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with non-alcoholic fatty liver disease
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Non-alcoholic fatty liver disease (NAFLD) may progress to cirrhotic or non-cirrhotic hepatocellular carcinoma (HCC),
and is currently recognized as the fastest growing cause of HCC worldwide. Accordingly, professional society guidelines
recommend HCC surveillance in patients with cirrhosis from any etiology, and some may consider it beneficial in
subgroups with non-cirrhotic NAFLD at higher risk for HCC. Notably, patients with NAFLD-related HCC are more likely
to have HCC diagnosed at more advanced stages and have poorer outcomes when compared to other etiologies, and
suboptimal effectiveness of HCC surveillance programs is a major culprit. In this review, we summarize the current
guidelines for HCC surveillance and discuss its benefits versus potential harms for NAFLD patients. We also address the
unique challenges of HCC surveillance in NAFLD, including higher proportion of NAFLD-related HCC without cirrhosis,
poor recognition of at-risk patients, lack of consensus regarding the value of surveillance in non-cirrhotic NAFLD, subpar
effectiveness of surveillance tools related to NAFLD phenotype, and preponderant surveillance underuse among NAFLD
patients. Finally, we examine the effectiveness of currently used surveillance tools (i.e., ultrasound and alpha fetoprotein)
and outline future perspectives including emerging risk stratification tools, imaging surveillance strategies (e.g.,
abbreviated magnetic resonance imaging protocols), blood-based biomarkers (e.g., GALAD and circulating tumor DNA
panels), and interventions to improve surveillance adherence. (Clin Mol Hepatol 2023;29(Suppl):5207-S219)
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) encompasses a
spectrum of conditions including simple steatosis, which is
usually benign in nature, and non-alcoholic steatohepatitis
(NASH), which may progress to cirrhosis and hepatocellular
carcinoma (HCC)."”” NAFLD has become the fastest growing
cause of HCC in Western countries over the past two de-
cades.”® When compared to other etiologies of chronic liver

disease (CLD) such as hepatitis C virus and alcoholic liver dis-
ease, patients with NAFLD-related HCC are more likely to be
diagnosed at later stages and have a worse prognosis.”®
There are several contributing factors including but not limit-
ed to suboptimal effectiveness of HCC surveillance pro-
grams.”” HCC surveillance in patients with NAFLD is limited
by unique challenges, including increased difficulty recogniz-
ing appropriate at-risk patients, a higher proportion of HCC
occurring in the absence of cirrhosis compared to other etiol-
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ogies, unsatisfactory effectiveness of surveillance tools, un-
deruse of HCC surveillance, and higher competing risk of
non-HCC-related mortality (Fig. 1).°" Herein, we will review
the status of HCC surveillance in patients with NAFLD, ex-
plore areas of concern, and outline future perspectives.

GUIDELINES AND SUPPORTING EFFICACY
DATA FOR HCC SURVEILLANCE

Multiple professional society guidelines including the
American Association for the Study of Liver Disease (AASLD),

European Association for the Study of the Liver (EASL), and
Asian Pacific Association for the Study of the Liver (APASL)
recommend HCC surveillance in at-risk individuals including
subsets of chronic hepatitis B virus (HBV) infection and those
with cirrhosis from any etiology (Table 1).*"

The best data for HCC surveillance are derived from a large
randomized controlled trial in patients with HBV infection,
demonstrating a 37% reduction in HCC-related mortality."
However, it is unclear if these data apply to patients with cir-
rhosis, particularly those with NAFLD etiology, given differ-
ences in body habitus, liver heterogeneity, and hepatic ste-
atosis that may impact surveillance effectiveness. When a
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Figure 1. Unique challenges of HCC surveillance in NAFLD patients. NAFLD, non-alcoholic fatty liver disease; HCC, hepatocellular carcinoma;
BMI, body mass index; NASH, non-alcoholic steatohepatitis.

Abbreviations:

AASLD, American Association for the Study of Liver Disease; AFP, alpha fetoprotein; AMRI, abbreviated magnetic resonance imaging; APASL, Asian Pacific Association
for the Study of the Liver; AUC, area under the receiver operating characteristic curve; BMI, body mass index; Cl, confidence interval; CLD, chronic liver disease; ct-DNA,
circulating tumor DNA; CT, computed tomography; DCP, des-carboxy-prothrombin; EASL, European Association for the Study of the Liver; GALADUS, GALAD with
ultrasound; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; LI-RADS, Liver Imaging Reporting and Data System; miRNA, microRNA; MRI, magnetic
resonance imaging; mt-HBT, multitarget HCC blood test; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; OR, odds ratio; RR, relative risk
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randomized clinical trial of HCC surveillance was attempted
in Australia, it had to be closed due to low enrollment due to
poor patient and provider acceptance of the no-surveillance
arm. We are therefore forced to rely on level Il case-control
and cohort studies, instead of level | randomized controlled
trial data. Meta-analyses of these studies demonstrate a con-
sistent association between HCC surveillance and improved
clinical outcomes.” A recent systematic review and meta-
analysis identified 59 relevant studies between January 2014
and July 2020, including a total of 145,396 patients.” HCC

Table 1. Professional society recommendations for HCC surveillance
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surveillance was associated with improved early-stage HCC
detection (relative risk [RR], 1.86; 95% confidence interval [Cl],
1.73-1.98), curative therapy receipt (RR, 1.83; 95% Cl, 1.69-
1.97), and reduced mortality (hazard ratio [HR], 0.67; 95% Cl,
0.61-0.720) after adjusting lead-time bias.”

Although clinical benefits were consistent in the subgroup
of studies with >20% NAFLD patients, there were only two
studies specifically examining the association between HCC
surveillance and clinical outcomes in patients with NAFLD-
related cirrhosis. Lo and colleagues reported a significant as-

Professional society At-risk population

Surveillance tests

Frequency of

. Notes
surveillance

American Association for Patients with cirrhosis Ultrasound = AFP Every 6 months CT or MRl are suggested
the Study of Liver Diseases  except Child-Pugh C if suboptimal liver
(AASLD) unless awaiting liver visualization with
transplantation ultrasound
National Comprehensive Patients with cirrhosis Ultrasound = AFP Every 6 months
Cancer Network (NCCN)
US Department of Veterans  Patients with cirrhosis Ultrasound + AFP Every 6-12 months
Affairs
American Patients with cirrhosis Ultrasound + AFP Every 6 months Non-cirrhotic NAFLD patients
Gastroenterological with advanced (F3) fibrosis
Association (AGA) should be considered for
HCC screening
European Association for Patients with cirrhosis, Child-  Ultrasound Every 6 months HCC surveillance may be
the Study of the Liver Pugh A and B, or Child-Pugh justified in patients with F3
(EASL) C awaiting transplantation fibrosis based on individual
risk stratification
European Society of Medical All cirrhotic patients as Ultrasound + AFP  Every 6 months

Oncology (ESMO) long as liver function and
comorbidities allow curative
or palliative treatments

British Society of Patients with cirrhosis,

Gastroenterology (BSG) Child-Pugh A and B with
controlled ascites, or
Child-Pugh C awaiting

transplantation

Asia-Pacific Association Patients with cirrhosis
for the Study of the Liver

(APASL)

Japanese Society of
Hepatology (JSH)

Patients with cirrhosis

Ultrasound + AFP

Ultrasound + AFP

Ultrasound + AFP +
AFP-L3 + DCP

Every 6 months

Every 6 months

Every 6 months in
high-risk patients;
every 3—-4 months
in extremely high-
risk patients

HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; CT, computed tomography; MRI, magnetic resonance imaging; NAFLD, non-
alcoholic fatty liver disease; AFP-L3, lens culinaris-agglutinin-reactive fraction of AFP; DCP, des-carboxy-prothrombin.

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2022.0247

5209



Clinical and Molecular Hepatology
Volume_29 Supplement February 2023

sociation with early-stage HCC detection (69.6% vs. 30%,
P=0.001) whereas Aby et al. failed to find an association with
curative treatment receipt (45.5% vs. 51.7%, P=0.70)."*" The
authors of the meta-analysis identified increased data in
NAFLD as an area of need, particularly given unique chal-
lenges of HCC surveillance in NAFLD patients, as discussed
below in detail.

There has been increasing recognition that benefits of HCC
surveillance must be weighed against potential harms. Based
on an established taxonomy, cancer screening harms are
classified as physical, psychological, or financial harms.”
Physical harms extend beyond complications and includes
aspects such as pain or radiation exposure from surveillance
and diagnostic testing for positive or indeterminate results.
Psychological harm can occur through the whole screening
process, including apprehension of a positive result, anxiety
or depression caused by receipt of an abnormal result, over-
estimation of the likelihood of a diagnosis, and distress relat-
ed to being labeled with a diagnosis.”’ Financial harm may
also result from direct costs of screening and diagnostic eval-
uation as well as indirect costs such as co-pays and transpor-
tation as well as opportunity costs from missed work.”

The above systematic review did not identify any studies
examining financial or psychological harms, although the
proportion of patients experiencing physical harms due to
false positive or indeterminate results ranged from 8.8% to
27.5% across four applicable studies, with most harms being
mild in severity. No studies rigorously evaluated etiology-
specific differences in surveillance harms, although existing
data suggest similar risk in NAFLD patients than those with
viral cirrhosis. Subsequently, a multi-center mixed-methods
study highlighted patients with true and false positive results
could be associated with increased psychological harms, in-
cluding depression and anxiety. Patients also reported finan-
cial harms, including indirect costs from aspects such as
transportation and parking and opportunity costs from
missed work. Financial harms appeared to be higher in those
with multiple comorbidities, which may be pertinent for pa-
tients with NAFLD; however, the study was underpowered to
evaluate etiology-specific differences in risk of financial and
psychological harms. Notably, these harms appeared to be
milder than those observed in other cancer screening pro-
grams and did not result in decisional regret to undergo HCC
surveillance.

Other potential harms, including overdiagnosis, have been
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well studied in other cancers but there are few data for HCC
surveillance overall, including in those with NAFLD. Overdi-
agnosis may relate to several factors including misclassifica-
tion of premalignant lesions as cancer, detection of indolent
tumors, or high competing risk of mortality.”*** Although
HCC has traditionally been regarded as a uniformly aggres-
sive cancer, recent data suggest that one-fourth to one-third
of tumors may be indolent with slower tumor growth pat-
terns.”>*® Across studies, patients with non-viral liver disease
had more indolent growth patterns than those with viral eti-
ologies, suggesting greater risk for length time bias and over-
diagnosis. Further, overdiagnosis may be particularly relevant
for patients with NAFLD given higher comorbidity burden.”

Summary

HCC surveillance is recommended in patients with cirrhosis
from any etiology. This practice is supported by cohort stud-
ies showing associations with increased early cancer detec-
tion and improved overall survival, although there are fewer
data specifically in patients with NAFLD-related cirrhosis.
HCC surveillance is associated with physical, financial, and
psychological harms as well as risk of overdiagnosis, although
existing data suggest these may be mild in severity. Contin-
ued data are needed to better define the overall value of HCC
surveillance in patients with NAFLD cirrhosis.

IDENTIFICATION OF THE AT-RISK NAFLD POP-
ULATION

HCC surveillance is currently recommended in all patients
with cirrhosis from any etiology, including those with NAFLD-
related cirrhosis. Cost-effectiveness analyses have suggested
that HCC surveillance is cost-effective if the annual HCC inci-
dence exceeds 0.8% in patients with compensated cirrhosis
and exceeds 0.2% in patients without cirrhosis.*** The annu-
al incidence of HCC in patients with cirrhosis has traditionally
been ~2-3% per year, although higher estimates have been
reported in Asian cohorts with higher proportions of patients
with active viral hepatitis. Several studies have shown that
the annual incidence of HCC is lower in the setting of non-vi-
ral liver disease, with annual HCC incidence estimates rang-
ing from 0.7% to 2.6% in patients with NAFLD cirrhosis®®"'
and from 0.01% to 0.13% in patients with non-cirrhotic
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NAFLD.***

While there is general agreement about the application of
surveillance programs in patients with NAFLD cirrhosis, there
is a lack of consensus regarding the value of HCC surveillance
in non-cirrhotic NAFLD. The AASLD guidelines restrict surveil-

33 whereas

lance recommendations to those with cirrhosis,
a clinical practice update from the American Gastroentero-
logical Association recommends surveillance in patients with
F3 fibrosis®® and EASL guidelines suggest HCC surveillance
might be justified in F3 fibrosis patients based on individual
risk stratification.”” This debate has been contentious and
noteworthy given growing literature demonstrating a sub-
stantial risk of developing HCC in the absence of cirrhosis in
NAFLD patients compared to patients with other etiologies
of liver disease.” Indeed, the proportion of NAFLD-related
HCC patients without evidence of cirrhosis at diagnosis rang-
es from 46.2% to 54%, as compared to 2.8% to 22% of pa-
tients with HCC related to other etiologies.”* A meta-analysis
of existing literature reported a pooled proportion of 38.0%
for non-cirrhotic HCC in NAFLD patients, compared to 14.2%
for other liver disease etiologies, with an odds ratio of 2.61
(95% Cl, 1.27-5.35).”° However, cohort studies suggest the
annual incidence of HCC in non-cirrhotic NAFLD falls below
the cost-effectiveness threshold. An analysis of the Veterans
Affairs administrative database found an annual HCC inci-
dence of only 0.008 per 100 person-years among 292,366
persons with non-cirrhotic NAFLD, although this group was
heterogeneous regarding baseline fibrosis level. A subse-
quent prospective multicenter study involving 1,773 NAFLD
patients included in the NASH clinical research network
(1,237 patients with stage FO-F2; 369 stage F3; and 167 stage
F4) found the incidence of HCC per 100 person-years was 0.04
for patients with FO-F2 fibrosis, compared to 0.34 for F3 fi-
brosis and 0.14 for F4 fibrosis.”® A meta-analysis of 18 studies
with 470,404 patients found a pooled annual incidence of
0.03 per 100 person-years (95% Cl, 0.01-0.07) in non-cirrhotic
NAFLD, compared to 3.78 per 100 person-years (95% Cl,
2.47-5.78) in those with cirrhosis.”'

Overall, these data suggest that HCC surveillance is unlikely
to be cost effective in non-cirrhotic NAFLD, outside of addi-
tional risk stratification tools. An in-depth discussion of HCC
risk stratification in patients with NAFLD is beyond the scope
of this review. However, in brief, several risk models incorpo-
rating clinical risk factors, genetic factors, and molecular fac-
tors have been proposed, with most not yet having been suf-
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ficiently validated for routine use in clinical practice.” ™ If

sufficiently validated, these risk models may facilitate a more
individualized precision screening approach to targeted HCC
surveillance to those at the highest risk.*** While we await
validated models to better risk stratify patients with non-cir-
rhotic NAFLD and identify subgroups who may benefit from
HCC surveillance, consistently observed risk factors such as
male sex, older age, and increasing number of metabolic
syndrome components may help identify individuals with
non-cirrhotic NAFLD who have higher HCC risk. Further, prior
data clearly highlight the direct relationship between fibrosis
stage and HCC risk, with F3 fibrosis posing significantly high-
er risk than FO-F2 fibrosis.

Summary

HCC surveillance in patients with NAFLD is currently re-
stricted to those with cirrhosis. Surveillance is not cost-effec-
tive in broader non-cirrhotic patient populations based on
current data, although it may be considered in individual pa-
tients with F3 fibrosis who are deemed to be at higher risk of
developing HCC. There are several emerging risk stratifica-
tion tools to accurately identify subgroups with non-cirrhotic
NAFLD with sufficient risk to warrant surveillance, although
these are currently insufficiently validated to be used in clini-
cal practice.

SURVEILLANCE TOOLS IN PATIENTS WITH
NAFLD

Ultrasound-based surveillance

Semi-annual ultrasound has been the standard of care
strategy for HCC surveillance in at-risk groups for over 15
years."**® Advantages of this strategy include widespread
availability, low cost, non-invasiveness, and absence of pa-
tient exposure to ionizing radiations or contrast media.” Re-
sults from a meta-analysis showed that the pooled sensitivity
and specificity of ultrasound alone for any-stage HCC detec-
tion in patients with cirrhosis were 84% and 91%, respective-
ly, whereas the pooled sensitivity drops to 47% for those with
early-stage HCC.*” The suboptimal sensitivity of ultrasound
for early-stage HCC contributes to a substantial number of
patients diagnosed at later tumor stages, leading to worse
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overall survival.”’

The effectiveness of HCC detection by ultrasound is further
limited in obese individuals and those with non-viral etiolo-
gies of liver disease. A retrospective study aimed at evaluat-
ing ultrasound accuracy for HCC diagnosis in obese patients
demonstrated that sensitivity was 77% in patients with body
mass index (BMI) <30 kg/m2 and 21% in patients with BMI
>30 kg/m”.*® Ultrasound is also not as sensitive for early HCC
detection in NAFLD patients when compared to other etiolo-
gies of CLD, mainly due to subcutaneous fat accumulation as
well as liver fatty infiltration which both hamper visualiza-
tion. A retrospective cohort study involving 941 patients with
cirrhosis, in which ultrasounds were independently reviewed
by three abdominal radiologists, demonstrated that obesity,
non-viral etiologies of liver disease including NAFLD, and
Child Pugh class B cirrhosis were all independently associated
with worse ultrasound quality for evaluation of liver lesions.”'
A subsequent study using the ultrasound Liver Imaging Re-
porting and Data System (LI-RADS) visualization score vali-
dated these associations as well as demonstrated that obesi-
ty and non-viral liver disease etiologies were associated with
persistent poor visualization over time.”” These data are im-
portant given that poor ultrasound visualization is associated
with worse test performance, with LI-RADS visualization
score B (moderate limitations) being associated with in-
creased odds of false positive results (odds ratio [OR], 1.60;
95% Cl, 1.13-2.27) and LI-RADS visualization score C (severe
limitations) being associated with significantly higher odds
of false negative results (OR, 7.94; 95% Cl, 1.23-51.2). Ultra-
sound sensitivity exceeded 75% for those with LI-RADS visu-
alization scores of A or B, compared to only 27.3% in those
with a visualization score of C. Results from another single-
center study with 352 patients similarly found that ultra-
sound sensitivity was significantly lower in obese patients
compared to non-obese patients (76% vs. 87%, respectively,
P=0.01) and in NAFLD patients compared to those with other
etiologies (59% vs. 84%, respectively, P=0.02).” Overall, these
data suggest that ultrasound visualization and other patient
factors (e.g., presence of obesity, liver disease etiology, and
Child Pugh class) may identify a subgroup of patients who
would benefit from alternative surveillance modalities.

Role of alpha fetoprotein (AFP) in surveillance

AFP is the only biomarker to complete all five phases of
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biomarker validation.>* Although it has insufficient accuracy
to be used in isolation, there is accumulating evidence sug-
gesting that adding AFP to ultrasound-based surveillance
significantly improves test performance,*** with a sensitivity
of approximately 97% for any-stage HCC detection and 63%
for early-stage detection.” There was a small trade-off in
specificity, decreasing to 84%, although this was felt to still
exceed the accepted threshold for a false positive rate, and
the overall diagnostic odds ratio was similar if not higher for
the two tests in combination. Recent data have demonstrat-
ed decreasing trends in AFP levels among HCC patients, in
parallel with a shift in epidemiology to increasing non-viral
cases, suggesting that the optimal threshold for AFP in pa-
tients with NAFLD may be lower than the traditional cut-off
of 20 ng/mL.*>*° Further, there are data suggesting that lon-
gitudinal measurements of AFP, examining changes over
time instead of single threshold assessments, may increase
test performance, although there are fewer data for this ap-
proach in patients with NAFLD than viral etiologies.”"**

Alternative imaging-based surveillance tools

While contrast-enhanced ultrasound can be used as a sec-
ond-line diagnostic tool for HCC once a focal hepatic lesion is
detected on conventional ultrasound, there are no strong
data to demonstrate that this strategy would increase test
performance for surveillance and early HCC detection. Fur-
ther, logistical concerns such as need for repeat contrast in-
jections may make this impractical for surveillance.**

Other imaging modalities such as computed tomography
(CT) scan or magnetic resonance imaging (MRI) are increas-
ingly being considered for HCC surveillance. Results from a
prospective cohort study (the Prospective Intra-individual
Cohort Study to Compare Gadoxetic Acid [Primovist®]-
Enhanced Magnetic Resonance Image and Ultrasonography
for the Surveillance of Early Stage Hepatocellular Carcinoma
in Patients at High-Risk study, NCT01446666) suggested that
MRI-based screening had a significantly higher sensitivity
and specificity than ultrasound for early-stage HCC in high-
risk patients with cirrhosis.” The trial performed concurrent
ultrasound and MRI in 407 patients for 1.5 years, over which
time 43 were diagnosed with HCC. MRI had significantly
higher sensitivity for early-stage HCC detection (85.7% vs.
26.2%) as well as higher specificity (97.0% vs. 94.4%). Howev-
er, the study was largely limited to patients with HBV-related
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cirrhosis, and these results have yet to be validated in broad-
er patient populations including those with NAFLD cirrhosis.
Other potential barriers including radiologic capacity and pa-
tient concerns such as claustrophobia may limit uptake so
would need to be considered when estimating effectiveness
of an MRI-based strategy. A cost-effectiveness analysis sug-
gested an MRI-based strategy could be cost-effective in pa-
tients with annual incidence rate of HCC is >1.81%,* but not
those with lower annual incidence, such as those with NAFLD
cirrhosis.”***" Instead, it may be best reserved for patient
subgroups, such as those with inadequate ultrasound visual-
ization.”

To address the potential concerns about cost-effectiveness,
several investigators have proposed abbreviated MRI (AMRI)
protocols, in which selected sequences are performed and
in-scanner time is reduced from approximately 45 minutes to
15 minutes. Potential protocols include non-contrast MRI
protocols, dynamic contrast-enhanced protocols, and hepa-
tobiliary phase AMRI, with each demonstrating promising
performance in case-control studies. A meta-analysis of stud-
ies examining AMRI performance reported sensitivities of
69% and 86% for HCC lesions <2 cm and those =2 ¢cm, and
AMRI having higher sensitivity than that of ultrasound (82%
vs. 53%).*° A post-hoc analysis of the PRIUS study simulating
AMRI by selecting MRI sequences similarly reported that
AMRI had significantly higher sensitivity than that of ultra-
sound (86.0% vs. 27.9%, P<0.001), albeit with a higher false
positive rate (4.4% vs. 3.7%)."

Another study, in which low dose two-phase CT (arterial
phase and 3-minute delayed phase) and ultrasound were
concurrently performed in a cohort of 139 patients with cir-
rhosis, similarly found that two-phase CT had significantly
higher sensitivity for early-stage HCC (83.3% vs. 29.2%,
P<0.001) and specificity (95.6% vs. 87.7%, P=0.03) compared
to ultrasound-based surveillance. However, concerns regard-
ing contrast exposure and cumulative radiation exposure
may limit broader uptake as a surveillance modality.”

Biomarker-based surveillance tools

Growing evidence suggests that novel biomarkers could
play a role to improve HCC surveillance in NAFLD patients.
GALAD, consisting of Gender, Age, AFP-L3, AFP, and des-car-
boxy-prothrombin (DCP), is a promising biomarker panel
with extensive phase Il biomarker data, including in patients
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with NAFLD.***® The largest study to evaluate GALAD is a
multi-center case-control study examining GALAD in 6834
patients with CLD with (n=2,430) and without (n=4,404)
HCC.** In this study, GALAD achieved a sensitivity and speci-
ficity of 60.6-80.2% and 88.6—95.8% for early HCC detection,
respectively. However, this study included majority patients
with viral hepatitis so unclear if these results would apply to
those with NAFLD. A single-center cohort analysis suggested
performance may be further improved by combining GALAD
with ultrasound (GALADUS score), which resulted in an area
under the receiver operating characteristic curve (AUC) of
0.98.” In a subsequent case-control study including NAFLD-
related patients with and without HCC, the diagnostic perfor-
mance of GALAD proved to be excellent for HCC detection.”
Indeed, GALAD accurately detected HCC at any tumor stage
with a significantly better performance than each individual
biomarker, including AFP, AFP-L3, or DCP (AUC: 0.96 vs. 0.88,
0.86, and 0.87, respectively; P<0.001 for each). GALAD perfor-
mance was independent of cirrhosis, as similar AUCs were
obtained for patients with and without cirrhosis (AUC: 0.93
and 0.98, respectively). However, recent phase Ill data sug-
gested lower diagnostic performance when evaluated in co-
hort analyses.”

There are other novel candidate biomarkers that could be
of added value for HCC surveillance including methylated cir-
culating tumor DNA (ct-DNA), microRNAs (miRNAs), long
non-coding RNAs, exosomes, epigenetics, and lipidomics. In-
deed, methylated ct-DNA released from cancer cells could be
harvested in “liquid biopsies” and used as potential non-in-
vasive biomarkers to detect HCC at an early stage.”’ In an in-
ternational case-control study, the performance of a novel
multitarget HCC blood test (mt-HBT) incorporating DNA
methylation biomarkers (HOXA1, TSPYL5, and B3GALT6), AFP,
and patient sex was clinically validated in an independent
sample including 156 HCC patients.”® In this study, mt-HBT
detected early-stage tumors with 82% sensitivity, which was
significantly higher than AFP (40%; P<0.001) and GALAD
(71%; P=0.03). Notably, early-stage sensitivity was stable
across subgroups, including sensitivities of 85% and 77% in
patients with BMI values <30 kg/m’ and those with BMI =30
kg/m’, respectively as well as across all examined liver dis-
ease etiologies, making mt-HBT a potentially valuable tool
for surveillance in patients with NAFLD. A recent network
meta-analysis suggested similar efficacy of mt-HBT com-
pared to ultrasound and AFP for early-stage HCC detection,”

5213



Clinical and Molecular Hepatology
Volume_29 Supplement February 2023

although the authors noted the strength of data differed for
the two modalities. In another multicenter validation study
HelioLiver Test, another ct-DNA biomarker panel, yielded a
sensitivity of 76% (95% Cl, 60—-87%) for early-stage HCC, sig-
nificantly higher than AFP and GALAD.” Both ct-DNA assays
are undergoing prospective evaluation at this time, so we
anticipate validation in the near future.

There are several other biomarkers that have early phase Il
biomarker data, although a comprehensive review of these
biomarkers is beyond the scope of this review. For example,
HCC patients have elevated levels of liver-specific miRNAs in-
cluding miR-106b-3p, miR-101-3p and miR-1246 when com-
pared to healthy subjects, suggesting the potential utility of
these biomarkers for early HCC detection in high-risk pa-
tients.”' Specific hydroxymethylated genes are also associat-
ed with HCC in the absence of elevated AFP, suggesting a role
of these epigenetically modified genes as potential biomark-
ers.”” Similarly, Lewinska and colleagues identified a serum
lipidome that was able to accurately distinguish NAFLD pa-
tients with HCC from controls without HCC.”?

Although these blood-based biomarkers have promising
early data, most have only been evaluated in phase Il case-
control studies but not validated in phase Ill or phase IV co-
hort studies.” Phase Il studies are subject to selection bias
and spectrum bias, potentially overestimating biomarker

Ultrasound + AFP

v

CT scan or MRI if suboptimal
liver visualization with
ultrasound

performance, highlighting the importance of subsequent
validation. Further, much of the data for these biomarkers
has been derived in patients with viral hepatitis, highlighting
a need for increased data in emerging patient populations,
including those after sustained virological response or
NAFLD.

Summary

Ultrasound alone has insufficient sensitivity for early detec-
tion of HCC, which can be improved by using in combination
with AFP. Emerging imaging surveillance strategies (e.g., MRI)
and blood-based biomarkers (e.g., GALAD and ct-DNA pan-
els) have promising early data suggesting high accuracy, al-
though these require further validation prior to routine use
in clinical practice.

SURVEILLANCE INTERVAL

Most guidelines recommend HCC surveillance in at-risk in-
dividuals every 6 months,” as it has a better sensitivity than
a 6-12 months interval,* and a similar sensitivity but higher
specificity and lower cost than a 3 months interval.”” There
are no data suggesting that HCC surveillance intervals should

Future perspectives:

GALAD or GALADUS score
+

Other serum biomarkers:

- Ct-DNA

- miRNAs

- IncRNAs

- Exosomes

- Lipidomics
+

Abbreviated MRI protocols

Figure 2. Current and future perspectives for HCC surveillance in NAFLD patients. NAFLD, non-alcoholic fatty liver disease; AFP, alpha fetopro-
tein; CT, computed tomography; MRI, magnetic resonance imaging; GALADUS, GALAD with ultrasound; ct-DNA, circulating tumor DNA; miR-

NA, microRNA; IncRNA, long non-coding RNA.
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be tailored to liver disease etiology.

Summary

HCC surveillance should be performed at semi-annual in-
tervals in at-risk patients, including those with NAFLD cirrho-
Sis.

SURVEILLANCE UNDERUSE

Adherence to the HCC surveillance programs is often sub-
optimal.”” A systematic review showed that the HCC surveil-
lance was performed in only 24% of patients with cirrhosis.”
There was geographic variation in surveillance receipt, with
the lowest receipt among studies from the United States,
compared to those from Europe and Asia (17.8% vs. 43.2%
and 34.6%, respectively; P<0.001). Subgroup analyses also
demonstrated higher surveillance use among subspecialty
care studies, compared to center-based and population-
based studies (73.7% vs. 29.5% and 9.8%, respectively). Most
notably, surveillance underuse is particularly concerning
among NAFLD patients, as this one of the most consistent
correlates for surveillance underuse across studies. In fact,
studies suggest up to half of NAFLD-related HCC cases are
not detected through surveillance.”

There are many patient- and provider-level barriers to HCC
surveillance, contributing to HCC surveillance underuse.”””
Provider-level barriers to surveillance include time con-
straints in clinic, inadequate knowledge about guidelines,
and difficulty identifying at-risk patients.*® As discussed
above, identification of at-risk patients with NAFLD can be
particularly problematic for providers. Patient-reported barri-
ers include challenges with the scheduling process, transpor-
tation difficulties, and cost of testing.*"® These data highlight
the need for interventions targeting the surveillance process
at multiple levels to increase optimal adherence.”” Surveil-
lance adherence can be improved through a variety of inter-
ventions including patient or provider education, electronic
medical record reminder systems, automated recall systems
via radiology, or population health programs using mailed
outreach.* ¥
ventions across patient subgroups, including liver disease
etiology, although few have performed rigorous moderator
analyses.

Most studies suggest similar efficacy of inter-
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Summary

HCC surveillance is underused in clinical practice, including
in patients with NAFLD, related to patient and provider-re-
ported barriers. Several multi-level interventions are effica-
cious for increasing surveillance utilization.

CONCLUSION AND FUTURE PERSPECTIVE

NAFLD is the now fastest growing cause of HCC worldwide,
s0 it is critical to understand practices that can maximize sur-
vival for patients with NAFLD-related HCC (Fig. 2). In that
vein, surveillance has been associated with significantly im-
proved early tumor detection and survival. However, effec-
tiveness of surveillance in clinical practice among patients
with NAFLD has been limited by poor recognition of at-risk
patients, suboptimal test effectiveness for early tumor detec-
tion, and surveillance underuse. Emerging risk stratification
tools, imaging and blood-based surveillance strategies, and
interventions to increase surveillance implementation all of-
fer hope for improvements.
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