepatology or gastroenterology clinics, an estimated
74% of patients with cirrhosis received surveillance compared with
just 9% in population-based studies®. Receipt of specialty care was
notthe only factor associated with different rates of HCC surveillance:
two studies reported that older age was associated with a higher likeli-
hood of receiving surveillance, and two othersidentified that people of
African descent were less likely to receive surveillance than people
of European descent®**3*,

Studies of HCC surveillance conducted in a real-world setting
(excluding trials of HCC surveillance and studies of dedicated HCC
surveillance programmes; Table 3) as well as studies published more
recently are consistent with these observations®. For example, ina
study of 15,543 insured adults with cirrhosis in the USA, patients were
up-to-date with recommended surveillance for only an estimated 31%
of the time®. Another study of 82,427 patients with cirrhosis in the USA
determined that only 9% underwent HCC surveillance at least once
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Table 1| Recommendations for HCC surveillance

Condition AASLD* AGA®' EASL" APASL'>?
Cirrhosis  Surveillance recommended in Child-Pugh  None Surveillance is recommended in Surveillance is recommended for
stages A or B; individuals in Child-Pugh Child-Pugh stages A and B; individuals  individuals with cirrhosis
stage C should only undergo surveillance in Child-Pugh stage C should only
if they are eligible for liver transplantation undergo surveillance if they are
awaiting liver transplantation
Chronic Surveillance is recommended for men None Individuals at intermediate or high risk ~ Surveillance is recommended for
hepatitisB  from endemic countries aged >40 years; of HCC (PAGE-B score >10) Asian men aged >40 years,
without women from endemic countries aged Asian women aged >50 years,
cirrhosis >50 years; people from Africa; people flee c seplnEree 20 e e
with a family history of HCC; people with . o
a PAGE-B score >10 people with a family history of HCC
Chronic Routine surveillance is not recommended  None Individuals with stage 3 fibrosis may Surveillance is recommended for
hepatitis be considered for surveillance patients with HCV cure treated
C without with DAAs, regardless of fibrosis
cirrhosis stage
NAFLD Routine surveillance is not recommended  Consider surveillance Individuals with stage 3 fibrosis may None
without in advanced (stage 3-4) be considered for surveillance
cirrhosis fibrosis

AASLD, American Association for the Study of Liver Diseases; AGA, American Gastroenterology Association; APASL, Asia-Pacific Association for the Study of the Liver; DAA, directly acting
antiviral; EASL, European Association for the Study of the Liver; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease.

every 6-12months*. Given these data, the fact that most HCC cases are
diagnosed outside of regular surveillance programmesis not surprising.
Reinforcing this point, in a study of patients who had developed HCC,
only26%had received any HCC surveillance, a proportion thatis similar
to that of patients with cirrhosis who received HCC surveillance (22%).

Patients with chronic hepatitis B without cirrhosis
Ameta-analysis hasindicated that the rate of HCC surveillance among
patients with chronic hepatitis B without cirrhosis is 32%”. A study of
four clinics in the USA determined that rates of HCC surveillance are
lower among patients with chronic hepatitis B without cirrhosis than
among those with cirrhosis (23.4% versus 38.4%)¢ (Table 4). Similarly,
aUSA-wide study of 6,831 patients with chronic hepatitis B without cir-
rhosis determined that only 39% of patients received any abdominal
imaging after 6 months of follow-up?.

Barriers to effective HCC surveillance

Multiple factors contribute to underutilization®” of HCC surveil-
lance (Box 1). Some of these factors are related to patients, others to
health-care providers andstill others to technical limitations of surveil-
lance techniques. In the following sections, we discuss these factors
and their effects on HCC surveillance.

Patient-related barriers

Many patients who know they have liver disease are unaware of or
unclear about its clinical consequences and therefore do not seek care
for their condition*’. For example, asurvey of 2,153 patients and guard-
ians visiting hospitals in South Korea determined that 40% knew they
had fatty liver or abnormal liver enzymes but only 48% of those who
knew they had liver disease had visited a medical institution and only
69% of those with abnormal liver enzymes had consulted doctors*.
Asurvey of patients with cirrhosis in the USA determined that the over-
alllevel of HCC-related knowledge, including knowledge that the risk of
HCCisincreased by cirrhosis and knowledge of the recommendations
for surveillance, was high (summary score 77.7%)*>. However, several
knowledge gaps were identified such as the belief that a healthy diet

precludes the need for HCC surveillance*”. These data suggest that
disease awareness varies by geographical location and culture, and
interventions need to be tailored accordingly.

Beyond disease awareness and knowledge, multiple logistical
factors for patients create barriers that contribute to low screening
rates**** (Box 1). Common barriersinclude costs, difficulty with sched-
uling ultrasound scans, difficulty with transportation and uncertainty
about where to undergo surveillance*>*. Longer intervals between
ultrasound ordering and scheduling as well as greater travel distance
have also been associated with lower odds of ultrasound completion®.

Provider-related barriers

Theavailable datasuggest that provider-related barriers (Box 1), suchas
afailuretodetectearlyliver disease, recognize cirrhosis or order surveil-
lance, contribute more to the underutilization of HCC surveillance than
patient-related barriers®*¢, Astudy of 1,201 patients with cirrhosis and
HCCinthe USA determined that 25% had unrecognized cirrhosis before
diagnosis of HCC”. Furthermore, astudy of primary care records from
four countries (the UK, Italy, the Netherlands and Spain) determined
that the prevalence of recorded NAFLD in adults was 1.9% in 2014

Table 2 | Estimated utilization of HCC surveillance

Condition Burden in population Estimated surveillance
utilization
With cirrhosis 112 million individuals <25%”
globally™®
Chronic hepatitis B >250 million individuals ~33%"
without cirrhosis globally™®
NAFLD 1in 3 adults* affected Unknown
globally - low incidence
of HCC but large at-risk
population
HCC >900,000 per year® ~25% received surveillance

before HCC diagnosis®'

HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease.
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Table 3 | Selected studies that provide data on the utilization of HCC surveillance in cirrhosis

Study

Study period Location Study setting

Study population

Utilization of surveillance

Clinical cohorts with data verified by chart review

Mohammed 2007-2009  USA Tertiary centre 369 patients with cirrhosis (alcohol  14% underwent surveillance scans every
etal.®® 32%, NAFLD 23%, HCV 21%) 6 months
Signorelli et al.””' 2012-2014 Brazil A tertiary centre and a 253 patients with cirrhosis (alcohol  6.3% received an ultrasound every 6 months
private centre 37.9%, HBV 13.8%)
Tran etal.* 2001-2015 USA Tertiary centre 2,366 patients with HCV cirrhosis 24.4% adhered to imaging every 6 months and
44% to imaging at least every 12 months
Administrative data base studies
Palmer et al."” 2006-2007 USA Data from an insurance 5,061 patients with cirrhosis 26% underwent at least one imaging test over
claims data base (alcohol 59%, HCV 30%, HBV 4%) 15 months
Goldberg et al.* 2008-2010  USA Data from the Veterans 26,577 patients with cirrhosis (HCV,  Up-to-date with ultrasound for HCC
Health Administration alcohol or a combination in >80% surveillance 17.8% of the time (mean for all
of included patients) patients)
Davila et al.* 1998-2005 USA Data from the Veterans 13,002 patients with HCV cirrhosis  12% received routine surveillance (ultrasound
Health Administration and AFP levels during at least 2 consecutive
years in the 4 years after cirrhosis diagnosis)
Yeo et al.*® 2007-2016 USA Nationwide administrative 82,427 patients with cirrhosis 8.8% received surveillance every 6-12 months
claims data base (viral hepatitis 2.1%; NAFLD 6.9%;
alcohol 2.8%; others 88.2%)
Singal et al.”*® 2010-2012 USA Integrated health-care 1,137 patients with cirrhosis (HCV 2% received surveillance every 6 months,
delivery system in 28.9%, NASH 28.7%) 33% received >1 ultrasound during the 2-year
Washington State follow-up period
Nguyen et al.* 2013-2019 USA Nationwide administrative 15,543 patients with cirrhosis Patients were up-to-date with recommended
claims data (NASH 38.2%, HCV 29.1%, alcohol  surveillance for only 31% (days covered/days of
27.3%) follow-up) of a median 1.3-year follow-up (any
abdominal imaging was considered to provide
6 months of days covered)
Chang et al.”® 2000-2015  Taiwan National health insurance 4,641 patients with HCV cirrhosis 14% adhered to annual HCC surveillance

data base

(abdominal ultrasound and AFP test) during
the follow-up period

We included studies that reported the utilization of hepatocellular carcinoma (HCC) surveillance in a real-world setting and excluded trials of HCC surveillance and studies of dedicated HCC
surveillance programmes. AFP, a-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.

(ref. 48), substantially lower than estimates from meta-analyses*$™°,

suggesting substantial underdiagnosis and under-recording.

Ameta-analysis has shown thatreceipt of surveillance was higher
among patients at gastroenterology and hepatology clinics than in
population-based cohorts (74% versus 9%), highlighting that barriers
to surveillance utilization are more problematic among primary care
providers than among specialist providers®. Indeed, a web-based
survey of 133 primary care providers in the USA determined that
more than one-quarter of primary care providers felt that HCC sur-
veillance was outside the scope of primary care and deferred it to
hepatologists®. In addition, 42% of primary care providers reported
that they did not know up-to-date HCC surveillance recommendations,
and some providers had misconceptions, such as believing that clinical
examinationand monitoring transaminases could be effective for HCC
surveillance®. Providers reported multiple barriers to performing sur-
veillance, including time constraints and competing clinical concerns®".
Anationwide survey of 531 physicians in Thailand reported that 56% of
practitioners who worked in acommunity setting had no access to an
ultrasound machine compared with 3% of practitioners who worked
atsecondary or tertiary hospitals®.

Together, these dataindicate that multiple provider-level barriers
and misconceptions contribute to suboptimal HCC surveillance, espe-
cially among primary care providers. Better education and logistical

support for relevant health-care providers could, therefore, help
improve rates of surveillance.

Limitations of ultrasonography

The overall sensitivity of ultrasonography for HCC at any stage is high
at 84%, but its sensitivity for detecting early-stage HCC (defined by
the Milan criteria) is much lower, at only 47% (63% when combined
with measurement of a-fetoprotein (AFP))>2. This lack of sensitiv-
ity for early disease is a major problem given that curative options
are limited for advanced-stage HCC''"?%35* This poor detection
of early HCC is related to operator dependence and difficulty with
visualizing the liver, especially for patients with obesity or advanced
cirrhosis®>>.

Difficulty with visualization of the liver can be assessed with the
Liver Imaging Reporting and Data System (LI-RADS) ultrasound visu-
alization score, which was developed under the auspices of the Ameri-
can College of Radiology to standardize reporting of imaging-based
surveillance tests for patients at risk of HCC>®. This qualitative evalu-
ation is categorized by the interpreting radiologist as follows: score
Aindicates no or minimal limitations; score B indicates moderate
limitations that might obscure small masses; and score C indicates
severe limitations that might substantially lower sensitivity for focal
liver observations”. In a study in which 2,053 patients with cirrhosis
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underwent ultrasound surveillance for HCC, the LI-RADS visualization
score was B for13% and C for 5% of patients®®. Obesity, cirrhosis related
to alcohol or non-alcoholic steatohepatitis (NASH), and Child-Pugh
stage B or C were independent predictors of limited visualization
(aLI-RADS score of B or C)*®, This finding is critical, as it indicates that
visualization limitations will become gradually more problematic given
the increasing prevalence of obesity and NASH (see Implications of
changing aetiology for surveillance).

Suboptimal visualization of theliver has diagnosticimplications.
In a study of 186 patients with HCC, the sensitivity of ultrasound for
HCCwasonly 27.3% among patients for whom the LI-RADS visualization
score was C, whereas sensitivity was >75% among patients for whom
the LI-RADS visualization score was either A or B, The association
of visualization scores in HCC surveillance with clinical outcomes,
such as overall survival, has not been studied directly, but these stud-
ies suggest that limited visualization is an important contributor to
the suboptimal sensitivity of ultrasonography for the detection of
early HCC.

Potential harm of ultrasound-based surveillance

Several studies have described physical harm to patients who have
undergone ultrasonography as screening for HCC, although these
harms seem infrequent and mostly mild. In a study of 680 patients
with cirrhosis who underwent surveillance by ultrasonography and/or
measurement of AFP, 28% of patients received either false-positive or
indeterminate findings that resulted in physical harm®. In this study,
mild harm was defined as one diagnostic computed tomography (CT)
or magnetic resonance imaging (MRI) procedure, moderate harm as
repeated CT or MRI procedures over time, and severe harmas any inva-
sive procedure, including abiopsy, or adeleterious complication such
asacutekidneyinjury fromthe contrast agent. Three of the 680 patients
experienced severe harm (2 underwent biopsy and 1 underwent an
angiogram), and 184 experienced mild or moderate harm®®. Inanother
prospective study of 614 patients with cirrhosis, 9% of participants were
subjected to unnecessary cross-sectional imaging but none received
anunnecessary biopsy®.

Inaddition to the physical harm that can result from false-positive
HCCsurveillance tests, psychological harmis also a possibility. Though
the psychological consequences have not been studied in the context
of HCC surveillance specifically, data from prostate cancer screening

suggest that false-positive results are associated with depression and
anxiety®.

Taken together, these data indicate that harms from HCC sur-
veillance arise mainly from indeterminate or false-positive results,
though most were mild. The harm caused could be further mitigated
with ajudicious approachtoindeterminate results thatinvolves close
monitoring rather than early invasive diagnostic tests.

Implications of changing aetiology for
surveillance

The aetiology of HCC has changed substantially in the past decade.
Onthebasis of datafrom the Global Burden of Disease study, NAFLD and
alcohol were the fastest-growing causes of liver cancer deaths globally
between 2010 and 2019, whereas liver cancer deaths related to HBV and
HCV declined in this period”. Additionally, the clear male predomi-
nance of liver cancer seen for most liver aetiologies was not observed
with NAFLD-related HCCin another study based on the Global Burden
of Disease data®. This lack of male predominance could be accounted
for by the fact that a greater proportion of males drink alcohol at least
moderately and therefore do not meet the criteria for NAFLD®. If pro-
posed changes innomenclature for NAFLD are adopted, more data will
berequired to determine the utilization of surveillance and survival on
the basis of updated definitions that have a greater emphasis on the
contributions of metabolic syndrome®°¢,

Although the incidence of HCC is lower among people with
non-viral liver diseases, such as NAFLD and alcohol-related liver dis-
ease, than among those with HBV or HCV infection, the at-risk popu-
lation is substantially larger® . Nearly one-third of the global adult
population has NAFLD*. In addition, alcohol consumption is rising
worldwide?> 3495067687072 Collectively, these data indicate that the
burden of HCC due to NAFLD and alcohol could increase in parallel with
the obesity epidemic and increasing alcohol consumption®”>”, Fur-
thermore, despite the relative decline in age-adjusted death rates for
liver cancer associated with HBV and HCV, these aetiologies accounted
for an estimated 40% and 29%, respectively, of global liver cancer
deaths in 2019, highlighting the continued importance of efforts to
eliminate viral hepatitis®.

Recent changes in the epidemiology of HCC have important
implications for HCC surveillance. In the following sections, we
consider these implicationsin relation to various aetiologies.

Table 4 | Selected studies that provide data for the utilization of HCC surveillance in cohorts with chronic hepatitis B

Study Study period Location Study setting

Study population

Utilization of surveillance

Clinical cohorts with data verified by chart review

Wang et al.*® 1996-2013 USA 4 clinics 1,329 with chronic HBV 38.4% of patients with cirrhosis had optimal HCC
(164 with cirrhosis) surveillance versus 23.4% of patients who did not have
cirrhosis but met AASLD criteria for surveillance
Administrative data base studies
Goldberg etal.”® 2006-2010  USA National insurance 4,576 patients with chronic 6.7% had complete surveillance (one ultrasound every
claims data base HBV without known cirrhosis 6 months)
Tran et al.®® 2007-2014 USA National insurance 55,317 patients with chronic 36.5% of patients without cirrhosis received at least
claims data base HBV infection (14.8% without annual surveillance
known cirrhosis)
Nguyen et al.”? 2013-2018 USA National administrative 6,831 patients with chronic HBV  39.3% and 51.3% received any abdominal imaging after

claims data base

without known cirrhosis

6 months or 12 months, respectively

We included studies that reported the utilization of hepatocellular carcinoma (HCC) surveillance in patients with chronic hepatitis B virus (HBV) in a real-world setting and excluded trials of
HCC surveillance and studies that included patients with chronic liver disease other than chronic hepatitis B. AASLD, American Association for the Study of Liver Diseases.
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Box 1

Limitations for hepatocellular
carcinoma surveillance and
possible solutions

Patient-related barriers Interventions
Barriers e Education

e Misconceptions regarding
screening

o Difficulties with cost and/or
insurance

e Lack of access to medical
care

o Difficulty with scheduling

e Longintervals between
medical appointments and
ultrasound

o Difficulties with
transportation

Interventions
e Education
e Case-finding approach to
identify patients at risk of
hepatocellular carcinoma
e Mailed outreach strategies
e Reminders

e Reminders based on
electronic medical records

o Nurse-led protocols to
coordinate surveillance

o Alert system if surveillance
appointment is missed

Ultrasound-related barriers
Limitations of ultrasound

e Operator dependent

e Substantial proportion
with limited visualization,
especially in obesity and
cirrhosis associated with
non-alcoholic fatty liver
disease or alcohol-related
liver disease

e Potential harm from false
positives or indeterminate
results

Provider-related barriers Alternative biomarkers

Barriers e Combinations of existing
e Lack of knowledge biomarkers
regarding screening e DNA methylation markers
o Failure to recognize patients o Cell-free DNA
at risk e Circulating tumour DNA
e Time constraints o Extracellular vesicles
e Competing medical issues e Abbreviated magnetic

e Lack of resources resonance imaging

NAFLD-related HCC

NAFLD poses unique challenges to HCC surveillance that diminish its
utilizationandits efficacy (Box 2). Asystematic review and meta-analysis
of 61 studies (including a total of 94,636 individuals) demonstrated
that 15% of HCC was secondary to NAFLD?. This meta-analysis also
showed that 39% of patients with NAFLD-related HCC do not have cir-
rhosis, a higher proportion than that of patients with HCC due to other
aetiologies (22% for HBV, 6% for HCV and 9% for alcohol-associated
liver disease)”. Findings of a population-based study conducted in
the USA were similar — 58% of patients with NAFLD-related HCC had
known cirrhosis compared with 90% of patients with alcohol-related
liver disease, 89% with HCV infection and 81% with HBV infection™. Col-
lectively, these data highlight that more than one-third of patients with
NAFLD-related HCC do not have cirrhosis and therefore lack aroutine
indication for HCC surveillance.

The challenge of low incidence in the absence of cirrhosis. Routine
surveillance for HCC in patients with pre-cirrhotic NAFLD would be
inappropriate because the incidence of HCC in such patients is low”®””.
Inone meta-analysis, the incidence of HCC in NAFLD without cirrhosis
wasjust 0.03 per 100 person-years (95% Cl1 0.01-0.07) compared with
3.8 per100 person-years (95% C12.47-5.78) in NAFLD with cirrhosis®®.
Similarly, in a prospective study of 1,773 adults with biopsy-proven
NAFLD, theincidence of HCC over 4 years was lower in stage 0-2 fibrosis
(0.04 per100 person-years) thaninstage 3 (0.34 per 100 person-years)
and stage 4 (0.14 per 100 person-years)’®. A population-based cohort
study of adults with biopsy-proven NAFLD in Sweden also deter-
mined that the incidences of HCC per 1,000 person-years in NAFLD,
NASH without fibrosis and non-cirrhotic fibrosiswere 0.8,1.2and 2.3,
respectively’””. In the subset of patients with non-cirrhotic fibrosis
and diabetes, the incidence was 7.2 per 1,000 person-years, and the
95% confidence intervals (0.8-23.0 per 1,000 person-years) over-
lapped with the threshold incidence above which HCC surveillance is
conventionally considered cost-effective?®”%,

The low incidence of HCC in NAFLD without cirrhosis has chal-
lenged consensus over surveillance recommendations for this pop-
ulation (Table 1). The American Gastroenterology Association has
advised that patients with NAFLD and non-invasive markers that are
consistent with advanced fibrosis or cirrhosis should be considered
for HCC screening®. The EASL guidelines recommend that patients
with stage 3 fibrosis may be considered for surveillance (weak rec-
ommendation) on the basis of individual risk assessment'.. Further-
more, the performance of widely available non-invasive tests, such
as the Fibrosis-4 (FIB-4) and NAFLD fibrosis scores, in the diagnosis
of advanced fibrosis in NAFLD is generally modest (area under the
receiving operator curve of 0.76 and 0.73, respectively); therefore,
use of these tests can result in misclassification and missed opportuni-
ties for surveillance®”. By contrast, complex blood-based biomarkers,
such as the Enhanced Liver Fibrosis Score (ELF), and imaging-based
non-invasive tests for advanced fibrosis, such as vibration-controlled
transient elastography and magnetic resonance elastography, are
moreaccurate (areaunder the receiving operator curve of >0.8) for the
diagnosis of advanced fibrosis but their availability can be limited** .
The lack of consensus about HCC surveillance in NAFLD without cir-
rhosis and the challenges in diagnosing advanced fibrosis contrib-
ute to heterogeneity in clinical practice and confusion among care
providers'>%886,

Value of additional risk factors. For patients with NAFLD without
cirrhosis, the decision of whether or not to recommend surveillance
should be individualized on the basis of various additional risk fac-
tors that have been associated with HCC such as type 2 diabetes mel-
litus (T2DM) and obesity®®”. In a meta-analysis of studies including
2,016 patients with NAFLD assessed by magnetic resonance elastogra-
phy, analysis of dataat the individual participant level determined that
the presence of T2DMi s a strong risk factor for HCC, even after adjust-
ment forbaseline liver stiffness®, an effect that could be related to faster
progression of fibrosis in patients with T2DM®, Evidence suggests
that patients with NAFLD and suboptimal glycaemic control and those
who use acombination of insulin and oral medications for T2DM are at
increased risk of HCC**, In a study in the USA of patients with NAFLD
without baseline cirrhosis, T2DM conferred the highest risk of progres-
sionto HCC (adjusted HR 2.77,95% C12.03-3.77); the impact of obesity
was more modest (adjusted HR 1.31, 95% CI 0.98-1.74)°°. However,
when multiple metabolic traits were present, the risk of HCC increased
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substantially (adjusted HR 8.63, 95% CI 1.11-66.99 in the presence of
T2DM, obesity and hypertension)®.

Inaddition to metabolicrisk factors, non-invasive markers of fibro-
siscould be useful for assessing the risk of HCC and identifying patients
suitable for HCC surveillance. For example, longitudinal assessment
of FIB-4 scores in patients with NAFLD demonstrated that patients with
aFIB-4 score that was persistently >2.67 were at the highest risk of HCC?".
Furthermore, patients whose FIB-4 score increased over time were
at higher risk of HCC than those with a persistently low FIB-4 score”.

Takentogether, thisevidence indicates that patients with NAFLD
and advanced fibrosis who have suboptimal control of T2DM, persis-
tently high FIB-4 scores and/or a combination of multiple metabolic
risk factors are atincreased risk of HCC, and HCC surveillance may be
considered on an individual basis for these patients. Improved risk
stratification strategies are required to identify which patients with
NAFLD and advanced fibrosis are most likely to benefit from HCC
surveillance®. Despite the fact that NAFLD is associated withincreased
risks of all-cause mortality, cardiovascular events and extra-hepatic
cancers, one study has suggested that HCC surveillance is cost-effective
for patients with advanced fibrosis and/or cirrhosis even after the risk
of mortality from other causes is accounted for®.

Practical challenges. Several studies have indicated that NAFLD and
obesity are associated with limited ultrasound visualization in HCC
surveillance for patients with cirrhosis*****, In a prospective study
of ultrasonography for HCC surveillance specifically in patients with
NAFLD cirrhosis, the LI-RADS visualization score was C for 35% of par-
ticipants, Bfor 63% and A (indicating minimal or no limitations) for only
2%, In combination with the data on visualization scores discussed
above (see Limitations of ultrasonography), these data indicate that
visualization with ultrasonography for HCC screening is substantially
poorer in patients with NAFLD than in patients with cirrhosis of other
aetiologies, highlighting the need for alternative surveillance strategies
in NAFLD cirrhosis (see Strategies to improve HCC surveillance).

Alcohol-related HCC
Despite the growing burden of alcohol-related HCC, alcohol-associated
cirrhosis is often underdiagnosed, contributing to low surveillance
ratesand poor disease awareness™’*””. Inastudy from the Italian Liver
Cancer group in which 573 patients with alcohol-related HCC were
compared with 1,642 patients with HCV-related HCC, the propor-
tion of HCC diagnosed via a surveillance programme was lower for
alcohol-related HCC than for HCV-related HCC (38% versus 69%).
Similarly, a study in the USA of 178 patients with cirrhosis who were
diagnosed with HCC determined that alcohol use disorder (definedin
this study as drinking more than40 g of alcohol per day) was associated
with lower surveillance (OR 0.14,95% C10.03-0.65)*°. As aresult of this
low surveillance, patients with alcohol-associated HCC tend to present
atamore advanced stage than those with HCC of other aetiologies” ",
Reasons for the lack of HCC surveillance among patients with
alcohol-related cirrhosisinclude poor disease awareness, inadequate
motivation, concomitant depression and anxiety, poor social sup-
port, stigma, competing medical issues, and inadequate screening
for alcohol use disorder among care providers®'°'%, In addition,
alcohol-related cirrhosis is associated with limited visualization with
ultrasonography for HCC surveillance, which might reduce the effi-
cacy of surveillance’®*, A multidisciplinary approach that involves
primary care, hepatologists, psychiatrists, public health specialists
and addiction specialists might be required to address these barriers

and meaningfullyimprove surveillance utilization among patients with
alcohol-associated cirrhosis”.

Anadditional complicationin the discussion of HCC surveillance
for patients with alcohol-associated cirrhosis is that the value of such
surveillance in this population is unclear. A nationwide study con-
ducted in Denmark demonstrated 1-year, 5-year and 10-year risks of
HCCas 0.9%,3.6% and 6.0%, respectively,amounting toanannual HCC
risk of ~0.7% per year; this risk is below the threshold at which HCC sur-
veillance is thought to be cost-effective'**'””. In this study, the likelihood
of death fromvariceal bleeding or traumawas comparable to that from
HCC'°°. Other competing causes of mortality in this population, such
asalcoholic hepatitis due to continued alcohol consumption'®'%, and
non-adherence to surveillance owing to alcohol-seeking behaviour
further complicate the risk-benefit ratio for HCC surveillance. Fur-
thermore, several experts have questioned the clinical utility of HCC
surveillance in patients with cirrhosis of any aetiology given the lack
of randomized data and the potential for harm'. These complexissues
highlight the need for further evaluation of the risks and benefits of
HCCsurveillance inalcohol-associated cirrhosis. One meta-analysis has
determined that T2DM, smoking, variceal bleeding and hepatic decom-
pensation are associated with a higher risk of HCC among patients
with alcohol-associated cirrhosis®’; therefore, if patients with these
risk factors undergo HCC surveillance, they need to be counselled on
theirincreased risk and the importance of adherence to surveillance.

HCV-related HCC
Despite a decline in mortality from HCV-related HCC during the pre-
vious decade, HCV still accounted for nearly one-third of global liver
cancer deathsin2019 (ref.15). Furthermore, the risk of HCC decreases
after hepatitis C cure (achievement of asustained virological response)
butremains substantial for individuals with cirrhosis before treatment
and remains elevated to a lesser degree in those with stage 3 fibrosis
before treatment'*’'%°,

Evidence from one study suggested that HCC surveillance is
cost-effective when used for patients with cirrhosis before hepatitis C
treatment but not when used for patients with stage 3 fibrosis before

Box 2

Unique challenges and barriers
to HCC surveillance in patients
with non-alcoholic fatty liver
disease

e Poor disease awareness

e More than one-third of patients have no cirrhosis

¢ Lack of consensus on surveillance in the absence of cirrhosis

o Limited visualization with ultrasound compromises the detection
of early hepatocellular carcinoma (HCC)

e Patients have competing comorbidities and appointments

o At-risk population is huge but the incidence of HCC within this
population is low
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treatment'”'. However, several parameters used in this modelling study
relied on dataonthe effectiveness and cost of treatment for advanced
HCC that were obtained before the approval of more effective therapies
such as atezolizumab plus bevacizumab; therefore, interpretation of
this finding requires caution''. The AASLD recommends continuing
HCC surveillance only for individuals with cirrhosis before hepati-
tis C treatment, whereas the EASL recommends that patients with
pre-treatment stage 3 fibrosis may be considered for screening and the
APASL'” recommends screening for all patients with cured hepatitis C
regardless of fibrosis stage'-**'* (Table 1).

Attempts have been made to stratify patients with cured hepatitis
Caccordingto their risk of HCC. For example, in a study based on the
US Veterans Affairs national health-care system, predictors of HCC
risk after hepatitis C cure wereidentified and models were developed
to discriminate between individuals at high, medium and low risk of
HCC'>. However, 97% of participants were male and the models were
onlyinternally validated; therefore, whether these findings are gener-
alizableis unclear.Inastudy conductedin Europe, the risk of HCC after
hepatitis C cure among individuals with advanced chronicliver disease
(defined by liver stiffness, hepatic venous pressure gradient or histol-
ogy) was determined and used to generate risk models based on AFP
levels, alcohol consumption, age, liver stiffness and albumin levels"s.
These models were externally validated in independent European
cohorts and could identify more than two-thirds of patients who had
an annual HCC risk of <1%. Further data — ideally validated externally
in geographically and ethnically distinct cohorts — are required to
determine optimal strategies for HCC screening among individuals
with advanced fibrosis after hepatitis C cure'*.

HBV-related HCC

Chronic hepatitis B remains the leading cause of liver cancer deaths
worldwide and accounted for 40% of global liver cancer deathsin2019
(ref.15). Despite the availability of effective antiviral therapy that sub-
stantially reduces the risk of HCC, only aminority of treatment-eligible
patients receive antiviral treatment because hepatitis B is severely
underdiagnosed®'>'?, Only four countries have achieved the WHO
Global Health Sector Strategy on Viral Hepatitis 2020 interim target
of a10% reduction in deaths between 2015 and 2019 (ref. 130), and
HBV-related HCC is likely to remain a major threat to public health
over the next decade.

Multiple predictive models have been developed to stratify the risk
of HCC among patients with antiviral-treated and antiviral-untreated
chronic hepatitis B****'*2, HBV DNA is animportant component of risk
scores in untreated individuals as it is a major predictor of HCC risk,
but separate risk scores are needed for treated patients because the
treatment suppresses HBV DNA**'**, Owing to the fluctuating nature
of disease activity in untreated chronic hepatitis B, frequent reassess-
ment of risk scores might be required, limiting the clinical applicability
of risk scores that were derived from the untreated cohorts™**,

HCCrrisk scores developed in antiviral-treated cohorts could be
used toidentify patients who are at low risk of HCC and could therefore
avoid HCC surveillance provided that the negative predictive value
of the risk score is sufficiently high™’. A study of 3,101 patients with
antiviral-treated chronic hepatitis B in the USA independently evalu-
ated 10 published HCC risk-prediction models and determined that
none of the patients in the low-risk groups, defined by the PAGE-B,
m-PAGE-B, AASL-HCC or REAL-B risk scores, developed HCC over a
median follow-up of 4.5 years®*'>»1#0147148 Cyrrently, the EASL and
AASLD guidelines recommend use of the PAGE-B score to identify

patients with chronic hepatitis Bwho require HCC surveillance™*"*"1*°,
Prospective validation of theserisk scoresin ethnically and geographi-
cally diverse cohorts of patients with chronic hepatitis B will be useful
to determine their clinical utility for guiding HCC surveillance.

Strategies to improve HCC surveillance

Utilization

Severalinterventions directed at patient-related and provider-related
barriers have been proposed toincrease the utilization of HCC surveil-
lance (Box 1). In one study in Australia, patients were provided infor-
mation sheets on HCC and the importance of surveillance toimprove
their knowledge; these sheets were mailed to patients with reminders
to undergo HCC surveillance™°. In addition, clinicians were provided
with surveillance guidelines and protocols on the hospital intranet and
adedicated nurse was assigned to coordinate HCC screening™’. These
interventions improved the utilization of HCC screening (defined as
appropriate surveillance within the preceding 6 months) from 46%
t0 92%"°. In another multicentre randomized trial of a mailed out-
reach strategy conducted in the USA, patients with cirrhosis (based
on International Classification of Disease codes or a FIB-4 score of
>3.25) received a letter that contained information about HCCand a
recommendation for screening™’. Participants who did not respond
received follow-up calls and reminders for their ultrasound appoint-
ments. Semi-annual HCC surveillance over 1 year was higher among
patients whoreceived the intervention than among those who received
usual care (35% versus 22%).

Several studies have focused on interventions directed at care
providers. In a study conducted in Italy, 120 primary care physicians
participated ina training programme for the screening of individuals
whoareatrisk of cirrhosis (for example, people with heavy alcohol use
orwho are positive for hepatitis B surface antigen or HCV antibodies)
with ultrasonography and platelet counts™2. This intervention was
associated with an increase in the proportion of patients diagnosed
withHCC during surveillance compared with before the training period
(55% versus 35%)"*% In a study conducted in the US Veterans Affairs
health system, clinical reminders appeared on the electronic medical
records of patients with cirrhosis, and the proportion that received
adequate surveillance (two or more imaging scansin 18 months) at the
intervention site increased by 51%'*°. In another study conducted in
the USA, patients with cirrhosis were enrolled into a surveillance pro-
gramme that enabled nurses to order surveillance tests and provided
alerts to nurses if enrolled participants were 1 month or more behind
on their surveillance™. After this intervention, 93% of participants
underwent surveillance imaging at least once during a 1-year period
compared with 74% during a1-year period before the intervention®*.

Interventions have also been implemented to improve the
detection of liver disease and HCC in the wider population. In a study
conductedin Germany, astructured screening programme was imple-
mented to detect early cirrhosis in people undergoing health checkups.
Inthis screening programme, measurement of aspartate aminotrans-
ferase, alanine aminotransferase and platelet levels in routine serum
tests was associated with a59% increase in the odds of detecting early
cirrhosis (after excluding individuals with decompensated cirrhosis) .
By identifying people with early cirrhosis who are at risk of HCC, and
hence candidates for HCC surveillance, this approach could improve
surveillance utilization and early detection of HCC but requires vali-
dation. Population-wide interventions implemented in Japan and
Taiwan have dramatically improved HCC detection and survival™®’",
InJapan, educational public lectures are conducted several times per
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year in each prefecture, free testing for HBV and HCV is available, and
the costs of HCC surveillance are covered by the national health
insurance system"*"*®, These interventions have contributed to >56%
of HCC casesinJapan being diagnosed via surveillance™*"**'°, Similarly,
HCC surveillance by ultrasonography is reimbursed in Taiwan under
its universal health-care system'’, and this intervention has resulted
in 39% of men and 52% of women receiving an ultrasound scan in the
12 months before a diagnosis of HCC*"*°',

Taken together, these data suggest that strategies to improve
the education of patients and providers, case-finding approaches to
detect cirrhosis, mailed outreach programmes and reminders gener-
ated through electronic medical records could be effective ways to
improve the utilization of HCC surveillance. Nationwide, case-finding
approaches that link patients at risk with a surveillance programme
could also helptoimprove surveillance utilization and reduce mortality
associated with HCC'*%,

Quality

Ultrasound-based HCC surveillance is associated with multiple limita-
tions, including limited sensitivity for early-stage disease, limited visu-
alization, inter-operator variability and poor adherence®. Ultrasound
image acquisitionis complicated and operator dependentbutis akey
elementin the diagnostic process'®®. Operators with more experience
aremore likely to be capable of identifying features that support or rule
out differential diagnoses, resulting in greater accuracy'. In a study
conductedinthe USA in which 6,598 patients at risk of HCC underwent
ultrasonography, the LI-RADS visualization score was worse for exami-
nations performed by less experienced sonographers', and the EASL
recommends that HCC surveillance by ultrasonography should be per-
formed by ‘experienced’ personnel™. Therising prevalence of obesity,
NAFLD and alcohol-associated liver disease could further compromise
the sensitivity of ultrasound-based surveillance for HCC, necessitating
improvements in biomarker tests for HCC”.

Blood-based diagnostic markers of early HCC. Blood-based bio-
markers could help to address some of the limitations of ultrasonog-
raphy by producing objective results rather than operator-dependent
findings. Early-phase studies of several biomarkers have produced
encouraging results' (Box 1). A meta-analysis has shown that adding
measurement of AFP to ultrasonography resulted in a pooled sensi-
tivity of 63% for the detection of early HCC compared with 47% with
ultrasonography alone®. However, AFP has limited sensitivity for
HCC when used in isolation and is therefore insufficient alone as a
screening test (though its performanceis betterin patients with cured
hepatitis C and in patients with hepatitis Bwho arereceiving nucleos(t)
ide analogues)'**'%’, Serum levels of des-carboxy-prothrombin and
AFP-L3 have been used for HCC surveillance in the clinical setting but
their sensitivity for early HCC was <50%'**7°, Combinations of exist-
ing biomarkers have also been used; such combinations include the
GALAD (gender, age, AFP-L3, AFP, des-carboxy-prothrombin) score,
the Doylestown algorithm (age, gender, log AFP, alkaline phosphatase
and alanine aminotransferase) and the HES algorithm (AFP, rate of AFP
change, alanine aminotransferase and platelet count)”" "%, Several
of these combinations have performed well in case-control studies,
but early datafrom phase Il trials suggest that the sensitivity of these
algorithms for early-stage HCC is only ~-55-60%¢""",

Other emerging blood-based biomarkers of HCC include DNA
methylation markers, cell-free DNA, circulating tumour DNA and
extracellular vesicles, and results of studies in which these markers

have been used are promising. In a case-control study in which DNA
methylation markers (HOXA1, TSPYL5 and B3GALT6) were combined
with sex and AFP, sensitivity was 82% in an independent validation
cohort. Similarly, amulti-analyte blood test that combined cell-free
DNA methylation patterns, clinical variables and protein tumour mark-
ershad asensitivity of 76% for early HCC compared with 57% for AFP'”’,
Analgorithmbased on three extracellular vesicle subpopulations had
asensitivity that exceeded 90% in distinguishing early-stage HCC from
cirrhosis in an external validation cohort"®. Despite these encourag-
ing preliminary results, these biomarkers require validation in large
prospective studies"”’. Current and emerging blood-based biomarkers
of HCC have been reviewed in detail elsewhere!*>'$015,

Magnetic resonance imaging. MRIwith and without liver-specific con-
trast has been studied as an alternative method for HCC surveillance
that could address the limitations of ultrasound-based screening'®*.
In a prospective study conducted in South Korea that involved
407 patients with cirrhosis, comparison of complete MRI sequences
with ultrasonography determined that detection of early-stage HCC
was considerably higher with MRI (86.0% versus 27.9%)'%2. However,
complete MRI might not be feasible as a screening tool owing to long
image acquisition times, availability and cost'®.

Abbreviated MRI protocols could improve the feasibility of MRI
as a screening tool as they involve a fraction of the sequences and
reduce image acquisition time to less <15 min (ref. 184). A systematic
review and meta-analysis of 15 studies determined that the sensitivity
of abbreviated MRI for HCC was 86%, though this estimate was lower

Box 3

Future directions

e The focus of care for patients with hepatocellular carcinoma
(HCC) should be shifted upstream towards early detection®®.

¢ A case-finding approach to link patients at risk with a surveillance
programme could help to improve surveillance utilization and
reduce mortality associated with HCC™®.

e Estimates of surveillance utilization should be standardized to
report the percentage of patients that received semi-annual
surveillance imaging.

¢ Multidisciplinary collaboration between public health, hepatology
and primary care specialists as well as patient advocacy groups
could help to improve the utilization of HCC surveillance, especially
in the setting of cirrhosis associated with non-alcoholic fatty liver
disease or alcohol-related liver disease, conditions associated
with unique barriers to surveillance®".

e Consensus regarding the utility of HCC surveillance in the setting
of non-alcoholic fatty liver disease with advanced fibrosis and
hepatitis C virus after sustained virological response could help
to streamline care practices.

o Strategies should be developed for surveillance when
visualization is severely limited with ultrasonography.

o Alternative strategies are needed to improve the quality of HCC
surveillance, including novel blood-based biomarkers and
advanced imaging modalities.
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(69%) for the detection of HCC of <2 cmin diameter', Comparison of
abbreviated MRI, complete MRl and ultrasonography in patients with
cirrhosis determined that the sensitivities for HCC were 86.0%, 90.7%
and 27.9%, respectively®. A multicentre study of 161 patients with
HCC published in 2023 determined that the sensitivity and specific-
ity of abbreviated MRIfor early-stage HCC (with surgical pathological
findings as the reference) were 88% and 89%, respectively'®.

Emerging datasuggest that abbreviated MRI could be particularly
useful for HCC surveillancein the context of NAFLD cirrhosis given the
high prevalence of obesity in this patient group, which tends to limit
visualization with ultrasonography****. Ina prospective, head-to-head
study of abbreviated MRI versus ultrasonography for HCC surveil-
lance in 54 patients with NAFLD cirrhosis, abbreviated MRI was asso-
ciated with a lower proportion of severe limitations of visualization
(19% versus 35%)”. Further validation of these data and analysis of the
cost-effectiveness of abbreviated MRl are required. Regardless, access
to MRlis likely to remain a barrier to its use for HCC surveillance.

Conclusions

HCCsurveillanceis associated withimproved survival of patients with
chronic hepatitis B or cirrhosis butisunderutilized in clinical practice
owing to multiple patient-related and provider-related barriers and
considerable work is needed to improve surveillance rates (Box 3).
Changesto HCCsurveillance and interventions such as a case-finding
approach and outreach strategies could improve surveillance rates.
Several unique barriers to HCC surveillance are associated with
NAFLD-associated and alcohol-associated cirrhosis, including poor
performance of ultrasound-based surveillance, highlighting aneed for
surveillance modalities that are more effective in these growing patient
populations. Novel blood-based and imaging-based biomarkers are
promising for HCC surveillance but require prospective validationin
large cohorts. Surveillance is essential for early detection of HCC and
more resources need to be directed towards making early detection
easier, thereby reducing the global burden of HCC.

Published online: 03 August 2023
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