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Biomarkers are key components of the clinical management of patients with cancer, as they 

have contributed to major survival improvements in these patients.1 According to the 

National Cancer Institute, a biomarker is a biological molecule found in blood, other body 

fluids (eg, urine), or tissues that is a sign of a normal or abnormal process, or of a condition 
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or disease. They allow classification of patients based on common features and facilitate risk 

stratification, early detection, diagnosis, and prediction of prognosis or treatment response. 

In hepatocellular carcinoma (HCC), there are few biomarkers incorporated in clinical 

practice despite a need to better stratify patients at different steps of clinical management. 

However, this has been an extensive area of research in recent years, with increasing efforts 

to identify biomarkers across the cancer care continuum from risk stratification to early 

detection to prognostication and treatment response (Table 1, Figure 1).

One of the first systematic sets of recommendations dealing with biomarkers in cancer was 

introduced in 1996 by Hayes et al,2 known as the Tumor Marker Utility Grading System 

(TMGUS). These recommendations covered not only technical aspects of assay 

development, but also issues related to clinical utility and levels of evidence. TMGUS was 

later expanded by the Reporting recommendations for tumor marker prognostic studies 

(REMARK) guidelines,3 a more focused approach on recommendations for reporting 

prognostic biomarkers in oncology. There have also been specific initiatives to describe 

study design thoroughly for cancer biomarkers in specific clinical scenarios, such as the 

Early Detection Research Network (EDRN) publishing a framework for 5 phases of 

biomarker development and validation for cancer screening.4 In brief, these phases extend 

from biomarker discovery (phase I) to evaluation of biomarker performance (phases II-III) 

and clinical benefits and harms (phase IV-V) (Table 2).

Although these guidelines provide a useful general framework of data elements required at 

each step, deviations from this framework may be possible or necessary in specific 

circumstances. Further, modifications may be required when applied to other clinical 

scenarios, including risk stratification and treatment response assessment. Finally, 

singularities unique to HCC, particularly the coexistence of chronic liver disease in most 

patients, lead to necessary considerations when designing biomarker studies. To address 

these issues, the International Liver Cancer Association has assembled a group of experts on 

biomarker development to provide a framework on best practices to design, execute, and 

interpret biomarker studies for risk stratification, early detection, diagnosis, prognostication, 

and treatment response assessment in HCC.

HCC Risk Stratification

Rationale

Risk of HCC is elevated in patients with chronic liver disease, particularly those with 

cirrhosis from any etiology, and HCC is one of the leading causes of death in these patients.5 

Contemporary cohorts, which have higher numbers of patients with hepatitis C post-

sustained viral response and those with nonalcoholic steatohepatitis (NASH), have 

demonstrated an annual HCC risk of 1% to 3%, substantially lower than the traditional 

annual HCC risk of 3% to 5% from older cohorts.6,7 However, patient characteristics, such 

as age, sex, race/ethnicity, and degree of fibrosis, introduce heterogeneity in HCC risk 

between patients.8 Subgroups of patients with chronic hepatitis B virus (HBV) infection 

without cirrhosis, such as Asian men older than 40 years and Asian women older than 50 

years, have an annual HCC incidence of 0.4% to 0.6%, whereas younger individuals have a 

lower HCC incidence of 0.2%.
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Refined risk stratification could have several implications for clinical practice, such as 

tailoring of HCC surveillance intensity in the future and targeting chemoprevention efforts 

(eg, coffee, lipophilic statins, aspirin9) to high-risk persons. For example, the “one-size-fits-

all” surveillance strategy of semi-annual ultrasound with or without alpha-fetoprotein (AFP) 

could be tailored based on the individual HCC risk in each patient.10 Further, risk 

stratification biomarkers could help select patients for chemoprevention clinical trials, 

thereby reducing necessary sample sizes and making these trials more feasible.

Target Population

In addition to patients with cirrhosis, risk stratification is also needed for patients with 

chronic HBV infection or with advanced fibrosis, particularly in the setting of NASH or 

post-sustained viral response. Although HCC can occur in the absence of cirrhosis,11 

patients without cirrhosis have a low annual HCC rate and surveillance is not cost-effective.
12,13 Effective risk stratification biomarkers may identify subgroups of those with advanced 

fibrosis but not cirrhosis who would benefit from surveillance.

Study Design and Outcomes

The EDRN framework for phases of biomarker evaluation for early detection do not directly 

apply to risk stratification, although several of the concepts are similar. Derivation of risk 

stratification biomarkers can be done in a retrospective cohort and/or nested case-control 

study, in which the biomarker assay would be assessed at baseline, cases develop HCC 

during follow-up, and controls remain HCC-free over equivalent or longer follow-up. The 

time frame between biomarker assessment and HCC diagnosis should be long enough (eg, > 

2 years) to minimize the likelihood of detecting preexisting undetected tumoral disease. A 2-

year time frame is recommended given the low sensitivity of imaging to detect very early-

stage HCC and some patients with HCC exhibiting indolent growth patterns, thereby 

potentially remaining subclinical for many months.14,15 Therefore, case-control studies with 

shorter periods between biomarker assessment and HCC diagnosis may confound a 

biomarker’s performance for risk stratification versus early detection (Figure 2).

When selecting patients for a nested case-control design, cases and controls should be 

matched for known clinical risk factors, such as age, gender, and etiology and severity of 

liver disease. When available, archived biospecimens from a prospective cohort study (ie, 

prospective-retrospective design) would allow more reliable estimation of biomarker 

performance based on time-to-event data analysis.16 As needed, early-phase validation can 

be conducted in independent nested case-control studies or cohorts, where model parameters 

and/or thresholds to define risk groups could be further optimized. Late-phase validation is 

then conducted in an adequately powered independent prospective-retrospective or 

prospective cohort to compare the HCC incidence rate between high-risk and low-risk 

groups or assess association of the biomarker and HCC incidence.

Biomarker performance should be evaluated using a combination of several metrics. Overall 

model performance (degree of variation explained by the biomarker panel) is typically 

assessed by R2 or Brier scores. Discrimination (ability to distinguish between patients who 

develop versus do not develop HCC) is assessed by the magnitude of risk separation 
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between high-risk and low-risk groups measured by fitness of the model determined by 

time-dependent area under the receiver operator characteristic curve, concordance index (c-

index), and/or Akaike’s Information Criterion. Calibration (difference between observed and 

predicted event rates) is often assessed by the Hosmer-Lemeshow statistic and improvement 

of prediction (or reclassification) is assessed via net reclassification index misclassification 

tables or standardized net benefit.

Following validation of risk-predictive capability, the implementation phase would evaluate 

the benefit of incorporating risk stratification biomarkers in an experimental system, for 

example, individual-risk-stratified HCC screening, for outcomes including early detection, 

overall survival (OS), and cost-effectiveness. This is a complex problem, for which 

simulation analyses such as cost-effectiveness models can be helfpul.7 Relevant variables to 

consider include performance of the biomarker to stratify HCC risk groups, HCC incidence 

in each risk group, costs for medical care including the biomarker, and benefits and harms of 

HCC screening in each risk group. These models can also provide information about desired 

biomarker performance and costs to meet the cost-effectiveness threshold.

There are several analytical issues that should be considered including the following: (1) use 

of a continuous risk measure versus assigning risk categories, with the former providing 

more granular information but the latter being easier to interpret by providers; (2) evaluating 

a biomarker in isolation vs combining with clinical variables as an integrative risk score, 

with the latter likely being needed in light of the heterogeneity of cancer pathogenesis; (3) 

accounting for changes in risk over time due to natural disease progression or clinical 

interventions (eg, antiviral therapy); and (4) optimizing risk stratification models in specific 

clinical contexts defined by clinical characteristics such as liver disease etiology. Decisions 

regarding these model optimization issues must balance clinically meaningful benefit vs 

practical feasibility.

Early Detection

Rationale

HCC fulfills all of the World Health Organization criteria for a cancer screening program, 

including high morbidity and mortality, an identifiable target population, a recognizable 

preclinical stage, accepted recall procedures, and efficacious treatment. Therefore, 

professional society guidelines recommend semi-annual surveillance using abdominal 

ultrasound with or without AFP among at-risk patients, including subgroups of patients with 

chronic HBV infection and those with cirrhosis from any etiology.17,18

Ultrasound and AFP are the only 2 surveillance tests recommended in guidelines and have 

been the longstanding cornerstone of HCC surveillance. However, ultrasound can have 

highly variable performance given its operator-dependent nature and the sensitivity of 

ultrasound with AFP, at a cutoff of 20 ng/mL, for early HCC detection is suboptimal, at only 

63%.19 Evolving data also highlight the potential for poor ultrasound visualization, 

particularly among obese patients and those with NASH, as well as false positive or 

indeterminate results causing screening-related harms.20,21 Finally, ultrasound-based 

surveillance programs often require a separate appointment, creating potential barriers to 
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adherence, contributing to underuse of HCC surveillance in clinical practice, occurring in 

less than 50% across geographic regions.22,23 Overall, the limitations of our current strategy 

highlight a strong need for alternative surveillance tests, particularly highly accurate blood-

based biomarkers.

Target Population

Patients with cirrhosis from any etiology comprise the group with the highest risk for 

developing HCC and account for >90% of all cases in the United States and Europe, 

whereas chronic HBV infection remains the most common target population globally. 

Although contemporary cohorts suggest a lower annual HCC incidence of ~2%,24-26 HCC 

incidence among patients with cirrhosis still exceeds the cost-effectiveness threshold of 

1.5% per year.17,18,27 Similarly, annual HCC incidence in subgroups with chronic HBV 

infection exceeds the cost-effectiveness threshold of 0.2%. Therefore, patients with cirrhosis 

or chronic HBV infection should be the target population for studies examining HCC 

surveillance biomarkers.17 Further, surveillance studies should be restricted to those who 

would potentially benefit from a therapeutic intervention. For example, surveillance is only 

of benefit in patients with preserved liver function, as those with significant hepatic 

decompensation (eg, Child Pugh C cirrhosis if not eligible for liver transplantation) or 

comorbidity have higher competing risk of non-HCC mortality.

Patients with advanced fibrosis but not cirrhosis are known to develop HCC, but with 

incidence rates well below the threshold recommended for surveillance. Biomarker studies 

in HCC should not combine patients with cirrhosis and those with advanced fibrosis, as this 

will lead to underestimating sample size calculations, longer accrual to identify a sufficient 

number of HCC cases, and ultimately lead to biased conclusions and uncertainty if there is a 

benefit of the new biomarker. If an accurate risk stratification biomarker can identify a 

subset of patients with advanced fibrosis and similar HCC risk as those with cirrhosis, these 

patients may be included in early detection trials in the future.

Study Design and Outcomes

A frequent misconception in the field is the confusion between early detection and 

diagnostic biomarkers. As tools for cancer surveillance, early detection biomarkers will 

trigger a confirmatory diagnostic procedure, but per se, they are not sufficient to assign an 

HCC diagnosis. The appropriate study design and outcomes will be dependent on the phase 

of biomarker development (Table 2).4

Phase 1 and 2 biomarker studies.—Phase 1 studies aim to identify biomarkers and 

determine how well they distinguish HCC and non-HCC controls, that is, the true positive 

rate (TPR) and false positive rate (FPR). These studies can include genes (single or array), 

proteins, and radiologic tests and may start with measurement of the biomarker at the tissue 

level, with or without correlation with serum or plasma. Phase 2 is the clinical assay 

development based on a specimen that can be obtained non-invasively. Outcomes at this 

phase are estimation of TPR and FPR or the receiver operating characteristics curve for the 

biomarker to distinguish subjects with HCC from those with cirrhosis but without HCC.
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The same analytic principles comparing cases and controls apply to phase 1 and phase 2 

studies. However, phase 2 studies should be appropriately powered to not only estimate 

TPR, FPR, and area under the receiver operator characteristic curve but also determine the 

impact of covariates such as age, sex, etiology of liver disease, and degree of liver 

dysfunction on biomarker performance. These covariates of interest cannot be used as 

matching variables, as doing so would render their effects toward null. In a phase II study, 

HCC cases should be ideally restricted to those at an early stage, either defined by Barcelona 

Clinic Liver Cancer (BCLC) staging system or Milan Criteria, because the goal of HCC is 

detection of early-stage disease and biomarker performance would otherwise be over-

estimated.17,18 It is at this stage that comparison with the current standard is performed and 

the study should be powered to compare the new biomarker to ultrasound with or without 

AFP, although it should be noted this comparison may have bias given ultrasound and AFP 

were likely to trigger diagnostic testing in a subset of the cohort. Depending on the 

biomarker, one may consider subgroup analyses of particular interest, such as among those 

with NASH cirrhosis. Similarly, one could consider subgroup analyses by baseline HCC risk 

if accurate risk stratification biomarkers are available in the future.

Phase 3 biomarker studies.—Phase 3 studies leverage prospective cohort studies, in 

which samples are collected at regular semi-annual intervals, with the main outcome to 

evaluate the ability of the biomarker to detect preclinical HCC. The samples are stored 

initially and then analyzed using the PRoBE design (prospective specimen collection, 

retrospective blinded evaluation), allowing a nested case-control analysis.28 Adequate 

sample size to facilitate a sufficient number of incident HCC and provide strong conclusions 

is critical, including facilitating subgroup analyses in subpopulations of interest to help 

determine the impact of covariates on the biomarker’s accuracy. Protocols should detail 

specimen handling (including collection, processing, storage, and retrieval), and there should 

be strict definitions for incident HCC, per guidelines,17,18 including the use of a 

multidisciplinary tumor board or adjudication committee. Phase 3 studies should also 

incorporate end-of-study imaging or a follow-up period among non-HCC patients to 

minimize risk of ascertainment bias. It is important to identify if the biomarker will be used 

alone or combined with other markers or demographic information (such as age and sex, as 

has been done with GALAD).29 Based on ultrasound and AFP performance, minimally 

acceptable TPR and FPR rates for new biomarkers for early HCC detection are 

approximately 65% and 10%, respectively, and these should be measured at preclinical lag 

times of interest (eg, at diagnosis, or 6 to 12 months before HCC diagnosis). Thresholds for 

TPR and FPR vary by population-level HCC risk in the local area, so strategies with higher 

TPR may be desired in areas with higher HCC risk populations.

Phase 4 biomarker studies.—Phase 4 studies are prospective cohort studies in which 

the biomarker of interest is applied to individuals in real-time and diagnostic procedures are 

performed for those with a positive test. For such studies, the assay must be reliable and 

reproducible, and readily available to clinicians to make decisions for diagnosis and 

treatment. There are 4 potential outcomes at each surveillance interval: (1) the biomarker is 

positive and HCC is confirmed (true positive), (2) the biomarker is positive and HCC is not 

confirmed (false positive), (3) the biomarker is negative and HCC is discovered (false 
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negative), and (4) the biomarker is negative and HCC is absent (true negative). Without 

adequate follow-up to confirm false negatives or true negatives, positive predictive value can 

be calculated after workup for test positives but sensitivity or specificity could not be 

calculated. Therefore, measures such as an additional follow-up period of 6 to 12 months 

with ultrasound-based surveillance, or diagnostic computed tomography (CT) or magnetic 

resonance imaging (MRI) in patients with negative surveillance tests, are needed to exclude 

HCC and minimize risk of ascertainment bias. Outcomes of interest from a phase IV 

biomarker study include the detection rate, that is, the proportion of cirrhotic subjects who 

tested positive and have HCC, and false-referral rate, that is, the proportion who have a 

positive surveillance test but do not have HCC on diagnostic imaging. Tumor characteristics 

including stage and any features of tumor biology should be collected to inform power 

calculations for a subsequent phase 5 study.

An issue with phase 4 studies is that they can be costly and time-consuming, thereby 

delaying availability of new biomarkers for early detection of HCC. A well-performed phase 

3 study may obviate the need for a phase 4 study if the following are present: (1) the 

biomarker is readily available and reproducible, (2) phase III study accounted for potential 

ascertainment bias in controls without HCC, (3) phase III study performed longitudinal 

evaluation of the biomarker in non-HCC patients to characterize FPR over time, (4) phase III 

study assessed biomarker performance at early detectable time points among HCC patients 

to characterize TPR, and (5) phase III study provided an estimate for mortality reduction to 

inform sample size calculations for a phase 5 study. However, this approach assumes that a 

positive biomarker result would have prompted a diagnostic evaluation and the CT or MRI 

would have detected HCC if present. Therefore, proceeding directly from a phase 3 to phase 

5 study should be performed with some caution, particularly given the expense associated 

with phase 5 studies. Alternatively, an adaptive design could be considered, in which a 

randomized phase 4 study transitions to a phase 5 study if significant differences in tumor 

stage are observed at a prespecified interim analysis. If no differences are seen at the time of 

this interim analysis, the study would be terminated given low likelihood of detecting a 

difference in HCC-related mortality with continued follow-up.

Phase 5 biomarker studies.—Finally, a phase 5 study would address the question of 

whether surveillance using the new biomarker reduces HCC-related mortality. Even when 

HCC is detected at early stages, surveillance may not reduce HCC-related mortality due to 

poor compliance and utilization, lack of access to curative treatments, and overdiagnosis. 

The design should include central randomization to the new biomarker vs standard of care 

(ie, ultrasound with or without AFP). Designing a randomized controlled study of 

surveillance versus no surveillance among patients with cirrhosis is not well accepted by 

providers or patients.30 The sample should be robust to allow evaluating the primary 

endpoint of HCC-related mortality among all patients. Concerns about statistical power and 

required sample size make all-cause mortality reduction a difficult primary outcome. 

Secondary outcomes of interest include cost, acceptance, extent of overdiagnosis and 

overtreatment, and utilization. At this time, the ability to further stratify HCC risk among 

cirrhosis to identify those at highest risk is not available; however, one can consider using 

features such as male sex and family history of HCC to enrich the study cohort. The analysis 
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would involve using survival analysis methods for censored data to compare study arms. 

One can consider computer modeling methods as a preliminary step for assessing the 

necessity for these randomized studies by evaluating cost-effectiveness and quality of life of 

new surveillance strategies. Performing a phase 5 study without robust phase 3 and/or phase 

4 data is not recommended given the high cost and low likelihood of success.

Diagnosis

Rationale

As opposed to biomarkers for early HCC detection, diagnostic biomarkers are applied in 

patients with a suspected nodule to rule-in/out HCC and treat the patient accordingly. The 

diagnosis of HCC in cirrhosis has improved considerably, thanks to the wide implementation 

of noninvasive imaging criteria based on contrast-enhanced CT and MRI.17,18 In essence, 

patients with cirrhosis and nodules larger than 1 cm with a specific appearance on dynamic 

imaging can be confidently diagnosed with HCC, with a Liver Reporting and Data System 5 

lesion having >95% positive predictive value for presence of HCC.31 These criteria have 

reduced the need to perform invasive tissue biopsies for diagnostic purposes. However, there 

are still clinical niches where diagnostic biomarkers can help improve the clinical 

management of patients with HCC, including those with indeterminate nodules in the setting 

of cirrhosis as well as suspicious nodules in patients in whom radiologic diagnosis is not 

possible, such as those without cirrhosis or chronic hepatitis B infection.

Target Population

Three target populations would significantly benefit from new diagnostic biomarkers: First, 

patients with cirrhosis with indeterminate liver nodules without the hallmark radiological 

features on imaging (eg, LR-3 or LR-4) have HCC risk that varies between 30% and 75% 

and currently requires either a biopsy or enhanced follow-up17,18; second, hepatic nodules 

detected in patients without cirrhosis cannot be diagnosed radiographically and a 

confirmatory tissue biopsy is required; last, patients with cirrhosis and small liver nodules 

(<2 cm) in whom the histological diagnosis of HCC can be challenging, particularly 

differentiating well-differentiated HCC from high-grade dysplastic nodules or intrahepatic 

cholangiocarcinoma.32 Differentiating HCC from intrahepatic cholangiocarcinoma is 

increasingly important given expanded treatment options for the latter, including biomarker-

selected molecular targeted therapies.

Study Design and Outcomes

Despite most HCC diagnostic biomarker studies using retrospective “convenience” samples,
33 better study designs should be considered, including cross-sectional, case-control, and 

prospective cohorts, particularly for newly identified hepatic nodules in cirrhosis not 

conclusive for HCC on imaging. It is crucial that the gold standard for diagnosis is clearly 

specified in the study design of a novel diagnostic biomarker. Primary outcomes should be 

sensitivity and specificity of the candidate biomarker to diagnose HCC. For most studies 

testing novel diagnostic biomarkers, the gold standard should be either histology or 

noninvasive criteria using dynamic imaging. Although patients with typical HCC on imaging 

can be included to better assess sensitivity and specificity of the new diagnostic biomarker, 
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histology should be the gold standard for biomarkers tested in patients with atypical imaging 

features or in the absence of cirrhosis. Notably, histology or imaging are not sufficient to 

exclude the diagnosis of HCC if the tumor biopsy is negative for malignancy or if the 

imaging is inconclusive given both having imperfect negative predictive value. If the nodule 

is stable in size at imaging during follow-up, there is no clear-cut length of follow-up to 

exclude HCC. We recommend the use of a 2-year cutoff to exclude the diagnosis of HCC, as 

up to one-third of HCC may have a tumor volume doubling time of more than 1 year.14,15

In the case of biomarkers to discriminate between well-differentiated HCC and high-grade 

dysplastic nodules, histological analysis may require surgical specimens, as needle biopsies 

are sometimes suboptimal to address this diagnostic challenge. In these cases, independent 

review by at least 2 expert liver pathologists may be required to reach a consensus diagnosis. 

Glypican 3, glutamine synthase, and HSP70 immunostaining also can be used as an aid in 

the evaluation of these difficult-to-diagnose lesions.34,35

Besides conventional demographic data (eg, sex and age), additional covariates should be 

included in the description of the study population, such as the degree of liver dysfunction 

and inflammation (aspartate aminotransferase, alanine aminotransferase, alkaline 

phosphatase, bilirubin, albumin, and international normalized ratio), portal hypertension 

(platelet count, elastography), and the etiology of the underlying liver disease. Studies that 

evaluate diagnostic biomarkers should clearly describe when and how the analyte (eg, blood 

or tissue) was collected, as this is critical to understand which clinical situation best suits the 

new biomarker.

Prognosis

Rationale

Prognosis prediction is a crucial component in the clinical management of HCC. It helps 

classify patients based on survival and informs tumor staging systems. Prognostic factors are 

also fundamental tools to stratify patients in clinical trials and allow fair comparisons 

between the treatment arms. As most patients with HCC have concomitant liver disease, 

their prognosis not only depends on tumor features, but also on the severity of the 

underlying liver disease. Thus, HCC prognosis can be described in terms of 2 sets of 

variables: those derived from the tumor (eg, microvascular invasion, satellite nodules, AFP 

levels) and those from the nontumor liver (eg, presence of cirrhosis, portal hypertension, and 

severity of liver failure).36 Some of these features (eg, microvascular invasion, tumor 

satellites) can be assessed only in surgical specimens. Currently, only serum AFP levels have 

enough high-level supporting evidence to be used as a biomarker in clinical practice to 

predict prognosis of patients with HCC.37 Higher AFP levels are associated with poorer 

prognosis in patients at different stages of the disease. For example, an AFP threshold of 400 

ng/mL has been used to stratify patients in randomized clinical trials, and a threshold of 

1000 ng/mL has been used to select patients unsuitable for liver transplantation in some 

countries, although AFP’s prognostic value is also observed when interpreted in a 

continuous manner.38,39 However, the prognostic value of serum AFP is limited, as only a 

small proportion of patients have increased AFP levels (10% of patients at early stages have 

AFP >400 ng/dL scaling up to 40% in advanced stages40). There are several prognostic gene 
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signatures associated with tumor recurrence or survival, using both information from the 

tumor and the nontumor adjacent liver.41-44 Although some have been independently 

validated,41,43,45 few have been externally evaluated in the setting of prospective studies.46 

Thus, no prognostic gene signature is applied in clinical practice and development of new 

prognostic biomarkers is a clinical need.

Target Population

It is critical to have a homogeneous HCC patient population when developing novel 

prognostic biomarkers. Therefore, studies exploring these biomarkers should follow the 

BCLC staging system47 or similarly validated staging system to select patients within a 

single stage and they should receive the same treatment. This will avoid mixing different 

treatment modalities and confounding the prognostic performance of the biomarker. A valid 

alternative would be to have enough patients in each treatment group to adequately power 

subgroup analysis for biomarker validation.

Study Design and Outcomes

Study design and data analysis should be in consonance with the REMARK 

recommendations for reporting prognostic biomarkers in oncology.3,48 The main steps in the 

development of novel prognostic biomarkers start with the identification of the biomarker 

using a training and validation set. The proposed new biomarkers should retain independent 

prognostic value compared with known clinical and pathological features. The performance 

of the biomarker should be validated in an external cohort, ideally from an independent 

team. It is critical that the study design fits the intended clinical use of the biomarker. There 

are several unique features related to HCC and the underlying liver disease that should be 

considered during study design and analysis. The best way to control for features that are 

known to predict outcomes is to adjust for them in the models, and the new biomarker 

should predict outcomes independently of these factors. Variables to consider include 

characteristics of the tumor (size, number, degree of cell differentiation, microvascular 

invasion, satellite nodules, presence of metastasis and macrovascular tumor invasion, and 

serum AFP), the underlying liver disease (etiology, hepatitis C virus eradication, HBV 

therapy, alcohol use cessation) and degree of fibrosis, severity of liver disease and portal 

hypertension (platelet count, bilirubin, international normalized ratio). Ideally, the methods 

used to assess these variables should be prespecified in the protocol. It is crucial that 

biomarker studies collect the analyte (eg, blood or tissue) at the time and clinical setting 

when the biomarker is intended to be used in patient decisionmaking. Any modifications 

should be described in detail so that the prognostic performance is not biased because of 

protocol deviations.

The primary outcomes of new prognostic biomarkers vary according to the tumor stage for 

which the biomarker is designed. For instance, the primary outcome for patients at early 

stage (BCLC 0/A) should be recurrence-free survival (RFS) and OS, whereas time to 

recurrence could be a secondary outcome. In those patients at intermediate stage (BCLC B) 

or advanced stage (BCLC C), the primary outcomes should be OS and progression-free 

survival (PFS).49 The assessment of some outcomes, especially time to recurrence and PFS, 

is often biased in retrospective studies because they are based on heterogeneous clinical 
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practice, specifically in the frequency and interval when imaging studies are conducted. A 

prespecified imaging protocol (typically performed every 6–8 weeks) and a plan for calling a 

tumor recurrence are key in prospective cohort studies evaluating novel prognostic 

biomarkers.

Treatment Response Prediction

Rationale

The development of predictive biomarkers in HCC has been traditionally restricted by the 

inherent complexity of its pathophysiology50 and a limited therapeutic landscape. With 7 

drugs showing survival benefits in phase III clinical trials (eg, atezolizumab plus 

bevacizumab, sorafenib, lenvatinib, regorafenib, cabozantinib, ramucirumab), predictive 

correlates of response and survival advantage to systemic therapy hold the potential to 

improve the quality of hypothesis testing in clinical trials, optimize drug development by 

reducing attrition and guide clinical decision-making in routine practice. Similarly, an 

expanding landscape of locoregional therapy options now include transarterial 

radioembolization and stereotactic body radiation therapy in addition to transarterial 

chemoembolization. Recognizing the growing need for molecularly based prediction of 

clinical outcomes, this section highlights the challenges of predictive biomarker qualification 

and validation and provides a series of consensus recommendations to accelerate the clinical 

translation of predictive biomarkers in HCC across molecularly targeted agents and immune-

based therapies. The lack of need for histological confirmation for an HCC diagnosis has 

limited the use of diagnostic biopsies for biomarker development.51 Although noninvasive 

biomarkers are expanding in HCC,52 evidence of low complication rates from tumor 

biopsies in clinical trials53 has promoted acknowledgment of their importance in trial design 

and clinical practice guidelines.17,18 Upfront molecular stratification has been attempted in 

clinical trials, but with limited success in most cases (eg, tivantinib,53 refametinib54). 

Retrospective analyses of samples collected in the context of clinical trials did not result in 

robust biomarkers of response to either sorafenib37 or regorafenib.55 Currently, the only 

validated treatment biomarker in HCC is high AFP level (>400 ng/mL), as it predicts 

survival benefit to ramucirumab after a biomarker enriched phase III trial.56

Target Population

Similar to any other clinical scenarios, studies on treatment response predictive biomarkers 

need to be evaluated in a homogeneous patient population, and this consensus endorses the 

use of the BCLC staging system to select patients within a single tumor stage and 

homogeneous treatment type. For predictive biomarkers, the intervention needs to be well 

defined and described in the study protocol.

Study Design and Outcomes

One of the common errors when defining a predictive biomarker is to mistakenly assign 

treatment response properties to a prognostic biomarker. This is generally the case when the 

biomarker is shown to correlate with a specific outcome in treated patients. However, it is 

key to show the performance of the biomarker in untreated patients and calculate the 

significance of interaction between the biomarker and treatment (interaction P value). 
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Irrespective of the source of human biological material considered, the roadmap for 

predictive biomarker development includes verification of analytical validity (capacity to 

reproducibly detect the desired biologic trait), determination of clinical validity (adequate 

linkage with desired clinical outcome), and clinical utility (capacity of a biomarker testing 

strategy to improve patient outcomes compared with a biomarker-unselected strategy).57

When designing studies to evaluate predictive biomarkers, it is crucial to have a solid 

methodological framework that acknowledges the prognostic heterogeneity across BCLC 

stage and controls for key confounders (ie, known prognostic factors across stage), including 

liver functional reserve, AFP levels, macrovascular invasion, and extrahepatic spread. 

Predictive biomarker development in HCC has largely followed the adoption of targeted 

clinical trial design, where biomarker-positivity is a prerequisite for exposure to 

experimental therapies (eg, AFP and ramucirumab56,58). Other biomarker-driven strategies 

are preferred when confidence on the stratifying potential of the biomarker of choice is 

lower, as summarized in Figure 4.59 The biomarker-stratified design, for instance, allows 

randomization to treatment stratified by marker status, therefore enabling evaluation of the 

marker/treatment interaction across the experimental and control arms. The interaction P 
value is typically a secondary objective given limited statistical power for this outcome. In 

the biomarker-based strategy design, randomization happens before biomarker testing, 

allowing a comparison between a biomarker-selected population with the experimental 

therapy versus a biomarker-unselected control population treated with standard of care 

therapy. This design is optimal to determine the clinical utility of the biomarker as a 

selection tool for a specific therapy. Differences in costs and sample size affect the 

feasibility of such approaches, with key determinants of success being prevalence of the 

biomarker and predicted magnitude of treatment effects in the experimental and control 

arms. To overcome these limitations, umbrella studies allow parallel enrollment of patients 

of predefined molecular subtypes, each arm matched with the most appropriate molecular 

therapy.60 However, patient randomization in umbrella trials has a significant impact on 

feasibility, and this approach has yet to be tested in HCC. Although exceptions are emerging 

in HCC (eg, FGF19 and fisogatinib61) the lack of clear actionable drivers typical of the 

genomics of HCC represents an intrinsic challenge to the delivery of precision medicine in 

liver cancer.62

Similar to prognostic biomarkers, the choice of the most appropriate outcome to qualify the 

clinical validity of a biomarker is specific to stage and treatment modality and ideally should 

match the primary outcome required for regulatory approval of novel therapies.49 For early 

stage (BCLC 0/A), the primary outcomes should be RFS and OS, with secondary outcomes 

time to recurrence and health-related quality of life. The development of molecular 

predictors of RFS after resection or ablation is expected to facilitate risk stratification for 

adjuvant therapy, mirroring paradigmatic, clinically available examples in breast cancer.63 

For studies testing interventions at intermediate or advanced stages (BCLC B or C), the 

primary outcomes should be OS and PFS, whereas objective response rate and health-related 

quality of life should be secondary outcomes. OS has been traditionally recommended as 

endpoint of choice in patients at advanced stages because of the cytostatic effect of most 

tyrosine kinase inhibitors, which led to low objective response rates.64 However, the 

capacity of immune-based therapies to induce higher objective response rates (between 17% 
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and 28%65-67) has led to a growing interest in PFS as a primary endpoint for therapeutic 

trials in these patients. A threshold of 0.6 for the hazard ratio of PFS has been proposed as a 

surrogate for OS in HCC.49,63

Rules for Incorporating New Biomarkers in Clinical Practice

It is key to rank the level of evidence to support the introduction of new biomarkers in 

clinical practice. We endorse a modified version of the levels of evidence proposed by 

Simon et al.16 in 2009. We have adapted these criteria to meet the needs for biomarker 

development across indications in HCC (Figure 3). Level 1 includes prospective studies 

designed to assess the value of the biomarker with a prespecified power calculation based on 

this outcome. The biomarker of interest can be assessed prospectively or retrospectively 

using archived samples, but in retrospective studies, the analysis of the biomarker should be 

prespecified in the original study protocol. In this scenario, the study must demonstrate that 

biomarker validity (bias and type-1 error in reporting biomarker performance) is not 

compromised using archived samples. In other words, one would expect to get the same 

conclusion, in terms of accuracy, if a prospective study would be conducted specifically 

designed to answer the study hypothesis for this biomarker. The key considerations are (1) 

the original study protocol defines the target population for which the new diagnostic 

biomarker is designed, (2) the biomarker assay is not affected by using archived vs new 

specimens, and (3) the data generated from the original study did not inform and bias this 

new diagnostic biomarker evaluation. To be considered level 1, studies using archived 

samples need to fulfill some conditions: (1) significant representation of samples in relation 

to the patients included in the trial, (2) robustness and reproducibility of the assay, and (3) 

study design must address the intended clinical use of the biomarker (prespecified data 

analysis, and assays to be conducted blinded to clinical data). There are examples of using 

retrospective samples to recommend predictive biomarkers in oncology (ie, hormone 

receptor status in breast cancer68 or KRAS mutation in colorectal cancer69).

For level 2, the study should be prospective but does not need to be designed to evaluate the 

biomarker. Prospective cohort studies evaluating risk stratification, early detection, or 

diagnostic biomarkers can be considered as level 1. Level 3 includes multiple retrospective 

observational studies, from independent investigators, using archived samples (traditionally 

known as “convenience samples”). These are specimens available to the researcher without 

any predetermined enrollment criteria. The study is designed to estimate clinical validity of 

the biomarker and follows a robust assay reproducibility framework. This also includes 

retrospective sample collections without prespecified selection criteria. Unfortunately, the 

vast majority of biomarker research in HCC derives from observational retrospective studies 

that test biomarker accuracy using convenience samples.70 The target population may be 

heterogeneous due to the lack of a prespecified management protocol or standard follow-up 

plan. It is unlikely that such studies will comply with the requirements described previously 

when archived samples are used. In this context, the likelihood of potential bias and spurious 

associations increases.

The panel agrees on the need for level 1 evidence studies for the incorporation of new 

biomarkers for each setting in clinical practice guidelines. For studies evaluating prognostic 
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biomarkers, we recommend the use of the REMARK guidelines for reporting prognostic 

biomarkers in oncology.3,48 For treatment prediction biomarkers, besides rigorous 

qualification and validation, a number of additional considerations apply to the successful 

clinical implementation including cost-effectiveness and practicality of use.71 Full 

regulatory approval is mandatory for qualification as companion diagnostics, that is, 

biomarkers that are codeveloped with a drug to define its label, such as the PD-L1 IHC 22c3 

pharmDx assay in lung cancer.72

Conclusions

There is a clear need for biomarkers in HCC risk stratification, early detection, diagnosis, 

prognosis, and treatment response. However, rigorous evaluation is required, extending 

beyond level 3 evidence, for these biomarkers to be used in clinical practice and level 1 

evidence is required to be incorporated into practice guidelines. Ongoing efforts such as the 

Hepatocellular Carcinoma Early Detection Strategy Study and Translational Liver Cancer 

Consortium are evaluating biomarkers for risk stratification and early detection, whereas 

advances in the HCC treatment landscape are facilitating biomarker evaluation for 

prognostication and treatment response. Our proposal provides guidance for these efforts on 

how best to perform rigorous biomarker evaluation in each of these areas.
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Abbreviations used in this paper:

AFP alpha-fetoprotein

BCLC Barcelona Clinic Liver Cancer staging system

CT computed tomography

HBV hepatitis B virus

HCC hepatocellular carcinoma

FPR false positive rate

MRI magnetic resonance imaging

NASH nonalcoholic steatohepatitis

OS overall survival

PFS progression-free survival

REMARK Reporting recommendations for tumor marker prognostic studies

RFS recurrence-free survival

TPR true positive rate.
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Figure 1. 
Summary figure of the main clinical indications where biomarkers are needed to improve 

outcomes in patients with HCC. A risk stratification biomarker aims to predict future 

development of HCC and can differentiate high- and low-risk patients. An early detection 

biomarker aims to detect HCC at an early stage. A diagnostic biomarker can confirm or 

exclude presence of HCC in patients with clinical concern of HCC. A prognostic biomarker 

predicts cancer outcomes and can differentiate favorable vs poor prognosis (eg, survival). A 

treatment response biomarker aims to predict favorable or unfavorable response to treatment. 

Used with permission from ©Mount Sinai Health System.
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Figure 2. 
Visual summary of the natural history of HCC that focus on key differences and challenges 

when designing studies to evaluate risk stratification vs early detection biomarkers. For risk 

stratification biomarkers, it is crucial to ensure that the patients are free of HCC. This 

includes a 2-year period to minimize the risk of undetectable microscopic HCC, which is a 

potential confounder in these studies. Used with permission from ©Mount Sinai Health 

System.
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Figure 3. 
Levels of evidence in biomarker studies. (Top) Main study designs, key characteristics, and 

levels of evidence assigned for each design. (Bottom) Highlights the main outcomes and 

some key limitations of each study design.
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Figure 4. 
Biomarker-based clinical trial designs testing new therapies. Depiction of the 4 most 

frequently used clinical trial designs to test the utility of biomarkers as a selection tool for 

new therapies. In the biomarker-based strategy, patients are randomized to a biomarker-

based strategy or no stratification before they are allocated to the treatment arm. In the 

biomarker-stratified design, patients are stratified based on the biomarker and then 

randomized to receive the experimental drug or placebo. Both, patients with the biomarker 

and those without are included in the study. In the targeted design, only the patients with the 

biomarker are randomized to the drug trial (eg, trial of ramucirumab in patients with high 

AFP levels56). The umbrella trial design allocates specific therapies based on predicted 

molecular alterations detected with the biomarker, which generally includes an array of 

different molecular alterations.
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