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Current and Emerging Tools for
Hepatocellular Carcinoma Surveillance
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Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality worldwide. Early detection of HCC
enables patients to avail curative therapies that can improve patient survival. Current international guidelines advocate
for the enrollment of patients at high risk for HCC, like those with cirrhosis, in surveillance programs that perform
ultrasound every 6 months. In recent years, many studies have further characterized the utility of established screening
strategies and have introduced new promising tools for HCC surveillance. In this review, we provide an overview of
the most promising new imaging modalities and biomarkers for the detection of HCC. We discuss the role of imaging
tools like ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI) in the early detection of
HCC, and describe recent innovations which can potentially enhance their applicability, including contrast enhanced
ultrasound, low-dose CT scans, and abbreviated MRI. Next, we outline the data supporting the use of three circulat-
ing biomarkers (i.e., alpha-fetoprotein [AFP], AFP lens culinaris agglutinin-reactive fraction, and des-gamma-carboxy
prothrombin) in HCC surveillance, and expand on multiple emerging liquid biopsy biomarkers, including methylated
cell-free DNA (cfDNA), ¢fDNA mutations, extracellular vesicles, and circulating tumor cells. These promising new
imaging modalities and biomarkers have the potential to improve early detection, and thus improve survival, in patients

with HCC. (Hepatology Communications 2021;5:1972-1986).

iver cancer is the sixth most common can-

cer worldwide and is now the third-leading

cause of cancer-related death, behind lung
cancer and colorectal cancer.!) In 2020, more than
900,000 cases of liver cancer were diagnosed globally,
with more than 830,000 liver cancer—related deaths,
underscoring the high mortality index of this can-
cer.!) Hepatocellular carcinoma (HCC) accounts for
75%-85% of primary liver cancers. The global inci-
dence of HCC has increased by more than 75% in
the last 30 years, especially in Western countries, >
and is expected to continue to grow in the near future.
Unfortunately, survival rates for patients with HCC

in the United States remain dismally low and essen-
tially unchanged over the past 30 years,(s) with only
3%-34% of patients with HCC surviving 5 years after
diagnosis.®) The high HCC mortality rates can be
attributed to several factors, with delayed diagnosis of
cancer at more advanced stages of disease being an
important reason.®”®)

HCC typically arises in the background of the cir-
rhotic liver, where chronic inflaimmation and fibrosis
induce genomic alterations that render the hepatocytes
vulnerable to malignant transformation.’? The pres-
ence of cirrhosis is the strongest risk factor for HCC,
with 90% of HCCs arising in cirrhotic livers. The
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common chronic liver diseases with increased risk for
HCC include hepatitis B (HBV), hepatitis C (HCV),
alcohol-associated liver disease (ALD), or nonalco-
holic steatohepatitis (NASH). Early detection of HCC
enables patients to avail curative therapies like resec-
tion or liver transplantation, leading to an improvement
in overall survival.’? In this review, we discuss the
rationale behind current surveillance guidelines and
highlight promising imaging and biomarker tools for
the early detection of HCC in patients with cirrhosis.

What Are the Benefits and
Risks of HCC Surveillance?

The goal of an effective cancer surveillance program
is to decrease cancer-related mortality. In a randomized
controlled trial (RCT) in 2004, Zhang et al. showed that
biannual alpha-fetoprotein (AFP) serum measurements
and abdominal ultrasounds in more than 9,000 random-
ized HBV-infected patients led to a higher frequency
of HCC detection at early stages (60.5% vs. 0%), and
a 37% reduction in HCC-related mortality compared
with an unscreened control group.(l(’) Although these
results provide level I evidence for the effectiveness of
HCC surveillance, there were concerns about both the
randomization strategy and the lack of adherence to
intention-to-treat principles in this trial. More impor-
tantly, the benefit of this surveillance strategy for the
detection of non-HBV HCCs and HCC:s arising in cir-
rhotic livers remains unclear. Unfortunately, additional
attempts to replicate these RCTs are hindered by fea-
sibility challenges and ethical concerns associated with
randomizing patients to a control group. Thus, later RCT
studies mostly aimed instead to optimize the frequency
or imaging method of surveillance.’’”?” Several meta-
analyses and observational studies have shown higher
rates of HCC detection at early stages and improved
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3-year survival rates in those patients who were actively
under surveillance compared with those who were
not. %022 Fyrthermore, a large study reported that
even a single mass ultrasound (US) screening of 11,114
high-risk individuals in Taiwan was associated with a
31% reduction in HCC-related mortality.(23) Overall,
the survival benefits and cost effectiveness of HCC sur-
veillance are comparable with that of other cancer sur-
veillance programs,(%_%) thus providing staying power
for the current HCC surveillance program.

Surveillance programs are not without risk (Fig. 1).
For HCC, US or AFP measurements themselves
may be safe procedures with minimal inherent risk.
However, follow-up biopsies and computed tomog-
raphy (CT)/magnetic resonance imaging (MRI)
scans have their own risks, and remaining on surveil-
lance can be associated with significant financial and
psychological harm. In a study of a large cohort of
patients with cirrhosis at a safety-net system with opti-
mal surveillance compliance, over one-fourth of the
patients experienced surveillance-related “harm” due to
repeated cross-sectional imaging or invasive evaluation,
to further investigate indeterminate nodules found on
US.@” Similar results have been recently demonstrated
from another structured US-based HCC surveillance
program at an academic tertiary care center.?®) Hence,
there remains a need to improve upon HCC surveil-
lance to better estimate its impact on disease-related
mortality, and also quantify its risks.

Which High-Risk Group
of Patients Should Undergo
HCC Surveillance?

Ideally, HCC surveillance should be offered
to patients in whom early detection of HCC
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Suveillance for Hepatocellular Carcinoma (HCC)

HOW

Ultrasound * AFP

e

irrhosis Child-Pugh stage A/B
Cirrhosis Child—Pugh stage C
awaiting liver transplant
Chronic Hepatitic B carriers

- African/North American Blacks
- Asian male over age 40

- Asian female over age 50
- Family history of HCC

WHEN

Every 6 months

PROS

Approach supported by a large randomized controlled trial of
hepatitis B virus patients and several cohort studies of cirrhosis.

Enables detection at earlier stages of HCC.

Increases rates of curative treatment- resection or
transplantation.

Decreases mortality related to HCC

CONS

Lack of randomized controlled trials in patients with cirrhosis

Harms of False Positive Tests
Lead time bias

Financial and psychological burden

FIG. 1. Overview of HCC surveillance. This schematic detail at-risk populations that would most benefit from HCC surveillance, in
addition to the modality and recommended frequency of surveillance. At-risk populations are identified based on demographic and
clinicopathologic factors that determine the yearly risk of HCC. Currently, according to AASLD guidelines, at-risk individuals should be
screened by US, with or without AFP, every 6 months. The pros and cons of HCC surveillance are also highlighted.

can facilitate the receipt of curative therapies.
The Association for the Study of Liver Diseases
(AASLD) and European Association for the Study
of the Liver (EASL) have recommended that sur-
veillance with US, with or without complementary
AFP testing, be performed biannually (with an opti-
mum range of 4-8 months) for any patient with risk
for HCC above 1.5% per year.?”*” HCC incidence
rates vary based on multiple factors, including etiol-
ogy of liver disease, and range from 0.2% to 8% per
year.?*3% These recommendations are largely based
on the cost effectiveness of these specific methods,
with data suggesting that surveillance for an HCC
risk of 1.5%/year results in a 3-month increase in
survival, roughly approximating the 100-day longev-
ity target above which an intervention is considered
(3139 Moreover, the biannual frequency of
surveillance is based on an estimated tumor doubling
time of 120 days for untreated HCC, although this
surveillance frequency also benefits patients with a
less-conservative doubling time of 60 days.**
HCC surveillance is recommended for all patients
with cirrhosis secondary to either viral hepatitis

(hepatitis B or hepatitis C) or nonviral causes (e.g.,
ALD, nonalcoholic fatty liver disease [NAFLD],

effective.
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hemochromatosis)®”  (Fig. 1). Special groups
of patients with noncirrhotic hepatitis B (Asian
males > 40 years, Asian females > 50 years, African
persons > 20 years, and those with family history of
HCC) are also recommended to undergo HCC sur-
veillance (Fig. 1). The role for HCC surveillance in
patients with noncirrhotic NAFLD or patients with
F3 fibrosis after HCV viral eradication is not clear,
and current guidelines do not recommend routine sur-
veillance in these patients. The use of validated multi-
variable HCC risk calculators is a promising strategy
to estimate HCC risk, and can hopefully be used to
personalize decision making in these patients.®®

The necessity for HCC surveillance is determined
not only by the individual risk for HCC but also other
important factors like age, comorbidities, performance
status, liver function, ability to receive curative thera-
pies, and patient willingness. For instance, surveillance
is not recommended for those with Child-Turcotte-
Pugh class C cirrhosis who are not on the trans-
plant waiting list, as liver-related mortality is already
high with this degree of liver dysfunction, and these
patients are generally not candidates for other forms
of HCC therapy, thus making early detection of HCC

unlikely to offer a survival benefit.
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What Are the Current and
Emerging Imaging Tools for
HCC Surveillance?
ULTRASOUND

US imaging is recommended as the main modality
tor HCC surveillance by many international guidelines
and is the definite workhorse for screening patients with
cirrhosis. 23037739 Overall, the benefits of US as an
HCC screening modality are many: It is cost-effective,
widely available, and well-tolerated. Additionally, there
is a strong body of evidence supporting the use of the
US for HCC surveillance.“**) A systematic review of
14 US studies showed that the pooled estimates of sen-
sitivity of US for HCC detection was 60% (95% con-
fidence interval [CI] 44-76), while the specificity was
97% (95% CI 95-98).“") In another large meta-analysis
of 32 studies comprising 13,367 patients, US was shown
to have an overall sensitivity of 84% (95% CI 76%-92%)
for HCC of any stage and a sensitivity of 47% (95%
CI 33%-61%) for early-stage HCC.“" Real-world data
from a retrospective cohort multicenter study of 374
patients found that 42% of the HCCs had been diag-
nosed on screening, and US detection was associated
with a higher rate of early tumor detection (63.1 vs.
36.4%; P < 0.001), a higher rate of curative treatment
(31% vs. 13%; P = 0.02), and improved survival (hazard
ratio 0.41; 95% CI 0.26-0.65), compared with HCC not
detected by screening.(42) Collectively, these studies show
that US remains an effective tool for HCC screening.

One of the main shortcomings of US in the detec-
tion of HCC is the heterogeneity in its interpretation,
reporting, and management recommendations across
health care sites. This issue was partially addressed
by the adoption of the US Liver Imaging Reporting
and Data System (LI-RADS; American College of
Radiology, Reston, VA) criteria, introduced in 2011 by
the American College of Radiology.*” The LI-RADS
detection score designations (US-1, obviously benign
observations or no observations; US-2, non-definitely
benign observations <10 mm in diameter; and US-3,
non-definitely benign observations 210 mm or new
portal vein thrombosis) offer guidance on the need
for additional imaging or more frequent surveillance,
whereas the visualization score provides granularity on
the imaging limitations (e.g., body habitus, bowel gas)
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that may change the sensitivity of detection of focal
lesions. Although there are currently no recommen-
dations for management based on LI-RADS visual-
ization scores, early multicenter studies have validated
the overall approach of the LI-RADS criteria, **
and prospective studies are ongoing.

There are a few other notable shortcomings of
US as a screening tool for HCC. It performs rel-
atively poorly in the detection of early lesions, with
a pooled sensitivity of 45% in a meta-analysis of 32

studies“™” and 63% in another meta-analysis of 13

studies®? for the early detection of HCC. Another
challenge is the poor sensitivity of US in distinguish-
ing early HCCs from dysplastic nodules. It appears
that contrast-enhanced US may be able to aid in this
problem by providing information about vascular-
ity, arterial hyperenhancement patterns, and contrast
distribution patterns in these lesions, in addition to
improving the overall sensitivity of the assay.(48_52)
Finally, US exams do suffer from uneven quality and
interobserver variability, with a blinded review of 941
USs showing that up to 20% of the studies were of
inadequate quality for surveillance.®¥ Thus, US does
suffer from several limitations as a screening tool,
but additional improvements in US technology, stan-
dardization of reporting, and selective use of contrast
agents can help address its current limitations.

MRI AND CT

The limitations of US imaging can theoretically be
addressed by the technical superiority of MRI and CT,
which have both been shown to have a high sensitiv-
ity and specificity for the diagnosis of HCC.®*>" As
a diagnostic tool, MRI has a sensitivity and specific-
ity over 90% for HCC lesions greater than 2 cm in
diameter, and its per-patient sensitivity and specific-
ity for all size lesions is still relatively high (88% and
94%, respectively).(sg’sg) Here again, the likelihood of a
lesion being designated as an HCC is determined by
LI-RADS criteria specific to MRI or CT. HCC lesions
should have one or more of these radiological features
for diagnosis: arterial phase hyperenhancement (sen-
sitivity 65%-98%),” washout (sensitivity 50%-79%),
and an encompassing pseudocapsule (sensitivity 42%-
64%).(60) However, the number of features required for
diagnosis depends on the lesion size, non-rim arterial
phase hyperenhancement, and other ancillary fea-
tures.“” A meta-analysis of 17 studies involving 2,760

1975
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patients confirmed the usefulness of the LI-RADS
classification; it showed that the percentage of HCCs
was higher in lesions of higher LI-RADS category.(ss)

Despite this excellent diagnostic capability, MRI is
currently not a first-line screening modality for HCC.
Its general tolerability, high safety profile, and diag-
nostic superiority do not make up for its restricted
availability, potential contraindications, and subop-
timal cost-effectiveness. Furthermore, MRI has low
specificity for the detection of HCC nodules in the
10-20-mm range.(éz) MRI likely is a great first-line
screening tool in a selected subset of patients. For
instance, MRI does appear to be cost-effective in
patients at high or intermediate risk for HCC, partic-
ularly those with viral hepatitis—induced compensated

cirrhosis, 266364

) MRI is, however, universally recom-
mended as a second-line modality for patients with
a positive screening test. 230375 Recently, several
abbreviated MRI (aMRI) protocols have been devel-
oped for HCC screening to overcome the barrier cre-
ated by traditionally long imaging times. These aMRIs
use specific sequences that maintain MRI diagnostic
accuracy and include noncontrast protocols with T,
and diffusion-weighted imaging, or dynamic proto-
cols with either extracellular gadolinium contrast agent
or gadoxetate-enhanced T, and T,-weighted imag-
ing. 6467) A recent comparison of aMRI with complete
MRI in 86 patients with cirrhosis found comparable
sensitivities and specificities between the two (0.92 vs.
0.94 and 0.87 vs. 0.87, respectively) in the detection of
HCC.“® Another study with 330 patients who under-
went alVIRI revealed a sensitivity and specificity of 0.92
and 0.91, respectively,(ég) whereas a smaller study of
19 patients revealed 90% sensitivity and 89% specific-
ity for the detection of early-stage HCCs.®> Overall,
with its shorter examination times of 5-15 minutes
and its ability to detect and concurrently characterize
HCC lesions, aMRI may gain acceptance as a suitable
alternative to US for HCC screening in the near future,
especially in transplant centers.

Multiphase CT is the other second-line imaging
modality for HCC screening. Even though its diagnos-
tic accuracy is lower than that of extracellular contrast-
enhanced MRI, it remains a viable alternative for HCC
diagnosis because of its lower cost, faster imaging times,
and lower technical complexity.(sg’ﬁg) Studies have also
assessed the utility of CT as a first-line imaging modal-
ity. 19627 Tp an RCT of 163 patients, multiphase CT

was shown to have a sensitivity similar to that of US

1976
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(66.% vs. 71.4%, respectively) for the detection of HCC
9 However, as expected, CT
was less cost-effective than US. Furthermore, the sen-
sitivity (62.5%) and specificity (76.5%) of CT for the
carly-stage detection of HCC remains low,'**? which,
despite still being comparable to US, makes CT a less-
palatable surveillance tool because of the additional risk
of radiation exposure and contrast-induced nephrotox-
icity. Low-dose CT scans (LDCTs), however, aim for
a targeted reduction of 30% in both radiation and con-
trast media. A recent study compared the sensitivities
of biannual US and two-phase LDCT in patients with
a >5% risk (22.33 risk index) of developing HCC. ™
In 27 of 137 high-risk patients who received both
biannual US and 1-3 LDCTs per year, LDCTs showed
significantly higher sensitivity (83.3% vs. 29.2%) and
specificity (95.6% vs. 87.7%), as well as lower false-
positive rates for the detection of HCC. Finally, when
the cost-effectiveness of seven strategies for HCC

in patients with cirrhosis.

surveillance was compared, surveillance and diagnosis
with CT (with MRI follow-up for inadequate surveil-
lance) were determined to be the most cost-effective
strategies when optimal compliance was assumed."?
When conservative compliance was assumed, surveil-
lance with aMRI with CT follow-up for inadequate
diagnosis was the most cost-effective strategy. Thus,
both MRI and CT have the potential to replace US
as the primary screening tool, especially in high-risk
patients, with further innovations and improvements in
techniques, access, and cost. In Fig. 2 we have summa-
rized the results from meta-analyses that have reported

the sensitivities of the various imaging modalities for
detection of HCC. 22:4041,52,57,58,69,70)

What Are the Current
and Emerging Circulating
Biomarkers for HCC

Surveillance?
ALPHA-FETOPROTEIN

AFP, a member of the albumin family of proteins,
is the main serological marker used in the detection of
HCC." Elevated AFP can be detected in 60%-80%
of HCCs when using 20 ng/mL plasma concentra-
tion as a pathological threshold for diagnosis.(74) Ina
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A Diagnosis of HCC (Any Stage)
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B Diagnosis of HCC (Early Stage)
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FIG. 2. Sensitivity of imaging tools for the HCC surveillance. Forest plots comparing meta-analyses that describe the sensitivity of the
three imaging modalities (US, CT, and MRI) in the detection of any stage (A) and early-stage (B) HCC. Abbreviation: CEUS, contrast-

enhanced ultrasound.

recent meta-analysis of 59 studies, AFP thresholds of
400 ng/mL, 200 ng/mL, and 20 ng/mL were associated
with pooled sensitivities of 32%, 49% and 61%, respec-
tively.”” Several studies have suggested that these
metrics can be improved with longitudinal AFP test-
ing and cirrhosis etiology-based changes in the AFP
threshold.¢ %Y Importantly, AFP measurements are
usually performed in conjunction with US imaging, and
a meta-analysis confirmed that the US alone has lower
sensitivity rates for any-stage HCC (relative risk [RR]
0.88; 95% CI 0.83-0.93) and early-stage HCC (RR
0.81; 95% CI 0.71-0.93) compared to US with AFP*V

Despite its diagnostic utility in HCC, AFP mea-
surements are not currently recommended by the
AASLD or EASL as a solitary screening test for HCC
due to several limitations. First, AFP is expressed in
other cancers and conditions, such as chronic hepatitis,
liver cirrhosis, neurodegenerative diseases, and non-
seminomatous testicular cancer.®*%9 Additionally,
it has a relatively inadequate sensitivity and speci-
ficity for surveillance, low positive predictive value,
and inadequate diagnostic accuracy for early-stage
HCCs.®¥ Despite these limitations, AFP continues
to be the most widely used biomarker for HCC, given
its low cost, wide availability, easy measurement, and
a strong body of work showing its association with
HCC. However, AFP should not be used in isolation
as a tool for HCC surveillance.

AFP-L3
As mentioned previously, the specificity of AFP

is relatively low, as it can be elevated in non-HCC
malignancies and other chronic inflammatory condi-
tions of the liver. This limitation has partially been
overcome by the identification of the biomarker AFP-
L3, lens culinaris agglutinin-reactive fraction of AFP,
which was shown to be more specifically associated
with HCC and to have a superior diagnostic efficacy
when combined with AFP measurements. 8%
Furthermore, a study by Kumada et al. revealed ele-
vated AFP-L3 levels to be predictive of early HCC
even in the absence of elevated AFP.®” However,
despite having a higher specificity than AFP, AFP-
L3 measurements still suffer from poor sensitivity. &
AFP-L3 is currently approved by the Food and Drug
Administration FDA for the assessment of liver can-

cer risk as a part of the GALAD score.®”

DES-GAMMA-CARBOXY
PROTHROMBIN

Des-gamma-carboxy prothrombin (DCP), or
protein-induced by vitamin K absence-II, is another
serum biomarker for HCC. It is a prothrombin pre-
cursor that has differentially undergone abnormal
post-translational carboxylation in malignant cells.

1977
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TABLE 1. SUMMARY OF META-ANALYSES EVALUATING THE PERFORMANCE OF THREE COMMON SERUM
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BIOMARKERS FOR THE DIAGNOSIS OF HCC

Biomarker Meta-analysis Sensitivity Specificity AUC Reference
AFP 60 studies; 11,731 patients 61% (60%-62%) 86% (86%-87%) 0.83 Zhang et al.7®
326 studies, 144,570 patients 60% (58%-62%) 84% (82%-86%) - Colli et al.®®
20 studies; 12,906 patients 89% (88%-90%) 82% (81%-83%) 0.75 Chen et al.®?
16 studies; 4,573 patients 59% (57%-61%) 83% (81%-85%) 0.73 Chen et al.0%
12 studies; 2,426 patients 64% (54%-73%) 96% (91%-98%) 0.88 Sun et al.1%"
11 studies; 1,838 patients 54% (51%-57%) 83% (80%-85%) 0.79 Xu et al.192
AFP-L3 12 studies; 2,245 patients 48% (46%-51%) 93% (92%-94%) 0.75 Yietal®®
16 studies; 4,573 patients 56% (54%-58%) 90% (88%-91%) 0.84 Chen et al.0%
DCP 20 studies; 5,911 patients 67% (58%-74%) 92% (88%-94%) 0.89 Gao et al.(%
38 studies; 11,124 patients 66% (65%-68%) 88% (87%-90%) 0.90 De et al.1%
12 studies; 3,058 patients 71% (68%-73%) 84% (83%-86%) 0.89 Zhu et al.(1%9
20 studies; 12,906 patients 69% (68%-70%) 88% (87%-89%) 0.88 Chen et al.®?

DCP has been found to be elevated in patients with
HCC. The body of evidence supporting DCP as a
potential biomarker for HCC continues to grow. Not
only do DCP levels correlate with HCC stage and
survival, but DCP may be more sensitive than AFP
for the detection of HCC.®%%% I 2 recent study
of 90 patients with cirrhosis with US evidence of liver
nodules, 40 were diagnosed to have HCC at very
early/early stages. In these patients, DCP was found
to be significantly associated with HCC at a cutoff
level of 60 mAU/mL, whereas AFP at a cutoff level of
6.5 ng/mL was not.”” DCP was found to have a sen-
sitivity of 60%, specificity of 80%, positive predictive
value (PPV) of 80%, and negative predictive value of
73%, compared with 67%, 68%, 63% and 72%, respec-
tively, for AFPOY Importantly, in accordance with the
findings of other published studies,”>” the combi-
nation of both DCP and AFP improved the diag-
nostic accuracy of the assay, with a higher sensitivity
(70%), specificity (94%), and area under the curve
(AUC; 0.76). Some studies, however, have produced
contradictory results suggesting that the addition of
DCP to AFP does not improve the sensitivity of
HCC detection.®” Given its potential promise, DCP
is currently approved by the FDA for the determi-
nation of HCC risk, and commercial immunoassays
like Roche’s Elecsys DCP (Basel, Switzerland) have
been developed for quantitative measurement of the
protein. However, the overall lack of consensus on the
use of DCP as a biomarker has resulted in variations
in international recommendations regarding its use.
Japan, for instance, recommends using both DCP and

1978

AFP for HCC surveillance, whereas DCP use is not
explicitly recommended for surveillance and diagnosis
by the AASLD.*®)

Heterogeneity in biomarker testing frequency and
cutoff levels have made it difficult to compare them
against each other. We have summarized the sensitiv-
ity and specificity of AFP, AFP-L3,and DCP reported
in various meta-analyses in Table 1.(75:88,98-105)
Moreover, several studies have suggested that a com-
bination of biomarkers is likely the best tool for
detection of HCC. In fact, in March 2020, the FDA
approved breakthrough device designation for Roche’s
Elecsys GALAD score,’% which noninvasively
uses an algorithmic score that combines gender, age,
AFP, AFP-L3, and DCP biomarker levels to detect
carly HCC."%) In multiple international studies, the
GALAD score has been shown to perform better
than its individual components for the early detection
of HCC, with area under the receiver o%)erating char-
acteristic curve (AUROC) crossing 0.9. 108-111)

OTHER CIRCULATING
BIOMARKERS FOR HCC

Glypican-3 (GPC3), a heparan-sulfate proteogly-
can, is known to be elevated in HCC tissues. Although
serum GPC3, both the full length and N-terminal
form, has repeatedly been shown to be elevated in
patients with HCC, 2114 it does not appear to per-
form better than AFP in detecting early HCC.1%?
Golgi protein-73 (GP73) has been reported to be a
potential biomarker for early detection of HCC, with
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ranges of AUROC (0.79-0.94), sensitivities (69%-
95%), and specificities (83.9%-92.9%) rivaling those
of AFP.A>19 However, the clinical utility of GP73 is
limited by the lack of an FDA-approved immunoassay
that detects the specific glycosylated isoform associated
with HCC. Other promising circulating biomarkers
for the early diagnosis of HCC include osteopon-
tin, A1) idkine (20129 Diclkopf-1,125120)

squamous cell carcinoma antigen,(127’128)
tip, (129,130

and fibronec-
) These biomarkers need further validation
in large, multicenter studies that include patients with
HCC:s arising from different etiologies.

CIRCULATING NONCODING RNA
AS NONINVASIVE DIAGNOSTIC
TOOLS OF HCC

Noncoding RNAs (ncRNAs), like microRNAs (miR-
NAs) and long noncoding RNAs (IncRNAs), are regu-
latory molecules. Unlike messenger RNA, ncRNAs are
relatively stable in circulation, making them well-suited
for quantitative assays. MiRNAs have shown to be
promising biomarkers for the early detection of HCC in
multiple early phase studies. 31713 Zhang et al. reported
that a three-miRNA panel (miR-92-3p, miR-107, and
miR-3126-5p) had an AUC of 0.98 for detecting early-
stage HCC and a promising AUC of 0.97 for detecting
HCC in patients with low AFP levels.™*? Yamamoto
et al. recently reported promising diagnostic values for
a circulating miRNA panel, with a high sensitivity
(97.7%), specificity (94.7%), and AUC (0.99) in the
detection of early HCC." Several IncRNAs, including
highly up-regulated in liver cancer,** long intergenic
non-coding RNA 152,13*1%) metastasis-associated lung
adenocarcinoma transcript 134136)
associated 1,"*” have also been shown to be promising
biomarkers in diagnosing HCC. Variations in assays and
nonstandardized nomenclature make it difficult to com-

and urothelial cancer

pare across studies. However, ncRNAs remain promising
tools for the surveillance of HCC.

What Is the Role of
Liquid Biopsy in HCC
Surveillance?

Even though there have been significant improve-
ments in HCC surveillance imaging modalities, the
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most exciting developments in this field lie in the
diagnostic promise of “liquid biopsy” biomarkers.
Liquid biopsy refers to the molecular analysis of
tumor-derived nucleic acids or extracellular vesicles
(EVs) in the bloodstream. Here, we discuss advances
in the use of methylation and mutation profiling of
circulating tumor DNA (ctDNA) and EV profiling in
the detection of HCC.

METHYLATION PROFILING OF
ctDNA

Hypermethylated or hypomethylated cell-free
DNA (cfDNA) markers have been scrutinized as
tools for early cancer detection because of growing
evidence suggesting that epigenetic changes play an
important role in carcinogenesis.(138’l39) More impor-
tantly, it is much more convenient to detect, amplify,
and quantitate aberrant DNA hypermethylation of
ctDNA compared with genomic mutations. Efforts to
identify methylated DNA markers (MDMs) that pre-
dict the development of HCC have been years in the
making.(mofms) However, the technical improvements
in the ability to isolate circulating ¢fDNA in recent
years have led to significant progress in the develop-
ment of methylated cfDNA as biomarkers for HCC.

In a large study, Xu et al. identified an HCC-
specific methylation panel that showed high correla-
tion between methylation profiles of 401 markers
in HCC tumors and matched plasma ctDNA sam-
ples.(l%) They went on to construct a highly sensitive
and specific diagnostic prediction model using these
profiles on 1,098 patients with HCC and 835 healthy
controls.™*® In a different study, Kiesel et al. used a
reduced-representation bisulfite method of cfDNA
sequencing to identify 302 candidate MDMs with
AUCs above 0.75, 16 of which were then tested in
phase 1 and phase 2 plasma validation cohorts (21
HCC cases, 30 controls; and 95 HCC cases, 51 con-
trols; respectively).(147) Ultimately, a six-marker MDM
panel consisting of homeobox Al (HOXAI), empty
spiracles homeobox 1 (EMX1I), AK055957, ECEI
(endothelin converting enzyme 1), PFKP (phosphof-
ructokinase, platelet), and CLECI14 (C-type lectin
domain containing 11A) genes was shown to have a
95% sensitivity and a 92% specificity in the detection
of HCC from plasma samples."*” In another recent
multicenter case-control study of 135 HCC cases and
302 controls, three MDMs (HOXA1, EMXI1, and
TSPYL5 [testis-specific Y-encoded-like protein 5])
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and two protein markers (AFP and AFP-L3) with
high sensitivities and specificities for the detection of
early-stage HCC were identified, with an AUC for
the multitarget panel of 0.92 for HCC at any stage,
regardless of liver disease etiology, presence of cirrho-
sis, or sex.*®) Finally, a recent study in 80 healthy vol-
unteers, 45 patients with chronic liver disease, and 136
patients with HCC revealed methylated SEPT9 to be
a promising marker for HCC detection, with an assay
sensitivity and specificity of 63.2% and 90.0% for
the detection of HCC.1* Overall, given substantial
improvements in the diagnostic capabilities of meth-
ylation markers in recent years, these markers will
hopetully soon be widely adopted into clinical prac-
tice, if phase 3 trials confirm the promising results.

MUTATION PROFILING OF CFDNA

Recent studies on comprehensive genomic profil-
ing have enabled us to identify key driver mutations
in common genes like tumor protein P53 (7P53),
TERT promoter, and catenin beta 1 (CTNNBI) in
HCCs. 30152 fDNA are also likely to harbor these
mutations, and their detection can serve as potential
biomarkers for the early detection of HCC.05315
Recently, Kaseb et al. evaluated blood samples
from 206 patients with HCC using comprehensive
genomic testing of ¢fDNA. They found that 88% of
the patients had at least one detectable genetic alter-
ation, with 7P53, EGFR (epidermal growth factor
receptor), MET, and ARID1A (AT-rich interaction
domain 1A) being some of the common ones.™ In
another large Chinese study of over 10,000 patients
with different kinds of cancer, ctDNA was detected
in 77% of the 571 patients with HCC, with 7P53
and TERT promoter mutations being common,*¥
further demonstrating the feasibility of this approach
in the early detection of HCC. A study of 331 hepati-
tis B surface antigen—positive at-risk patients recently
showed that an assay designed to detect highly prev-
alent mutations in hepatitis B core antigen—-HCC
cfDNA (i.e., TP53, CTNNB1, AXIN1 [axin 1], or
TERT promoter) positively identified four early-stage
HCC cases that were negative by AFP and US, result-
ing in a 100% sensitivity, 94% specificity, and 17%
PPV for the assay.(133’156) Finally, Wang et al. showed
that genome scale profiling of cfDNA can be used to
develop a diagnostic model (including genomic fea-
tures such as nucleosome footprint, fragmentation,
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and base mismatch) to accurately differentiate HCCs
from liver cirrhosis, with a sensitivity of 95.4%, speci-
ficity of 97.7%, and an AUC of 0.997.%°7) Early study
results such as these highlight the exciting promise of
cfDNA as noninvasive diagnostic tools for the early

detection of HCC.

EXTRACELLULAR VESICLES
EVs are lipid bilayer-delimited particles that are

secreted by cells that contain biologically active cargo
like proteins, DNA, or miRNAs. %% They are clas-
sified based on their size and properties as either
apoptotic bodies (50-5,000 nm), microvesicles (100-
1,000 nm), or exosomes (30-150 nm). There is an
expanding understanding of the biological signifi-
cance of EVs, and their potential to serve as biomark-
ers for HCC surveillance is being explored.®? A few
studies have shown the promise of EVs as prognostic
biomarkers.1°***) However, their role in the diag-
nosis of early-stage HCC is not yet clear. Sun et al.
used an EV purification technology to isolate EVs
from 158 patients with HCC and showed that an
HCC 10-gene molecular signature had a high sensi-
tivity of 94.4% and specificity of 88.5% in detecting
carly HCC."%? Even though small early studies have
shown promise,'*1®¥ further standardization of EV
capture and quantification is needed.

CIRCULATING TUMOR CELLS

There has been a longstanding interest in detectin%
circulating tumor cells (CTCs) to diagnose HCC.(1°

A few studies have shown the value of epithelial cell
adhesion molecule (EpCAM)—positive CTCs in the
diagnosis and prognosis of HCC.11%) However,
the detection of CTCs in HCC has a low sensi-
tivity, as most HCCs do not express EpCAM and
the number of CTCs in early-stage tumors is low,
making detection of early-stage tumors challenging.
CTCs positive for other surface markers like AFP,
GPC3, DNA-dependent protein kinase, vimentin,
and TWIST1 (twist family BHLH transcription fac-
tor 1) have also been reported to be useful to diag-
nose HCC. 1019170 A recent meta-analysis of 20
studies including 1,191 patients showed that CTC
testing has a sensitivity of 95% and a specificity of
60% for diagnosing HCC, but there was significant
heterogeneity in the kind of assay used and in the
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Imaging Tools for HCC Surveillance

Imaging Pros Cons Emerging Innovations
1.US scan Easy to perform, accessible, Lower sensitivity than MRI Contrast enhanced US
Cost-effective Interobserver variablity Standardization of reporting
2.CT scan Higher sensitivity than US, Need for IV contrast Contrast and Radiation dose
Faster and less expensive than MRl Exposure to radiation reduction strategies N
3.MRIscan Higher sensitivity than US Expensive, not widely _Abbn.eviat.ed MRI with shorter
available, takes long time imaging times
Ciculating Biomarkers for HCC Surveillance
FDA Approved Emerging Protein Emerging Liquid Biopsy Biomarkers
Tests Biomarkers
Methylated cfDNA  cfDNA Mutations EV-based biomarkers CcTC
1. AFP 1.GPC3
2. AFP-L3 2.0PN ~  pHEAKACH
3.DCP 3. MDK
4. DKK1
5.SCCA

FIG. 3. Existing and emerging biomarkers for HCC surveillance. US, CT, and MRI imaging modalities all have their pros and cons when
used in the surveillance of at-risk patients. Emerging innovations in these modalities, mostly by way of adjustments to imaging protocols
and addition of agents that allow for more accurate detection, will improve upon existing limitations. AFP, AFP-L3, and DCP are known
FDA-approved circulating biomarkers for HCC surveillance, but several emerging protein biomarkers (GPC3, OPN, MDK, DKK1,
and SCCA) are proving to be clinically promising. The newest wave of innovation in tools for HCC surveillance lies in liquid biopsy
biomarkers, which include methylated ¢fDNA, cfDNA mutations, EV-based biomarkers, and CTC detection. Abbreviations: DKK1,
Dickkopf-1; IV, intravenous; MDK, midkine; OPN, osteopontin; SCCA, squamous cell carcinoma antigen.

clinical features of the study population.(lm Thus,
these challenges in assay standardization need to be
overcome in additional large-scale prospective valida-
tion studies before CTCs can be useful in the surveil-

lance of HCC.

FUTURE DIRECTIONS

Several critical areas need urgent research to
increase the rate of early detection of HCC and make
an impact on patient outcomes. A few areas of unmet
need for biomarker development for HCC include
the need to (1) more precisely determine the risk for
HCC in specific cohorts among patients with liver
diseases, like those with hepatitis C following sus-
tained virological response or NASH with F3 stage
fibrosis; (2) collaboratively perform large-scale vali-
dation of promising biomarkers in prospective phase
3 clinical trials; (3) standardize technology and opti-
mize sample processing to maximize sensitivity and
enable cross-validation; and (4) use new technolog-
ical advances to develop targeted contrast agents for
imaging and noninvasive biomarkers for HCC. All of

these efforts need to be simultaneously paired with
strategies to implement care pathways in primary care
for HCC surveillance, remove barriers for access to
surveillance testing, and improve patient adherence to
surveillance.

Conclusions

HCC is a challenging disease to detect in the early
stages, and we need highly sensitive and specific screen-
ing tools to achieve this. Recent advances in imaging
techniques have improved upon their sensitivity and
specificity of detection. Moreover, novel circulating
noninvasive biomarkers, which have the potential to
be widely implemented, have recently been introduced
(Fig. 3). Future prospective studies with these prom-
ising markers will help to better define their utility as
diagnostic tools. Improvements in screening and sur-
veillance will hopefully usher in a new era of earlier
tumor detection, higher rates of curative treatment,
and ultimately improved survival rates for patients

with HCC.
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