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Abstract

Purpose of Review The aim of this review is to address the
controversy around the use of biomarkers for hepatocellular
carcinoma (HCC) surveillance in individuals with cirrhosis or
chronic hepatitis B who are at risk for development of liver
cancer.

Recent Findings Recent studies suggest that surveillance for
hepatocellular carcinoma is beneficial, even after adjustment
for lead time and other biases. Alpha fetoprotein (AFP) is
complementary to ultrasound (US) in surveillance, particular-
ly in obese patients and patients with infiltrative tumors. US
and AFP are both associated with harms to patients from false-
positive overdiagnosis, with US appearing to cause greater
harms. Including patient demographic characteristics and ad-
ditional biomarkers into diagnostic models is beneficial.
Recent studies emphasize the advantage of time trends in bio-
markers over single cross-sectional measurements.

Summary AFP and other biomarkers are complementary to
US in surveillance for HCC, especially when applied in
models including patient variables and incorporating time
trends in biomarker levels. With advances in genetic and mo-
lecular analysis of tumors, we may be poised at the cusp of a
revolution in HCC surveillance.
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Abbreviations

AFP Alpha fetoprotein

DCP Des-gamma carboxy prothrombin

AFP-L3  Lens culinaris agglutinin-bound fraction of AFP

AASLD American Association for the Study of Liver
Diseases

EASL European Association for the Study of the Liver

HCV Hepeatitis C virus

Us Ultrasonography
BCLC Barcelona Clinic Liver Cancer

Introduction

While it has been generally accepted by the hepatology com-
munity that surveillance for hepatocellular carcinoma (HCC)
in patients who are at risk is justified, the quality of evidence
supporting this recommendation is generally perceived to be
low. The available randomized controlled trial and compara-
tive cohort studies have been criticized as being limited by
methodological flaws [1-3]. While liver ultrasonography
(US) is well accepted as an effective modality for screening
for HCC, the use of AFP has been less well accepted, and
there has been strong judgment expressed by some experts
against the use of serum AFP test as a screening biomarker
for HCC [4]. On the other, hand, surveys of practicing
hepatologists suggest that the majority of hepatologists in
Asia, Europe, and North America routinely use AFP as a
screening test, typically in combination with US [5-8].
Further, Japan and Taiwan, countries that have documented
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the best long-term outcomes for HCC through nationwide
surveillance programs apply a combination of US, AFP, as
well as other biomarkers (Lens culinaris binding AFP (AFP-
L3%) and des gamma carboxy prothrombin (DCP)) [9, 10].

Thus, while there appears to be a tacit acceptance of a
presumed utility of AFP in HCC surveillance, the issue is
controversial. Consequently, there are discrepancies between
different guideline recommendations regarding the use of
AFP and other biomarkers. The lack of uniformity may con-
tribute to the observed low rates of surveillance by primary
care practitioners in many countries, so that in most countries,
the majority of HCC patients have intermediate to advanced
stage disease at the time of diagnosis [9, 11, 12]. These con-
cerns have fueled the development of studies that have more
rigorously examined the performance and cost-effectiveness
of both US and blood biomarkers. Recent studies have also
begun to incorporate other risk factors such as age and gender
into combined models with blood biomarkers.

Recent studies suggest the performance of AFP can be
optimized by stratifying the population under surveillance
by etiology, receipt of therapy for chronic viral hepatitis—
which may influence hepatic inflammation and liver regener-
ation, and liver synthetic function as measured by serum al-
bumin [13—-15]. Further, recent studies also suggest that per-
formance of liver US, which has been considered the more
sensitive and specific screening modality, may not be as high
in real-life practice as previously thought [16]. US appears to
have lower performance in imaging of individuals with central
obesity, in whom it is difficult to accurately image the deeper
parts of the liver, and for more aggressive, infiltrative and
metastatic HCCs with high AFP that do not form distinct
nodules in the liver [17, 18]. For many clinicians, these factors
appear to justify use of US and AFP in combination for sur-
veillance for HCC. After a number of years in which the
primary debates about HCC surveillance were anchored
around the perceived flaws in the supporting literature, such
as lack of adjustment for lead time and length time bias, we are
beginning to see results of a number of studies from Asia,
North America, and Europe that are addressing these concerns
and providing more robust confirmation of surveillance ben-
efits [8, 19-26]. In addition, recent advances in next-
generation sequencing and molecular analysis of tumors,
blood, stool, and other analytes are producing what potentially
may prove to be very exciting breakthroughs in biomarker
technology, particularly assays of differentially methylated
DNA regions and microRNAs. In parallel, we are seeing ad-
vances in imaging technology, such as studies of limited MRI
exams performed using hepatobiliary contrast agents, and the
development of novel ultrasound-based technologies [27-30].
These newer modalities may provide substantial advances
over current US screening at similar or reduced cost. Thus,
we may be poised at the cusp of a revolution in surveillance
for HCC.
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Additional considerations that have been expressed in re-
cent studies are the potential harms of ineffective screening
tests, articulation of the concept of efficacy vs. effectiveness
which emphasizes the importance of ensuring full or nearly
full population coverage of every step along the prevention —
screening — diagnosis — treatment continuum for achieving
cost-effective surveillance on a population basis, an apprecia-
tion of the importance of repeated screening for achieving
optimal performance of surveillance, the importance of trends
in biomarker levels over time, reflecting the fact that individ-
uals are their own best control, and the effect of the improve-
ments in treatment of viral hepatitis on the utility of blood-
based biomarkers, which can be falsely elevated in patients
with active hepatitis and liver regeneration.

There are two major challenges to development of the per-
fect biomarker: (1) genetic and molecular heterogeneity of
individuals, which means that levels of any single biomarker
in a population of unaffected individuals will be variable, and
(2) genetic and molecular heterogeneity of HCC, which
means there will be variation in the levels of almost all bio-
markers produced by different cancers. Thus, while the ideal
biomarker would be able to perfectly discriminate between
cases and controls (Fig. 1a), in practice, most real-life bio-
markers show overlap between cases and controls (Fig. 1b).
This is exemplified by the experience in HCC, in which there
is incomplete overlap between patients with elevated AFP,
AFP-L3%, and DCP [31]. These variations in baseline normal
biomarker levels and in tumor biomarker secretion lead to the
problems of imperfect specificity, the difficulty in determining
which biomarker values are falsely positive, and imperfect
sensitivity, the difficulty in determining which biomarker
values are falsely negative. Solutions for the first problem
may be the use of serial measurements beginning before onset
of cancer development, so that the individual serves as their
own control [32], and for the second problem, the use of
multiple biomarkers, so that all possible biomarkers that
may be elevated can be interrogated at the same time [31,
33]. There are active efforts underway to achieve these goals
for blood-based biomarkers, but we are still far from achieving
them. Until we do, the practical alternative is the use of the
appropriate clinical and demographic variables, in addition to
the available biomarkers and imaging studies, in a multidi-
mensional construct that optimizes the available information
(Fig. 1c) [34], and the use of these constructs or models in a
longitudinal, serial manner, so that the results of earlier studies
inform the interpretation of subsequent studies (Fig. 1d)
[35¢¢]. Many experienced, thoughtful clinicians intuitively
use this approach [36, 37].

The evidential basis for the practice of HCC surveillance is
gradually accumulating in the USA and other Western coun-
tries. Interestingly, this is occurring at the same time as, con-
trary to recent trends for most cancer types, we are seeing an
increase in the incidence of liver cancer and deaths from liver
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Fig. 1 a The ideal HCC biomarker would distinguish perfectly between
HCC cases and unaffected controls because there is no overlap between
the levels of the biomarker in cases and the levels in controls, resulting in
an almost perfect area under the receiver operating characteristic
(AUROC) curve, with an area of nearly 1. b In real life, most
biomarkers have levels in cancer cases that partially overlap with the
levels in controls, resulting in variably imperfect AUROC curves with

cancer, with liver cancer now recognized as the fastest rising
cause of death from cancer in the USA. Of particular concern
is the rise in the incidence of HCC associated with nonalco-
holic fatty liver disease, and the increasing appreciation that a
substantial number of patients with the metabolic syndrome or
nonalcoholic steatohepatitis (NASH) develop HCC in the ab-
sence of cirrhosis, further complicating efforts to identify the
high-risk population for surveillance [38—40].

Differences in Current Guideline Recommendations
for HCC Surveillance

The ultimate cancer surveillance modality should have high
sensitivity and specificity, should be applicable for individ-
uals at high risk for cancer in a cost-effective manner, and
should be proven to reduce mortality when applied in the at-
risk population. The effect of surveillance in reducing the
mortality associated with HCC has been demonstrated in
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areas typically between 0.6-0.85. ¢ Newer diagnostic models such as the
GALAD model incorporate patient clinical characteristics to improve the
performance of biomarkers and imaging studies. d Methods that take
longitudinal trends in biomarker levels into account can use each
individual as their own control, further enhancing the combined
performance of biomarkers, imaging, and diagnostic models

only a few studies, each of which has flaws and none of
which are completely generalizable to individuals with all
chronic liver diseases or cirrhosis of all etiologies [1, 2].
The most widely accepted surveillance modality is US as
recommended by the American Association for Study of
Liver Disease (AASLD), the European Association for the
Study of the Liver (EASL), and the Asian Pacific
Association for the Study of Liver Disease (APASL) [41ee,
42, 43]. The rational for discouraging use of AFP in the
AASLD 2010 guidelines was the lack of evidence supporting
its high sensitivity and specificity as an effective surveillance
and diagnostic tool for HCC [44], while the EASL-EORTC
concluded that the surveillance value of AFP with or without
US is unsatisfactory [42]. Despite the more limited evidence
for the effectiveness of biomarkers in HCC surveillance, na-
tional surveillance programs in countries like Japan and
Taiwan use biomarkers as routine tools for HCC surveillance,
including AFP, AFP-L3%, and DCP [45].
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The recently published 2017 AASLD guidelines for HCC
reviewed the evidence for surveillance and recommended the
use of ultrasound with or without AFP for surveillance [41¢].
In the evidence review, no studies were found that directly
compared the performance of US to AFP in surveillance.
However, some studies compared US to the combination of
US and AFP. Overall, there was no difference between the two
approaches in the likelihood of diagnosis at an early stage to
facilitate curative treatment. The combination of AFP and US
was associated with a higher survival rate, but this did not
reach statistical significance. The studies reviewed had many
limitations: they did not take into account the limitations of
US and were underpowered. In addition, early detection of
HCC was often not compared between the two different mo-
dalities. Thus further studies are needed to determine whether
the use of AFP or US alone would lead more frequently to a
diagnostic workup. Similar considerations led to the recom-
mendation for combined use of US with AFP in HCC surveil-
lance by the WHO Guidelines for the Prevention Care and
Treatment of Persons with Chronic Hepatitis B Infection [46].

Pros and Cons of Current Methods of HCC Surveillance
Ultrasonography

Ultrasonography is the current mainstay for HCC surveil-
lance. The sensitivity of US for HCC detection is approxi-
mately 60%, with a specificity of 85-90% [47]. Despite its
capability for high sensitivity and specificity, US is operator
dependent. Moreover, US is affected by the body habitus of
the patient, with suboptimal performance in patients with cen-
tral obesity, as well as by liver nodularity in patients with
cirrhosis [48]. Compared to US, serum biomarkers provide
more standardized results regardless of operator expertise or
patient body habitus. US also has very limited capability for
distinguishing between different types of liver tumors. A sur-
veillance study from Japan showed that 4.4% of hepatic tu-
mors detected by US were cholangiocarcinomas [10]. On the
other hand, a higher percentage of patients underwent unneed-
ed diagnostic imaging based on indeterminate lesions detected
by US compared to false positive AFP results (26% compared
to 2.7%) [49]. Atiq et al. found that the stage of HCC tumor
detected by US did not differ significantly from that detected
by AFP [50]. It further revealed that false positive surveillance
by US is more likely to be associated with harm than that with
AFP (22.8% compared to 11.4%, P < 0.001). Harm was de-
fined as performance of CT, MRI, biopsy, or other procedures
in patients without HCC. The sensitivity of US decreases as
tumors become smaller in size, with a resultant drop in sensi-
tivity from 94% for all HCC stages down to only 63% for
early tumors, defined as a single nodule <5 cm or 3 nodules
each <3 cm without vascular invasion. Double-contrast US
was found to have higher sensitivity than B-mode US in
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Japan. A retrospective study conducted for tumors less than
2 c¢m in transplant patients revealed sensitivities of 21, 40, and
47% for US, CT, and MRI, respectively. On the other hand,
the specificities were 82, 74, and 77%, respectively [51].

Computed Tomography and Magnetic Resonance Imaging

Cross-sectional multiphasic contrast-enhanced CT and MRI
are generally not recommended as screening studies despite
their high diagnostic value due to the high cost of these tests,
as well as the additional potential harm due to repeated expo-
sure to irradiation or intravenous contrast. In an effort to max-
imize the potential value of cross-sectional MRI while mini-
mizing contrast exposure, scanning time, and cost, abbreviat-
ed MRI examination protocols are being developed and tested
in a number of centers [27, 28, 30, 52]. Ongoing studies may
clarify the most appropriate niche for cost effective use of
these modalities, perhaps particularly in those settings where
US performs the least reliably, such as in individuals with
truncal obesity.

Alpha Fetoprotein (AFP)

AFP is the most commonly studied biomarker for HCC, with
the available studies including a phase 5 biomarker trial
assessing the impact of AFP on survival of patients with
HCC [1]. In general, AFP level is positively associated with
tumor size, restricting its utility in detecting smaller HCC
tumors. The utility of AFP is limited by its low sensitivity,
and specificity for early stage disease when its performance
is considered in a cross-sectional manner at a single point in
time. At a cutoff value of 20 ng/mL, AFP was found to have a
sensitivity between 49 and 71% and a specificity between 49
and 86% in detecting HCC tumors <5 c¢m in size [53]. AFP
can be falsely elevated in conditions other than HCC, e.g.,
hepatitis C infection, or cholangiocarcinoma [54—56]. The ac-
curacy of AFP in HCC surveillance has been shown to im-
prove with measuring an increasing trend of AFP rather than a
one-time assessment [32]. Additionally, accounting for other
patient factors such as ALT level and etiology of liver disease
in assessing AFP result can substantially aid interpretation
[13, 14, 35e]. Newer statistical approaches that use prior
AFP levels in a longitudinal manner, such as the parametric
empirical Bayesian (PEB) screening algorithm, also show
promise in enhancing the performance of AFP [57ee, 58].
The combination of AFP and US has higher sensitivity than
AFP or US alone [49]. AFP increased the US sensitivity of
HCC detection and early HCC detection by 7 and 6%, respec-
tively [47]. In a prospective study, AFP increased the sensi-
tivity of early detection of HCC from 32 to 63% [16]. Another
prospective study of the HALT-C cohort showed that while
US detected 58% of early HCC cases before AFP elevation,
AFP was elevated in 21% of early HCC cases before a nodule
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was detected on US [59]. A cost-effectiveness analysis was
conducted by Gounder et al. comparing surveillance by US
alone versus AFP with transition to US if AFP level was found
to be more than 10 ng/ml [60]. The AFP-US method was
associated with lower cost per early stage tumor detected
and years of life gained (YLG) compared to US alone. The
cost of AFP-US surveillance was found to be $375,000
($36,000/early stage tumor detected and $13,000/'YLG) vs.
$814,000 ($59,000/early stage tumor detected and $21,000/
YLG) by US alone. Thus, the AFP-US method was associated
with an additional 27.8 YLG compared to 38.9 YLG by US
alone. The relatively low cost of the AFP-US strategy could
help broaden surveillance for HCC [60].

Other Biomarkers in Clinical Use

Besides AFP, other serum biomarkers have not been rigorous-
ly studied beyond phase III biomarker studies.

Lectin-Binding Alpha Fetoprotein (AFP-L3%)

AFP L3 is a subfraction of the total AFP that binds to Lens
culinaris agglutinin and has been shown to be a highly specific
biomarker for HCC (99.4% specificity) [61]. Although more
sensitive versions of the test have been developed, it has lower
sensitivity than AFP (sensitivity is 18.8%) [61, 62]. AFP-L3 is
more likely to be elevated in infiltrative tumors and advanced
HCC stages, and therefore predicts tumor recurrence and overall
patient survival. It can be falsely elevated in liver failure [61].
Even for small HCCs, elevated AFP-L3% is associated with
more proliferative tumors with moderately differentiated or
poorly differentiated histology, rich arterial neovascularization,
and decreased portal supply, all consistent with a poorer prog-
nosis [63—65]. Because of its high specificity for HCC, AFP-
L3% can be of particular value in circumstances in which the
total AFP is nonspecifically elevated by inflammation or en-
hanced liver regeneration, such as in patients with chronic
HCYV infection [66].

Des-Gamma-Carboxy Prothrombin (DCP) Also Called
Protein Induced by Vitamin K Absence/Antagonist-II
(PIVKA-II)

DCP/PIVKA-II is an abnormal form of the coagulant protein
prothrombin that is missing the normal gamma carboxyl moi-
ety with which prothrombin is modified posttranslationally in
the liver by the vitamin K-dependent enzyme gamma-
glutamyl carboxylase, prior to secretion of prothrombin into
the plasma [67]. DCP has been shown to detect HCCs with
similar sensitivity to AFP but higher specificity [68, 69]. DCP
can be elevated in patients with normal AFP levels, thus in-
creasing the sensitivity of biomarker detection of HCC when
used in combination with AFP [68—70]. Vitamin K is required

for the normal action of gamma-glutamyl carboxylase; thus,
individuals with vitamin K deficiency or those using vitamin
K antagonists such as warfarin have artificially high DCP
levels [68]. Using a cutoff level of 40 mAU/ml for tumors
<5 cm, the sensitivity, specificity, and likelihood ratio (LR)
of DCP for HCC diagnosis were found to be 0.14-0.54, 0.95—
0.99, and 6.86-29.7, respectively [71]. After initial discovery
and clinical evaluation in the USA and Taiwan, the clinical
utility of DCP has been most appreciated in Japan, where
highly sensitive assays were developed and it has become part
of the standard HCC surveillance regimen [45, 72—74]. While
DCP has been in routine use in Japan for many years, it has
only more recently been rigorously evaluated in Western
countries [33, 75-77]. These studies have generally confirmed
the utility of DCP as a biomarker, although there are only
limited studies testing its performance in prospective studies
[59]. At least one study suggests that DCP may be a better
marker in HCCs developing in patients with NASH [77]. DCP
is currently approved by the US FDA as a marker of risk for
HCC and its use in diagnostic and prognostic models such as
the GALAD and BALAD scores is increasing interest in its
biomarker performance [78¢e, 79, 80].

Emerging Biomarkers Not Yet in Clinical Use

Other emerging biomarkers include osteopontin (OPN)
[81-83], latent TGF-beta binding protein I (LTBP1) [84], la-
tent TGF-beta binding protein II (LTBP2) [83], DKKI1 [85],
midkine (MDK) [86, 87], GP73 [88, 89], glypican 3 (GPC3)
[90], and a variety of miRNAs [91, 92]. These markers are
under active investigation and none of them have been ap-
proved for clinical use.

Combination of Biomarkers with Clinical Features,
the GALAD Serologic Model

GALAD is a statistical model to assess the likelihood of HCC
in patients with chronic liver disease. The GALAD model was
developed initially in the UK with a subsequent large multi-
center cohort validation including Hong Kong, Japan, and
Germany [78¢¢, 80]. The model combines patient demo-
graphics (gender and age) with the serum biomarkers (AFP-
L3%, AFP, and DCP); a Web-based calculator is available at:
http://www.mayoclinic.org/medical-professionals/model-
end-stage-liver-disease/galad [93]. The validation study
revealed that the GALAD model achieves a larger area
under the receiver operating characteristic curve (AUROC 0.
93-0.97) compared to the individual biomarkers in all three
countries. This suggests that it achieves more accurate early
detection of HCC in the setting of chronic liver disease.
Unlike the performance of US in previous studies, GALAD
has the ability to distinguish HCC from other hepatobiliary
cancers (AUROC 0.95). The etiology of the underlying liver
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disease did not have a significant impact on the GALAD
result. Small size single tumors were associated with lower
AUROC (0.85-0.95), with the overall AUROC for tumors
<2 cm between 0.89 and 0.93 [94, 80].

Conclusion

Despite the imperfect sensitivity and specificity of indi-
vidual blood biomarkers, they still appear to have an im-
portant role in HCC surveillance. Biomarkers provide
standardized surveillance performance when US perfor-
mance is suboptimal due to an inexperienced operator or
in obese patients. While the utility of biomarkers and ul-
trasound or other imaging studies are often cast in a com-
petitive framework between biomarkers or between bio-
markers and US, optimal models will need to be devel-
oped that integrate these modalities in the most effective
way. In real-life practice, US and AFP have been shown
to be complementary in surveillance for HCC [16]. In
addition, the combination of patient demographic charac-
teristics with biomarkers in models such as the GALAD
model show early promise for further enhancing the value
of biomarker measurements in HCC surveillance.
Combining these models with integration of the longitu-
dinal changes in biomarker levels and the results of ultra-
sound or enhanced ultrasound-based imaging may present
the next step forward for improvements in HCC surveil-
lance. In the near term, studies prospectively validating
the GALAD and similar scores and other new biomarkers
are urgently needed.
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