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Abstract

International guidelines recommend six monthly ultrasounds as the primary surveillance tool for patients at risk of
hepatocellular carcinoma (HCC). The dominant driver of liver disease in HCC surveillance populations is shifting,
particularly in Europe and the United States, from chronic viral hepatitis (B or C), towards non-alcoholic fatty liver
disease (NAFLD). Today, the population requiring HCC surveillance is also characterised by a high prevalence of
overweight/obesity. These patient characteristics significantly impair ultrasound quality which can impede the
detection of early HCC lesions. This diagnostic limitation has significant implications considering that eligibility for
curative treatment depends upon the stage at which the cancer is detected. In this narrative review, we provide a
comprehensive overview of the published evidence and national/international guidelines regarding ultrasound
surveillance for HCC in people with NAFLD. We examine ultrasound sensitivity in this cohort for the detection of all
stage and early HCC, the impact of steatosis and abdominal obesity on ultrasound performance, evidence for the
addition of serum alpha-fetoprotein measurement, optimal timing of surveillance, emerging modalities for risk
stratification and screening, and outline the challenges of case finding and surveillance eligibility criteria in this
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patient cohort. Finally, amalgamating all available evidence, we propose a pragmatic surveillance pathway for
patients with NAFLD.

Keywords: Non-alcoholic, fatty liver disease, hepatocellular carcinoma, ultrasound scan, steatosis, obesity

INTRODUCTION

Primary liver cancer (PLC) is the 11th leading cause of cancer globally and 8th leading cause of cancer
death, accounting for 12.5 million disability-adjusted life years"!. Hepatocellular carcinoma (HCC) accounts
for approximately 90% of PLC cases”. HCC is strongly associated with age, male gender, diabetes and
carriage of the patatin-like phospholipase domain-containing protein 3 (PNPLA3) rs738409 C c.444C >G
minor allele for patients with non-alcoholic fatty liver disease (NAFLD)"*. HCC incidence is 89% and 78%
higher in males and females, respectively, in the most deprived quintile compared with the least””’. Incidence
rates in Europe and America have increased since the 1990s, although in recent years, these have plateaued,
most likely as a result of the success of direct-acting antiviral therapy for hepatitis C virus (HCV)
infection'. Modelling from the UK suggests that HCC incidence is expected to increase 40% before 2035;
however, mortality rates are predicted to rise further, in stark contrast to those of other cancers'”.

The estimated increase in HCC incidence reflects the emergence of NAFLD as a leading cause of PLC,
driven by the obesity and type 2 diabetes (T2D) epidemics™’. Estes et al. forecast that the incidence of
NAFLD HCC will increase by 137% by 2030 in the United States"”. When one reflects on the widespread
use and effectiveness of direct-acting antiviral therapy for HCV and the rise in vaccination against hepatitis
B virus (HBV) infection, it is clear that NAFLD will become the dominant aetiological driver of HCC.

Despite the potential for curative treatment, many patients with HCC are not eligible for this, either due to
advanced tumour stage, poor liver function or low-performance status"". Early diagnosis of HCC is vital as
the 1-yr survival is 78% (TNM stage 1) vs. 20% for those diagnosed at the latest stage (TNM stage 4)""?. The
importance of detection of small tumours translates into an increased likelihood of effective treatment and
improvement in overall survival™”. Better early detection of liver disease and HCC is a priority for health
services®'*. Given that cirrhosis is the leading cause of HCC, international guidelines advise that all people
with NAFLD-related cirrhosis are surveyed for HCC every 6 months via transabdominal ultrasonography
(USS)"**. While contrast-enhanced liver computed tomography (CT) and magnetic resonance imaging
(MRI) have been shown to be more sensitive for HCC detection!®, the cost, availability, and impact on
diagnostic services would prohibit their use as a surveillance tool using the current model of six monthly
screening in all at-risk patients"**. Their use also requires the need for contrast agents and radiation
exposure in the case of CT. In this narrative review, we explore the challenges for HCC surveillance in
patients with NAFLD, the performance of USS for people with NAFLD compared to other subpopulations,
and the latest evidence regarding surveillance timing, the use of alpha-fetoprotein (AFP), contrast-enhanced
USS and cost-effectiveness data. We discuss emerging surveillance tools and provide a summary of best
clinical practices.

NON-ALCOHOLIC FATTY LIVER DISEASE

NAFLD is the leading cause of chronic liver disease in Europe, with an overall prevalence significantly
higher in men than in women (39.7% vs. 25.6%, P < 0.0001)”". NAFLD encompasses a spectrum of clinical
entities progressing from simple hepatic steatosis to non-alcoholic steatohepatitis (NASH), hepatic fibrosis
and cirrhosis. Movement between these stages is dynamic prior to the development of cirrhosis. Prevalence
rates of NAFLD are estimated to be 10%-30% in the general population, 50%-90% in people with obesity and
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56% in people with T2D"**. NAFLD is a metabolic disease with insulin resistance as a principal
pathophysiological defect””, and as such, a recent consensus group has proposed a change in nomenclature
to metabolic-dysfunction associated fatty liver disease (MAFLD) characterised by liver steatosis
(radiologically evident) and concomitant metabolic risk factors”’. While excess fat accumulation in the liver
itself, in many cases, may be of no long-term significance to liver health, hepatic steatosis can progress to
liver fibrosis in up to 40%"*”"\. It is the presence of advancing liver fibrosis and cirrhosis that is associated
with an increased risk of liver-related mortality including HCC"****, and incident cardiovascular
disease". While traditionally, liver fibrosis was staged at liver biopsy, there has been a huge expansion over
the last two decades in the use of non-invasive fibrosis tests”". These include simple algorithms (e.g.,
fibrosis-4 (FIB-4) score, NAFLD fibrosis score), serum biomarkers [e.g., the enhanced liver fibrosis (ELF)
test], and shear wave elastography [transient elastography, TE (Fibroscan®)", liver ultrasound
elastography™, and magnetic resonance elastography]”*. Sequential use of more than one test has been
shown to reduce the need for liver biopsy"”. In addition to the oncogenic risk posed by NAFLD, obesity and
diabetes, observational studies suggest an elevated risk of HCC associated with the use of insulin and
sulphonylureas'**. There is also emerging evidence of an association between air pollution, NAFLD
incidence®™ and HCC mortality””. Interestingly the molecular signature associated with NAFLD-HCC has
recently been found to differ from that associated with non-NAFLD HCC, including higher rates of the
ACVR2A mutations (a potential tumour suppressant)”*®.

CHALLENGES PRESENTED BY THE EMERGENCE OF NON-ALCOHOLIC FATTY LIVER
DISEASE AS A LEADING CAUSE OF HEPATOCELLULAR CARCINOMA

The emergence of NAFLD as a leading cause of HCC presents new and unique challenges for hepatologists,
metabolic, obesity and diabetes physicians, oncologists and hepatobiliary surgeons.

Disease burden

Current and predicted prevalence levels of NAFLD means that the overall contribution of NAFLD to the
global HCC burden is likely to surpass that of HCV™. Estimates of global trends in the burden of liver
cancer using the methodology framework of the Global Burden of Disease study have identified that NASH
has the fastest-growing age-standardised death rate for HCC""\. A large cohort study from the United States
Scientific Registry of Transplant Recipients has shown that 18% of individuals listed for a liver transplant,
with an indication of HCC, have NASH (the 2nd most common cause after HCV), and that NAFLD is the
fastest-growing cause of HCC in liver transplant candidates*". Case series from the UK (n = 632)"* and US
(n = 4,406)" have identified that 38% and 59% of cases of HCC may be attributable to NAFLD. While HCC
incidence rates are similar between patients with NAFLD cirrhosis and HCV cirrhosis, NAFLD is associated
with a comparatively low HCC risk compared to HCV overall [Table 1]***". This has implications for the
cost-effectiveness of USS-based HCC surveillance in this group.

Presentation of HCC outside of a surveillance programme

While overall survival appears comparable to other aetiologies of HCC, patients with NAFLD-HCC have
been found to have a reduced disease-free survival than patients with non-NAFLD HCC". This could be
explained by the finding that patients with NAFLD-HCC are more likely to have presented with cancer
detected outside of a surveillance programme (67.2% vs. 44.3% according to meta-analysis data), and with
larger tumours (although overall Barcelona Clinic Liver Cancer (BCLC) stage is comparable)*’. Several
factors are likely to account for this. Two meta-analyses found that 38%-39% of patients with NAFLD-HCC
were not cirrhotic at presentation vs. 14%-15% for other aetiologies of chronic liver disease'***”. This may
occur as a result of genetic and oncogenic factors related to obesity, T2D, liver steatosis and hepatic
oxidative stress"*”. Furthermore, a significant proportion of patients with NAFLD presenting with HCC,
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Table 1. Comparison of population prevalence and incidence of HCC for patients with NAFLD and hepatitis C virus infection

NAFLD Hepatitis C virus infection
Population prevalence 239 Pre DAA 2.0% (2015)1°’
Post DAA 1.2% (2020)™”
HCC incidence overall 0.03 per 100 person-yearsm] Failed SVR (0.87 per 100 patient-m?rs)

SVR (0.24 per 100 patient-years)

Failed SVR (3.25 per 100 patient?/ears)
SVR (1.97 per 100 patient-years) 44l

HCC incidence in cirrhotic population 3.78 per 100 person—years[43]

including those with cirrhosis, have undiagnosed pre-existing liver disease and thus are not enrolled in
HCC surveillance'.

Low sensitivity of USS for the detection of early HCC

As discussed below, ultrasound sensitivity for the detection of HCC in people with NAFLD is suboptimal,
largely as a result of central obesity and the presence of hepatic steatosis. Reliance on this imaging modality
for HCC surveillance, therefore, places patients with NAFLD at a disadvantage.

PERFORMANCE OF ULTRASOUND FOR DETECTION OF HEPATOCELLULAR
CARCINOMA IN PATIENTS WITH CIRRHOSIS (ALL AETIOLOGIES) AND CHRONIC
HEPATITIS B VIRUS INFECTION

USS has many favourable attributes as a surveillance tool: there are no associated risks, costs are moderate,
and it has high levels of acceptability and achieves high sensitivities for the detection of HCC in certain
patient groups (slim, non-cirrhotic). It is also possible to comment on features of cirrhosis and portal
hypertension, and where Doppler is used, USS can detect portal vein thrombosis, all of which will guide the
appropriate management of patients with HCC. Challenges include the detection of very early HCC, where
there is a single cancerous nodule < 2 cm (BCLC stage 0), and those that meet the Milan criteria (one nodule
< 5 cm or three nodules each < 3 cm in diameter, without gross vascular invasion). The distinction between
HCC and regenerating nodules, found in patients with cirrhosis, is also not possible on standard USS.
Finally, the experience of the operator is another factor affecting the usefulness of ultrasound in this setting.

The use of USS for HCC surveillance was first recommended based on a landmark randomised trial in
China of 18,816 patients with hepatitis B or chronic hepatitis™’. The intervention group received six
monthly USS plus AFP and these individuals experienced a 37% reduction in mortality. There have been no
randomised trials in Western countries. A meta-analysis of prospective studies published up to 2007
confirmed that USS detected the majority of tumours before they presented clinically (94% sensitivity);
however, it was less effective for the detection of early HCC (63% sensitivity)*". Biannual surveillance
increased the sensitivity to 70% for detecting early-stage HCC*". In these studies, there was a mixed
aetiology of liver disease, although the majority of patients had chronic HCV infection”'. A systematic
review of 14 cross-sectional studies reported that USS had a high level of specificity for HCC detection, but
a sensitivity of only 60%*”. Where studies used explanted liver as the gold standard, sensitivities for USS
ranged from 58% to 89% in populations from the United States™ . An analysis of 202 patients who
received a liver transplant for HCC due to mixed aetiologies reported that USS had a 46% sensitivity for
HCC detection compared to 65% for CT and MRI"". For lesions less than 2cm, sensitivity values were just
21% (USS), 40% (CT) and 47% (MRI)"?. In 2018, Tzartzeva et al. published an updated meta-analysis of 32
studies (1990-2016; 13,367 patients) and identified that USS detected any stage of HCC with an 84%
sensitivity (95%Cl: 76-92) and early stage HCC with a sensitivity of just 47% (95%Cl: 33%-61%)"". The
aetiology of liver disease in this group was mixed, and it is unclear what proportion of people had NAFLD
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or were overweight.

In the absence of randomised control trials, a large number of observational studies have attempted to
determine if biannual USS surveillance for HCC leads to a survival benefit. In 2022, Singal et al. performed a
meta-analysis analysing the harms and benefits of ultrasound surveillance in people with cirrhosis (59
studies, 2014-2020; 145,396 participants)”®”. HCC surveillance was found to be associated with improved
early-stage detection (OR 1.86, 95%Cl: 1.73-1.98), receipt of curative treatment (OR 1.83, 95%CI: 1.69-1.97)
and overall survival (HR 0.67, 95%CI: 0.61-0.72)"”.. However, only two studies examined whether HCC
surveillance was associated with improved outcomes in people with NAFLD"”. Four studies reported on
harms associated with surveillance. These occurred in 8.8%-27.5% of patients and were mostly mild in
severity”’..

PERFORMANCE OF ULTRASOUND FOR THE DETECTION OF HEPATOCELLULAR
CARCINOMA IN THE CONTEXT OF NON-ALCOHOLIC FATTY LIVER DISEASE AND
OBESITY

The study populations from the earliest trials looking at the effectiveness of USS surveillance for HCC***
are not truly representative of today’s HCC surveillance population, particularly in the West. Specifically,
they were based in Asian populations where chronic hepatitis B and C viruses were the predominant drivers
of cancer. Patients in these studies had low rates of central obesity and liver steatosis, both of which are
known to impair ultrasound image quality™. In addition, not all patients in these cohorts had cirrhosis™”,

which can result in difficulties differentiating between an early HCC and regenerating nodules. In terms of
cost-effectiveness, the annual incidence of HCC in populations with high rates of chronic viral hepatitis is
over 5%; this is greater than that for NAFLD cirrhosis (approximately 0.7%-4.0%)"*"*”. As a result of the
factors mentioned above, over 50% of tumours detected in these cohorts were small, leading to a greater
than 50% five-year survival for patients who underwent surgery'*. Survival rates may also have been
positively influenced by the fact that patients with non-NAFLD causes of HCC are generally younger with
fewer comorbidities than patients with NAFLD-HCC!*!,

The obesity epidemic began in the 1970s and has continued to rise exponentially; 42.4% of Americans
currently have a body mass index (BMI) > 30 kg/m?**. The natural history of NAFLD, with potential
progression towards cirrhosis and HCC'*”, has meant that it is only in the last two decades that end-stage
complications of chronic liver disease including HCC have been widely observed in this group. The rise of
obesity and NAFLD also has significant implications for HCC surveillance. Reliance on USS for HCC
surveillance presents challenges in the NAFLD population, 51% of whom are living with obesity'*”. The
depth of the subcutaneous fat, with the inherent acoustic attenuation, leads to poor image definition,
impairing earlier HCC detection. An example of how central obesity can obscure visualisation at ultrasound
is shown in Figure 1 in comparison to images from a patient who is lean [Figure 2]. Recent cohort studies
from Europe and America report that USS is inadequate (defined as detection of HCC outside of the Milan
criteria) in 20.3%-32.2% of people™*’. In a retrospective cohort study of 941 patients, a higher BMI, NASH-
related cirrhosis, Child-Pugh B or C cirrhosis and alcohol-related cirrhosis were all independently
associated with inadequate USS quality in multivariable analysis"*”. Inadequate quality was observed in 9.3%,
18.0%, 22.8%, 35.5% and 39.3% of people of normal weight, overweight, obesity class I, obesity class II, and
morbid obesity, respectively™. USS exams were inadequate in 34.6% of patients with NASH-related
cirrhosis, in comparison to 15.0% of patients with other aetiologies of cirrhosis"™. These factors lead to the
under-recognition of small or early-stage HCC nodules. These findings were confirmed by Esfeh et al., who
report that USS has a sensitivity for HCC detection of 59% in people without obesity and 19% for people
with obesity in a population of 116 liver transplant recipients®. In a similar study of 352 consecutive
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(C)

Figure 1. Radiological images demonstrating poor ultrasound image quality due to central obesity, case 1. (A) Longitudinal section
ultrasound image of the left lobe in a patient with large body habitus. Significant acoustic shadowing obscures the liver and a focal liver
lesion cannot be excluded. The patient had a rise in AFP and so an MRI was arranged and a staging CT of the chest, abdomen and pelvis.
(B) MRI demonstrating a 177mm focal lesion in the left lobe which on portal venous phase shows washout. (C) Arterial phase CT image
shows a poorly defined low-density lesion with a subtle increased vascularity identified from the staging CT.

Figure 2. Radiological images demonstrating high ultrasound image quality in a lean patient, case 2. (A) Longitudinal section ultrasound
image demonstrating a well defined 3cm hypoechoic liver lesion (yellow arrow) in the right lobe of liver close to the diaphragm (red
arrow) visualised clearly in a patient with a thin body habitus. Usually this region can be difficult to assess on ultrasound. (B) MRI liver.
The segment VIII liver lesion demonstrates rapid washout post contrast.

patients undergoing liver transplant assessment for HCC, the univariate analysis identified obesity
(sensitivity 76% for BMI 2 30 kg/m* vs. 87% for BMI < 30 kg/m? P = 0.01), and an aetiology of NAFLD
(sensitivity 59% vs. 84%; P = 0.02)"*”. In 2021, Kim et al. performed a meta-analysis to evaluate the incidence
of USS surveillance failures in detection of early-stage HCC and to determine risk factors for this™. A total
of 18 studies (21,467 individuals undergoing surveillance) were included. The pooled incidence of
surveillance failure (defined as the number of surveillance failure patients/number of patients who
underwent surveillance) was 2.2% (95%CI: 0.9%-5.4%) for USS alone and 2.6% (95%CI: 1.8%-3.9%) for USS
plus AFP. A BMI of 30 or more was significantly associated with surveillance failure (OR 1.38,
95%CI: 1.02-1.86). Overall, 31.2% of detected HCC was diagnosed beyond the early stage””. The authors,
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therefore, concluded that the use of USS for HCC surveillance appears limited.

As part of their recent meta-analysis described above, Singal et al. performed a subgroup analysis of studies
stratified according to the proportion of patients with NAFLD"”. The researchers report similar point
estimates for the association between surveillance and early detection of HCC (relative risk, RR 1.86, 2.23,
and 2.04, respectively) and receipt of curative treatment (RR 1.79, 2.06, and 2.02, respectively) for studies
with < 10%, 10%-20% and > 20% of patients with NAFLD"”. Only two studies out of 59 specifically
examined the benefits of HCC surveillance in the NAFLD cohort. Aby et al. (retrospective study, n = 99
NASH cirrhosis) reported no association with receipt of curative treatment (45.4% vs. 51.7%, P = 0.72)"""),
whereas Lo et al. (retrospective study, n = 93 NAFLD cirrhosis) found a significant association with early-
stage detection 68.2% vs. 29.7%, P = 0.001 with surveillance; however, this did not translate into improved
survival”.

SCREENING SCHEDULE FOR ULTRASOUND SURVEILLANCE

The literature suggests that it takes approximately 4-12 months for an undetectable lesion to reach 2 cm in
size”>”". This has helped inform a six-monthly surveillance interval for people with cirrhosis with the aim of
detecting tumours less than 3 cm in diameter. A 12-month interval has been shown to result in reduced
detection rates for early cancer and reduced survival”™. A multi-centre randomised trial reported no benefit
for earlier detection of cancer with a three-monthly vs. six-monthly regime in people with cirrhosis,
although this was found to be limited by the recall procedure”. Unfortunately, patients with NAFLD
cirrhosis did not meet the inclusion criteria for this trial.

COST-EFFECTIVENESS OF ULTRASOUND SURVEILLANCE FOR HEPATOCELLULAR
CARCINOMA DETECTION

Markov modelling suggests that 6-monthly USS surveillance for HCC in people with cirrhosis increases
quality-adjusted life expectancy by 8.6 months overall and 3.5 years in patients with small treated
tumours™. Biannual USS surveillance had an incremental cost-effectiveness ratio of $30,700 per quality-
adjusted life year (QALY) gained and was more cost-effective than annual USS, biannual USS with AFP,
annual/biannual CT, and annual MRI, using a threshold of $50,000 per QALY gained””. Where USS
sensitivity dropped below 65%, or the specificity of AFP exceeded 95%, combined USS and AFP surveillance
was preferred”. The incremental cost-effectiveness ratio of biannual CT and annual MRI consistently
exceeds $100,000/QALY™

ADDITION OF ALPHA-FETOPROTEIN TO ULTRASOUND SURVEILLANCE

Elevated serum AFP concentration, particularly sustained high levels, can indicate a possible HCC;
however, there is only weak evidence to support its use in HCC surveillance. In a study of 88 patients, the
inclusion of AFP in the surveillance protocol led to the detection of an additional 6%-8% of HCC cases vs.
those detected by USS alone. Poor performance relates to the fact that up to 24% of early HCCs present
with normal AFP levels (particularly patients without cirrhosis/normal transaminase levels, as frequently
occurs with NAFLD-HCC)"™. Indeed a greater proportion of people with NAFLD-related HCC are AFP
non-secretors compared to people with other drivers of liver cancer”®!. Furthermore, AFP levels fluctuate
with active liver inflammation leading to false positive results with viral and alcoholic hepatitis. In a meta-
analysis by Singal et al. (2009, 1,116 patients), the pooled sensitivity of USS for the detection of early HCC
increased from 63%-69% with the addition of AFP (although this did not reach statistical significance)®". A
more recent meta-analysis (Tzartzeva et al., 2018, 13,367 patients) reported that AFP measurement
improved sensitivity rates from 45% to 63% for early HCC; however, USS alone detected HCC with a higher
specificity than USS plus AFP"". Few studies have looked at the use of AFP for surveillance, rather than as a
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diagnostic test. The only randomised trial of this type used AFP to see if this could lead to early cancer
detection in a population of Chinese men who were hepatitis B surface antigen positive®. The study found
that screening with AFP led to earlier diagnosis of HCC, but did not result in an overall reduction in
mortality. There is an important evidence gap to examine the effectiveness and cost-effectiveness of AFP in
addition to USS for surveillance in Western populations, including patients with cirrhosis and NAFLD.

The American Association for the Study of Liver Disease (AASLD) guidelines state that it is not possible to
determine whether USS alone or the combination of USS plus AFP leads to a greater improvement in
survival". Similarly, the European Association for the Study of the Liver (EASL) concludes that
“insufficient data are available regarding the diagnostic accuracy of AFP in patients with adequate treatment
of the aetiological cause of liver disease making any calculation of the cost-effectiveness impossible to
date”™. In contrast, the Asia-Pacific practice guidelines do recommend the use of AFP in addition to USS
for surveillance, with the caveat that AFP is not recommended as a confirmatory test in small HCCs and the
AFP cut-off value should be 200 ng/mL, although a lower value can be used in a population with hepatitis
virus suppression or eradication”. While no specific recommendations have been made regarding people
with NAFLD, the clinical utility of AFP in this setting is thought to be low"*'".. AFP does, however, play an

82,83]

important prognostic role in patients with established HCC"*,

CONTRAST-ENHANCED ULTRASOUND FOR HEPATOCELLULAR CARCINOMA
SURVEILLANCE

There has been an interest in using intravenous contrast agents (stabilised microbubbles containing air or
other gases) to enhance the performance of USS for the detection of early HCC. These contrast agents are
safe and are not really cleared (unlike iodinated agents used for CT or MRI). Contrast-enhanced USS
(CEUS) allows real-time dynamic imaging (performed continuously for the first minute), permitting the
detection of arterial neoangiogenesis. This is followed by intermittent scanning every 30-60 s for 5 min to
examine washout. The degree and time of onset of the washout can help discriminate HCC (mild, late
washout) from intrahepatic cholangiocarcinoma and other non-HCC tumours (marked, early washout)™".
CEUS also benefits from the fact that arterioportal shunts seen at CT and MRI are not visible, and in the
setting of cirrhosis, any lesion demonstrating arterial enhancement is likely to be malignant or pre-
malignant®. CEUS does not enhance the ability of USS to detect small tumour foci, however™.. This may
be related to the fact that a comprehensive assessment of the whole liver cannot be performed during the
short arterial phase. Also, not all well-differentiated HCCs show arterial enhancement®. CEUS is more
expensive than non-contrast ultrasound, requiring expertise and specialised equipment. For the
characterisation of known focal liver lesions, costs are comparable to CT, but CEUS is more cost-effective
than MRI"®. Therefore, CEUS is not recommended for surveillance but for diagnostic purposes in patients
at high risk of HCC!">'***],

EMERGING TOOLS FOR HCC SURVEILLANCE

There has been some interest in adapting existing CT and MRI protocols to improve their acceptability as
surveillance tools. In a prospective single-armed study, biannual two-phase low-dose CT has been trialled
for HCC surveillance, which showed significantly higher levels of sensitivity (83.3% vs. 29.2%) than USS"*.
Abbreviated MRI examination involves using a shortened MRI protocol with fewer sequences, specifically
designed to detect early-stage HCC™). Three strategies have been trialled: (i) non-contrast MRI;
(ii) diffusion-weighted imaging, dynamic contrast-enhanced; and (iii) hepatobiliary phase contrast-
enhanced abbreviated MRI. These techniques were evaluated in a meta-analysis which included three
prospective and 12 retrospective studies: 2,807 patients, 917 with HCC. Abbreviated MRI achieved high
levels of sensitivity (69% for tumours < 2 cm, 86% for tumours 2 2 cm; 82% overall vs. 53% for USS)"”. Non-
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contrast and contrast abbreviated MRI were comparable in terms of sensitivity (86% vs. 87%) and specificity
values (94% vs. 94%)"*¥. Non-contrast MRI is comparable to USS in terms of cost and has the benefit of not
requiring exposure to contrast or radiation; it may therefore prove to be an effective surveillance tool in
patients with suboptimal USS imaging. We await the results of key trials comparing non-contrast MRI with
USS for HCC surveillance (NCT02551250, MAGNUS-HCC; NCT04455932; NCT02514434, MIRACLE-
HCC) to inform whether non-contrast MRI offers a benefit in terms of increased sensitivity for detection of
early lesions and survival. These studies will also suggest an optimal surveillance schedule for this technique.

Substantial investment is being directed towards exploring the use of biomarkers for detecting early disease.
Published examples include the GALAD score (comprising age, gender, AFP, the lens culinaris agglutinin-
reactive fraction of AFP, and Des-gamma-carboxy prothrombin (DCP) [also known as prothrombin
induced by vitamin K absence II (PIVKA II)], which has been shown to detect any stage HCC in patients
with NASH with an area under the curve (AUC) of 0.96, and HCC within the Milan criteria with an AUC of
0.91 (sensitivity of 68% and specificity of 95%)"". However, it requires specialist tests and has not yet been
prospectively validated, although trials are underway (NCT05342350). DCP has been shown to have a
sensitivity and specificity of 71% and 84%, respectively, for the detection of HCC"’; however, DCP levels are
associated with more advanced tumour stage and portal vein invasion, a limitation for early detection"”.
Recent observational studies from Japan have identified that [gM-free apoptosis inhibitor of macrophage
(AIM) serum levels are a sensitive diagnostic marker for NASH-HCC, and that AIM activation appears
before HCC is diagnostically detectable®**. Larger validation studies are required, however. Another
approach is a liquid biopsy [the analysis of tumour components, particularly circulating tumour DNA
(ctDNA), circulating tumour cells or extracellular vesicles]. Oncoguard Liver (a composite of three ctDNA
methylation genes, AFP and gender) has demonstrated high levels of sensitivity and specificity*. The
HelioLiver Test (a multi-analyte blood test combining ctDNA methylation panel, clinical variables, and
®and is currently
undergoing prospective validation. Liquid biopsy is prone to detection errors, however, as ctDNA generally
comprises < 2% of circulating DNA and less in early HCC.

protein tumour markers) has demonstrated an AUC of over 0.95 in a phase II study

In terms of risk stratification, the aMAP score was developed using data from prospective studies and
randomized control trials and was found to be predictive of HCC at five years in patients with different
aetiologies of liver disease; however, only 5% had NAFLD"". The “HCC risk score” developed using the
Veterans Affairs healthcare dataset identifies patients with NAFLD cirrhosis at risk of HCC, but is not
validated in people without cirrhosis®. Given the association noted between PNPLA3 and HCC"", there
has been an interest in whether this may serve as a useful tool for risk stratification. However, this
association has been found to be less significant in patients with NAFLD"*", and a recent analysis of the
performance of a polygenic risk score incorporating PNPLA3 reported only moderate accuracy in
predicting which patients with NAFLD are at greatest risk of HCC!""”. The prognostic liver signature (PLS)-
NAFLD, a 133 gene signature, has been shown to be predictive of HCC risk but is currently limited by
availability and cost"".

Ultimately better tools are needed to do risk stratification of individuals at risk of HCC and to tailor testing,
and perhaps the time interval for surveillance accordingly to support a move towards precision screening
for HCC!'". Given the experience and time spent on HCC surveillance in many countries, improved patient
selection and testing is urgently required. Consortia, including non-invasive biomarkers of metabolic liver
disease (NIMBLE), Liver Investigation: Testing Marker Utility in Steatohepatitis (LITMUS) and early
detection of hepatocellular liver cancer (DeLIVER), are pursuing the discovery of novel biomarkers for use
in this clinical context, and may be used with USS, or when USS performance is suboptimal.
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Shear wave elastography, a non-invasive marker for the prediction of liver fibrosis that uses a normal B-
mode ultrasound probe, has been shown to be predictive of HCC risk in hepatitis B and C virus
infection"*"**. In addition, it may be clinically useful in distinguishing benign and malignant lesions""".
Further validation is required, however.

Finally, while newer USS devices have the additional capacity to measure grades of liver steatosis"*, it is
unclear how this would benefit the HCC surveillance population where the majority of patients will have
cirrhosis.

BEST CLINICAL PRACTICE

International guidelines acknowledge the limited performance of USS in patients with central obesity and
marked parenchymal heterogeneity. However, USS remains the primary recommended imaging technique
for HCC surveillance [Table 2], considering its high sensitivity in the absence of these factors, safety and
proven cost-effectiveness. The AASLD guidelines advise clinicians to utilise CT or MRI, with or without
AFP, in patients every six months where USS is documented to be inadequate"*. The latest American
Gastroenterology Association (AGA) clinical practice update on screening and surveillance for HCC in
patients with NAFLD supports this approach and emphasises that the adequacy of USS should be
consistently reported, including descriptions of parenchyma heterogeneity, visualization of the entire liver,
and beam attenuation, as these factors may be impaired in the presence of obesity"*”. These
recommendations reflect the USS LI-RADS (Liver Reporting and Data System) visualisation scores (A - No
or minimal limitation; B - Moderate limitation, the examination may obscure small masses; and C - Severe
limitation, the examination may miss focal liver lesions)"*”. CT or MRI surveillance is advised where USS
quality is graded as C, or in some cases B"*.. However, this grading system has not been validated and there
is some uncertainty around the approach to patients in category B. The cost-effectiveness of this strategy has
not been investigated, and this could have significant implications for health care providers and systems, as
the number of patients qualifying for cross-sectional imaging is likely to continue to grow over the coming
years'™.

We propose a pragmatic approach based on practice in our centre, as described in Figure 3. We encourage
documentation of the USS quality as either “satisfactory” or “suboptimal” for the detection of focal lesions
[Box 1]. With suboptimal imaging, we suggest patients fit for curative treatment, instead receive an
abbreviated MRI scan (we await the results of ongoing trials to determine if a 6- or 12-monthly surveillance
schedule is preferable). Where MRI is contraindicated, we suggest physicians consult their radiology
department regarding the use of CT and the optimal timing of this on a case-by-case basis. The effectiveness
and cost-effectiveness of this approach have not been tested within a randomised control trial; the authors
believe that this approach should be a priority for future research.

SHOULD NON-ALCOHOLIC FATTY LIVER DISEASE PATIENTS WITHOUT CIRRHOSIS
UNDERGO HEPATOCELLULAR CARCINOMA SURVEILLANCE?

There is currently insufficient evidence to recommend HCC surveillance in patients with NAFLD
without cirrhosis*). On the one hand, the overall risk of HCC is extremely low (15% HCC incidence at 10
years for people with NAFLD cirrhosis, vs. 2.7% for those without cirrhosis)"'?, on the other hand, up to
40% of people with NAFLD develop HCC in the absence of cirrhosis"*. People with NAFLD without
cirrhosis are younger, have better liver function, and have fewer comorbidities and better performance status
than those with NAFLD with cirrhosis, increasing their likelihood of receiving curative treatment if their
tumour was diagnosed at an early stage. They would also have a lower probability of death from
decompensated liver disease, extrahepatic cancer, and cardiovascular disease during surveillance. It is
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Table 2. Summary of international guidelines pertaining to HCC surveillance in patients with NAFLD
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Guidelines

Surveillance criteria Surveillance testing

American Gastroenterology Association
Clinical Practice update on screening and
surveillance for hepatocellular carcinoma in
patients with non- alcohollc fatty liver disease:
expert review 2020)"°

Diagnosis, staging, and management of
hepatocellular carcinoma: 2018 practice
guidance by the American Association for the
Study of Liver Diseases'’

European Association for the Study of the Liver
Clinical Practice Guidelines: management of
hepatocellular carcinoma 2018)"

Asia-Pacific clinical practice guidelines on the
management of hepatocellular carcinoma: a
2017 update'”

e Screening for HCC should be
considered in all patients with
cirrhosis due to NAFLD

e Patients with NAFLD with non-
invasive markers showing evidence
of advanced liver fibrosis or cirrhosis

should be considered for HCC 6 Months

screening

o Cirrhotic patients, Child-Pugh

stage Aand B

e Cirrhotic patients, Child-Pugh
stage C awaiting liver

transplantation

or NAFLD without cirrhosis is not

recommended

o Cirrhotic patients, Child-Pugh

stage A and B

stage C awaiting liver

transplantation

e Non-cirrhotic fibrosis stage 3
patients, regardless of aetiology may

e Adequacy of USS in assessing the liver parenchyma for
mass lesions should be documented when used for HCC
screening in patients with cirrhosis due to NAFLD

o When the quality of USS is suboptimal for screening of
HCC (e.g., due to obesity) future screening should be
performed by either CT or MRI with or without AFP every

® Recommend surveillance using USS, with or without

AFP every 6 months. Quality/Certainty of Evidence: low

e Novel biomarkers, outside of AFP, have shown
promising results in case-control studies, but require

further evaluation in phase Ill and IV biomarker studies
e Surveillance of patients with HCV  before routine use

o CT and MRI are not recommended as the primary

modality for the surveillance of HCC in patients with
cirrhosis. However, in select patients with a high
likelihood of having an inadequate USS, or if USS is
attempted but inadequate, CT or MRI may be utilized

e Surveillance should be performed by experienced

personnel in all high-risk populations using abdominal
o Cirrhotic patients, Child-Pugh USS every six months

e Tumour biomarkers for accurate early detection are

still lacking. The data available show that the biomarkers

be considered for surveillance based early HCC
on an individual risk assessment

® The role of surveillance for

patients with NAFLD without

cirrhosis is unclear

e Surveillance for HCC should be
undertaken in high-risk groups of

patients (cirrhotic hepatitis patients e strategy for HCC
& chronic HBV carriers)

tested (i.e., AFP, AFP-L3 and DCP) are suboptimal in
terms of cost-effectiveness for routine surveillance of

e The combination of USS and serum AFP measurement
eperformed biannually should be used as a surveillance

Patient fit for potentially curative treatment of HCC |— —-———

l

If NO remove from surveillance

programme

Non-alcoholic fatty liver disease +
Advanced liver fibrosis (determined by combining at least 2 non-invasive tests (as per AGA 2020 guidelines) or cirrhosis

I Six monthly ultrasound +/- AFP ‘

|

Comment of ultrasound adequacy to detect HCC
Beam attenuation
Parenchyma heterogeneity
Visualization of entire liver

|

“satisfactory”

Ultrasound

Ultrasound
“suboptimal”

Surveillance with abbreviated MRI (six or 12 monthly
schedule to be determined) (if not suitable for MRI discuss
with local radiology team regarding CT)

Figure 3. Suggested HCC surveillance pathway for patients with NAFLD. HCC: Hepatocellular carcinoma; AGA: American
Gastroenterology Association; AFP alpha-fetoprotein; MRI: magnetic resonance imaging; CT: computerized tomography.
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Box 1. Binary assessment of USS adequacy

Satisfactory: No or minimal limitation (liver homogenous, or minimally heterogenous, minimal beam
attenuation or shadowing, and/or liver visualisation in near entirety)

Suboptimal: Moderate limitation, the examination may obscure small masses (liver moderately
heterogenous, moderate beam attenuation or shadowing, and/or some portions of liver or

diaphragm not visualised), or severe limitation (liver severely heterogenous, severe beam

attenuation or shadowing, and/or > 50% of liver or > 50% of diaphragm not visualised)

Box 1.

impractical to survey all patients with NAFLD for HCC; thus, more comprehensive risk stratification within
this group would be beneficial. Liver fibrosis is a key risk factor for HCC in people with NAFLD. In a
prospective study, the HCC incidence rate per 1,000 person-years was found to be 0.34 for advanced fibrosis
vs. 0.04 for nil or minimally significant fibrosis defined histologically""”. A similar association has been
found where non-invasive serum fibrosis tests are used. Analysis of data from the Veterans Health
Administration identified that a FIB-4 score > 2.67 is predictive of high incidence rates of HCC (0.39 per
1,000 person-years vs. 0.04 per 1,000 person-years in those with a persistently low FIB-4)"**. There is also
evidence of a positive relationship between liver stiffness measurement obtained at FibroScan and disease
activity"”, including HCC incidence!”.

Guidelines disagree about the merits of HCC surveillance in patients with non-cirrhotic NAFLD [Table 2].
EASL, in contrast to the American (AASLD) and Asia-Pacific guidelines, recommends people with
metabolic syndrome or NASH affected by severe fibrosis should undergo surveillance**”. EASL state that
all “non-cirrhotic fibrosis stage 3 patients, regardless of aetiology, may be considered for surveillance based
on an individual risk assessment”". The recent AGA update on HCC surveillance in NAFLD recommends
HCC screening in those with evidence of “advanced liver fibrosis or cirrhosis” determined by combining at
least two non-invasive tests: point-of-care tests (e.g., FIB-4 score), specialised blood tests (e.g., ELF test ),
imaging-based tests (e.g., TE)"*. The cut-offs selected (16.1 kPa for TE) are within the cirrhotic range,
however!""”. This approach is largely driven by clinical consensus opinion as there is minimal evidence to

[104]

support these cut-offs, or the use of non-invasive tests in this setting currently

CONCLUSION

Mortality rates from HCC are increasing, driven largely by the continued rise in the prevalence of NAFLD
in many countries. Outcomes for people with HCC are strongly associated with early detection; thus,
optimisation of HCC surveillance techniques including USS is a major priority for research in this field.
Patients with NAFLD are under-represented in HCC surveillance compared to other aetiologies of liver
disease due to high rates of undetected disease in the community, and a higher prevalence of patients
presenting with HCC in the absence of cirrhosis. Better tools are needed to help identify patients with
NAFLD at risk of HCC. USS may be suboptimal for early disease detection for patients with obesity and
NAFLD. Guidance from the AGA on recording the image quality of USS should be instituted, and
additional imaging, with abbreviated MRI (or CT where MRI is contraindicated), should be decided on a
case-by-case basis. Novel approaches, including the GALAD and AMAP score, in addition to other
biomarkers, still require further evaluation prior to becoming part of routine surveillance.
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