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Graphical abstract

ANRS CO22 Hepather cohort a prospective study
in adult patients with chronic HCV infection
enrolled from 32 expert hepatology centers 

in France.
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1,026 with baseline cirrhosis
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Among 3,755 patients with low-risk LCR1-LCR2,
(prevalence of 76.6%), only 24 cancers occurred at
5 years vs. 113 out of 1,148 with high-risk LCR1-
LCR2, that is a NPV of 99.4% (95% CI 99.1-99.6)
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LCR1-LCR2 could help clinician to reassure 76% of
patients with chronic hepatitis C for several years

when it remains low and to discuss the surveillance
in the others.
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Highlights Lay summary

� HCC is the fourth leading cause of cancer-related death

worldwide and the fastest growing cause of cancer
deaths in the USA.

� The American Association for the Study of Liver Diseases
recommends surveillance every 6 months only in pa-
tients with cirrhosis.

� The LCR1-LCR2 algorithm is a multianalyte blood test
combining proteins involved in cell repair, fibrosis and
liver cancer.

� The LCR1-LCR2 algorithm was able to identify patients
with chronic HCV at very low risk of HCC at 5 years.

� This algorithm could help clinicians to reassure a per-
centage of patients with chronic HCV that their risk of
developing HCC remains low.
https://doi.org/10.1016/j.jhepr.2021.100298
Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer-related death worldwide and the
fastest growing cause of cancer death in many coun-
tries. We constructed and internally validated a new
multianalyte blood test to assess this Liver Cancer Risk
(LCR1-LCR2). This study confirmed the performance of
LCR1-LCR2 in patients with chronic HCV in the na-
tional French cohort Hepather, and its ability to
identify patients at a very low risk of HCC at 5 years.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2021.100298&domain=pdf


Research article
External validation of LCR1-LCR2, a multivariable HCC risk
calculator, in patients with chronic HCV
Thierry Poynard,1,2,* Jean Marc Lacombe,3 Olivier Deckmyn,4 Valentina Peta,2,4 Sepideh Akhavan,1

Victor de Ledinghen,5 Fabien Zoulim,6 Didier Samuel,7,8 Philippe Mathurin,9 Vlad Ratziu,1,2 Dominique Thabut,1,2

Chantal Housset,2 Hélène Fontaine,10 Stanislas Pol,10 Fabrice Carrat 3, for the HECAM consortium and the ANRS
CO22 Hepather cohortq

1Assistance Publique-Hôpitaux de Paris (AP-HP), Department of Hepato-Gastroenterology, Pitié-Salpêtrière Hospital, Paris, France; 2Sorbonne Université,
INSERM, Centre de Recherche Saint-Antoine (CRSA), Institute of Cardiometabolism and Nutrition (ICAN), Paris, France; 3Sorbonne Université, INSERM,
Institut Pierre Louis d’Épidémiologie et de Santé Publique, Paris, France; 4BioPredictive, Paris, France; 5Hepatology Unit Hôpital Haut-Lévêque, Pessac, and
INSERM U1053, Université Bordeaux Segalen, Bordeaux, France; 6Hospices civils de Lyon, Hôpital Croix Rousse, Department of Hepatology, INSERM
U1052, Université de Lyon, Lyon, France; 7AP-HP, Hospital Paul Brousse, Hepatology Department, UMR-S1193, Villejuif, France; 8Université Paris-Saclay,
and Hepatinov, Villejuif, France; 9CHRU Claude Huriez, Hepatology Department Lille, France; 10Assistance Publique-Hôpitaux de Paris (AP-HP),
Department of Hepato-Gastroenterology, AP-HP, Hôpital Cochin, Hepatology Department, Paris, France
JHEP Reports 2021. https://doi.org/10.1016/j.jhepr.2021.100298

Background & Aims: The Liver Cancer Risk test algorithm (LCR1-LCR2) is a multianalyte blood test combining proteins
involved in liver cell repair (apolipoprotein-A1 and haptoglobin), known hepatocellular carcinoma (HCC) risk factors (sex, age,
and gamma-glutamyl transferase), a marker of fibrosis (alpha2-macroglobulin) and alpha-fetoprotein (AFP), a specific marker
of HCC. The aim was to externally validate the LCR1-LCR2 in patients with chronic HCV (CHC) treated or not with antivirals.
Methods: Pre-included patients were from the Hepather cohort, a multicentre prospective study in adult patients with CHC in
France. LCR1-LCR2 was assessed retrospectively in patients with the test components and AFP, available at baseline. The co-
primary study outcome was the negative predictive value (NPV) of LCR1-LCR2 for the occurrence of HCC at 5 years and for
survival without HCC according to the predetermined LCR1-LCR2 cut-offs. The cut-offs were adjusted for risk covariables and
for the response to HCV treatment, and were quantified using time-dependent proportional hazards models.
Results: In total, 4,903 patients, 1,026 (21.9%) with baseline cirrhosis, were included in the study. Patients were followed for a
median of 5.7 (IQR 4.2–11.3) years. A total of 3,788/4,903 (77.3%) patients had a sustained virological response. There were 137
cases of HCC at 5 years and 214 at the end of follow-up. HCC occurred at 5 years in 24/3,755 patients with low-risk LCR1-LCR2
compared with 113/1,148 patients with high-risk LCR1-LCR2. The NPV was 99.4% (95% CI 99.1–99.6). Similar findings (hazard
ratio, 10.8; 95% CI, 8.1–14.3; p <0.001) were obtained after adjustment for exposure to antivirals, age, sex, geographical origin,
HCV genotype 3, alcohol consumption, and type 2 diabetes mellitus.
Conclusions: The results showed that LCR1-LCR2 can be used to successfully identify patients with HCV at very low risk of
HCC at 5 years.
Lay summary: Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related death worldwide and the fastest
growing cause of cancer death in many countries. We constructed and internally validated a new multianalyte blood test to
assess this Liver Cancer Risk (LCR1-LCR2). This study confirmed the performance of LCR1-LCR2 in patients with chronic HCV
in the national French cohort Hepather, and its ability to identify patients at a very low risk of HCC at 5 years.
Clinical Trials registration: The study is registered at ClinicalTrials.gov (NCT01953458).
© 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Hepatocellular carcinoma (HCC) is the fourth leading cause of
cancer-related death worldwide and the fastest growing cause of
Keywords: Fibrosis progression; Cirrhosis; Multi-analyte blood test; LCR1-LCR2;
Surveillance; AFP; FibroTestTM; Liver Cancer Risk.
Received 10 February 2021; received in revised form 7 April 2021; accepted 12 April 2021;
available online 24 April 2021
q The lists of investigators in the HEPATHER cohort, and in the FibroFrance-Pitié
Salpêtrière cohort group (GHPS) appear in File S1.
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cancer death in the USA.1 The prognosis of HCC is poor except in
the subset of patients who are diagnosed at an early stage of
disease. The ongoing increase in the incidence of HCC shows the
importance of effective surveillance strategies, especially in
emerging at-risk cohorts, such as patients with chronic HCV
(CHC) and a sustained virological response (SVR).2–4

In western countries, Egypt, and Japan, the main cause of HCC
is HCV infection. Despite screening of baby-boomers,5,6 as well as
the efficacy of direct-acting antivirals (DAA) on necroin-
flammatory activity, the progression of fibrosis, and occurrence
of HCC,7–9 the effectiveness of surveillance remains a matter of
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debate.1,3,4 The American Association for the Study of Liver Dis-
eases only recommends surveillance every 6 months in patients
with cirrhosis, based on ultrasound with or without serum
alpha-fetoprotein (AFP), defined here as ‘standard surveillance’.2

The European Association for the Study of the Liver (EASL) rec-
ommends the same surveillance extended to the precirrhotic
stages of fibrosis (F3).10

Criticisms of surveillance include a small net benefit and
increased harm because of false-positive results.1,3,4 To increase
the sensitivity without decreasing the specificity of surveillance,
we recently constructed and internally validated the Liver Cancer
Risk test algorithm (LCR1-LCR2) in patients from the Groupe-
Hospitalier-Pitié-Salpêtrière in Paris, France (Assistance Publique
Hôpitaux de Paris, FibroFrance-GHPS cohort), referred to here as
the ‘Original Study’.11 LCR1 combines proteins involved in liver cell
repair (apolipoprotein A1 and haptoglobin), known risk factors
(sex, age, and gamma glutamyl transpeptidase) and a marker of
fibrosis (alpha2-macroglobulin), with a very high negative pre-
dictive value (NPV) for the occurrence of HCC.11 Among patients
with mixed causes of liver disease, the LCR1-LCR2 algorithm,
which included AFP, had a 99.5% (99.0–99.7%) NPV at 5 years.
LCR1-LCR2 has also been externally validated in a case-control
studyof 149patients prospectivelyenrolled in theBondyCohort.12

The aim of the present study was to externally validate LCR1-
LCR2 with the previously identified cut-offs of the Original Study,
in a sustainability analysis of patients with CHC, prospectively
included in the large Hepather cohort, regardless of the stage of
fibrosis at inclusion.7
Patients and methods
Study design and participants
The ANRS CO22 Hepather cohort is a French national, multi-
centre, prospective, observational cohort study of patients with
active or inactive HBV or past or present HCV infection, which
started in August 2012.6 Here, adult patients with HCH infection
were recruited consecutively during a medical visit at 1 of 32
expert hepatology centres in France. Patients with chronic HBV, a
history of decompensated cirrhosis or liver transplantation, and
patients who were treated with interferon-ribavirin with or
without first-generation protease inhibitors were excluded. The
main exclusion criteria were HIV co-infection and ongoing
treatment for HCV infection at inclusion.

Written informed consent was obtained from each patient
before enrolment. The protocol was performed in accordance
with the Declaration of Helsinki and French law for biomedical
research and was approved by the Comité-Protection-Personnes-
Ile de France ethics committee (Paris, France) and the French
Regulatory Authority (ANSM). The Hepather cohort has been
previously described elsewhere.7

In the current post hoc analysis, we selected all patients with
CHC infection at entry and with a reliable measurement of
fibrosis using the FibroTestTM (BioPredictive, Paris, France), a
validated biomarker of the stages of fibrosis before inclusion. The
population of interest purposely included consecutive patients,
treated, not treated, SVR and not SVR, to validate the biomarkers
in these different subsets, as performed in the Original Study.

It was possible to assess the LCR1 value from the FibroTestTM

components, thus identifying patients without cirrhosis but with
a high risk of HCC, defined by the predetermined cut-off >−0.0154.
Despite the absence of cirrhosis, all of these at-risk patients as
well as patients with cirrhosis defined by a FibroTestTM >0.74
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who were already known to be at risk of HCC,1 were included if
AFP was also available to assess LCR2.11 To perform and preserve
the independence of an external validation, the patients of the
Hepather cohort followed at the Pitié-Salpêtrière expert centre,
where the LCR1-LCR2 was constructed and internally validated,
were not included. This was an ambispective study,13 because
patients were included prospectively, but if patients were
missing components of LCR1-LCR2, those data were assessed
retrospectively either when a frozen serum sample was available
at inclusion or using the components of the previously per-
formed routine FibroTestTM.

Procedures
Blood and urine samples were obtained and stored in a cen-
tralised biobank (Cell & Co Biorepository, Pont du Château,
France). Detailed demographic, clinical, and biological data were
obtained during the inclusion visit using an electronic case-
report form. Follow-up included systematic visits annually and
spontaneous reports for particular events, which were recorded
on specific data forms.7

This study was observational, and decisions about treatment
combination, treatment timing, and screening for the progres-
sion of fibrosis were made by the clinician, according to French
national recommendations, based on EASL guidelines.10

The stages of fibrosis were assessed by the FibroTestTM

(F0–F4) and activity grades (A0–A3) by the ActiTestTM according
to the manufacturer’s instructions using the equivalence with
the histological METAVIR scoring system, and standard validated
cut-offs and reliability criteria.14–17 The FibroTestTM is approved
by European guidelines and by the French national healthcare
system for the surveillance of CHC. Several expert centres
routinely perform these tests. For the remaining patients,
FibroTestTM was measured on the available centralised biobank,
independently from patient characteristics.

Outcomes
The co-primary study outcome was the NPV of LCR1-LCR2 at 5
years for the occurrence of HCC as well as survival without HCC
according to the predetermined LCR1-LCR2 cut-off, adjusted for
HCC risk variables and for the response to HCV treatment, quan-
tified using time-dependent Cox proportional hazards models.
This core analysis used the algorithm assuming that only patients
with cirrhosis (FibroTestTM >0.74), and patients without cirrhosis
(FibroTestTM <− 0.74) and high LCR1-LCR2would require screening.
The binary result of the LCR1-LCR2 algorithm, the risk of HCC, was
identified here as either a ‘low’ or ‘high’ risk. This study was
registered with ClinicalTrials.gov (NCT01953458). Data for inci-
dentHCC included the number of tumours at diagnosis, the largest
nodule size, total size, and diagnostic imaging procedures.

The secondary outcome was the prognostic performance of
LCR1-LCR2, using the same endpoints but adding patients with
severe fibrosis (METAVIR stage F3) defined as numerous septa.14

This analysis used the algorithm assuming that patients with
cirrhosis or severe fibrosis (FibroTestTM >0.58), and high LCR1-
LCR2 should be screened. This surveillance strategy, including
both stages F3 and F4, is recommended by the EASL10 and the
American Gastroenterological Association in patients before and
after DAA with a SVR,9 as well as in other published reviews.1

However, LCR1-LCR2 does not differentiate between F4 and F3.
Thus, we hypothesised that this strategy would decrease the
need for the AFP assessment as a result of the high NPV of LCR1
in the first step, regardless of the fibrosis stage.
2vol. 3 j 100298
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Six post hoc analyses of test performance were performed.
First, LCR1-LCR2 was compared with standard surveillance (the
reference) in patients with cirrhosis only and using AFP at the
standard 20 ng/ml cut-off.2 Second, LCR1-LCR2 performance was
assessed in patients aged 50 years or older, which could improve
the cost-effectiveness, as suggested in the Original Study.11 These
results were compared with standard surveillance in the same
age subset. Then, to evaluate the sustainability of the NPV over
time, we analysed the results at 10 years and during the entire
follow-up. We also assessed the impact of using a 90-day instead
of a 1-year exclusion period to prevent an ‘immortal person-
time’ bias.18 The exclusion of HCC diagnosed during the first year
and of a follow-up of less than 1 year was justified in the Original
Study to reduce the bias of the presence of contemporaneous
HCC when performing LCR1-LCR2. The fifth analysis evaluated
the subset of patients with and without SVR. The sixth analysis
compared the risk of HCC according to LCR1-LCR2 results to the
risk of HCC in the general population obtained from national
cancer registries, with standardisation for age and sex.19

In a final pooled analysis, we combined the present external
validation database with the updated Original Study to check the
overall NPV of LCR1-LCR2 with the best power.

Statistical analysis
A post hoc calculation was based on the results of the Original
Study of LCR1-LCR2 in CHC,11 which identified 45 cases of HCC in
the 3,390 patients without cirrhosis, and 88 in the 1,347 patients
11,870 patients with
and HIV negative at en

10,321 elig

4,903 patients in the 
validation study, wit
incl. 182 at 10 yr an

4,011 pts F0123, 72 HCC
(50 at 10 yr, 25 at 5 yr)

Fig. 1. Flow chart of participants in the study. Patients could have more than 1 r
Liver Cancer Risk.
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with cirrhosis. More than 100 events were considered to be an
appropriate sample size for external validation of a multivariate
prognostic model.20 These results suggested that at least 3,000
patients without cirrhosis and with CHC, and 800 with cirrhosis
were necessary for external validation of the model for use in the
same context (expert centres in France).

Survival time was calculated as the time between the first
assessment of LCR1-LCR2 and the date of the primary outcome,
the last follow-up visit, the date of death, or July 15, 2020,
whichever occurred first. HCCs that occurred within the first year
or after less than 1 year of follow-up were excluded from the
primary analysis.

We used a multivariate Cox proportional hazards model with
exposure to HCV treatment modelled as a time-varying covariate
in our main analysis. This analysis was adjusted for the baseline
values of all predictor variables previously identified as associ-
ated with the occurrence of HCC: age, sex, geographical origin
(France vs. other), HCV genotype 3, past excessive alcohol use,
arterial hypertension, diabetes, and response to HCV treatment.
The categorisation of continuous covariates was based on clini-
cally relevant thresholds determined a priori (all biological var-
iables) or quartile limits (age and time since HCV diagnosis). To
prevent an incorporation bias, the FibroTestTM, which defines the
stages of fibrosis, was not included in the HCC risk covariables.
All analyses were performed in duplicate, and the final decision
was made by 2 authors (F.C. and S.P.), independently from the
LCR1-LCR2 inventor team. LCR1-LCR2 values were assessed at
 HCV virus
try of the cohort

1,549 patients excluded: (*)
- 95 hepatitis B active co-infection
- 468 history of HCC
- 326 liver transplant recipient
- 1,345 of the first internal
  construction and validation
- 41 patients with follow-up <1 day

5,418 patients not included
- 4,559 with missing FibroTest
- 630 high LCR1 with missing
  LCR2 (no AFP)
- 459 with cirrhosis with missing
  LCR2 (no AFP)
- 124 patients with contemporary
  HCC (<1 yr) or follow-up <1 yr
- 8 patients with incoherence

ible

LCR1-LCR2 
h 214 HCC,
d 137 at 5 yr

892 pts F4, with 142 HCC
(132 at 10 yr, 112 at 5 yr)

eason for exclusion. AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; LCR,
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Table 1. Characteristics of Hepather patients included in the external vali-
dation of LCR1-LCR2 algorithm.

Characteristic Hepather
cohort

included
(n = 4,903)

Missing
data

HCC, n (%) 214 (4.4) 0
LCR1-LCR2 algorithm, n (%) 0

Low risk 3,755 (76.6)
High risk 1,148 (23.4)

Follow-up time, years, median (IQR) 5.8 (4.2–11.4) 0
Age at inclusion, years (IQR) 55.6

(49.0–64.4)
0

Age at FibroTestTM time, years (IQR) 52.6
(45.1–61.1)

0

Men, n (%) 2,412 (49.2) 0
Body mass index (kg/m2) 24.4

(21.9–27.4)
18

Smoker, n (%) 4
At inclusion 1,689 (34.5)
Previously 2,985 (61.0)

Geographical origin, n (%) 39
France or Eastern Europe 3,488 (71.7)
Asia 108 (2.2)
North Africa 427 (8.8)
Other (mostly Sub-Saharan) 841 (17.3)

Past excessive alcohol use, n (%) 1,225 (25.0) 0
Time since HCV infection, (IQR) 10.1 (3.3–16.6) 88
HCV contamination cause, n (%) 1,598

Drug usage 836 (25.3)
Transfusion 1,094 (33.1)
Other or unknown 1,375 (41.6)

HCV genotype, n (%) 24
1 3,300 (67.6)
2 332 (6.8)
3 547 (11.2)
4 583 (11.9)
5–7 117 (2.4)

Fibrosis at inclusion using Hepather criteria, n
(%)

210

F0 1,271 (27.1)
F1 1,055 (22.5)
F2 540 (11.5)

Research article
the first available date. Other characteristics were measured at
inclusion in the Hepather cohort.7

To better characterise the potential effect of a SVR in patients
exposed to antivirals compared with untreated patients, the
exposure period was divided into the pretreatment period (from
the start of follow-up to 3months after the last day of treatment in
treatedpatients or the endof follow-up inuntreatedpatients), and
the period with a measurable SVR status (from 3months after the
last day of DAA treatment to the end of follow-up), which were
regarded as time-dependent covariates in the Cox model.7 SVR
statuswas assessed after the first DAA treatment andwas updated
if a patient received several consecutive treatments after the first
analysis.7 Given that the goal of this study was to validate a pre-
dictive test for the incidence of HCC, only HCCs that occurred at
least 1 year after the LCR1-LCR2 assessmentwere considered to be
an incident HCC in the Original Study.11

The same methods were used for the post hoc analyses as
those used for the main endpoints. These methods were applied
to the subset of patients aged 50 years or older, at 10 years, and
at the end of follow-up, as well as using an exclusion period of 90
days instead of 1 year, and in patients with or without SVR. We
did not perform a cost-effectiveness analysis but did assess the
number of patients needed to screen (NNS) to identify 1 HCC. We
estimated the standardised incidence ratio (SIR) to assess
whether the risk of HCC in patients with a low LCR1-LCR2 was
similar to that in the general population.19,21 SIR results were
compared with the Chi-squared test.

Baseline characteristics were compared using the Mann–
Whitney test for quantitative variables or the Fisher’s exact test
for categorical variables. Kaplan–Meier curves were drawn to
compare survival without HCC. Incidence and 95% CIs were
estimated with an exact method based on the Poisson distribu-
tion. For the pooled analysis of the updated Original Study
cohort, which started in 1997, the SVR was not limited to DAA
treatments. Analyses were performed in duplicate, blind to
LCR1-LCR2 values, with SAS version 9.4. NCSS-12.0 and R soft-
ware, including timeROC library.
F3 801 (17.1)
F4 1,026 (21.9)

Fibrosis at first FibroTestTM assessment, n (%) 0
F0 (<−0.21) 1,605 (32.7)
F1 (>0.21) 1,098 (22.4)
F2 (0.48) 472 (9.6)
F3 (0.58) 836 (17.1)
F4 (0.74) 892 (18.2)

Alanine aminotransferase (IU/L) at inclusion
(IQR)

55 (36–90) 58

Type 2 diabetes mellitus, n (%) 506 (10.3) 0
Arterial hypertension, n (%) 1,313 (26.8) 1
Alpha-fetoprotein class (ng/ml), n (%) 728

<6 2,841 (68.0)
6 to <10 654 (15.7)
10 to <20 420 (10.1)
20 to <120 236 (5.6)
>120 24 (0.6)

HCV treatment, n (%) 396
With sustained virological response 3,405 (75.5)
Without sustained virological response 1,102 (24.5)

HCC, hepatocellular carcinoma; LCR, Liver Cancer Risk.
Results
Flow of participants through the study
Between August 6, 2012, and December 31, 2015, 11,870 anti-
HCV-positive patients with CHC infection at entry were
recruited to the ANRSCO22 Hepather cohort. A total of 10,321
were eligible for the core study on treatment impact and 4,903
remained for LCR1-LCR2 external validation (Fig. 1).7 The char-
acteristics of the included patients are presented in Table 1. A
total of 5,418 patients were not included in the present diag-
nostic study mainly because of missing FibroTestsTM (n = 4,559)
or missing LCR2 (n = 1,106). Compared with not-included pa-
tients, excluded patients had more risk factors associated with
HCC, including age, cirrhosis stage, genotype 3, past excessive
alcohol use, type 2 diabetes mellitus, and arterial hypertension,
but the geographical origins were similar (Table S1).

Primary outcomes
A total of 4,903 patients, 892 (18.2%) with baseline cirrhosis,
were included in the study. Seventy-seven percent of patients
had a SVR for a median of 5.7 (IQR 4.2–11.3) years, and 214
occurred at the end of follow-up. Only 24 cases of HCC occurred
at 5 years in the 3,755 patients with low-risk LCR1-LCR2, with a
prevalence of 76.6% (95% CI 75.4–77.8) and a NPV of 99.4% (95%
JHEP Reports 2021
CI 99.1–99.6) compared with 113 HCCs in 1157 patients with
high-risk LCR1-LCR2 (Fig. 2A). The diagnostic performances are
detailed in Table 2. The false negative rate was 17.5% (24/137; 95%
CI 11.6–24.9) and the NNS was 10.2 (Fig. 2B).
4vol. 3 j 100298
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Confidence limits

Number At Risk (Number of Events)
algo = LCR low
algo = LCR high

0 (158)16 (158)161 (143)546 (113)1,148 (0)
0 (56)243 (55)1,320 (39) 2,486 (24)3,755 (0)
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<0.0154
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n = 4,903 included
137 HCC

n = 1,554
LCR2

24 HCC false negative
11/165 cirrhosis
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Surveillance

n = 892
112 HCC

n = 4,011
25 HCC

LCR2

n = 1,810 no-cirrhosis
25 HCC

n = 2,201 no-cirrhosis
0 HCC false negative

24 HCC false negative

redo surveillance

<0.044
Low risk

Low-risk
LCR1-LCR2

n = 3,755

Number needed to screen 1 HCC
1,148/113 = 10.2

n = 1,148 
113 HCC

101/727 cirrhosis 
12/421 no-cirrhosis

≥0.044 
High risk

High-risk LCR1-LCR2
n = 1,148

113 true positive

n = 2,702  
892 cirrhosis
1,810 no cirrhosis
137 HCC

≥0.0154
High risk

Number At Risk (Number of Events)
algo = LCR low 0 (158)16 (158)161 (143)546 (113)1,148 (0)
algo = LCR high 0 (56)243 (55)1,320 (39) 2,486 (24)3,755 (0)

Fig. 2. Survival without HCC according to LCR1-LCR2 cut-offs: main outcomes. (A) Survival without HCC. (B) Number of patients needed to screen 1 HCC. HCC,
hepatocellular carcinoma; LCR, Liver Cancer Risk.
After adjustment for exposure to antivirals, age, sex,
geographical origin, HCV genotype 3, alcohol consumption, type
2 diabetes mellitus, and arterial hypertension, the multivariable
LCR1-LCR2 Cox hazard ratio (primary endpoint) was still highly
significant (10.8; 95% CI 8.1–14.3). The unadjusted univariate
hazard ratio for high vs. low-risk LCR1-LCR2 was slightly higher
(13.9; 95% CI 10.2–19.0; p <0.001) (Table 3).

The characteristics of incident HCCs according to low- or
high-risk LCR1-LCR2 cut-offs are reported in Table S2A. Most
incident HCCs were potentially curable and all were smaller
JHEP Reports 2021
than 30 mm. Nodular macroscopic patterns were identified in
91.7% of patients with low LCR1-LCR2 and 88.6% in those with
high LCR1-LCR2. The 24 patients with HCC and a low
LCR1-LCR2 had a higher prevalence of fibrosis stage F1 and F2,
and HCV genotype 3; 70% were men; 21% had type 2 diabetes
mellitus; and had a greater frequency of AFP between 6 and
20 ng/ml compared with patients without HCC and a low
LCR1-LCR2 (Table S2B). Other comparisons of the character-
istics between low- and high-risk patients are presented in
Table S3.
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Secondary outcomes
A total of 1,728 patients out of 4,903 (35.7%) had severe fibrosis
or cirrhosis (F3-F4) (Table 1). Sixteen cases of HCC occurred in
patients with F3 at 5 years (Fig. 3) compared to 112 in patients
with cirrhosis (Fig. 2B). Assessing LCR2 in F3 and cirrhosis rather
than cirrhosis alone decreased the NNS of LCR2 by 32.0% from
2,702 to 1,838.
Six post hoc analyses
Comparison of LCR1-LCR2 with standard surveillance in patients
with cirrhosis only and using AFP at the standard 20 ng/ml cut-off
The false negative rate with standard surveillance in the popu-
lation with cirrhosis alone was 3 times higher than with LCR1-
LCR2 (Fig. 2B) at 75.9% (104/137; 95% CI 67.9–62.8) (Table 2),
and the NNS was 2 times lower, at 5.4 (Fig. 4A).

Assessment of LCR1-LCR2 performance in patients aged 50 years or
older
There was no significant difference in the false negative rate with
LCR1-LCR2 in patients aged 50 years or older compared with the
overall population (Fig. 2B) at 13.6% (16/118; 95% CI 67.9–62.8) or
in the NNS (10.0) (Fig. 4B and Table 2). Compared with standard
surveillance in the same age subset (Fig. 4C and Table 2), there
was a persistently lower significant false negative rate and a
lower NNS withLCR1-LCR2.

Sustainability of LCR1-LCR2 over time
In the 3,755 patients with low LCR1-LCR2, univariate survival
without HCC at 5 years was 99.4% (95% CI 99.1–99.6), 99.0% (95%
Table 2. Performance summary for LCR1-LCR2 algorithm and standard surve

HCC inci

Surveillance option

Cases

n

5-years follow-up, 1-year HCC exclusion
Primary outcome 5 years LCR1-LCR2 4,903
Secondary outcome F3–F4 LCR1-LCR2 4,903

Post hoc analyses
Standard, cirrhosis only 4,903
50 years or older, LCR1-LCR2 2,883
50 years or older, cirrhosis only 703

Other follow-ups
10 years’ follow-up, LCR1-LCR2 4,903
Maximum follow-up, LCR1-LCR2 4,903
5-years’ follow-up, 90 days HCC exclusion 4,978

Perform

Follow-up

LCR

Negative predictive
value (%) (95% CI)

Primary outcome 5 years 99.4 (99.2–99.6)
Secondary outcome F3–F4 99.4 (99.2–99.6)
Post hoc analyses

Standard, cirrhosis only 97.8 (97.6–98.0)
50 years or older 99.1 (98.7–99.5)
50 years or older with cirrhosis 99.1 (98.7–99.5)
10 years’ follow-up 99.0 (98.8–99.2)
Maximum follow-up 98.5 (98.2–98.8)
5 years’ HCC exclusion (90 days) 99.2 (99.0–99.4)

HCC, hepatocellular carcinoma; LCR, Liver Cancer Risk.
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CI 98.6–99.3) after 10 years of follow-up, and 98.5% (95% CI
98.2–98.8) at 20 years (Fig. 2 and Table 2).
Impact of using a 90-day instead of a 1-year exclusion period
The performance of LCR1-LCR2 at 5 years was similar when
only patients with less than 90 days of follow-up were
excluded. Only 30 HCCs occurred at 5 years in the 3,784 pa-
tients with low LCR1-LCR2 compared with 151 out of 1,194 with
high LCR1-LCR2, for a NPV of 99.2% (95% CI 98.9–99.5). The
positive predictive value was 12.6% (95% CI 10.8–14.7). The
diagnostic performances are detailed in Table 2.
Comparison of the subset of patients with and without SVR
The characteristics of the 3,405 patients with a SVR (Table S4A)
and the 1,102 patients without a SVR (Table S4B) were similar to
those of the core population (Table 1). The same high NPV (99%)
for the occurrence of HCC at 5 years was identified in patients
with (Fig. S1A) or without a SVR (Fig. S1B).
Comparison of the HCC standardised risk ratio in the low LCR1-LCR2
subset vs. the risk observed in the general population
The incidence of HCC standardised by sex and age in patients
with a low LCR1-LCR2 was significantly higher than the inci-
dence assessed in the French general population (SIR = 9.8; 95%
CI 6.3–14.6; p <0.001; Table S5A). Patients with a high-risk
LCR1-LCR2 still had a 5 times higher SIR (56.8; 95% CI
46.8–68.3) compared with patients with a low risk LCR1-LCR2
(Table S5B).
illance according to surveillance duration.

dence

HCC incidence

HCC Standardised ratio incidence

n Low risk/high risk (95% CI)

137 9.80 (6.3–14.6)/56.5 (46.6–67.9)
137 9.80 (6.3–14.6)/56.5 (46.6–67.9)

137 24.5 (20.0–29.7)/165.0 (113.6–231.7)
118 7.1 (4.1–11.6)/51.0 (41.6–61.9)
95 2.2 (0.7–5.2)/45.0 (36.2–55.3)

182 9.8 (6.9–13.3)/39.7 (33.5–46.8)
214 8.1 (6.1–10.5)/49.4 (42.0–57.7)
181 12.2 (8.2–17.4)/75.5 (63.9–88.6)

ance

1-LCR2 and standard surveillance performance

Positive predictive
value (%) (95% CI)

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

9.8 (9.0–10.6) 82.5 (81.4–83.6) 78.3 (77.1–79.5)
9.8 (9.0–10.6) 82.5 (81.4–83.6) 78.3 (77.1-79.5)

19.0 (17.9–20.1) 24.1(22.9–25.3) 97.0 (96.5–97.5)
10.0 (8.9–11.1) 85.1 (81.4–87.7) 66.9 (65.2–68.6)
10.0 (8.9–11.1) 85.1 (81.4–87.7) 66.9 (65.2–68.6)

12.5 (11.6–13.4) 78.6 (77.5–79.8) 78.7 (77.5–-79.9)
13.8 (12.8–14.8) 73.8 (72.6–75.0) 78.9 (77.8–80.0)
12.6 (12.8–14.8) 83.4 (82.5–84.3) 78.3 (77.2–79.4)
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Table 3. Factors associated with survival without HCC (uni- and multivariate analyses).

Factor

Time-dependent hazard ratio

Univariate Multivariate

Hazard ratio 95% CI p value Hazard ratio 95% CI p value

LCR1-LCR2 algorithm 13.94 10.22–19.01 <0.001 10.79 8.14–14.31 <0.001
Sex (men vs. women) 2.68 2.00–3.59 <0.001 2.26 1.75–2.92 <0.001
Age (years) at FibroTestTM time 1.06 1.04–1.07 <0.001

<−40 (reference)
40–60 4.84 2.13–10.98 <0.001 1.61 0.83–3.11 0.1573
>60 9.03 3.95–20.65 <0.001 1.40 0.70–2.76 0.3478

Geographical origin (European vs. other) 1.41 0.97–2.04 0.0711 1.59 1.19–2.11 0.0016
Past excessive alcohol use (yes vs. no) 1.87 1.41–2.48 <0.001 1.00 0.79–1.27 0.9951
Ever smoked (yes vs. no) 1.29 0.97–1.71 0.0797 1.03 0.79–1.35 0.8171
Treatment-naive vs. treated 0.31 0.22–0.44 <0.001 0.54 0.43–0.68 <0.001
HCV genotype 3 (other reference) 2.86 2.09–3.95 <0.001 2.94 2.29–3.77 <0.001
Diabetes (yes vs. no) 2.73 1.98–3.77 <0.001 1.30 1.01–1.68 0.0396
Arterial hypertension (yes vs. no) 1.78 1.35–2.34 <0.001 1.44 1.15–1.81 0.0018
Response to DAA

Unexposed 1.00
SVR 1.00 0.79–1.29 <0.001 0.41 0.31–0.53 <0.001
Non-responder 4.06 2.70–6.10 1.67 1.10–2.53
Unknown 1.10 0.59–2.03 0.61 0.33–1.14

DAA, direct-acting antivirals; HCC, hepatocellular carcinoma; LCR, Liver Cancer Risk; SVR, sustained virological response.
Updated results of the original GHPS cohort and pooled analysis
The results of a subset of 1,509 patients with HCV from the
Original Study11 were updated in October 2020. The patient
characteristics are set out in Table S6. Three HCCs occurred at 5
years in 656 patients with a low LCR1-LCR, compared with 46
HCC in 837 patients with a high-risk LCR1-LCR2, for a survival of
F3 or
Cirrhosis ?

 
No

LCR1

<0.0154
 Low risk 

n = 4,903 included
137 HCC

Surveillance

nn = 3,175
9 HCC

n = 110 no-F3-cirrhosis
1 HCC

n = 3,065 no-F3-cirrhosis
8 HCC false negative

112/1,038 F
1/110 no-F

≥0.0154
High risk

Fig. 3. Secondary outcome of survival without HCC in patients with surveillan
LCR2 assessments and number of patients needed to screen 1 HCC. Compared w
NNS of LCR2 by 32.0% from 2,702 when cirrhosis-only was the first step to 1,838.
screen.
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99.7% (95% CI 99.2–1.00) and 96.0% (95% CI 94.6–97.4; p <0.001),
without HCC, respectively (Table S7). These performances were
similar to those of the present external validation (Fig. 2).

A total of 6,412 pooled patients (4,903 + 1,509 = 6,412) were
analysed. Patient characteristics are detailed in Table S8. Survival
without HCC (Fig. S2) at 20 years was 96.2% (95% CI 94.9–97.4).
Yes n = 690
LCR2

16 HCC false negative
16/689 F3-cirrhosis
0/0 no-F3-cirrhosis

 = 1,728
128 HCC

LCR2

24 HCC false negative

redo surveillance

<0.044
Low risk

Low-risk
LCR1-LCR2

n = 3,755

Number needed to screen 1 HCC
1,148/113 = 10.2

n = 1,148 
113 HCC 
3-cirrhosis 
3-cirrhosis

 

≥0.044 
High risk

High-risk LCR1-LCR2
n = 1,148

113 true positive

n = 1,838  
1,728 F3-cirrhosis
110 no-F3-cirrhosis
129 HCC

ce of both severe fibrosis (F3) and cirrhosis (F4). Relative number of LCR1 and
ith the ‘cirrhosis-only’ option, assessing LCR2 in F3 and cirrhosis decreased the
HCC, hepatocellular carcinoma; LCR, Liver Cancer Risk; NNS, number needed to
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A

B

C

Cirrhosis ?No Yes 

n = 4,903 included
137 HCC

Surveillance

n = 892
112 HCC

n = 4,011
25 HCC

n = 4,011 no-cirrhosis
25 HCC false negative

104 HCC false negative

redo surveillance

Low-risk standard
n = 4,724

Number needed to screen 1 HCC
179/33 = 5.4

High-risk standard
n = 179

33 true positive

AFP ≥20 ng/ml
n = 179
33 HCC

AFP <20 ng/ml
n = 713
79 HCC false negative

Low risk
standard

AFP?

Cirrhosis ?No Yes 

n = 2,883 included
118 HCC

Surveillance

n = 703
95 HCC

n = 2,180
23 HCC

n = 2,180 no-cirrhosis
23 HCC false negative

88 HCC false negative

redo surveillance

Low-risk standard
n = 2,752

Number needed to screen 1 HCC
131/30 = 4.4

High-risk standard
n = 131

30 true positive

AFP ≥20 ng/ml
n = 131
30 HCC

AFP <20 ng/ml
n = 572
65 HCC false negative

Low risk
standard 

AFP?

Cirrhosis ?
 

No Yes 
LCR1

<0.0154
 Low risk 

n = 2,883 included
118 HCC

n = 79
LCR2

5 HCC false negative
5 cirrhosis

0 no-cirrhosis

Surveillance

n = 703
95 HCC

n = 2,180
23 HCC

LCR2

n = 392 no-cirrhosis
12 HCC

n = 1,788 no-cirrhosis
11 HCC false negative

16 HCC false negative

redo surveillance

<0.044
Low risk

Low-risk
LCR1-LCR2

n = 1,867

Number needed to screen 1 HCC
1,016/102 = 10.0

n = 1,016 
102 HCC 

90/624 cirrhosis
12/392 no-cirrhosis

 

≥0.044 
High risk

High-risk LCR1-LCR2
n = 1,016

102 true positive

n = 1,095 
703 cirrhosis
392 no-cirrhosis
107 HCC

≥0.0154
High risk

Fig. 4. Standard surveillance and LCR1-LCR2 post hoc analyses. (A) Standard surveillance in cirrhosis only. Number of patients needed to screen was reduced
and false negative increased compared to LCR1-LCR2. (B) LCR1-LCR2 in patients 50 years or older. Number of patients needed to screen 1 HCC. There was no
significant difference in the number of patients needed to screen and the false negative rate compared to LCR1-LCR2. (C) Standard surveillance in patients 50
years or older: number of patients needed to screen 1 HCC. The number of patients needed to screenwas reduced and false negative increased compared to LCR1-
LCR2 in the same age subset. HCC, hepatocellular carcinoma; LCR, Liver Cancer Risk.
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Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) and the Standards for the Reporting of
Diagnostic Accuracy Studies (STARD) checklists are reported in
Tables S9 and S10, respectively.
Discussion
This multicentre external cohort of patients with CHC validates
the performance of LCR1-LCR2 to assess the risk of HCC at 5
years. The NPV was 99.4% (95% CI 99.1–99.6), which is similar to
the 99.5% (95% CI 99.0–99.7) previously observed in the Original
Study.11 This algorithm could help clinicians reassure 76% of
patients with CHC with low-risk LCR1-LCR2 scores and discuss
surveillance in those with high-risk LCR1-LCR2 scores. However,
this study has certain strengths and limitations.

Strengths
Several limitations of the Original Study were corrected in the
present study, in particular the absence of external validation, the
sample size, the multiple causes of chronic liver diseases, the
limited number of risk factors,11 and the absence of time-
dependent multivariate analysis to take into account the impact
of SVR on survival without HCC.7 Furthermore, according to the
STROBE and STARD checklists, we also assessed the long-term
performances at 10 years and at the end of follow-up, and used a
90-dayHCC exclusion toprevent an ‘immortal person-time’ bias.18

Sample size and range of patients
Given the large prospective Hepather cohort, our study had
sufficient power to assess the performance of LCR1-LCR2 at 5
years and to analyse the robustness of the results with 6 post hoc
analyses. The power of the study was appropriate for this
external validation at 5 years with 146 HCC events, which is
more than the recommended 100 events.21 It was also possible
to check the consistency of the NPV after up to 15 years of
follow-up, with 1,973 and 1,481 patients still at risk at 7 and 10
years, respectively. With the very early use of the FibroTestTM in
the French population, we also had a validated method to assess
the stage of fibrosis at inclusion in these patients. This provided a
large range of patients, including 49.6% without or with minimal
fibrosis, as well as 24.5% without SVR. Indeed, even in the DAA
era, 72.9% of HCV-associated HCC is predicted to develop in pa-
tients without SVR in the USA between 2012 and 2040.22 Our
ambispective analysis was useful to assess health outcomes with
a long induction period and exposure.12

Identification of patients with HCV with a very low risk of HCC
The remaining incidence of HCC in patients with CHC with and
without cirrhosis despite the effectiveness of DAA is a major
issue.1–5,7,9 The most recent best-practice advice states that ‘pa-
tients with severe liver fibrosis (F3) or cirrhosis (F4) at the time
of treatment represent the highest-risk group for HCC after a
treatment-induced sustained virological response. These pa-
tients should stay in HCC surveillance’.3 The present study vali-
dated LCR1-LCR2 in 2 screening process steps in patients with
and without cirrhosis, first, as a blood-based risk stratification
biomarker, and second, in terms of validation of its screening in a
large cohort with CHC.

A robust blood test for mixed chronic liver diseases
In the results of the Original Study, the NPVs of LCR1-LCR2 were
similar in patients with alcoholic liver disease and nonalcoholic
JHEP Reports 2021
fatty liver disease, and in those with HCV.11 This is an advantage
because of the long period of possible exposure to these risks in
patients with HCV before or after SVR. This also supports the
generalisation of the results of the present study to patients with
mixed chronic liver diseases.

A sensitive test that could be updated with specific markers of HCC
other than AFP
LCR1-LCR2 was constructed to be highly sensitive with the
combined components and highly specific with AFP. Thus, the
test could be updated to improve performance with other
combinations and specific HCC markers, such as AFP-L3, decar-
boxy-prothrombin, or glycans.23

Limitations
The assessment of relative risk and high NPV is not enough to
confirm the efficacy of this test as an updated screening tool. The
present study externally validated LCR1-LCR2 as a first step,
showing that 76% of the population of interest could be reas-
sured. The very high NPV of our results suggests that, for at least
5 years, patients with low LCR1-LCR2 do not require surveillance
every 6 months by ultrasound with or without AFP.2 The sus-
tainability of NPV was excellent and was still 99% at 10 years
(Fig. 2). Thus, LCR1-LCR2 could be used to assess the risk of the
development of HCC in patients with CHC.

We acknowledge that our population mainly (72%) included
patients from Europe; however, 26% were of African origin, and
there was a wide spectrum of HCV genotypes. These results must
be confirmed in more patients from Asia. The 24 false negative
patients who developed HCC despite the low LCR1-LCR2 were
still significantly different from the true negative cases, including
for male sex, HCV genotype 3, and type 2 diabetes mellitus
(Table S2B). This profile suggests the presence of associated HCC
risk factors, metabolic factors, or pre-existing liver cell adenoma
in these patients.24

We also acknowledge that the present study was designed as
an external validation of LCR1-LCR2, and not as a prospective
comparison with other prognostic biomarkers, such as transient
elastography or Fibrosis-4 (FIB-4).25 Given the occurrence of
sampling errors, biopsy itself has 30% false results compared
with a true gold standard test.26,27 Therefore, 15% of F3 are F2,
and vice versa. Thus, all NITS cut-offs [such as FibroTestTM or
vibration-controlled transient elastography (VCTE)] might have
false F0–F2 vs. F3–F4 diagnoses. This is another reason to validate
the HCC risk calculator in all patients with CHC from F0 to F4. In
CHC, an intention-to-diagnose and face-to-face comparison
showed that the reliability of the FibroTestTM outperformed VCTE
and that its area under the receiver operating curve (AUROC) was
higher than that of FIB4.25

LCR1-LCR2 was constructed to have a high sensitivity based
on the combined components and significant specificity because
of AFP. Although the LCR1-LCR2 score uses the same components
(except bilirubin) as the FibroTestTM, the weights of the compo-
nents in the algorithm steps are different. Thus, the algorithms
used in LCR1-LCR2 can be adapted to new HCC-specific markers,
such as AFP-L3, decarboxy-prothrombin, or glycans.23

Also, the incidence of HCC standardized by gender and age in
the patients with low-risk LCR1-LCR2 is still significantly higher,
than the incidence in the French general population, SIR = 9.8
(95% CI 6.3–14.6; p <0.001). There is no clear explanation for this
difference, either because of an underestimation of the incidence
of HCC in the general population or an overestimation in patients
9vol. 3 j 100298
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with CHC. In addition, the incidence of HCC standardised by sex
and age in the patients with low-risk LCR1-LCR2 was signifi-
cantly higher than the incidence in the general French popula-
tion (56.8; 95% CI 46.8–68.3). One explanation could be the
recent increase in ultrasonography and AFP tests in patients with
CHC. In the short term, screening increases the incidence, and
advances both the year and age at diagnosis, whereas, in the long
term, it reduces the incidence through early detection.

We also did not assess the cost-effectiveness of LCR1-LCR2.
However, this algorithm can be assessed with the components of
the FibroTestTM, which is already recommended for surveillance
in patients with CHC regardless of disease stage, and AFP is only
required in 24% of patients, together with ultrasound. Even if all
patients are treated by DAA, the stage of fibrosis must still be
JHEP Reports 2021
assessed.3 Therefore, a single blood test assessing both the stage
of fibrosis by the validated, sensitive, FibroTestTM and the risk of
HCC should help both the patient and the clinician. This could
reduce the number of patients requiring repeated imaging.

Finally, we agree with others that stopping the surveillance of
low-risk groups is questionable, and that the intensification of
screening programs in intermediate- or high-risk groups is a
challenge that would improve compliance with surveillance
recommendations.3–5,10,28–30
Conclusions
In conclusion, LCR1-LCR2 is a robust blood test for use in the
assessment of the risk of developing HCC in patients with CHC.
Abbreviations
AFP, alpha-fetoprotein; AUROC, area under the receiver operating curve;
CHC, chronic HCV; DAA, direct-acting antivirals; EASL, European Associ-
ation for the Study of the Liver; FIB4, Fibrosis-4; HCC, hepatocellular
carcinoma; LCR, Liver Cancer Risk; NNS, needed to screen; NPV, negative
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Reporting of Observational Studies in Epidemiology; SVR, sustained
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