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Abstract
Background and Aims:

We have recently demonstrated the abilty of a simple predictive model (GES) score to determine the risk of hepatocellular
carcnoma (HCC) after using direct-acting antivirals. However, our results were restricted to Egyptian patients with hepatitis C virus
(HCV) genotype 4. Therefore, we studied a large, independent cohort of multiethnic populations through our international
collaborative activity.

Methods:

Depending on ther GES scores, patients are stratified mto low risk (<6/12.5), intermediate risk (>6-7.5/12.5), and high risk
(>7.5/12.5) for HCC. A total of 12038 patients with chronic HCV were analyzed in this study, of whom 11202 were recruited from 54
centers in France, Japan, India, the U.S., and Spain, and the remamning 836 were selected from the Gilead-sponsored randomized

controlled trial conducted across the U.S., Europe, Canada, and Australia. Descriptive statistics and log-rank tests. The performance of
the GES score was evaluated using Harrell’'s C-index (HCI).

Results:

The GES score proved successful at stratifying all patients into 3 risk groups, namely low-risk, intermediate-risk, and high-risk. It
also displayed significant predictive value for HCC development in all participants (P< 0.0001), with HCI ranging from 0.55 to 0.76
among all cohorts after adjusting for HCV genotypes and patient ethnicities.

Conclusion:

The GES score can be used to stratify HCV patients into 3 categories of risk for HCC, namely low-risk, intermediate-risk, and
high-risk, irrespective of their ethnicities or HCV genotypes. This international multicenter validation may allow the use of GES score

in individualized HCC risk-based surveillance programs.



Word count: 250

Summary Box:

What is already known about this subject?

Many HCC prediction models have been recently proposed for HCC risk stratification which is vital for HCC surveillance
programs. These scores either rely on readily available clinical and laboratory parameters or depend on molecular and genetic factors

or complicated mathematical methods. Almost all these scores have not been validated neither outside the country of origin nor in all

HCYV genotypes. Hence, thier use for HCC risk stratification cannot be generalized.
What are the new findings?

Using readily available clinical and laboratory parameters (Age, Sex, S. albumin, S. AFP and fibrosis stage) we developed HCC risk
prediction score (GES) which was internally and externally validated mn HCV genotype 4 only. Herein, GES score has been validated
m 12038 CHC patients with all HCV genotypes from 5 countries in 54 centers in addition to a randomized clnical trial in diverse
countries. Log-rank test demonstrated highly significant predictive value of GES score in the overall validation cohorts (P< 0.0001)
with Harrell’'s C ranging from 0.55 to 0.76 among all cohorts after adjusting for HCV genotypes and patient ethnicities.

How might it impact on clinical practice in the foreseeable future?

This international multicenter validation may pave the way for using the GES score in individualized HCC risk-based surveillance
programs. This simple score can be used to stratify HCV patients nto low, intermediate, and high-risk groups, iwrrespective of their
ethnicities or HCV genotypes.



Introduction:

It is estimated that 70 million people are infected with chronic hepatitis C virus (HCV), which remains a major cause of
cirrhosis and hepatocellular carcnoma (HCC) worldwide [1]. The availabilty of highly effective, well-tolerated direct-acting
antivirals (DAAs) has allowed for increased HCV testing and improved access to HCV care and treatment. Eradication of HCV by
antiviral therapy reduces but does not eliminate the risk of HCC. In particular, patients with liver cirrhosis (stage F4) and advanced
fibrosis (stage F3) have a substantial residual risk of HCC that remains after viral eradication [2,3].

Current guidelines recommend biannual screening of patients with cirrhosis for HCC by using ultrasound with or without
alpha-fetoprotein  (AFP) measurement [4,5]. These recommendations have been validated by data suggesting improved survival,
higher rates of early tumor detection, and curative treatments among patients screened for HCC [4]. However, the “one-size-fits-all”
strategy increases the burden on the health care system—particularly n low- to middle-income countries, where there is a high
prevalence of HCV infection; moreover, a limited number of patients with cirrhosis undergo surveillance consistent with the
guidelines, emphasizing the urgent unmet clinical need to develop a better prediction model to guide recommendations regarding HCC

surveillance among patients with advanced fibrosis who have sustained virological response (SVR) [5].

Recently, there has been a growing interest in the use of HCC prediction scores as an important prognostic tool to enable
mdividualized surveillance for HCC. Several HCC prediction scores have been proposed in the last 5 years, with some relymg on
molecular and genetic risk factors [6-8] or complicated mathematical methods [9] and others depending on readily available clinical
and laboratory parameters [10-11]. However, most of these scores are either too expensive or have not been validated outside the

country of orign.

We have recently developed a predictive model called General Evaluation Score (GES) as a simple tool for HCC risk
stratification in patients with chronic HCV who achieved SVR following treatment with DAAs [12]. This score, which incorporates
readily available clinical and laboratory parameters (including albumin and AFP levels, stage of liver fibrosis plus age, and gender),



could successfully stratify HCV patients into 3 different categories of risk for HCC with a rational predictive ability (log-rank, P<
0.001; Harrell’s C-index, 0.801). However, our previous results were restricted to patients with HCV genotype 4 only.

In a previous study, Bergna et al. externally validated the GES score in a single-center cohort of European cirrhotic patients
(mostly with HCV genotype 1) in Italy and reported that the score was able to stratify 577 patients into low-risk (n = 188, 32.5 %),
mtermediate-risk (n = 243, 42.1%), and high-risk (n = 146, 25.3%) groups, with the 5-year cumulative incidence of HCC being 4.7%,
10%, and 13.8%, respectively (log-rank, P = 0.01); nevertheless, they did not present Harrel’s C-index [13,14]. Very recently, a
Japanese study examining 689 patients with chronic HCV (the FLAG cohort) over an observation period of 35.25 + 13.24 (range, 0—
55) months validated the GES score, demonstrating successful use of this score for stratifying their patients into 3 risk groups with
significant log-rank test results (P < 0.001) and a Harrell’s C-index of 0.6919.

Here, we aimed to evaluate the performance and clinical utility of the GES score as a tool for HCC risk stratification in a large,

ndependent cohort of patients with different ethnicities and various HCV genotypes from multiple centers through our international

collaborative activity.

Patients and methods:



Cohorts

This study was conducted in 5 countries (ie., France, Japan, India, the U.S., and Spain) and included cohorts from 54 centers.
Patients were also recruited from the Gilead-sponsored randomized controlled trial (RCT) conducted across the U.S., Europe, Canada,

and Australia.

Patients were included if they met the following criteria: age>18 years, infection with HCV, treatment with DAAs, and no history
of or current HCC. Patients with either hepatitis B virus or human immunodeficiency virus coinfection as well as those with a
previous history of interferon therapy, liver transplantation, renal impairment, or other malignancies were excluded. All participants

underwent a course of treatment with one of several DAAs for chronic HCV infection according to local guidelines.

This study was conducted in accordance with the principles of the Declaration of Helsinki and its amendments in 2008. The
protocol was approved by the Institutional Research Board of each participating center, as per local regulations. The need to obtain

informed consent from the participants was waived due to the retrospective nature of the study.

Patient evaluation

Clinical and laboratory data were collected at 6-month intervals, from the initiation of antiviral treatment until the last visit,
according to the treatment protocol. All patients underwent virological, hematological, and biochemical laboratory testing, abdominal
ultrasound examination, and triphasic multislice spiral computed tomography (CT) if indicated. The follow-up duration was calculated
as the time between treatment termmnation and the last follow-up session or the date of event development (HCC occurrence),

whichever occurred first.

Biochemical parameters included alanine amnotransferase, aspartate aminotransferase, prothrombin time, mternational

normalized ratio, total bilirubin, albumin, platelets, and AFP.



HCC diagnosis

The diagnosis of HCC was made in accordance with the European Association for the Study of the Liver and American
Association for the Study of Liver Diseases guidelines. Multiphase CT or magnetic resonance imaging (MRI) was performed if the
patients had any focal hepatic lesions diagnosed by abdominal ultrasound and/or AFP values >20 ng/mL, with the hallmark diagnostic
features of HCC being arterial enhancement and early washout in the delayed phase.

Statistical analysis

Statistical analyses were performed using SPSS version 26 (IBM Corp., USA). Continuous variables were reported as median
(interquartile range). Categorical variables were expressed as frequency (percentage). Cox regression analysis, and log-rank test were

used to evaluate the effect of the GES score on the cumulative hazard of HCC.
The performance ofthe GES score was evaluated using:

Overall performance by Brier score. The lower the Brier score is for a set of predictions, the better the predictions are calibrated.
[15]

Discrimmnation by Harrell’s C-statistic. A rough rule for interpretation is that values above 0.80 indicate very good models;
between 0.70 and 0.80, good models; and between 0.50 and 0.70, fair models [16]

Calibration using Hosmer-Lemeshow test. The output returns a chi-square value (a Hosmer-Lemeshow chi-squared) and a p-value.
Small p-values mean that the model is a poor fit. Small p-values (usually under 5%) mean that model is not a good fit [17]
Evaluating the performance of the risk stratification as a screening procedure against HCC development as the gold standard. Using
the risk stratification results, patients are classified mto risky group (intermediate and high risk score) and less-risky group (low
risk score) and then performance statistics (sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)

and accuracy) are calculated.



Statistical analysis of all data was carried out at ELRIAH, except for the French (HEPATHER) and Gilead RCT cohorts, whose

data were analyzed in-house due to internal regulations preventing original data transfer.



Results:

The present study included a total of 12038 HCV patients, of whom 11202 were enrolled from 54 centers in France, Japan, India,
the U.S., and Spain, and the remaining 836 were selected from the Gilead-sponsored RCT conducted across the U.S., Europe, Canada,
and Australia. Cases with incomplete data were removed from the analysis. The observation period ranged from 0 month to 76 months

(Table 1).

France cohorts

These cohorts included 7752 patients from 32 centers. The patients had a median age of 56.2 (50.4-64.3) years, and 54.0% were
male. The most common HCV genotype was genotype 1 (62.2%), followed by genotype 3 (11.8%) and genotype 4 (11.8%). Patients
with chronic HCV were classified under FO, F1, and F2 (n= 3291), F3 (n= 1097), and F4 (n= 2840). The observation period was
31.85+£16.26 (range, 19—45) months after the end of DAA therapy (Table 1 and supplement table).

Based on the GES score, 5098 (65.76%), 1884 (24.30%), and 770 (9.93%) of the studied patients were found to be at low,
mtermediate, and high risk for HCC, respectively. In total, 227 cases of HCC were observed during the study period, of which 37
occurred in the low-risk group (37/5098, 0.73%), 91 in the intermediate-risk group (91/1884, 4.83%), and 99 in the high-risk group
(99/770, 12.86%).

The 5-year cumulative incidence of HCC was 1.23% in the low-risk group with a 95% confidence interval (CI) of 0.84%—1.75%,
7.95% (95% CI, 6.19%-9.98%) in the intermediate-risk group, and 17.69% (95% CI, 14.25%21.45%) in the high-risk group.
Analysis of the cumulative incidence of HCC showed a highly significant difference between the 3 risk groups (P< 0.0001; Fig. 1-A).
Harrell’s C-statistic for this external validation group was 0.7688. The area under the receiver operating characteristic curve was 0.74

at 36 months and 0.72 at 48 months after the end of DAA treatment.

Japan cohorts



These cohorts consisted of 2331 patients from 12 centers. The median age was 71.0 (63.0—77.0) years, and males represented
44.4% of all patients. The study included 1003 (43.0%) cirrhotic patients, who were followed up for 29.0+14.39 months (Table 1 and
supplement table).

According to the GES score, 1430 (61.3%), 443 (19.0%), and 458 (19.6%) of the studied patients turned out to be at low,
mtermediate, and high risk for HCC, respectively. As shown in Table 2, HCC developed in 212 patients during the study period, of
whom 87 belonged to the low-risk group (87/1430, 6.1%), 49 to the mtermediate-risk group (49/443, 11.1%), and 76 to the high-risk
group (76/458, 16.6%).

The cumulative incidence of HCC at 3 years from EOT was 2.31% in the low-risk group, 4.08% in the intermediate-risk group,
and 6.68% m the high-risk group (Table 2). Analysis of the cumulative incidence of HCC revealed a significant difference between
the 3 risk groups (P<0.001). Harrell’'s C-statistic for this cohort was 0.622. Brier score was 0.247 and Hosmer-Lemeshow test p-value
was 0.582 (Fig. 1-B). NPV comparing risky patients with less risky was 93.9% (95% CI = 92.6-95.0).

Gilead cohort

This cohort was comprised of 836 patients from different medical centers included n an RCT conducted by Gilead. Of these
patients, 592 (70.8%) were from the U.S. and 244 (29.2%) were non-Americans. The most frequently observed HCV genotype was
genotype 1 (68.9%), followed by genotype 3 (21.5%) and genotype 4 (4.2%). Chronic HCV was diagnosed as F3 in 271 patients and
as F4 m 565 patients. The observation period was 46.9+13.28 (range, 10.9-78.5) months after the end of DAA treatment (Table 1 and
supplement table).

The GES score identified 374 (44.7%) of patients as low-risk, 384 (45.9%) as mtermediate-risk, and 78 (9.3%) as high-risk (Table
2).

During the study period, HCC occurred n 54 cases (excluding patients with follow-up periods less than 6 months and those with
HCC before study enroliment) as follows: 23 cases (6.1%) in the low-risk group, 20 cases (5.2%) in the mtermediate-risk group, and
11 cases (14.1%) i the high-risk group (Table 1).



The 3-year cumulative incidence of HCC was 7.46% (95% CI, 4.93%—11.2%) in the low-risk group, 5.88% (95% CI, 3.82%—
9.0%) i the mntermediate-risk group, and 19.61% (95% CI, 11.14%-33.21%) in the high-risk group. Analysis of the cumulative
incidence of HCC displayed a significant difference between the 3 risk groups (P = 0.0055; Fig. 1-B). Harrell’s C-statistic for this
external validation group was 0.55 (Table 2 and Fig. 1-C).

India cohorts

This cohort was composed of 662 patients from the Institute of Liver and Biliary Science, who had a median age of 50.0 (42.0—
59.0) years and were predommantly male (67.5%). The study contained 574 (86.7%) cirrhotic patients (Table 1), who were followed
up for 30.7+14.7 months (Table 1 and supplement table).

According to the GES score, 227 (34.3%), 62 (9.4%), and 373 (56.36%) of the studied patients were at low, intermediate, and
high risk for HCC. During the study period, 9 patients in the low-risk group (9/227, 4.0%), 5 patients in the intermediate-risk group
(5/62, 8.1%), and 59 patients in the high-risk group (59/373, 15.8%) developed HCC (Table 2).

The cumulative incidence of HCC at 5 years from EOT was found to be 1.50% in the low-risk group, 3.06% in the ntermediate-
risk group, and 6.35% in the high-risk group (Table 2). Analysis of the cumulative incidence of HCC indicated a significant difference
between the 3 risk groups (P<0.001). Harrell’s C-statistic for this cohort was 0.643. Brier score was 0.328 and Hosmer-Lemeshow test
p-value was 0.278 (Fig. 1-D). NPV comparing risky patients with less risky was 96.0% (95% CI = 92.6-97.9).

USA cohort

This cohort encompassed 276 patients from MD Anderson Cancer Center-Baylor college of Medicine. The median age was 63.0
(59.0-68.0) years, and males accounted for 59.1% of all participants. The study included 162 (58.7%) cirrhotic patients that were
followed up for 33.9 £ 16.0 months (Table 1 and supplement table).

The GES score stratified patients nto low-risk (148, 53.6%), intermediate-risk (49, 17.8%), and high-risk (79, 28.6%) groups in
terms of the risk for HCC. During the study period, 3 low-risk (3/148, 2.0%), 2 intermediate-risk (2/49, 4.1%), and 9 high-risk (9/79,
11.4%) patients developed HCC (Table 2).



The cumulative incidence of HCC after 5 years from EOT was 1.07% in the low-risk group, 0.91% m the intermediate-risk group,
and 5.17% in the high-risk group (Table 2). Analysis of the cumulative incidence of HCC suggested a significant difference between
the 3 risk groups (P=0.046). Harrell’s C-statistic for this cohort was 0.666. Brier score was 0.301 and Hosmer-Lemeshow test p-value
was 0.736 (Fig. 1-E). NPV comparing risky patients with less risky was 98.0% (95% CI =94.2-99.3).

Spain cohorts

This cohort included 181 patients from 8 medical centers. They had a median age of 63.7 (56.5-71.1) years, and 53.0% were
male. In this study, 125 (69.1%) cirrhotic patients were followed up for 45.5+7.6 months (Table 1 and supplement table).

Of the studied patients, 102 (56.4%), 62 (34.3%), and 17 (9.4%) had low, mtermediate, and high GES scores, respectively. As
presented in Table 2, HCC developed n 6 cases during the study period—ie., 2 i the low-risk group (2/102, 2.0%), 3 in the
mtermediate-risk group (3/62, 4.8%), and 1 in the high-risk group (1/17, 5.9%).

The cumulative incidence rates of HCC after 4 years from EOT were 0.51%, 1.14%, and 1.56% for the low-risk, intermediate-
risk, and high-risk groups, respectively (Table 2). Analysis of the cumulative incidence of HCC demonstrated no significant difference
between the 3 risk groups (P=0.509). Harrell’s C-statistic for this cohort was 0.615. Brier score was 0.240 and Hosmer-Lemeshow test
p-value was 0.672 (Fig. 1-F). NPV comparing risky patients with less risky was 98.0% (95% CI=93.1-99.5).



Discussion:

One of the hallmarks of validating the clinical utility of an HCC risk stratification score is to establish its generalizability to
populations that are different from the original model derivation cohort. Compared with our previous single-center study of 4400
patients (derivation cohort) that introduced the GES score, this work represents one of the largest, multicenter, external validation
studies of this HCC risk stratification score, where a total of 12038 HCV patients with different clinical characteristics, ethnicities, and

HCV genotypes were recruited from the Gilead RCT cohort and 54 centers across diverse countries.

Notably, despite significant differences in patient characteristics between the derivation and validation cohorts, the GES score
mamtained very good accuracy in predicting the risk of HCC development after DAA therapy. Log-rank test results demonstrated that
the GES score had significant predictive value for HCC development in the overall validation cohorts (P< 0.0001), which is consistent

with the origmal cohort.

The GES score proved successful at stratifying all patients into low-, intermediate-, and high-risk groups. Specifically, the
GES score identified most of the patients as being at low risk for HCC (34.3%—65.7%) with a very low Cumulative incidence (1.07—
1.23) at 5 years, suggesting that these patients could either have a longer follow-up period or be safely excluded from the surveillance
program to avoid the potential harms of screening and subsequent unnecessary confirmatory imaging (CT/MRI) [18,19]. On the other
hand, some patients (9.4%-56.3%) were categorized under the high-risk group with a high cumulative incidence (1.56-19.6) at 5
years, which necessitates more intense surveillance to establish the diagnosis of HCC at early stages. Curative treatment is possible in

many HCC patients with BCLC stages 0 and A, which could ultimately increase their survival [20,21].

The best performance of the GES score was observed in the French cohort, consisting of 7752 patients with different
ethnicities from 32 centers in North Africa (12.9%), Sub-Saharan Africa (5.2%), Asia (2.1%), and Europe (74.9%). Almost all HCV
genotypes were detected in this cohort, with the most frequent one being genotype 1 (66.7%). The GES score stratified the
HEPATHER cohort mto low-risk (65.7%), mtermediate-risk (24.3%), and high-risk groups (9.93%). Interestingly, the 5-year
cumulative incidence of HCC was 1.23% (very low) in the low-risk group, 7.95% in the intermediate-risk group, and 17.69% i the
high-risk group, with highly significant log-rank test results (P<0.0001; Fig. 1). Harrell’s C-statistic for this cohort was very good



(0.7688). Remarkably, these results are almost the same as those of the original study, despite considerable difference in patients’
characteristics, ethnicities, and HCV genotypes.

About 65% of the HEPATHER cohort were considered at low risk for HCC with a very low 5-year cumulative incidence
(1.23%), mmplying that they could be either followed up at a longer period or safely excluded from the surveillance program. By
contrast, more intense screening should be directed to the high-risk group because of having a high Syear cumulative incidence rate
(17.6%) i only 9.9% of the patients. The intermediate-risk group with a relatively high 5-year cumulative incidence rate (7.9%),
which constituted 25% of the patients, may need to continue screening according to the current guidelines. This obvious applicability
of the GES score for HCC risk stratification not only highlights its clinical utlity in real-life cohorts with different clinical
characteristics, ethnicities, and HCV genotypes, but also may add to its cost-effectiveness. A similar pattern was also noted in the
Japanese, American, and Spanish cohorts. However, in the Indian cohort, a different pattern was noticed, that is, 56.3% of the patients
were stratified into the high-risk group. This could be explained by the different clinical characteristics in that cohort compared with
others, as the Indian cohort had the highest percentages of both cirrhosis (86.7%) and male gender (67.5%). Furthermore, 65.0% of the
patients had HCV genotype 3, which is known to be associated with a higher incidence of HCC in patients with CHC and cirrhosis
[22,23].

We previously compared the performance of different HCC risk prediction scores that were developed to guide HCC risk
stratification and identify CHC patients who either need mntensified surveillance or may not require screening [24]. Scores were
evaluated in 3075 CHC patients who achieved SVR following DAAs. ADRES [25], GES (pre- and post-treatment) [12], GES
algorithm [26] and Watanabe (post-treatment) scores [27] offered acceptable HCC-risk predictability and clinical utility m CHC

patients.

Our study had several limitations. First, the performance of the GES score in the Gilead cohort was not optimal; in other
words, although the GES score was able to stratify patients into low-risk (44.7%), intermediate-risk (45.9%), and high-risk (9.3%)
groups with 3-year cumulative incidence rates of 7.46%, 5.88%, and 19.61%, respectively (P<0.005), the cumulative hazard of HCC
in the low-risk group was higher than that n the mtermediate-risk group. Moreover, Harrell’'s C-statistic was only 0.55, which is the



lowest among all cohorts. Second, analysis of the cumulative incidence of HCC for the Spanish Cohort showed no significant
difference between the 3 risk groups (P=0.509), which could probably be attributed to the small sample size (n= 181) and the very
small number of events (n=6) in this cohort. Third, the dynamics of the GES score after achieving SVR were not reported. These
dynamic changes could be more important than the baseline calculation [26,28]. Fmally, the GES score was limited to only HCV
patients, so further work is needed to validate the GES score in HCC of different etiologies.

Our current analysis, which revealed far greater accuracy and generalizability of GES in determining HCC risk after DAA
therapy mn a real-world context, provides a strong rationale for the widespread routine use of this score for clinical outcome prediction
as well as in clinical research. This finding suggests that the GES score can be incorporated in an individualized HCC risk-based
surveillance strategy, where patients stratified as low-risk may have a longer follow-up period or even be omitted from the

surveillance program; conversely, those stratified as high-risk may undergo intensified surveillance.

In conclusion, the present validation study of the GES score represents one of the largest, multicenter, external validation
studies to date of an HCC risk score in a real-world context involving international patients. The GES score, which is able to
mcorporate 5 well-established and easy-to-implement clinical risk factors for HCC, was used herein. The derivation and external
validation cohorts revealed good discrimination and calibration for both the overall GES risk model and the identification of at-risk
patient groups, which could mprove the assessment of at-risk HCV patients by avoiding unnecessary harm from the overuse of

surveillance procedures in the low-risk population. Yet, additional prospective management studies together with economic

evaluations and cost-effectiveness analyses of the GES score remain paramount.

Data availability statement:

GS & NM had full access to all the data in the study and takes responsibility for the integrity and accuracy of the data analysis. Data
is available upon request.
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Figure legends:

Fig. 1: Cumulative hazard (%) of HCC i patients with HCV after the end of DAA therapy, shown by curves comparing different risk

groups
Table (1): Baseline characteristics of the studied cohorts
France Japan GILEAD India USA Spain
No. of Centers 32 12 RCT 1 1 8
All patients 7752 2331 836 662 276 181
Age 562 (50.4-643) | 71.0 (63.0-77.0) | 60.0 (56.0-64.0) | 50.0 (42.0-59.0) | 63.0 (59.0-68.0) | 63.7 (56.5-71.1)
Gender
- Male 4185 (54.0%) 1036 (44.4%) 642 (76.8%) 447 (67.5%) 163 (59.1%) 96 (53.0%)
- Female 3567 (46.0%) 1295 (55.6%) 194 (23.2%) 215 (32.5%) 113 (40.9%) 85 (47.0%)
HCV genotypes
- Genotype 1 4818 (66.7%) 576 (72.3%) 573 (68.9%) 217 (32.8%) 226 (81.8%)
- Genotype 2 420 (5.8%) 21 (27.7%) 43 (5.2%) 5 (0.8%) 21 (7.6%)
- Genotype 3 918 (12.7%) 0 (0.0%) 179 (21.5%) 430 (65.0%) 25 (9.05%)
- Genotype 4 918 (12.7%) 0 (0.0%) 35 (4.2%) 8 (1.2%) 3 (1.08%)
- Genotypes 5, 6, and 7 153 (2.1%) 0 (0.0%) 2 (0.2%) 2 (0.3%) 1 (0.36%)
- Unknown 525 1534 4 0 0
AFP (ng/mL) 50 (3.0.9.0) |5.70 (3.00-12.60) |  4.5(3.2-6.3) 43 (3.2-5.09) 73 (3.8-142) 43 (4.0-4.5)
Albumin (g/dL) 42 (3.9-44) | 400 (3.70-430) | 4.4(4.04.6) 29 24 34) 39 3.54.0) 6.1 (3.5-10.8)
Fibrosis stage
- Non-cirthotic 4912 (63.4%) 1328 (57.0%) 271 (32.4%) 88 (13.3%) 114 (41.3%) 56 (30.9%)
- Cirthotic 2840 (36.6%) 1003 (43.0%) 565 (67.6%) 574 (86.7%) 162 (58.7%) 125 (69.1%)
HCV, hepatitis C virus; APF, alpha-fetoprotein.
Table (2): External evaluation of the GES score in different cohorts
France Japan GILEAD India USA Spain
All patients 7752 2331 836 662 276 181
Follow-up period, month 31.85 + 16.26 29.02 + 14.39 469 + 13.28 30.69 + 14.69 3391 + 1597 455 £ 7.6
(range) (19-45) (0-76) (10.9-78.5) (0-64) (0-62) (7-51)




HCC cases

227

212

54

73

14

GES risk groups

- Low 5098 (65.76%) 1430 (61.3%) 374 (44.7%) 227 (34.3%) 148 (53.6%) 102 (56.4%)

- Intermediate 1884 (24.30%) 443 (19.0%) 384 (45.9%) 62 (9.4%) 49 (17.8%) 62 (34.3%)

- High 770 (9.93%) 458 (19.6%) 78 (9.3%) 373 (56.3%) 79 (28.6%) 17 (9.4%)
HCC in the 3 risk groups

- Low 37/5098 (0.73%) 87/1430 (6.1%) 23/374 (6.1%) 9/227 (4.0%) 3/148 (2.0%) 2/102 (2.0%)

- Intermediate 91/1884 (4.83%) 49/443 (11.1%) 20/384 (5.2%) 5/62 (8.1%) 2/49 (4.1%) 3/62 (4.8%)

- High 99/770 (12.86%) 76/458 (16.6%) 11/78 (14.1%) 59/373 (15.8) 9/79 (11.4%) 1/17 (5.9%)
Cumulative Incidence, %

- Low 1.23 (5 years) 2.31 (3 years) 7.46 (3 years) 1.50 (5 years) 1.07 (5 years) 0.51 (4 years)

- Intermediate 7.95 (5 years) 4.08 (3 years) 5.88 (3 years) 3.06 (5 years) 0.91 (5 years) 1.14 (4 years)

- High 17.69 (5 years) 6.68 (3 years) 19.61 (3 years) 6.35 (5 years) 5.17 (5 years) 1.56 (4 years)
Log-rank test <0.0001 <0.001 0.0055 <0.001 0.046 0.509
Harrell’s C-statistic 0.7688 0.622 0.55 0.643 0.666 0.615
Brier score 0.027 0.247 NA 0.328 0.301 0.240
Hosmer-Lemeshow test NA 0.582 NA 0.278 0.736 0.672
Performance statistics®

. Sensitivity 83.7 (78.9-88.5) 59.0 (52.2-695.4) 87.7 (78.2-93.4) 78.6 (52.4-92.4) 66.7 (30.0-90.3)

. Specificity 67.3 (66.2-68.3) 63.4 (61.3-65.4) A 37.0 (33.2-41.0) 55.3 (49.3-61.2) 57.1 (49.7-64.2)

_ PPV NA 13.9 (11.8-16.3) N 17.7 (11.7-18.4) 8.6 (4.9-14.7) 5.1 (2.0-12.3)

_ NPV NA 93.9 (92.6-95.0) 96.0 (92.6-97.9) 98.0 (94.2-99.3) 98.0 (93.1-99.5)

- Accuracy 67.7 (66.7-68.8) 63.0 (61.0-64.9) 42.6 (38.9-46.4) 56.5 (50.6-62.24) 57.5 (50.2-64.4)

# Comparing risky patients (high + mtermediate risk groups) with less risky patients (low risk group)
GES, predictive model; HCC, hepatocellular carcinoma.
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