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Summary

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death worldwide, in 

part because of inadequate early detection strategies. Current recommendations for screening 

consist of semi-annual abdominal ultrasound with or without serum alpha-fetoprotein in patients 

with cirrhosis and in demographic subgroups with chronic hepatitis B infection. However, this 

screening strategy has several deficiencies, including suboptimal early-stage sensitivity, false 

positives with subsequent harms, inter-operator variability in ultrasound performance, and poor 

adherence. A blood-based biomarker with sufficient performance characteristics for early-stage 

disease could overcome several of these barriers to improving early-stage detection. However, 

prior to use of a biomarker for screening in clinical practice, a multistep validation is required in 

order to understand test performance characteristics. These steps include case-control validation, 

followed by validation in prospective cohorts of at-risk patients. Until recently, we lacked adequate 

longitudinal validation cohorts for early HCC detection; however, several validation cohorts 

are maturing, including the Hepatocellular Carcinoma Early Detection Study and the Texas 

Hepatocellular Carcinoma Consortium, which will allow for rigorous validation of candidate 

biomarkers. While there are several promising biomarkers awaiting validation, in order to supplant 

abdominal ultrasound, a candidate biomarker must show adequate test performance and overcome 

practical hurdles to ensure adoption in clinical practice. The promise of blood-based biomarkers 

is significant, especially given the limitations of ultrasound-based screening; however, they 

require adequate validation and several logistical obstacles must be overcome prior to clinical 

implementation.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality. 

While mortality for most cancers is decreasing, HCC has remained one of the fastest 

growing causes of cancer-related death worldwide.1,2 High mortality in patients with HCC 

is due to several factors including inadequate early detection strategies, lack of curative 

treatments for those detected beyond an early stage, inconsistent application of curative 

therapies in clinical practice, and competing risks of mortality from comorbid liver disease. 

Tumour stage at diagnosis is associated with curative treatment receipt and overall survival, 

including 5-year survival below 5% in patients with advanced stage disease compared 

to >70% for those with early-stage HCC.3 Current recommendations for HCC screening, 

endorsed by professional society guidelines, include semi-annual abdominal ultrasound, 

with or without serum alpha-fetoprotein (AFP), in patients with cirrhosis and subgroups with 

chronic hepatitis B virus infection.4,5 HCC screening is supported by limited randomised 

clinical trial data from Asia among patients with chronic hepatitis B virus infection 

and numerous cohort studies among patients with cirrhosis.6,7 These studies consistently 

demonstrate that screening is significantly associated with early HCC detection, increased 

curative treatment receipt, and improved survival.7

Limitations of ultrasound-based screening

A meta-analysis of cohort studies reported the sensitivity of ultrasound for early-stage 

HCC detection is only 45%, which increases to 63% with the addition of AFP.8 While 

an ultrasound-based strategy has been effective in some settings, e.g. in Japan, significant 

national public health resources have been required to promote HCC screening uptake.9,10 

Further, ultrasound exams are often performed and undergo real-time interpretation by 

hepatologists, optimising exam quality, and are coupled with widespread use of several 

biomarkers, such as PIVKA-II (protein-induced by vitamin K absence or antagonist-II), 

AFP, and the Lens culinaris agglutinin-reactive fragment of AFP (AFP-L3).10

However, the effectiveness of ultrasound-based screening in many other countries worldwide 

is inadequate for three main reasons.

First, there is significant variation in ultrasound performance, ranging from 21% to 89% 

across studies, due to both patient and provider factors.8 Ultrasound has moderate to 

severe visualisation limitations in approximately 20% of patients, with increased odds 

of suboptimal visualisation in obese individuals and those with non-viral liver disease 

aetiologies or increased liver echotexture.11 In one study including 941 individuals with 

cirrhosis, visualisation was inadequate in up to one-third of those with decompensated 

cirrhosis and a body mass index >35.12 Poor visualisation significantly decreases sensitivity 

for early-stage HCC detection.13 Considering the changing epidemiology of cirrhosis, with 

increasing proportions of individuals with non-viral cirrhosis, such limitations will likely 
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become increasingly problematic in clinical practice.14 Ultrasound-based visualisation and 

test performance varies. Ultrasound requires capture of specific windows for adequate 

visualisation of the whole liver, which partly depends on the experience of the ultrasound 

operator.15

Second, ultrasound-based screening is associated with potential harms due to false 

positive or indeterminate results that can lead to cross-sectional imaging with CT or 

MRI, percutaneous liver biopsy, and psychological distress.16 In one study including 999 

individuals with cirrhosis, up to 25% of those undergoing ultrasound screening had a false 

positive result over a median of 1.5 years.17 Similarly, in another cohort of 680 individuals 

with cirrhosis, 27.5% experienced a screening-related harm over a 3-year period.18 To date, 

most studies have suggested physical harms of HCC screening are mild in severity, although 

larger studies with longer follow-up are still needed.19 Further, most studies have solely 

focused on physical harms, with no data on potential psychological or financial harms.7,20 

While psychological harms have yet to be formally characterised, anxiety and worry caused 

by false positives are apparent in other cancer screening paradigms.21,22

Third, ultrasound screening suffers from poor adherence. A meta-analysis showed that 

the average published rate of adherence to screening ultrasound in at-risk individuals was 

24%.23 There are several patient and provider barriers to ultrasound completion. From 

the patient perspective, there are knowledge gaps about the risk of HCC and reasons 

for ultrasound attainment.24,25 In addition, barriers including need for separate radiology 

appointment, costs, and travel time can be unique to ultrasound and contribute to diminished 

adherence, especially in the context of longitudinal semi-annual testing.24–26 Provider 

barriers include lack of up-to-date knowledge about screening recommendations and limited 

time in clinic to address screening.27 While certain interventions targeting patients, such as 

mailed outreach, and providers, such as electronic reminders, modestly improve screening 

rates, we lack widely applicable methods to attain consistent longitudinal screening rates in 

practice.28,29 Finally, the lack of broad acceptance of ultrasound screening, in part due to the 

lack of robust data supporting its use, has limited widespread provider uptake, and fuelled 

controversy about HCC screening as a quality measure in clinical care.30,31 The lack of 

randomised data supporting HCC screening in patients with cirrhosis has led to inadequate 

acknowledgements of competing risks, harms, and overall effectiveness in this population. 

With the introduction of novel strategies for HCC screening, there is an opportunity to 

generate better data supporting the use of screening as an effective cancer control strategy in 

individuals with cirrhosis.

The limitations of an ultrasound-based screening strategy for early HCC detection are 

manifold and thus more sensitive tests that overcome these current barriers to adherence are 

needed. When eliciting patient preferences regarding screening modalities, patients strongly 

prefer more convenient and accurate tests vs. current standard of care ultrasound-based 

screening.32 The promise of blood-based biomarkers becoming the new standard of care 

for HCC screening has existed for years; however, we have yet to validate a biomarker 

with sufficient performance to replace ultrasound. There are now several maturing validation 

cohorts available for biomarker testing, in addition to novel biomarker validation designs 

that could allow for the more rapid adoption of a biomarker-based strategy for early HCC 

Parikh et al. Page 3

J Hepatol. Author manuscript; available in PMC 2023 May 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



detection. Herein, we will review recent developments in biomarker validation for HCC and 

the challenges and opportunities of moving beyond an ultrasound-based strategy for HCC 

screening.

Phases of biomarker validation

The progression of a biomarker from the discovery phase to full clinical validation is a 

multistep process that can take years to complete and additionally requires appropriate 

samples to conduct full validation.33 There are several distinct phases of biomarker 

validation that provide a roadmap to clinical implementation (Fig. 1A–E).

Phase I: Initial discovery occurs in preclinical models, which is followed by clinical 

assay validation, where the assay for biomarker measurement is developed. The process 

for discovery varies depending on the biomarker type. For example, proteomic discovery 

typically uses mass-spectroscopy to analyse blood proteins. The scale of these discovery 

platforms has largely been underpowered due to the limited availability and costs associated 

with mass-spectroscopy analyses. On the other hand, transcriptomic analysis allows for high 

throughput analysis of biomarkers; however, interpretation of the data and identification of 

candidate markers can be difficult. Regardless of the approach, an assay must be developed 

that is reproducible and able to distinguish between cases and controls accurately.

Phase II: Validation with samples from retrospective case-control studies, comparing HCC 

cases (preferably early-stage) and non-HCC controls. Cases and controls should ideally 

be derived from the recommended screening population (i.e. individuals with cirrhosis). 

This early phase is critical in determining biomarker performance in distinguishing cases 

and controls; however, phase II studies may overestimate the performance of a biomarker 

compared to cohort studies given biomarker performance is dependent on cancer incidence, 

which is artificially inflated in case-control studies.

Phase III: Testing of longitudinal samples of the biomarker to determine its 

performance in detecting preclinical disease, also termed a PRoBE (prospective-specimen 

collection, retrospective-blinded-evaluation) design. Testing in this phase will help validate 

performance using pre-specified cut-offs for a positive screening test. This requires serial 

samples from a screening-eligible population over time, where some individuals will 

develop cancer and others will not.

Phase IV: Testing in a prospective cohort where the biomarker is acted upon in real 

time with diagnostic work-up for positive results. Ideally, validation occurs against a gold 

standard (via randomisation or parallel design) to minimise the risk of ascertainment bias. 

A key strength of this phase is the ability to determine detection rate and false positive rate 

(FPR) in a representative population.

Phase V: This late stage of validation addresses whether screening reduces the burden of 

cancer on the population in real-world settings. The screening strategy using the biomarker 

is evaluated in the context of treatment effectiveness for early-stage cancer, compliance with 

screening, and potential for cancer over-diagnosis. Although HCC is typically considered 
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a highly lethal cancer, recent data have suggested variation in tumour volume doubling 

times and potential for over-diagnosis.34,35 Ultimately the goal is to gain estimates for the 

reduction in cancer mortality afforded by the screening test.

While rigorous validation is challenging and resource intensive, the iterative validation of 

biomarkers ensures adequate performance, assessment of accuracy, development of false 

positive algorithms, and ultimately that biomarker-based screening results in reductions in 

mortality in the screening population. A recent white paper from the International Liver 

Cancer Association provides details of how these phases can be applied to HCC screening, 

incorporating the singularities of HCC and cirrhosis.36 Given these challenges, AFP remains 

the only biomarker that has been validated beyond phase III.

Current and emerging biomarkers for HCC

While some early validation data exists for several candidate biomarkers (Table 1), we will 

focus on commonly used and emerging biomarkers for early HCC detection.

AFP—AFP is the only widely used biomarker for HCC detection and disease monitoring; 

however, AFP is not considered to have adequate performance characteristics as a 

standalone test for screening. A meta-analysis showed that AFP can increase sensitivity for 

early-stage HCC detection when used in combination with abdominal ultrasound (63% vs. 

45% with ultrasound alone,), and a modelling study showed that ultrasound combined with 

AFP was the most cost-effective screening strategy across a majority of simulations.8 AFP 

elevations can occur in other conditions, which can lead to false positive results, particularly 

in patients with active chronic hepatitis C and B infections.37 Published cohort studies 

estimate that, at its traditional cut-off of 20 ng/ml, AFP has a wide range of sensitivities 

for early-stage HCC detection, ranging from 39–64%, with specificities ranging from 76–

97%.38–43 Recent data suggest that AFP levels observed in practice are decreasing in 

parallel with increased use of antiviral treatment, suggesting the optimal threshold of AFP 

for screening may now be lower.44 Beyond single-threshold assessments, the change in 

AFP value across serial measurements has been shown to be superior to single AFP values 

for the detection of early-stage HCC.45,46 Further, delta AFP has been integrated into the 

hepatocellular carcinoma early detection screening (HES) algorithm (discussed below).47,48 

Overall, AFP likely has a role in conjunction with other tests for the early detection of HCC; 

however, it is insufficient as a standalone test for screening.

AFP L3—AFP-L3, or Lens culinaris agglutinin-reactive AFP, is a fucosy-lated glycoform 

of AFP that has been proposed as a biomarker for early HCC detection.49 AFP-L3 has 

exhibited a wide range of sensitivities for the detection of early-stage HCC in the literature 

(49–60%), depending on cohort characteristics.38,50,51 Recent data from a small phase III 

cohort (n = 397) in the US showed AFP-L3, at a cut-off of 11.9%, had a sensitivity of 

46.2%, at a 10% FPR, within 6 months prior to HCC diagnosis.52 In a separate phase III 

cohort of 534 patients in the US, AFP-L3 at a cut-off of 8.3% had a sensitivity of 40% for 

early-stage HCC, with FPR fixed at 10%.48 These data suggest that AFP-L3 is inadequate 

as a biomarker for HCC, but it has been integrated into other panels of biomarkers and thus 

may play a role in a biomarker panel-based strategy for screening.
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DCP—Des-gamma carboxyprothrombin (DCP) is another serum biomarker that has 

undergone phase II and early phase III validation. In a phase II study of 131 individuals 

with early HCC, DCP alone had an AUROC of 0.72.38 However, limited phase III evaluation 

has demonstrated poor sensitivity in detecting preclinical HCC (26.3%) with a fixed FPR 

of 10%.53 A phase II study comparing the performance of multiple published biomarkers 

identified AFP and DCP as having the best clinical performance.54 However, other data 

suggest DCP may not significantly increase the discriminatory power of the combination of 

AFP and AFP-L3 for early HCC detection.55

DNA methylation/cell-free DNA—DNA methylation is an early step in 

hepatocarcinogenesis and has been postulated to be a potential circulating marker for the 

early detection of HCC.56 To date, there have been limited data beyond phase II to support 

clinical use of DNA methylation, although several different methylation panels are currently 

under investigation. An algorithm called the multi-target HCC blood test, which includes 

three methylated markers, in combination with AFP and sex, showed an 82% sensitivity 

for early-stage HCC with a specificity of 87% and an AUROC of 0.91 in a phase II 

validation case-control study.57 While these initial results are promising, this panel is still 

undergoing larger prospective validation in direct comparison to ultrasound with or without 

AFP (NCT05064553]). Another multi-analyte cell-free DNA test for HCC (HelioLiver) 

showed early-stage detection of 76% of cases, with a specificity of 91% in a phase II 

study, including 122 individuals with HCC and 125 with chronic liver disease.58 This 

test is undergoing further validation in a larger phase II cohort (NCT05199259). Finally, 

several companies (e.g. GRAIL, Freenome) are launching studies to examine the utility of 

multi-cancer detection platforms, including for liver cancer, based on cell-free DNA.

EVs—Another form of liquid biopsy includes analysis of extracellular vesicles (EVs), 

which are enclosed structures excreted by cells and which can be detected in plasma. 

They can contain various biochemical signals, including genetic material, and have been 

investigated as a biomarker for the early detection of HCC. To improve EV purification, 

various groups have developed EV detection chips with immunoaffinity assays for efficient 

isolation. In one study, comparing plasma from 36 individuals with early-stage HCC to 26 

controls with cirrhosis, the EV chip had a sensitivity of 94.4% and specificity of 88.5%.59 

These and other EV-based platforms are undergoing larger scale validation.

Algorithms—Given the heterogeneity in HCC, combination biomarkers that incorporate 

patient-specific risk factors, such as gender and age, have been explored.

GALAD score—The GALAD (gender, age, AFP-L3, AFP, DCP) score includes a panel of 

serum-based markers (AFP, AFP-L3 and DCP), combined with demographic factors (gender 

and age).60 It was derived in a cohort of 833 individuals (394 with HCC and 439 with 

chronic liver disease) from the United Kingdom and validated in case-control populations of 

6,834 individuals (2,430 with HCC [1,038 early stage] and 4,404 with chronic liver disease) 

from Japan, Germany and Hong Kong. The GALAD score’s sensitivity for early-stage HCC 

ranged from 71.7% to 82.1%, while the specificity ranged from 81.3% to 89.7% across the 

populations.61 In a phase II validation study in patients with NASH-related cirrhosis with 

Parikh et al. Page 6

J Hepatol. Author manuscript; available in PMC 2023 May 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT05064553
https://clinicaltrials.gov/ct2/show/NCT05199259


and without early-stage HCC, from a multicentre German cohort, it was shown to have a 

sensitivity of 68% and a specificity of 95%.62 However, its performance in small phase III 

cohorts has been less good, with one study reporting a sensitivity of 53.8% and another a 

sensitivity of 30.8% at an FPR of 10%.48,52 The initially reported results from the phase 

III HEDS (Hepatocellular Early Detection Study), including 1,550 people, indicated that 

GALAD had a sensitivity of 50% within 6 months of HCC diagnosis at an FPR of 10%.63 

While we await the final results of this analysis, the presented data indicate that GALAD 

may not have sufficient performance characteristics as a standalone biomarker.

Doylestown algorithm—The Doylestown algorithm is a panel with consists of laboratory 

(log AFP, alkaline phosphatase, and alanine aminotransferase) and demographic factors 

(age and gender). In a phase II study of 69 individuals with early-stage HCC (stage T1 

or T2 disease) and 93 controls with cirrhosis, the addition of fucosylated kininogen to the 

algorithm led to a higher AUROC than for either the Doylestown algorithm or AFP alone 

(0.97 vs. 0.93 and 0.80, respectively).64 In a nested case-control study of 29 individuals 

with HCC (17 early stage) compared to 58 controls, the Doylestown plus algorithm had a 

sensitivity of 63.2%.65 Testing of a modified version of the Doylestown plus algorithm in 

larger phase II cohorts is underway (NCT03878550).

HES algorithm—The HES algorithm includes demographic (age) and laboratory 

parameters (AFP, rate of AFP change, alanine aminotransferase, and platelet count) and has 

been validated in phase II and phase III cohorts.66 In a validation cohort comprising 7,432 

people, the HES algorithm outperformed AFP alone for HCC detection in the 6 months prior 

to a clinical diagnosis of HCC, with a sensitivity of 53% vs. 48% at an FPR of 10%.66 

In a small phase III validation study, HES had a sensitivity of 36.7% at an FPR of 10% 

for early-stage HCC, which was similar to GALAD, AFP, and AFP-L3.48 Based on the 

published cohorts, HES does not appear to have sufficient performance as a standalone test 

for HCC screening.

Moving beyond ultrasound-based screening

With numerous emerging biomarkers for early HCC detection and the limitations of 

ultrasound-based surveillance, the question of how we might transition from imaging-based 

to biomarker-based surveillance arises. Numerous challenges from both a scientific and 

logistical perspective must be addressed prior to implementation of a biomarker-based 

strategy.

Biomarker-based screening in other cancers—While biomarker-based cancer 

screening is currently a relatively rare paradigm, this has been adopted in colorectal cancer 

with both the faecal immunohistochemical test (FIT) and the multi-target stool DNA 

test. FIT testing was incorporated into United States Preventative Task Force (USPSTF) 

colorectal cancer screening guidelines based on several randomised trials.67 The pivotal 

study that led to US Food and Drug Administration approval of the multi-target stool 

DNA test, compared its performance to the gold standards of colonoscopy and FIT testing 

in asymptomatic patients undergoing routine screening.68 The performance of the test, 

which showed adequate sensitivity and acceptable specificity, when compared to accepted 
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modalities for screening, allowed for its approval as an option for colorectal cancer 

screening and it is currently included in the USPSTF guidelines.69 While these large-scale 

validation studies are costly and require large numbers of participants due to the relatively 

low prevalence of cancer in a cross-sectional population, this design has the advantage of 

rapid cohort maturation when compared to a phase IV and V biomarker validation design. 

There are important limitations to this study design, including lack of understanding of the 

longitudinal nature of the biomarker or the implications of a false positive result in clinical 

practice; however, similarly designed trials are currently being conducted for a methylated 

DNA marker panel for the early detection of HCC.

Considerations when moving to biomarker-based surveillance

There are several potential barriers and factors to consider prior to the adoption of a 

biomarker-based screening strategy for HCC (Table 2). First, performance characteristics 

should at least be comparable to ultra sound and AFP for early-stage HCC detection. The 

published threshold is 63%, based on the sensitivity of ultrasound combined with AFP 

for early-stage HCC; however, the performance may be worse in modern cohorts with 

metabolic causes of cirrhosis, where ultrasound has lower sensitivity.70 If a biomarker shows 

non-inferiority to ultrasound and AFP within an acceptable margin, the biomarker may still 

become an acceptable modality given the potential for increased adherence due to lower 

barriers associated with biomarker-based surveillance (Fig. 2). A prior modelling study by 

Mourad and colleagues demonstrated the relationship between test utilisation and sensitivity, 

with lower sensitivity achieving the same benefits if adherence is increased.71 Biomarker-

based strategies could enable increased adherence to screening through avoidance of 

logistical hurdles present with ultrasound-based screening (e.g. need for separate radiology 

appointments). Biomarker-based strategies may also reduce the time it takes to report 

results, facilitating earlier diagnostic evaluation, and helping to address other downstream 

failures in the screening process.72 Nevertheless, sensitivity will need to be sufficient for 

reliable detection across patient subgroups, as well as specificity to minimise false positives. 

Specifically, understanding whether a false positive may indicate a precancerous state is 

a critical delineation for patient follow-up pathways. Reflecting differences in pathways 

to hepatocarcinogenesis, biomarkers can have differential performance depending on the 

underlying liver disease.73 However, while contemporary biomarker validation cohorts 

include the breadth of aetiologies of liver disease, the comorbid presence of metabolic 

liver disease in individuals with other aetiologies may make a liver disease-specific approach 

challenging.74

Costs for commercialised testing products and payor coverage is another important 

consideration, especially given the serial nature of HCC surveillance testing. Additionally, 

with the shift in aetiologies of cirrhosis to metabolic causes (NAFLD/ALD) that are 

associated with a lower annual incidence of HCC,75 the costs of any surveillance test will 

be an important consideration, given the high number needed to screen to detect a cancer 

with lower incidence rates.76 Clinical and/or biomarker-based risk stratification schema may 

become increasingly important to guide the modality and intensity of screening in low 

incidence populations.77,78
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The logistical aspects of blood processing and reporting will also have to be well delineated. 

For proprietary assays, shipping blood to centralised labs may lead to reporting delays, 

sample mishandling, and incomplete linkage to follow-up testing in the setting of a 

positive result. For biomarkers that can be run in local laboratories, assays will require 

standardisation across sites to ensure accurate interpretability at pre-specified cut-offs. 

Screening test results can be both dichotomous (positive/negative) or continuous. There 

are advantages and disadvantages to both – while dichotomous testing is simple and 

easily interpretable, a numerical test level may allow for a more nuanced analysis of 

indeterminate results and longitudinal interpretation of biomarker trends which can improve 

test performance, as seen with AFP.

While performance of biomarkers is important, the transition from a paradigm of direct 

liver visualisation to biomarker-based screening may introduce unique challenges. Imaging 

for screening does have several limitations as previously outlined, including operator 

dependency; however, visualisation does have the advantages of detecting findings besides 

cancer, such as precancerous nodules, subclinical ascites, portal vein thrombosis, or 

clinically significant extrahepatic findings, which may not be detectable with a purely 

biomarker-based strategy. Shifting this paradigm may be uncomfortable for providers or 

patients, and thus some may adopt hybrid screening methods, combining imaging and 

biomarkers for screening, however the cost-effectiveness of such an approach will need to be 

assessed.

Generating the evidence

Adoption of biomarker-based strategies has been hampered by the historical lack of 

appropriate validation cohorts. Several prospective phase III cohorts including HEDS,79 with 

over 1,500 individuals with cirrhosis, and the Texas Hepatocellular Carcinoma Consortium, 

with over 3,000 individuals with cirrhosis, are maturing, allowing for validation of various 

candidate biomarkers.80 One limitation of these cohorts is that their collection techniques 

may not allow for validation of several novel biomarkers, such as methylated DNA markers 

or EVs, which often require specialised processing or tubes. Nevertheless, these cohorts will 

provide a valuable data resource given their size, the presence of serial longitudinal sample 

collection and their diversity.81 Validation using large cross-sectional cohorts of at-risk 

patients has the advantage of faster cohort maturation compared to longitudinal cohorts, 

which can take years to mature. However, the implications of false positive results and 

subsequent care pathways may be challenging to delineate using such a validation design.

Once a marker has demonstrated sufficient performance in a phase III validation set, a 

clinical utility study is necessary prior to clinical utilisation. While these can be challenging 

and costly, such a trial is important to provide the evidence needed to understand test 

characteristics, define clinical pathways, and provide estimates on the population-based 

impact of clinical application. Importantly in HCC screening, we lack high levels of 

evidence for screening benefits, so such a trial would be particularly valuable and could 

potentially lead to broadly increased uptake of screening for HCC. An adequately powered 

trial could account for harms associated with screening, competing risks of mortality and 

overdiagnosis, and the overall effectiveness of a screening programme. Various trial designs 
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have advantages and disadvantages. For example, pragmatic trials can be limited by loss of 

follow-up for enrolled patients; however, such a design may be able to give estimates of real-

world adherence in addition to test effectiveness. Additionally, a pragmatic approach could 

allow for estimates of the impact of HCC screening vs. no screening on HCC-related and 

overall mortality. Inclusion of various practice types (e.g., community-based and academic 

centres) in any trial design will be critical as well, to both increase the external validity of 

trial results, but also to reflect the “real-world” effectiveness of current and novel screening 

programmes. Fig. 3 shows a schematic of a proposed clinical utility trial for HCC screening, 

using a novel combination of phase IV and phase V validation by incorporation of a 

randomised phase IV design and an interim analysis.

Conclusions

Biomarker-based HCC screening holds significant promise given the emergence of several 

novel biomarkers. Blood-based screening allows for point of care testing and objective 

results, which would overcome major barriers to both the completion and interpretation of 

current screening modalities. Given the failings of the current ultrasound-based screening 

strategy and the emergence of several cohorts for validation, the time is right for robust 

biomarker validation. In parallel with assessment of clinical utility in validation studies, 

additional practical considerations must be worked out prior to clinical implementation of a 

biomarker-based paradigm. With proper validation and pre-implementation considerations, 

the transition beyond an ultrasound-based paradigm for HCC screening is feasible and will 

be welcomed by both patients and providers, as it holds the potential to significantly reduce 

the burden of HCC in at-risk populations.
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AFP alpha-fetoprotein

EVs extracellular vesicles
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Keypoints

• HCC is a leading cause of cancer-related mortality and early detection has 

been associated with improved survival.

• Semi-annual ultrasound-based screening has several limitations which limits 

its effectiveness as an early detection strategy.

• Prior to clinical utilisation, biomarkers require rigorous evaluation to 

determine performance parameters vs. a comparable gold standard.

• Several existing biomarkers have undergone early-stage validation, with 

limited data in small phase III cohorts. Further reporting of phase III results 

in larger cohorts will enable selection of candidate biomarkers for further 

testing.

• Maturing well-powered phase III cohorts will facilitate validation of candidate 

biomarkers. Promising biomarkers can go on to larger phase IV/V validation 

studies for clinical implementation.
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Fig. 1. Phases of biomarker validation.
(A) Phase I - preclinical exploratory to identify candidate biomarkers; (B) Phase II – clinical 

assay validation using a case-control design; (C) Phase III – longitudinal prospective-

specimen collection in at-risk patients, with retrospective blinded-evaluation of biomarker 

performance; (D) Phase IV - prospective cohort studies or clinical utility trial where the 

biomarker is tested against a gold standard; (E) Phase V – cancer control studies to 

determine the impact of biomarker screening on cancer mortality. HCC, hepatocellular 

carcinoma.
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Fig. 2. Schematic of the interplay between test sensitivity and adherence that determines overall 
effectiveness.
HCC, hepatocellular carcinoma.
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Fig. 3. Proposed schema for a phase IV clinical utility trial for HCC biomarker validation.
AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; US, ultrasound.
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Table 1.

Select phase II biomarkers for early-stage hepatocellular carcinoma detection.

Biomarker Early detection performance

Osteopontin82–84 Sensitivity: 49%
Specificity: 72%

Midikine85 Sensitivity: 87%
Specificity: 90%

Dikkopf-186,87 Sensitivity: 41%–74%
Specificity: 87%

Glypican-388–90 Sensitivity: 55%
Specificity: >95%

Alpha-1 fucosidase91 Sensitivity: 56%
Specificity: 69%

Golgi Protein-7392,93 Sensitivity: 62%–79%
Specificity: 62%–88%

Squamous cell carcinoma antigen94–97 Data for early-stage HCC not available
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