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Abstract

Background: AFP, AFP L-3 and DCP in combination or in GALAD were tested for HCC 

surveillance in retrospective cohort and case-control studies. However, there is a paucity of 

prospective data and no phase 3 biomarker studies from North American populations.

Methods: We conducted a prospective-specimen collection, retrospective-blinded-evaluation 

(PRoBE) cohort study in patients with cirrhosis enrolled in a 6-monthly surveillance with liver 

imaging and AFP. Blood samples were prospectively collected every 6 months and analyzed in 

a retrospective blinded fashion. True positive rate (TPR) and false positive rate (FPR) for any or 

early HCC were calculated within 6, 12 and 24 months of HCC diagnosis based on published 

thresholds for biomarkers individually, in combination and in GALAD and HES scores. We 

calculated the area under the receiver operating curve (AUROC) and estimated TPR based on an 

optimal threshold at a fixed FPR of 10%.

Results: The analysis was conducted in a cohort of 534 patients; 50 developed HCC (68% early) 

and 484 controls with negative imaging. GALAD had the highest TPR (63.6, 73.8, 71.4% for all 

HCC, and 53.8, 63.3, 61.8 % for early HCC within 6, 12 and 24 months, respectively) but FPR 

of 21.5–22.9%. However, there were no differences in AUROC among GALAD, HES, AFP-3 or 

DCP. At a fixed 10% FPR, TPR for GALAD dropped (42.4, 45.2, 46.9%) and was not different 

from HES (36.4, 40.5, 40.8%) or AFP-3 alone (39.4, 45.2, 44.9%).
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Conclusions: In a prospective cohort phase 3 biomarker study, GALAD was associated with a 

considerable improvement in sensitivity for HCC detection but an increase in false positive results. 

GALAD performance was modest and not different from AFP-3 alone or HES.
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Background

The incidence rates for HCC have tripled in the past three decades, with most of the increase 

attributed to hepatitis C related HCC. Other major etiological risk factors for HCC include 

alcoholic liver disease, non-alcoholic fatty liver disease (NAFLD) and hepatitis B virus 

infection. Most HCC risk factors lead to the formation and progression of cirrhosis, which is 

present in 80–90% of HCC patients.1

Survival of patients with HCC remains dismal, with an overall 5-year survival of less 

than 15%, except in patients who receive potentially curative therapy (i.e., liver transplant, 

surgical resection, or ablation), in whom a considerable improvement in survival has been 

consistently observed (5-year survival between 40% and 70%). Given this, several practice 

guidelines recommend HCC surveillance in high-risk patients to detect HCC at an early 

stage, when curative treatment can be applied.2, 3 Patients with cirrhosis constitute the main 

target for HCC surveillance.

Liver ultrasound in combination with alpha-fetoprotein (AFP) has been the cornerstone 

of recommended HCC surveillance. A meta-analysis of the cohort studies evaluating liver 

ultrasound for the detection of early-stage HCC, reported a pooled sensitivity of 45%, which 

increased to 63% with adding AFP.4 AFP when used alone has unacceptably low sensitivity 

and is generally not recommended for HCC surveillance. We developed and validated in 

several retrospective cohort studies the Hepatocellular Carcinoma Early Detection Screening 

(HES) algorithm that combines AFP with age and few clinical variables (ALT, platelets) 

with the option of including AFP change within the previous one year and/or the underlying 

cirrhosis etiology.5–9 HES was associated with 5.2–8.6% increased sensitivity over AFP 

alone. However, HES has not been validated in a prospective cohort study. Another 

emerging strategy for HCC surveillance is a combination of liver ultrasound and serum 

AFP, AFP Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), and des-gamma-

carboxy prothrombin (DCP). Retrospective cohort and case-control studies suggest that the 

triple biomarker combination (AFP, AFP-L3, DCP) slightly improve the accuracy of early 

detection of HCC over AFP alone, and the use of these biomarkers for HCC surveillance 

is recommended and widely practiced in Japan. GALAD score derived from Gender, Age, 

AFP-L3, AFP, and DCP was validated in several retrospective case-control studies10–13 but 

not in prospective cohort studies within the United States. A key step in biomarker validation 

for HCC early detection is to examine the performance of the triple biomarker in preclinical 

samples from a phase 3 biomarker study in a well-defined cirrhosis population that is 

eligible for surveillance.14, 15 We followed the PRoBE guidance (Prospective-specimen 

collection, retrospective-blinded-evaluation) for conducting a phase 3 biomarker study.16
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We conducted a prospective cohort study to validate the performance of the triple biomarker 

panel (AFP, AFP-L3, and DCP) individually, in combination and in calculators (e.g., 

GALAD, HES) for identification of HCC using conventional cutoffs as well as comparing 

sensitivities at a fixed 90% specificity.

Methods

We carried out a prospective cohort study among patients with cirrhosis undergoing biannual 

HCC surveillance using liver imaging and AFP at the Michael E. DeBakey VA Medical 

Center in Houston, Texas from 07/23/2014 to 07/31/2017 with follow up through 7/31/2018. 

We closely followed the PRoBE guidance for conducting a phase 3 biomarker study.16 A 

written informed consent was obtained from each patient. The study was approved by the 

Institutional Review Board at the Michael E. DeBakey Veterans Affairs Medical Center 

in Houston, Texas. We followed all patients until the development of HCC diagnosis, 

death or end of the study. HCC diagnosis was made according to the Association for the 

Study of Liver Diseases (AASLD) criteria including histological or radiological diagnosis 

using characteristic appearance (arterial enhancement and delayed washout) on triple phase 

contrast CT or MRI.2 Early stage HCC was defined as a single nodule no larger than 5 cm. 

This was a simple and straightforward determination, and one that was close to the definition 

to the Milan criteria in this study where most HCC (70%) was a single mass.

Cirrhosis was defined by histology (liver biopsy showing F4), elastography (FibroScan 

liver stiffness median >12kPa; magnetic resonance >4 kPa), endoscopic signs of portal 

hypertension (esophageal or gastric varices, portal hypertensive gastropathy) or radiological 

signs of cirrhosis or portal hypertension (splenomegaly, intraabdominal varices, collaterals, 

recanalized umbilical vein or ascites). HCC surveillance was defined as a combination of 

liver imaging (ultrasound, CT, MRI), the type of which determined by the treating clinician, 

and serum AFP. We excluded patients with conditions that are associated with a significant 

reduction in survival (e.g., invasive cancer, congestive heart failure, severe COPD, advanced 

neurodegenerative disease or dementia) or conditions associated with impaired ability to 

consent or adhere to the study procedures (e.g., uncontrolled psychosis or depression, or 

homelessness). We also excluded patients with known present or past HCC, those actively 

listed for liver transplantation because they undergo intense HCC surveillance, and patients 

with non-hemangioma non-cystic liver masses because they are likely to receive repeated 

liver imaging. We defined active HCV by positive HCV RNA at every AFP test, on 

treatment by receipt of HCV treatment at any 1 AFP test; and treated with SVR as those 

with observed SVR at ≥1 AFP test during study period. We defined chronic hepatitis B 

(HBV) by the presence of positive hepatitis B surface antigen test, alcoholic liver disease 

by self-reported heavy current or past alcohol us, and non-alcoholic fatty liver disease by 

the presence of one or more major metabolic dysfunction trait in the absence of active 

HCV, HBV or alcoholic liver disease. We defined the findings of abnormal nodule on 

surveillance imaging as definitive for HCC if a diagnosis of HCC is made during the study 

period; negative for HCC if a diagnosis of “not HCC” is made during the study period or 

at least one year of follow up (through 7/31/2018), and indeterminate or non-negative if 

HCC diagnosis cannot be ruled out or in during the study period. All HCC diagnoses were 

also adjucated post hoc by one experienced hepatologist (RH). at the end of the study using 
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printed deidentified reports (not the entire EMR) while blinded to the clinical diagnosis and 

the biomarker testing results.

We prospectively collected blood and isolated stored serum samples within 2 months of each 

surveillance liver imaging. We performed retrospective assays for AFP L-3, AFP and DCP 

in serum samples using Microchip capillary electrophoresis and liquid-phase binding assay 

on an uTASWako i30 automated analyzer (Wako Life Sciences, Inc. in Mountain View, CA 

USA). Testing was done on batches of stored serum blinded to case and control status, and 

the levels of biomarkers were not made available or used for clinical decision making. None 

of the samples were thawed or used for any purpose before the study specific assays.

Statistical Analyses

We examined the performance of the biomarkers individually, in combination (AFP, AFP-3, 

DCP) and in scores (GALAD, HES) in distinguishing cirrhosis cases with HCC from 

cirrhosis controls without HCC. The primary analysis was conducted among patients 

without coumadin use and without inconclusive liver nodule imaging. A secondary analysis 

reflecting the overall clinical effectiveness of biomarkers was conducted among all patients 

in the cohort including those with coumadin use or inconclusive liver nodule imaging.

We estimated patient-level sensitivity or true positive rate (TPR) as the probability of ≥1 

positive screen test within 6, 12 or 24 months prior to HCC diagnosis. Given that the exact 

time of HCC onset cannot be determined in this study, o fully understand the performance 

of the algorithms, we have examined multiple time intervals. We estimated 1- specificity 

or false positive rate (FPR) as the cumulative probability of a positive screen at any time 

during the study in cirrhosis controls without HCC or a positive screen that occurred earlier 

than 6, 12 or 24 months before HCC diagnosis. TPR is estimated at a patient-level since 

any positive screening result during the preclinical period could lead to an earlier diagnosis 

of HCC, and FPR is estimated at the screening-test level since each positive screening 

result leads to further cost and possible complications. The 95% bias-corrected bootstrap 

percentile confidence intervals were estimated for all measures.17

We calculated TPR and FPR for detecting HCC based on the following published thresholds: 

AFP>20 ng/mL, AFP-L3>10% and DCP>7.5 ng/mL. We calculated GALAD score as 

−10.08 +0.09*Current age + 1.67*Male + 2.34*log10(AFP) + 0.04*AFP-L3 + 1.33* 

log10(DCP) and used GALAD score > −0.63 as a threshold for positive score.13 HES is 

an AFP-adjusted algorithm that includes age, platelets, ALT, change in AFP over the last 

year, underlying cirrhosis etiology and interaction terms. We used 10.17 cutoff for HES 

based on a community-based cohort validation study.5

In addition to using these thresholds, and to facilitate comparisons among the different 

biomarkers and scores, we also calculated and compared the area under the ROC curve 

(AUROC), and estimated thresholds and TPR corresponding to fixed 10% FPR (reported 

specificity of AFP alone at 20ng/ml) on the receiver operating characteristic curve 

(ROC).18Lastly, we calculated the concordance between the results of the GALAD and 

HES scores among patients that developed HCC.
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All analyses were conducted using R version 3.6.1.

Results

Study Cohort

During the study period, we enrolled 741 subjects with cirrhosis in whom 59 HCC cases 

were diagnosed by July 31st 2017. Figure S1 shows the study flow and the exclusion of 

patients who withdrew or had no research blood sample or incomplete data to calculate 

GALAD or HES. We limited the primary analysis to patients not taking coumadin and only 

controls with clearly negative imaging results. This resulted in 50 incident HCC cases and 

484 patients with cirrhosis and no HCC who contributed a total of 1,362 HCC surveillance 

episodes. The mean size of HCC at the time of diagnosis was 2.09 cm (standard deviation: 

1.28). Most patients with HCC had one nodule (70%), 8 (16%) had 2 nodules, 3 (6%) had 

3 nodules whereas the rest had more than three nodules. 34/50 (68%) had early HCC. The 

demographic and clinical characteristics are listed in Table 1.

Comparison of Biomarker Performance Using Fixed Threshold Based on Conventional 
Cutoffs for HCC Detection

The sensitivity for the biomarkers and scores were generally slightly higher at 12–24 months 

than within 6 months. Of the individual biomarkers, AFP-3 had the highest sensitivity/TPR, 

while AFP and DCP had the lowest. Conversely, DCP had the highest specificity (i.e., 

lowest FPR). The sensitivity/TPR of the three biomarkers combined was higher but the FPR 

was also higher than any of the individual markers. The FPR estimates were cumulative 

for the entire time the patients were under surveillance (Table 2). For example, within 

6 months prior to HCC, combined triple biomarker sensitivity was 39.4% as compared 

to 18.2%−33.3% for the individual biomarkers; however, the specificity also declined as 

FPR was 9.7% for the combination compared with 1.4–5.5% for the individual markers. 

GALAD had the highest sensitivity/TPR (63.6%−73.8%) of any of the biomarkers, but 

also significantly higher FPR (FPR 21.5%−22.9%) than any of the individual biomarkers, 

combined biomarkers or HES (Table 2). Compared to AFP alone, HES had higher sensitivity 

(increased 2%−6%) but also slightly higher FPR (5.3%−5.9% compared with 3.7%−4.1%) 

but confidence intervals for all estimates overlapped.

For early stage HCC, the sensitivity of all biomarkers was lower than that observed for 

any HCC, but we observed similar trends (Table 3); similar to Table 2, the FPR estimates 

were cumulative for the entire time the patients were under surveillance. GALAD had a 

significantly higher sensitivity/TPR (53.8%−63.3%) than any of the individual biomarkers, 

the biomarker combination or HES, but GALAD was also associated with the highest FPR 

(21.5%−22.1%).

Comparison of Biomarker Performance Using AUROC and Threshold Based on Cutoffs 
Corresponding to 10% FPR for HCC Detection.

The AUROC for 6, 12 and 24 months were similar for GALAD and HES (for example, 

GALAD AUROC was 0.79 and 0.75 for any HCC and early HCC within 6 months and 

HES had 0.78 and 0.76 for the respective measurements) but higher than the individual 

Tayob et al. Page 5

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biomarkers, although none of the differences were significant given that confidence intervals 

for estimates overlapped (Figures 1, 2 and 3). We established cutoffs defining positivity of 

biomarkers by fixing screening test level specificity at 90% in the ROC curves of biomarker 

within 6, 12 or 24 months prior to HCC diagnosis. For example, within 12 months prior to 

diagnosis, the cutoff for AFP, AFP-L3%, and DCP were 11.2 ng/mL, 8.4%, and 1.52 ng/mL, 

respectively (Figure 2), compared to conventional cutoffs (20 ng/mL, 10%, and 7.5 ng/mL, 

for AFP, AFP-L3%, and DCP, respectively).

Using these new cutoffs and unlike the fixed threshold cutoffs, the patient-level 

sensitivity/TPR of GALAD (45.2%, 95% CI: 26.2–59.0) dropped for all HCC to a 

comparable to that of AFP-L3 (45.2%, 95% CI: 29.3–59.0) or HES algorithm (40.5%, 

23.5–53.8) but higher than either AFP or DCP alone (33.3%, 95% CI: 17.1–46.8 and 31.0%, 

95% CI: 16.3–45.5, respectively).

For early stage HCC patients (Figure 1–3), GALAD sensitivity/TPR at 10% screening-level 

FPR dropped even further (compared with Table 3 using conventional cutoffs). AFP-L3% 

alone had the highest patient-level sensitivity/TPR compared to the other biomarkers, 

GALAD or HES at 12 months prior to diagnosis and comparable to HES at 24 months prior 

to diagnosis. At 6 months prior to HCC diagnosis, HES has slightly higher patient-level 

sensitivity/TPR than either AFP-L3% or AFP in early stage HCC patients.

Concordance.—The agreement between GALAD and HES was 75.8%, 80.9% and 73.1% 

for measurements within 6, 12 and 24 months prior to HCC diagnosis. (Table S1). For 

all HCC, the incremental positive yield of GALAD over HES was 15.2%, 11.9%, 16.3%, 

respectively, whereas the incremental positive yield of HES over GALAD was 9.1%, 7.1%, 

10.2%, respectively within 6, 12 and 24 months prior to HCC diagnosis. In patients with 

early stage HCC, the concordance between GALAD and HES was 84.6%, 86.7% and 79.4% 

for measurements within 6, 12 and 24 months prior to HCC diagnosis and the incremental 

yield of HES over GALAD was 11.5%, 10.0% and 14.7%, respectively.

Secondary Analysis

We analyzed a larger group of 53 HCC cases and 564 controls (Table S2) that includes 

coumadin users and controls with indeterminate imaging. The findings were generally 

similar to the primary analysis in direction and magnitude (Table S2 and Figure S2–S4). 

Specifically, GALAD had highest sensitivity of 62.9–73.3% for all HCC and 51.9–62.5% 

for early HCC, and highest FPR 24.7–25.9% for all HCC and 24.7–25.2% for early HCC 

using conventional cutoffs. GALAD sensitivity markedly dropped (37.8–40.0%) and became 

similar to AFP-3 (37.1–42.3%) and HES (34.3–38.5%) when using ROC derived cutoffs 

corresponding to 10% FPR.

Discussion

We carried out this prospective multiethnic multi etiology cirrhosis cohort study according 

to PRoBE guidance,16 and evaluated the performance of triple biomarkers (AFP, AFP-3, 

DCP) individually, in combination, and in scores using both conventional cutoffs and ROC 

derived cutoffs at a fixed 10% specificity. None of these biomarkers or scores had acceptable 
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overall performance. Scores that include clinical and demographic factors (GALAD, HES) 

offer higher performance than their respective biomarker components. The triple biomarkers 

especially in GALAD score had a significantly higher sensitivity of HCC detection but this 

came with a significant increase in false-positive cases. The cost-effectiveness of this added 

GALAD benefit versus the added harm and cost is unclear and needs to be examined before 

wider implementation can be recommended.

We compared the sensitivity of biomarkers using a cutoff derived from the ROC curves 

while fixing the specificity at 90% (i.e., 10% FPR); the latter is the estimate of AFP 

specificity in previous studies and a generally acceptable benchmark. The large drop in 

GALAD sensitivity in this analysis compared to those obtained in the analyses performed 

using conventional cutoffs (from 53.8%−63.3 to 42.4–46.9%) is explained and to be 

expected given the high FPRs (21.5%22.9%) using conventional cutoffs and highlight 

the overall modest test performance. The incremental positive yield in HCC cases related 

to higher sensitivity is potentially clinically important because it could lead to increase 

use of curative therapy and reduced mortality. However, the increase in FPR is also 

clinically significant and is associated with increased testing, anxiety and cost and diverting 

valuable resources from the surveillance program.19, 20 The relatively low GALAD overall 

performance while quite different from results of several previous phase 2 biomarker studies 

was not dissimilar from a recent smaller and more heterogenous multi center phase 3 

biomarker study that reported higher sensitivity of GALAD but also higher false positive 

results than individual biomarkers.21

The increased sensitivity conveyed by GALAD and to a lower extent HES, over their 

respective component biomarkers alone shows the importance of demographic and clinical 

factors in predicting HCC risk independent of the current biomarkers. Such framework is 

likely to be useful for current, as well future, blood-based biomarkers. Because GALAD 

is a predefined score, where the relative weight of each component is fixed, it was not 

possible to determine which components were the biggest driver of the high FPR for the 

overall score. The low FPRs for each of or any of the three biomarkers at the known 

thresholds (Table 2) suggest that gender and/or age are driving the high FPR of GALAD. 

HES incorporates only AFP but not AFP3 or DCP combined with age, disease etiology 

if available, ALT and platelets, and one previous AFP within one year if available was 

developed and validated in retrospective cohorts at national VA and Kaiser Permanente 

Northern California.1 This is the first external validation in a prospective cohort. The 

results confirm a modest gain in sensitivity compared with AFP alone at no added cost 

or a large increase in FPR; therefore, overall performance as reflected by AUROC and 

sensitivity at fixed 10% were similar to GALAD. The concordance between GALAD and 

HES was modest; this indicates further potential for improved sensitivity if elements of 

these models are combined. HES incorporates several variables that affect HCC risk such 

ALT, platelets indicative of underlying hepatic function and disease etiology (HCV, HBV, 

alcohol, NAFLD) and therefore has the potential of producing high performance if AFP3 

and DCP are added. The dataset was too small for a robust fitting of the HES with triple 

biomarkers. Additional large studies are needed to produce a well-fitted model of HES with 

triple biomarkers.
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The study had few limitations. Despite the large cohort and 648 person-years of follow up 

in the analysis cohort, only 50 patients developed HCC cases that can be fully evaluated 

for biomarker analysis. While this was our target sample size based on power calculation, 

the analytic power was reduced due to an unanticipated issue, namely, the time of blood 

collection for the biomarker assays varied before HCC diagnosis between <6 months to 

24 months; therefore the 6- and 12-month analyses did not incorporate all 50 patients. 

Therefore, many of the estimates have overlapping 95% confidence intervals with the 

exception of the significantly higher sensitivity for any stage HCC within 12 and 24 months 

prior to diagnosis but also significantly higher FPR estimates for GALAD compared to each 

individual biomarker. Another limitation is that the results of this study are not generalizable 

to a non-veteran’s population. The study cohort is mostly male and VA populations in 

general have higher rates of comorbidities. Since AFP was part of the clinical surveillance 

strategy, it could have triggered evaluation for HCC diagnosis. However, for the study 

analyses, we did not use AFP values obtained in the clinical practice lab but rather relied on 

AFP analyzed in the research blood sample that was analyzed retrospectively.

Our study design is a major strength. The prospective uniform nature of specimen collection 

for all subjects from a single-center cohort in the PRoBE design mitigates systematic 

biases by ensuring that specimens for case patients and control subjects are collected in 

the same way. A common problem with retrospective studies is that knowledge of the 

subject’s outcome status may affect the interpretation of an assay result or the care with 

which the specimen is handled. This bias is avoided in the PRoBE design by storing 

specimens before outcome ascertainment and by blinding specimens for retrieval and assay 

procedures. The biomarker values were ascertained for all subjects in a cohort, but the 

biomarker measurement occurred after outcome assessment. The PRoBE design avoids 

spectrum bias by identifying including only cirrhosis patients at risk of HCC in the cohort 

and subsequently identifying them as either case patients that have developed HCC or 

control subjects that have cirrhosis but no incidence of HCC during the study.

In summary, in a prospective cohort phase 3 biomarker study, we found an equivalent overall 

performance of AFP, AFP-3, and DCP individually, in combination or in GALAD or HES 

scores. Using the triple biomarkers combined especially in GALAD score is associated with 

a large increase in sensitivity of HCC detection; this advantage is offset by a large increase 

in false positive results. Better biomarker surveillance strategies are required
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ALT alanine aminotransferase

CT computed tomography

FPR false positive rate

HCC hepatocellular carcinoma

HCV hepatitis C virus

HES hepatocellular carcinoma early detection screening

ICD-9 international classification of diseases, 9th revision

MRI magnetic resonance imaging

ROC curve receiver operating characteristic curve

VA U.S. Department of Veterans Affairs Healthcare System
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What you need to know

BACKGROUND

AFP, AFP L-3 and DCP in combination or in GALAD were evaluated for HCC 

surveillance in in retrospective cohort and case-control data. We conducted a prospective 

cohort study and followed the PRoBE guidance (Prospective-specimen collection, 

retrospective-blinded-evaluation) to validate the performance of the triple biomarker 

panel individually, in combination and in calculators (GALAD, HES) for HCC 

identification.

FINDINGS

We found a low but equivalent overall performance of AFP, AFP-3, and DCP 

individually, in combination or in GALAD or HES scores. Using the triple biomarkers 

in GALAD score is associated with a large increase in sensitivity of HCC detection; this 

advantage is offset by a large increase in false positive results.

IMPLICATIONS FOR PATIENT CARE

The cost-effectiveness of the GALAD benefit versus the added harm and cost is unclear 

and needs to be examined before wider implementation can be recommended.
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Figure 1: 
Receiver operating characteristics (ROC) curve within 6 months prior to HCC diagnosis. 

Below the figure, we describe patient-level true positive rate at optimal cutoff corresponding 

to 10% screening-level false positive rate on the ROC curves.
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Figure 2: 
Receiver operating characteristics (ROC) curve within 12 months prior to HCC diagnosis. 

Below the figure, we describe patient-level true positive rate at optimal cutoff corresponding 

to 10% screening-level false positive rate on the ROC curves.
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Figure 3: 
Receiver operating characteristics (ROC) curve within 24 months prior to HCC diagnosis. 

Below the figure, we describe patient-level true positive rate at optimal cutoff corresponding 

to 10% screening-level false positive rate on the ROC curves.
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Table 1:

Demographic characteristics of the analysis cohort of patients with cirrhosis.

Full Analysis 
Cohort

Incident HCC cases 
during follow-up

Cirrhosis patients 
with no HCC during 

follow-up

P-value (HCC vs Control)*

Number of subjects 534 50 484

Age at study consent (years) 63.2 (6.6) 64.7 (5.7) 63.0 (6.7) 0.13

Race

0.13

 White 263 (49%) 21 (42%) 242 (50%)

 Black 206 (39%) 18 (36%) 188 (39%)

 Latino 52 (10%) 9 (18%) 43 (9%)

 Other 13 (2%) 2 (4%) 11 (2%)

Gender

0.62 Male 522 (98%) 50 (100%) 472 (98%)

 Female 12 (2%) 0 12 (2%)

Number of study visits

 1 161 (30%) 17 (34%) 144 (30%)

 2 132 (25%) 12 (24%) 120 (25%)

 3 108 (20%) 12 (24%) 96 (20%)

 4 70 (13%) 3 (6%) 67 (14%)

 5 or more 63 (13%) 6 (12%) 57 (12%)

Baseline Lab Tests, mean (SD)

 ALT (U/L) 49.2 (48.8) 46.1 (32.1) 49.5 (50.3) 0.70

 AST (U/L) 56.4 (48.4) 60.6 (43.7) 56.0 (48.9) 0.09

 ALP (U/L) 95.4 (62.1) 110.6 (48.6) 93.8 (63.2) <0.001

 GGT (U/L) 118.0 (152.6) 129.0 (130.3) 116.8 (154.9) 0.11

 Platelets (K/cmm) 149.0 (67.4) 115.5 (45.2) 152.5 (68.4) <0.001

 Albumin (g/L) 3.7 (0.6) 3.5 (0.9) 3.7 (0.6) <0.001

 T-Bilirubin (umol/L) 1.4 (5.4) 1.3 (0.8) 1.4 (5.7) 0.04

 Creatinine (umol/L) 1.0 (0.7) 0.9 (0.2) 1.0 (0.7) 0.07

Etiology N/A (non-mutually exclusive 
etiology categories)

 HCV 381 (71%) 42 (84%) 339 (70%)

  Active HCV 92 (24%) 19 (45%) 73 (22%)

  Receiving treatment 147 (39%) 18 (43%) 129 (38%)

  Treated with SVR 239 (63%) 13 (31%) 226 (67%)

 HBV 12 (2%) 0 12 (2%)

 Alcoholic liver disease 326 (61%) 36 (72%) 290 (60%)

 NAFLD/NASH 114 (21%) 10 (20%) 104 (21%)

 Others 24 (4%) 4 (8%) 20 (4%)

†
Data reported are means and standard deviations for continuous variables and counts and percentages for categorical variables.
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*
P-values from Mann-Whitney U-test for continuous variables and Fisher’s exact test for categorical variables
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Table 2:

Patient-level sensitivity or true positive rate (TPR) and screening test-level false positive rate (FPR) for 

detecting any stage HCC at published thresholds for 6, 12, and 24 months prior to HCC diagnosis and the 

associated 95% bootstrap percentile intervals.

HCC within 6 months (HCC cases: 
33, Non-HCC: 526)

HCC within 12 months (HCC 
cases: 42, Non-HCC: 517)

HCC within 24 months (HCC 
cases: 49 Non-HCC: 497)

TPR (%) FPR (%) TPR (%) FPR (%) TPR (%) FPR (%)

AFP>20 ng/mL 18.2 (6.2–32.1) 4.1 (2.8–5.5) 23.8 (11.4–37.5) 3.8 (2.6–5.2) 22.4 (11.4–34.1) 3.7 (2.5–5.1)

AFP-L3%>10% 33.3 (16.7–48.5) 5.5 (3.9–7.3) 35.7 (21.1–50.0) 5.2 (3.6–7.0) 32.7 (19.6–45.6) 5.0 (3.4–6.9)

DCP>7.5 ng/mL 15.2 (4.2–29.4) 1.4 (0.7–2.1) 11.9 (3.0–22.7) 1.4 (0.8–2.2) 12.2 (4.3–22.2) 1.3 (0.7–2.0)

AFP>20 ng/mL, 
AFP-L3%>10% or 
DCP>7.5 ng/mL

39.4 (23.3–56.2) 9.7 (7.8–11.9) 47.6 (31.9–62.8) 9.3 (7.4–11.3) 46.9 (32.6–60.3) 8.8 (6.8–10.9)

GALAD> −0.63 63.6 (46.9–78.8) 22.9 (19.8–26.5) 73.8 (60.0–86.4) 22.2 (19.1–25.8) 71.4 (58.8–83.3) 21.5 (18.5–25.1)

HES>10.17% 24.2 (10.0–40.0) 5.9 (4.3–7.8) 26.2 (12.8–39.6) 5.6 (4.0–7.5) 26.5 (14.0–39.1) 5.3 (3.7–7.1)
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Table 3:

Patient-level sensitivity or true positive rate (TPR) and screening test-level false positive rate (FPR) at 

published thresholds for detecting early-stage HCC within 6, 12, and 24 months prior to HCC diagnosis and 

the associated 95% bootstrap percentile intervals.

HCC within 6 months (HCC cases: 
26, Non-HCC: 513)

HCC within 12 months (HCC 
cases: 30, Non-HCC: 507)

HCC within 24 months (HCC 
cases: 34, Non-HCC: 494)

TPR (%) FPR (%) TPR (%) FPR (%) TPR (%) FPR (%)

AFP>20 ng/mL 19.2 (5.0–36.4) 3.9 (2.6–5.3) 23.2 (9.1–39.3) 3.8 (2.6–5.2) 23.5 (10.0–38.2) 3.7 (2.4–5.0)

AFP-L3%>10% 26.9 (10.7–44.4) 5.3 (3.7–7.1) 30.0 (14.3–46.4) 5.1 (3.6–7.0) 36.5 (12.1–41.7) 5.0 (3.5–6.9)

DCP>7.5 ng/mL 11.5 (0.0–26.7) 1.3 (0.7–2.0) 10.0 (0.0–22.6) 1.3 (0.7–2.1) 8.8 (0.0–20.0) 1.3 (0.7–2.0)

AFP>20 ng/mL, 
AFP-L3%>10% or 
DCP>7.5 ng/mL

30.8 (13.3–48.1) 9.4 (7.4–11.4) 40.0 (22.2–57.1) 9.1 (7.2–11.2) 38.2 (21.9–54.8) 8.7 (6.8–10.9)

GALAD> −0.63 53.8 (34.4–71.9) 22.1 (18.9–25.7) 63.3 (45.8–80.0) 21.8 (18.7–25.4) 61.8 (45.5–77.8) 21.5 (18.4–25.1)

HES>10.17% 26.9 (10.5–45.5) 5.5 (3.9–7.4) 23.3 (9.1–39.3) 5.5 (3.8–7.3) 23.5 (10.0–38.2) 5.2 (3.6–7.1)
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Table 4:

Concordance between GALAD and HES algorithms results (based on thresholds corresponding to 10% 

screening-level false positive rate) within 6, 12 and 24 months prior to diagnosis in patients with any stage 

HCC.

Any Stage HCC

6 months 12 months 24 months

HES positive HES negative HES positive HES negative HES positive HES negative

GALAD positive 16 (48.5%) 3 (9.1%) 20 (47.6%) 3 (7.1%) 21 (42.5%) 5 (10.2%)

GALAD positive 5 (15.2%) 9 (27.3%) 5 (11.9%) 14 (33.3%) 8 (16.3%) 15 (30.6%)

Early Stage HCC

HES positive HES negative HES positive HES negative HES positive HES negative

GALAD positive 15 (57.7%) 3 (11.5%) 18 (60.0%) 3 (10.0%) 18 (52.9%) 5 (14.7%)

GALAD positive 1 (3.8%) 7 (26.9%) 1 (3.3%) 8 (26.7%) 2 (5.9%) 9 (26.5%)
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