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ABSTRACT  1 

In patients with compensated alcohol-related cirrhosis, reliable prognostic biomarkers are 2 

lacking. Keratin-18 and hepatocyte-derived large extracellular vesicles (lEVs) concentrations 3 

reflect disease activity, but their ability to predict liver-related events is unknown.  4 

Methods: We measured plasma keratin-18 and hepatocyte lEVs concentrations in 500 5 

patients with Child-Pugh class A alcohol-related cirrhosis. Ability of these hepatocyte-derived 6 

biomarkers, alone or combined with MELD and FibroTest, to predict liver-related events at 2 7 

years was analyzed, taking into account the alcohol consumption at inclusion and during the 8 

follow-up. 9 

Results: Keratin-18 and hepatocyte lEVs concentrations increased with alcohol 10 

consumption. In patients without active alcohol consumption at enrollment (n=419), keratin-11 

18 concentration predicted liver-related events at 2 years, independently of FibroTest and 12 

MELD. Patients with both keratin-18 concentration >285 U/L and FibroTest >0.74 had a 24% 13 

cumulative incidence of liver-related events at 2 years, versus 5% to 14% in other groups of 14 

patients. Similar results were obtained when combining keratin-18 concentration >285 U/L 15 

with MELD >10. In patients with active alcohol consumption at enrollment (n=81), hepatocyte 16 

lEVs predicted liver-related events at 2 years, independently of FibroTest and MELD. 17 

Patients with both hepatocyte lEVs concentration >50 U/L and FibroTest>0.74 had a 62% 18 

cumulative incidence of liver-related events at 2 years, versus 8% to 13% in other groups of 19 

patients. Combining hepatocyte lEVs concentration >50 U/L with MELD >10 had a lower 20 

discrimination ability. Similar results were obtained using as endpoint decompensation of 21 

cirrhosis defined according Baveno VII criteria. 22 

Conclusion: In patients with Child-Pugh class A alcohol-related cirrhosis, combining 23 

hepatocyte-derived biomarkers with FibroTest or MELD score identifies patients at high-risk 24 

of liver-related events, and could be used for risk stratification and patient selection in clinical 25 

trials. 26 

 27 
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IMPACT AND IMPLICATIONS 1 

• In patients with compensated alcohol-related cirrhosis, reliable predictors of outcome are 2 

lacking. 3 

• In patients with Child-Pugh class A alcohol-related cirrhosis, combining hepatocyte-4 

derived biomarkers (keratin-18 and hepatocyte-large extracellular vesicles) with 5 

FibroTest or MELD score identifies those at high-risk of liver-related events at 2 years 6 

• The identified patients at high-risk of liver-related events are the target-of-choice 7 

population for intensive surveillance (e.g., referral to tertiary care centers; intensive 8 

control of risk factors) and inclusion in clinical trials.  9 

 10 

 11 

  12 
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Introduction 1 

Excessive alcohol consumption is one of the most common causes of cirrhosis worldwide 2 

(1,2). In patients with alcohol-related cirrhosis, decompensation of cirrhosis is a turning point 3 

in terms of risk of mortality (3), quality of life (4) and costs for the healthcare systems (5). 4 

Patients at high-risk of decompensation are the target-of-choice population for intensive 5 

surveillance (e.g., referral to tertiary care centers; intensive control of risk factors) and 6 

inclusion in clinical trials. Hepatic venous pressure gradient (HVPG) predicts 7 

decompensation of cirrhosis, since patients with HVPG ≥10 mm Hg have a 2-year risk of 8 

decompensation of 25%, vs. <10% in patients below this threshold (6,7). However, 9 

invasiveness – although minimal – and limited availability of HVPG measurement outside 10 

expert centers hinder the use of this procedure in routine clinical practice (8). Non-invasive 11 

tools have been proposed to substitute for HVPG in its prediction of clinical outcomes, 12 

including transient elastography; unfortunately, these tools lack availability for first-line risk 13 

assessment of disease severity. Therefore, blood noninvasive biomarkers able to accurately 14 

predict decompensation in patients with alcohol-related cirrhosis are needed.  15 

In patients with alcohol-related cirrhosis, various prognostic indicators have been identified 16 

reflecting (i) disease activity, (ii) liver function, (iii) amount of fibrosis, and (iv) alcohol 17 

consumption (9–11). Disease activity can be estimated on liver biopsy, and refers to the 18 

presence of hepatocyte injury and inflammation (9). Histological features of disease activity 19 

have been associated with a poor outcome in patients with alcohol-related liver disease (12). 20 

Accordingly, plasma keratin-18 fragments concentrations, reflecting hepatocyte death, have 21 

been associated with mortality in patients with alcohol-related liver disease (13,14). 22 

Extracellular vesicles (EVs) are vesicles released in the extracellular space by all cell types 23 

upon exposure to stress. EVs can be found in all biological fluids including blood. 24 

Composition of EVs reflects the type of stress their mother cell was exposed to. Therefore, 25 

EVs content holds great potential for predicting disease trajectory (15). In patients with 26 

alcohol-related cirrhosis, concentrations of hepatocyte-derived large EVs (lEVs) are 27 

significantly higher in patients with alcoholic hepatitis than in those without (16,17); in 28 
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addition, hepatocyte lEVs have been associated with short-term mortality in a cohort of 1 

patients with compensated and decompensated cirrhosis, independently of MELD score (18). 2 

However, the usefulness of keratin-18 and hepatocyte lEVs concentrations to predict liver-3 

related events at 2 years in patients with Child-Pugh class A alcohol-related cirrhosis has 4 

never been evaluated. 5 

The Model for End-Stage Liver Disease (MELD), reflecting liver dysfunction, is currently 6 

widely used to allocate organs to patients with severe cirrhosis (19,20). In patients with 7 

compensated cirrhosis, MELD ≥10 has been associated with an increased risk of cirrhosis 8 

decompensation (11). However, prognostic value of MELD is limited in patients with 9 

compensated cirrhosis, since MELD ≥10 has only 61% sensitivity and 17% positive 10 

predictive value for the prediction of 2 year-decompensation or death (3). The amount of liver 11 

fibrosis, measured on liver biopsies using collagen proportionate area, has been related to 12 

HVPG and decompensation or liver-related death in patients with cirrhosis (21,22). 13 

FibroTest, estimating the amount of fibrosis, has been related to liver-related events and 14 

mortality in large cohorts of patients with alcohol-related liver disease of various fibrosis 15 

stage, mixing together patients without and with cirrhosis (23). Interest of FibroTest to predict 16 

cirrhosis decompensation among patients with Child-Pugh class A alcohol-related cirrhosis 17 

has not been evaluated. Finally, even at the stage of cirrhosis, the course of the disease is 18 

largely influenced by alcohol consumption (9,24), abstinent patients having a much lower risk 19 

of decompensation than patients with active alcohol consumption (24,25). Alcohol 20 

consumption status was usually not taken into account in the studies assessing the ability of 21 

biomarkers to predict decompensation in patients with alcohol-related cirrhosis.  22 

Therefore, the aim of the present study was to evaluate the ability of hepatocyte-derived 23 

biomarkers, alone or combined with MELD and FibroTest, to predict liver-related events in 24 

patients with Child-Pugh class A alcohol-related cirrhosis, taking into account the alcohol 25 

consumption status. 26 

  27 
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PATIENTS AND METHODS 1 

We used STROBE (26) as a reporting guideline to ensure a clear and complete report of the 2 

study design, conduct and findings. 3 

 4 

Design  5 

This study was an ancillary study of the institutional CIRRAL multicenter cohort study (27), 6 

promoted by Assistance Publique - Hôpitaux de Paris. This study was approved by the local 7 

institutional review board (Comité de Protection des Personnes, Aulnay-sous-Bois, France). 8 

Written informed consent was obtained from each patient before enrollment.  9 

 10 

Patients 11 

Patients with Child-Pugh class A alcohol-related cirrhosis were included from the French 12 

multicentric prospective CIRRAL cohort between October, 2010 and April, 2016 (27). The 13 

primary endpoint of CIRRAL study was to assess the incidence of hepatocellular carcinoma 14 

in patients with alcohol-related cirrhosis. All patients had histologically proven cirrhosis –15 

whatever the duration between liver biopsy and inclusion in CIRRAL and the indication for 16 

liver biopsy- with a history of excessive alcohol consumption according to the 2003 World 17 

Health Organization criteria (more than 21 units per week for female and more than 28 units 18 

per week for male) (28) that occurred for at least ten years and was considered the main 19 

cause of chronic liver disease. Patients did not have associated hepatitis B virus (HBV) or 20 

hepatitis C virus (HCV) infection. All patients had Child-Pugh class A cirrhosis at enrollment, 21 

but some had a previous history of decompensated cirrhosis before enrollment. Patients with 22 

either a history of primary liver cancer or detectable liver nodule at enrollment were excluded. 23 

From this cohort, we specifically selected patients fulfilling the following criteria: (i) available 24 

plasma samples for Keratin-18, hepatocyte lEVs and FibroTest™ measurements; (ii) Child-25 

Pugh class A at enrollment, and (iii) no history of transjugular intrahepatic portosystemic 26 

shunt at enrollment (Figure 1). Active alcohol consumption at enrollment was defined as 27 

either hazardous or harmful of alcohol use, i.e. a consumption of 7 units per week or more at 28 
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enrollment (29). Metabolic syndrome was defined as the presence of at least 3 of the 1 

following features: abdominal obesity with increased waist circumference, serum lipids 2 

triglycerides ≥150 mg/dL (1.7 mmol/L), serum HDL-Cholesterol <40 mg/dL (1.03 mmol/L) in 3 

men or <50 mg/dL (1.29 mmol/L) in women, blood pressure ≥130 mm Hg systolic or ≥85 mm 4 

Hg diastolic, fasting serum glucose ≥100 mg/dL (5.6 mmol/L) (30). MELD was calculated 5 

according to UNOS (31). Date of entry was the date of enrollment in the CIRRAL study. 6 

Patients were then followed until the reference date of January 11th 2017. Besides the usual 7 

clinical and laboratory data, self-reported alcohol consumption was recorded at each 8 

scheduled visit as the average number of units per week since the last visit. 9 

 10 

Study endpoints 11 

All the following outcomes were considered from the date of enrollment in the CIRRAL study, 12 

and were prospectively collected as part of the case report form. All extrahepatic events 13 

occurring during follow-up were also recorded. Likely cause(s) of death were established. 14 

The primary endpoint of the present study was liver-related events at 2 years, defined as a 15 

composite endpoint including at least one liver-related event among clinical ascites, overt 16 

hepatic encephalopathy, variceal bleeding, spontaneous bacterial peritonitis, acute kidney 17 

injury, increase in Child-Pugh score ≥2 points, liver transplantation in the absence of 18 

hepatocellular carcinoma and/or liver-related deaths in the absence of hepatocellular 19 

carcinoma. With this endpoint, we aimed to measure the occurrence of liver deterioration. 20 

This composite endpoint was derived from previous studies (6,32).  21 

Secondary endpoints included (i) liver-related death and liver transplantation in the absence 22 

of hepatocellular carcinoma within 2 years, (ii) bacterial infection (including spontaneous 23 

bacterial peritonitis, bacteriemia, pneumonia, urinary tract infection and skin infection), within 24 

2 years; and (iii) hepatocellular carcinoma, within 2 years. Since Baveno VII guidelines 25 

recently refined definition of cirrhosis decompensation (33), we secondarily added cirrhosis 26 

decompensation as a post-hoc composite endpoint, defined as time to occurrence of ascites, 27 

overt hepatic encephalopathy, or variceal bleeding, whichever occurred first.  28 
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 1 

Plasma preparation, and Culture and treatment of HepG2 cells and of Precision cut 2 

liver slices (PCLS) 3 

Detailed methods are presented in Supplementary methods. 4 

 5 

Measurement of hepatocyte-derived biomarkers concentrations and of FibroTest  6 

We determined concentrations of hepatocyte-derived lEVs in plasma samples and in culture 7 

medium of HepG2 and of PCLS from human samples using a technique previously described 8 

(16,18,34).
 
EV characterization was performed according MISEV guidelines (35). General 9 

characterization was performed using CD9, HSC70 and albumin western blots. Single EV 10 

characterization was performed using transmission electronic microscopy and super 11 

resolution microscopy (35) (Supplementary Figure 1). Finally, quantitative assessment of 12 

EVs was performed using tunable resistive pulse sensing.  13 

FibroTest (Biopredictive, Paris, France) was determined as previously published (36,37). 14 

Details are provided in Supplementary methods and Supplementary Figure 1. 15 

 16 

Statistical analysis 17 

Results are presented by summary statistics, namely median (interquartile range) or absolute 18 

frequency (percentage) unless specified otherwise, with comparisons between baseline 19 

groups based on the Wilcoxon rank-sum test, or the exact Fisher exact, respectively. 20 

Correlations between laboratory values and hepatocyte-derived biomarkers were assessed 21 

using nonparametric Spearman correlation coefficient.  22 

Cumulative incidence of liver-related events was estimated using the nonparametric 23 

cumulative incidence function, considering hepatocellular carcinoma and liver-unrelated 24 

deaths as competing events; in patients without active alcohol consumption, alcohol relapse 25 

was considered as an additional competing event. Cumulative incidence of liver-related 26 

death was estimated using the cumulative incidence function, considering hepatocellular 27 

carcinoma and liver-unrelated deaths as competing events and liver transplantation as a 28 
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liver-related death. Cumulative incidence of hepatocellular carcinoma and bacterial infections 1 

were estimated using the cumulative incidence function, considering death and liver 2 

transplantation as competing events. Cumulative incidence of cirrhosis decompensation was 3 

estimated using the cumulative incidence function, considering hepatocellular carcinoma, 4 

death and liver transplantation as competing events. Since alcohol consumption is a main 5 

driver for a poor outcome in patients with alcohol-related cirrhosis (24,25), all analyses were 6 

stratified on alcohol consumption, distinguishing patients without (0 to 6 units per week) from 7 

those with an active (7 units per week or more) alcohol consumption at enrollment, 8 

separately.   9 

To assess the ability of hepatocyte-derived biomarkers, including keratin-18 and hepatocyte 10 

lEV concentrations, to predict outcome at 2 years, cause-specific Cox models were fitted, 11 

with effects quantified by hazards ratio (HR) with 95% confidence interval (95% CI). 12 

Proportional hazards were assessed using the Grambsch and Therneau test (38). 13 

Univariable models were fitted, then multivariable models were performed with the Cox 14 

proportional hazards model, including hepatocyte-derived biomarkers, MELD and FibroTest. 15 

To assess the discriminatory performance of biomarkers to predict liver-related events, 16 

taking into account competing events, time-dependent receiver operating characteristic 17 

(ROC) curves using the cumulative sensitivity and dynamic specificity definitions measured 18 

at time t=24 months, and resulting area under the curve (AUC), were used (39). This allowed 19 

to select the best cut-off value of keratin-18 and hepatocyte lEV concentrations according the 20 

Youden index. The previously reported cutoff of 65 U/L for hepatocyte lEVs was also 21 

considered (18). For MELD and FibroTest, 10 and 0.74 were chosen as cutoff values, 22 

respectively, based on Youden index (Supplementary Table 1), but also because these 23 

thresholds have been previously reported as predicting patients’ outcome  (11,40–42). Given 24 

the low prevalence of missing data, simple imputation of missing data was performed, based 25 

on the mean of continuous variables and the mode of discrete or qualitative variables. Last, 26 

the net reclassification improvement (NRI) was used as a performance measure in 27 

reclassifying patients in terms of liver-related events, when FibroTest or MELD together with 28 
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hepatocyte derived biomarkers are compared to MELD or FibroTest alone. More details on 1 

statistical analyses are in the Supplementary methods. All tests were two-sided with p-values 2 

<0.05 considered significant. Analyses were performed using open-source R software 3 

version 4.0.3 (http://www.R-project.org/), and LATEX. More details are provided in 4 

Supplementary methods. 5 

  6 
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RESULTS 1 

Patients 2 

Between October 7 2010 and April 30 2016, 650 patients were included in the CIRRAL 3 

cohort in 22 centers. Among them, 500 fulfilled the inclusion criteria, including 419 without 4 

and 81 patients with active alcohol consumption at enrollment (Figure 1). The main 5 

characteristics of the patients as well as plasma biomarkers concentrations are summarized 6 

in Table 1. Among the 343 patients completely abstinent from alcohol at enrollment, median 7 

duration of alcohol abstinence was 24 (9-69) months. Among the 320 patients with a history 8 

of decompensation, median duration between last decompensation and inclusion into the 9 

study was 32 (14-68) months and 40 (IQR 17-130) months in patients without and with active 10 

alcohol consumption at inclusion, respectively. Only 163 out of 500 patients had reliable liver 11 

stiffness measurement performed within one year before or after inclusion.  12 

Hepatocyte biomarker concentrations according to clinical and laboratory features 13 

Keratin-18 concentrations were significantly higher in patients with active alcohol 14 

consumption than in those without, and also higher in patients who declared a consumption 15 

of 1-6 glasses than in fully abstinent patients (Table 1 and Figure 2A). Clinical and laboratory 16 

features associated with keratin-18 concentrations are shown in Supplementary Tables 2 17 

and 3. Out of metabolic syndrome features, only diabetes was associated with keratin-18 18 

concentrations (Supplementary Table 2 and 3, and Supplementary Figure 2). 19 

Hepatocyte lEVs concentrations were significantly higher in patients with active alcohol 20 

consumption than in those without (Table 1 and Figure 2B). Clinical and laboratory features 21 

associated with lEVs concentrations are shown in Supplementary Tables 4 and 5. In patients 22 

with active alcohol consumption, hepatocyte lEVs concentrations were lower in patients with 23 

features of the metabolic syndrome than in those without (Supplementary Table 4). Plasma 24 

total lEV concentrations were also measured using TRPS in a subgroup of 23 patients of the 25 

CIRRAL cohort and found higher in patients with active alcohol consumption than in those 26 

without (Figure 2C and 2D).  27 



Elkrief L, et al.  Hepatocyte-derived biomarkers in Child-Pugh A cirrhosis 15/35 

The fraction of Keratin-18 unbound to lEVs also increased with alcohol consumption (data 1 

not shown). 2 

 3 

Ability of hepatocyte biomarkers concentrations to predict liver-related events at 2 4 

years  5 

Median follow-up was 48 months (IQR, 34 to 71) and 52 months (IQR, 34 to 74) in patients 6 

without and with active alcohol consumption at enrollment, respectively. Events occurring 7 

during the 2 years follow-up period after enrollment are detailed in Figure 1 and in 8 

Supplementary Table 6. A total of 120 patients experienced a total of 222 liver-related events 9 

that accounted for the primary endpoint at 24 months, including 95 patients without any 10 

active alcohol consumption at baseline who developed a total of 182 events and 25 patients 11 

with active alcohol consumption who developed 40 events. Cumulative incidence (95% CI) of 12 

liver-related events at 2 years was 11.7% (8.8-15.1) and 19.9% (11.8-29.7) in patients 13 

without and with active alcohol consumption, respectively. Patients’ characteristics as well as 14 

plasma biomarkers concentrations at enrollment, associated with liver-related events, are 15 

shown in Table 2. Of note, history of previous decompensation was not associated with liver-16 

related events at 2 years, neither in patients without nor in those with active alcohol 17 

consumption at inclusion (Table 2).  18 

 19 

Keratin-18 concentrations 20 

Keratin-18 concentrations were highly predictive of liver-related events in patients without 21 

active alcohol consumption, but not in those with active alcohol consumption (Table 2 and 22 

Figure 3). In patients without alcohol consumption, time-dependent AUC analysis found that 23 

a cut-off value of keratin-18 concentration >285 U/L yielded the most accurate sensitivity and 24 

specificity (50% and 75%, respectively) to predict liver-related events at 2 years 25 

(Supplementary Table 1 and 7). Sensitivity and specificity of MELD ≥10 were 43% and 77%, 26 

respectively. Sensitivity and specificity of FibroTest >0.74 were 72% and 57%, respectively 27 

(Supplementary Table 7). The NRI (95% CI) of adding keratin-18 concentration >285 U/L to 28 
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FibroTest or MELD in patients with a liver-related event at 24 months was estimated at 0.42 1 

(0.00; 0.57) over FibroTest alone and 0.41 (-0.09; 0.60) over MELD alone. 2 

In patients without active alcohol consumption, incidence of liver-related events at 2 years 3 

was 20.1% (13.3-28.0) in patients with keratin-18 concentrations >285 U/L versus 8.3% (5.4-4 

11.9) in patients having keratin-18 concentrations below this threshold (Supplementary 5 

Figure 3A). After adjustment on MELD and FibroTest, total keratin-18 concentrations >285 6 

U/L still predicted liver-related events at 2 years (Figure 3 and Supplementary Table 8). As 7 

shown in Figure 4A and 4B, patients with both high keratin-18 and either high FibroTest or 8 

high MELD had a higher risk of liver-related events at 2 years (24.2%, 95%CI, 15.1 to 34.5 9 

and 28.7%, 95%CI, 16.6 to 41.9, respectively) than other groups of patients. Figure 5A and 10 

5B display the predicted probability of liver-related event at 2 years according to keratin-18 11 

concentrations and FibroTest or MELD in patients without active alcohol consumption. Total 12 

keratin-18 concentrations >285 U/L still predicted liver-related events at 2 years after 13 

adjustment on MELD, FibroTest and alcohol consumption (HR 1.72 (1.11-2.68, p=0.012) 14 

(Supplementary Table 9). When restricting the analysis to the 343 patients with null alcohol 15 

consumption at enrollment, keratin-18 concentrations >285 U/L still predicted liver-related 16 

events at 2 years (HR 1.70 (95% CI 1.04-2.77), p=0.03), after adjustment on MELD and 17 

FibroTest (data not shown). 18 

During the 2 years follow-up, 63 (15%) cirrhosis decompensations occurred in patients 19 

without active alcohol consumption, according to recent Baveno VII criteria. Patients’ 20 

characteristics at enrollment associated with cirrhosis decompensation are shown in 21 

Supplementary Table 10. By multivariate analysis, MELD and keratin-18 concentrations were 22 

independent predictors of cirrhosis decompensation at 2 years (Fig 3 and Supplementary 23 

Table 11).  24 

 25 

Hepatocyte lEV concentrations 26 

Hepatocyte lEVs concentrations were highly predictive of liver-related events in patients with 27 

active alcohol consumption, but not in patients without. In patients with active alcohol 28 



Elkrief L, et al.  Hepatocyte-derived biomarkers in Child-Pugh A cirrhosis 17/35 

consumption, time-dependent AUC analysis found that a cut-off value of hepatocyte lEVs 1 

>50 U/L yielded the most accurate sensitivity and specificity (72% and 73%, respectively) to 2 

predict liver-related events at 2 years (Supplementary Table 1 and 7). Sensitivity and 3 

specificity of MELD ≥10 were 33% and 76%, respectively. Sensitivity and specificity of 4 

FibroTest >0.74 were 66% and 65%, respectively (Supplementary Table 7).  5 

In patients with active alcohol consumption, incidence of liver-related events at 2 years was 6 

39.2% (95% CI 21.2-56.8) in patients with hepatocyte lEV concentrations >50 U/L versus 7 

8.5% (95% CI 2.7-18.7) in patients having hepatocyte lEVs concentrations below this 8 

threshold (Supplementary Figure 3B). After adjustment on MELD and FibroTest, hepatocyte 9 

EV >50 U/L still predicted liver-related events at 2 years (Figure 3 and Supplementary Table 10 

8). We did similar analyses using hepatocyte lEVs >65 U/L threshold. After adjustment on 11 

MELD and FibroTest, hepatocyte lEV >65 U/L still predicted liver-related events, but the 12 

predictive accuracy was less obvious (Supplementary Table 8). As shown in Figure 4C and 13 

4D, patients with both high hepatocyte lEVs concentrations and either high FibroTest or high 14 

MELD had a higher risk of liver-related events at 2 years (62.4% (33.0-81.8) and 56.2% 15 

(11.6-85.8), respectively) than other groups of patients. Figure 5C and 5D display the 16 

predicted probability of liver-related event at 2 years hepatocyte lEVs concentrations and 17 

FibroTest or MELD in patients with active alcohol consumption. Hepatocyte lEVs 18 

concentrations >50 U/L still predicted liver-related events at 2 years after adjustment on 19 

MELD, FibroTest and alcohol consumption (HR 4.42 (1.80-10.88), p= 0.0012) 20 

(Supplementary Table 9). The NRI (95% CI) of adding hepatocyte lEVs >50 U/L to FibroTest 21 

or MELD in patients with liver-related event at 24 months was 0.62 (0.00; 0.88) over 22 

FibroTest alone, and 0.30 (0.00; 0.78) over MELD alone. 23 

During the 2 years follow-up, 14 (17%) cirrhosis decompensations occurred in patients with 24 

active alcohol consumption, according to recent Baveno VII criteria. Patients’ characteristics 25 

at enrollment associated with cirrhosis decompensation are shown in Supplementary Table 26 

10. By multivariate analysis, only hepatocyte lEVs concentrations tended to be independent 27 

predictors of cirrhosis decompensation at 2 years (Figure 3, Supplementary Table 11). 28 
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 1 

Ability of hepatocyte biomarkers to predict other events at 2 years after enrollment  2 

Death or liver transplantation 3 

During the 2 years follow-up, 51 (12%) and 11 (14%) liver-related death or liver 4 

transplantation without hepatocellular carcinoma occurred in patients without and with active 5 

alcohol consumption, respectively. Patients’ characteristics at enrollment associated with 6 

liver-related death or liver transplantation are shown in Supplementary Table 12. 7 

Independent predictors of death or liver transplantation at 2 years were MELD and FibroTest 8 

– but not keratin-18 concentrations – in patients without active alcohol consumption, and 9 

MELD and hepatocyte lEVs concentrations in patients with active alcohol consumption 10 

(Figure 3 and Supplementary Table 13).  11 

Bacterial infections 12 

Thirteen (3%) and 7 (9%) bacterial infections occurred in patients without and with active 13 

alcohol consumption, respectively. Patients’ characteristics at enrollment associated with 14 

bacterial infection, considering death or liver transplantation as competing events, are shown 15 

in Supplementary Table 14. In patients without active alcohol consumption, no independent 16 

predictor of bacterial infection was identified. In patients with active alcohol consumption, 17 

only hepatocyte lEVs concentrations independently predicted bacterial infection within 2 18 

years (Figure 3 and Supplementary Table 15).  19 

Hepatocellular carcinoma 20 

Thirty-nine (9%) and 10 (12%) patients developed hepatocellular carcinoma in patients 21 

without and in those with active alcohol consumption, respectively. Patients’ characteristics 22 

at enrollment associated with hepatocellular carcinoma, considering death or liver 23 

transplantation as competing events, are shown in Supplementary Table 16. In patients 24 

without or with active alcohol consumption, FibroTest was the only independent predictor of 25 

hepatocellular carcinoma (Figure 3 and Supplementary Table 17). Hepatocyte biomarkers 26 

were not independent predictors of hepatocellular carcinoma. 27 

 28 
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Effect of alcohol on keratin-18 and hepatocyte lEVs release by cultured hepatocytes 1 

To get insight into the differences observed in the ability of keratin-18 and hepatocyte lEVs to 2 

predict outcome, we incubated a hepatocyte cell line, HepG2, with DMEM with or without 3 

various concentrations of ethanol. After 24 hours, exposure to alcohol resulted in increased 4 

concentration of hepatocyte lEVs, but not of the fraction of keratin-18 unbound to lEVs 5 

(Figure 6A). Similar results were observed when PCLS from human livers were treated with 6 

increasing concentrations of ethanol (Figure 6B). EVs release increased over time 7 

(Supplementary Figure 4). 8 

 9 

DISCUSSION 10 

Patients with compensated alcohol-related cirrhosis are the target-of choice population for an 11 

intensive surveillance, intensive management of alcohol use disorders, or new drugs aiming 12 

at preventing liver-related events. Previous studies evaluating the interest of hepatocyte 13 

derived biomarkers in patients with cirrhosis focused on the estimation of portal hypertension 14 

(18,34), on the diagnosis of alcoholic hepatitis (14,16), or on short-term mortality in patients 15 

with all-stage severity of cirrhosis (13,14,18). The present study demonstrates, in a large 16 

prospective cohort of patients with Child-Pugh class A alcohol-related cirrhosis, that 17 

combining hepatocyte-derived biomarkers to usual biomarkers, namely MELD or FibroTest, 18 

allows estimating the individual risk of liver-related events at 2 years (Figure 5). Importantly, 19 

these results took into account alcohol consumption at inclusion, i.e. separating patients 20 

without and with active alcohol consumption at inclusion, but also during follow-up. Indeed, in 21 

patients without active alcohol consumption at inclusion, alcohol relapse was treated as a 22 

competing event. Although alcohol withdrawal is a cornerstone of the management of 23 

patients with alcohol-related cirrhosis, with a high impact on long-term prognosis (25,43), 24 

most studies evaluating biomarkers of diagnosis and prognosis in this setting did not take 25 

into account the alcohol consumption status nor its changes over time (23,44).  26 

 27 
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The first major finding of the present study is that circulating concentrations of the hepatocyte 1 

biomarkers keratin-18 and hepatocyte-lEVs improve ability of FibroTest and of MELD to 2 

predict the risk of liver-related events at 2-year and allow the identification of patients at high 3 

risk. Indeed, in patients without active alcohol consumption, those with both keratin-18 4 

concentration >285 U/L and MELD ≥10 had a 28.7% cumulative incidence of liver-related 5 

events at 2 years vs. 5 to 14% in patients without this combination. In patients with active 6 

alcohol consumption, those with both total hepatocyte-EVs concentration >50 U/L and 7 

FibroTest >0.74 had a 62% cumulative incidence of liver-related events at 2 years, vs. 8 to 8 

13% in patients without this combination. This synergy between hepatocyte biomarkers and 9 

FibroTest or MELD is likely accounted for by the different pathophysiological processes they 10 

reflect, namely liver cell stress or injury, liver fibrosis and liver function, respectively. A 11 

limitation of the current study is the lack of a validation cohort to confirm our results. 12 

However, the large number of patients prospectively included and followed-up in multiple 13 

centers strengthens our results. Even though no study assessed so far the ability of 14 

hepatocyte-derived biomarkers to predict liver-related events in patients with Child-Pugh 15 

class A cirrhosis, our results are in line with previous studies. Keratin-18 fragments 16 

concentrations predicted mortality in a cohort of 175 patients (39% with ascites) with alcohol-17 

related cirrhosis followed for more than 2 years (13), as well as 90-day mortality in patients 18 

with alcoholic hepatitis in the STOPAH trial (14). Hepatocyte-derived lEVs concentrations 19 

also predicted 6-month mortality independently of Child-Pugh and MELD scores in a 20 

previous study including patients with cirrhosis related to various causes (49% related 21 

hepatitis C virus infection), with different severity stages (61% Child Pugh B or C) (18). Of 22 

note, although keratin 18 concentration has been commonly used as diagnostic or prognostic 23 

biomarkers of acute or chronic liver diseases, it is not specific for liver damage, as keratin 18 24 

can also be released in case of injury or inflammation of non-hepatic epithelial tissues, 25 

including gastrointestinal, lung, or kidney epithelia (45). In this regard, serum keratin 18 26 

concentrations can be elevated in various malignancies including lung, colorectal, 27 

esophageal, gastric, head and neck cancers (46–50). Clinician should thus be aware of the 28 



Elkrief L, et al.  Hepatocyte-derived biomarkers in Child-Pugh A cirrhosis 21/35 

risk of false positive of keratin 18 concentrations in these settings. Similar data on the 1 

specificity of keratin-18 carried by lEVs are lacking so far and will need to be explored.  2 

In the present study, the primary composite endpoint, namely the occurrence of at least one 3 

liver-related event at 2 years, had many components, as the liver events denoting liver 4 

deterioration are numerous. Even if there could be some difference in individual effects 5 

across each of those components, we do think that the relevance of such a grouping is 6 

meaningful for both the patients (that is, in terms of morbidity) and the physicians (that is, in 7 

terms of clinical decisions) points of view. Furthermore, similar results were observed when 8 

addressing the ability of keratin-18 and hepatocyte lEVs concentration to predict 9 

decompensation of cirrhosis, according to the Baveno VII consensus conference. Moreover, 10 

hepatocyte lEVs concentrations not only predicted liver-related events, but also bacterial 11 

infection and 2-year risk of death or liver transplantation.  12 

Liver stiffness measurement ≥ 20 or 25 kPa using transient or shearwave elastography is 13 

increasingly used to predict decompensation and death in patients with compensated 14 

cirrhosis(11,51). Unfortunately, liver stiffness measurement was available at inclusion only in 15 

a minority of the patients in the CIRRAL cohort (52). We could thus not compare the 16 

accuracy of hepatocyte-derived biomarkers to that of liver stiffness measurement, nor 17 

combine those hepatocyte-derived biomarkers with liver stiffness measurement to try to 18 

improve prediction of patients’ outcome. Dedicated studies addressing this question are 19 

needed and should include a medico-economic evaluation. Although measurement of 20 

hepatocyte-derived biomarkers concentration relies on commercially available and affordable 21 

immune-assay based tests, assessing the economic impact of including these tests would be 22 

useful for healthy authorities. 23 

 24 

The second major result of the present study is that the choice of the hepatocyte biomarker 25 

to be used should take into account alcohol consumption, a finding allowed by the 26 

prospective design of the CIRRAL trial including careful alcohol consumption analysis. The 27 
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different prediction ability of Keratin-18 and hepatocyte-lEVs according to alcohol 1 

consumption status suggests that these hepatocyte biomarkers reflect different 2 

pathophysiological processes driving patients’ outcome. Several lines of evidence suggest 3 

that hepatocyte lEVs capture individual susceptibility of hepatocytes to alcohol by reflecting 4 

hepatocyte apoptosis in patients with active alcohol consumption. Indeed, alcohol induces 5 

hepatocytes apoptosis following caspase-dependent and caspase- independent pathways 6 

(53,54). Apoptosis is a well-known stimulus for lEVs release and our results (Figures 2 and 7 

6) – as well as those from several studies- showed that alcohol stimulates the release of 8 

extracellular vesicles from hepatocytes in vitro and in vivo (55,56). Furthermore, circulating 9 

concentrations of hepatocyte-lEVs were associated with apoptotic hepatocytes on liver 10 

biopsies of patients with cirrhosis of various causes (18). In the CIRRAL cohort, although all 11 

included patients had biopsy proven alcohol-related cirrhosis, liver biopsies were not 12 

performed at enrollment in the majority of the patients, so that we were not able to evaluate 13 

the association between hepatocyte lEV concentrations and histological lesions. Keratin-18 14 

concentrations predicted 2-years liver-related events in patients without active alcohol 15 

consumption better than hepatocyte-lEVs. Keratin-18 is a member of the intermediate 16 

filament family of cytoskeletal proteins (57). The M65 fragment of keratin-18 is a marker of 17 

overall cell death, including both apoptosis and other forms of cell death (45). These results 18 

suggest that, in patients without active alcohol consumption, other types of cell stress or cell 19 

death than apoptosis drive patients’ outcome. Our observation that alcohol does not directly 20 

induce the release by hepatocytes of Keratin-18 unbound to lEV in vitro (Figure 6) by HepG2 21 

cells and ex vivo by PCLS from human samples suggests that the higher plasma 22 

concentration of Keratin-18 unbound to lEVs observed in patients with active alcohol 23 

consumption does not result from a direct action of alcohol on hepatocytes, but rather from 24 

an indirect effect of alcohol on hepatocytes (e.g. via gut microbiota or via inflammation). Of 25 

note, although both plasma keratin 18 and hepatocyte lEVs concentrations were higher in 26 

patients with alcohol consumption exceeding 21 glasses/week than in abstinent patients or in 27 

patients drinking less than 6 glasses per week, we did not find a clear dose-dependent 28 
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relationship between alcohol consumption and hepatocyte biomarkers concentrations. 1 

Although similar results were observed in vitro, with a sensitivity to alcohol different between 2 

HepG2 cells and PCLS from human samples (Figure 6), caution is needed in the 3 

interpretation of these data. This absence of difference might be due to a lack of power, with 4 

a lower number of patients in the groups drinking more than 7 glasses per week. Another 5 

explanation might be that self-reported alcohol consumption was not a perfect reflection of 6 

alcohol intake, as objective tools, such as phosphatidylethanol or ethylglucoronide, were not 7 

available in the CIRRAL trial.  8 

 9 

In the present study, neither keratin-18 nor hepatocyte lEVs concentrations predicted 10 

hepatocellular carcinoma at 2 years. This result is in line with a previous study of 175 11 

patients with alcohol-related cirrhosis, where keratin-18 concentrations did not predict 12 

hepatocellular carcinoma-related death (13). Conversely, the present study further validates 13 

accuracy of FibroTest in patients with compensated alcohol-related cirrhosis to predict 14 

hepatocellular carcinoma development (40). Furthermore, this study shows that using 15 

FibroTest or its derived tests (such as the LCR 1 – LCR 2 algorithm) could be useful for risk -16 

stratification and personalized strategies of hepatocellular carcinoma screening (59). In 17 

addition, our study further validates that a MELD over 10 predicts decompensation of 18 

cirrhosis in patients with compensated disease, while it is known that MELD above 15 19 

predicts liver-related death in patients with already decompensated cirrhosis (11,60). 20 

Interestingly, in our study, previous history of decompensation of cirrhosis was not 21 

associated with liver-related events at 2 years. The long time lapse between diagnosis of 22 

cirrhosis and inclusion in the present cohort might account for this result.  23 

 24 

In conclusion, hepatocyte-derived biomarkers combined with FibroTest or MELD allow the 25 

identification of a population of patient with Child-Pugh A cirrhosis at high risk of liver-related 26 

events at 2 years. The usefulness of these hepatocyte-derived biomarkers to predict liver-27 
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related events in patients with non-alcohol-related cirrhosis should be investigated in further 1 

studies. 2 

  3 
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FIGURES’ LEGEND 1 

Figure 1. Flow chart and number of events  2 

 3 

Figure 2. Distribution of keratin-18 concentrations (Fig 2A) and hepatocyte large 4 

extracellular vesicles (lEVs) concentrations (Fig 2B) according to alcohol 5 

consumption at enrollment (Wilcoxon rank-sum test). Red lines indicate median values 6 

and orange lines indicate interquartile range. Plasma total lEV concentrations measured 7 

using tunable resistive pulse sensing (lEV/mL) (Fig 2C; Wilcoxon rank-sum test) and size 8 

distribution (Fig 2D; analysis of variance for repeated measures), in 23 patients with Child-9 

Pugh class A alcohol-related cirrhosis selected among the included patients (11 abstinent, 12 10 

with active alcohol consumption). 11 

 12 

Figure 3. Forrest plots. Multivariate cause-specific Cox regression analyses of the ability of 13 

keratin-18 concentration to predict primary and secondary endpoints in patients without 14 

active alcohol consumption (panel A), and of hepatocyte large extracellular vesicles (lEVs) 15 

concentration to predict primary and secondary endpoints in patients with active alcohol 16 

consumption (panel B), adjusted on MELD and FibroTest.  17 

Filled circles indicate Hazard ratio (HR). Horizontal lines indicate 95% confidence intervals 18 

(CI).  19 

 20 

Figure 4. Cumulative incidence of liver-related events within 2 years according to 21 

hepatocyte biomarkers concentrations and FibroTest or MELD. Cumulative incidence of 22 

liver-related events within 2 years in patients without active alcohol consumption according to 23 

keratin-18 concentrations and FibroTest are displayed in Fig 4A, and according to keratin-18 24 

and MELD in Fig 4B. Cumulative incidence of liver-related events within 2 years in patients 25 

with active alcohol consumption according to hepatocyte large extracellular vesicles (lEVs) 26 

concentrations and FibroTest are displayed in Fig 4C, and according to hepatocyte large 27 

extracellular vesicles (lEVs) concentrations and MELD in Fig 4D. Gray's test has been used. 28 
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 1 

Figure 5. Stratification model for prediction of liver-related events at 2 years in 2 

patients with Child-Pugh class A alcohol-related cirrhosis.  3 

The proposed stratification is based on either FibroTest ≤0.74 vs. >0.74 (Fig 5A and C) or 4 

MELD <10 vs. ≥10 (Fig 5 B and D) and either keratin-18 concentrations ≤ 285 U/L vs. >285 5 

U/L in patients without active alcohol consumption (Fig 5A and B) or hepatocyte large 6 

extracellular vesicle concentrations ≤50 U/L vs. >50 U/L in patients with active alcohol 7 

consumption (Fig 5C and D). lEV, large extracellular vesicles 8 

Abbreviations: MELD, model for end stage liver disease; lEVs, large extracellular vesicles 9 

 10 

Figure 6. Release of Keratin-18 and hepatocyte large extracellular vesicles (lEVs) by 11 

HepG2 cells and in patient-derived precision cut live slices (PCLS). 12 

Concentrations of the fraction of Keratin-18 unbound to large extracellular vesicles (lEVs) 13 

and of hepatocyte lEVs measured in the supernatant of HepG2 cells (A; n=8) and of PCLS 14 

isolated from patients (B; 3 slices from 3 independent human livers) exposed for 24 hrs either 15 

to cell culture medium (blue) or to alcohol (1, 10 and 100 mmol/L). Only significant 16 

differences are shown (Wilcoxon rank-sum test).  17 

 18 

  19 
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Table 1. Characteristics and plasma biomarkers levels of the included patients 1 

according to the alcohol status 2 

 No active alcohol 

consumption 

N=419 

Active alcohol 

consumption 

N=81 

Patients’ characteristics 

Age, years 58 (51-64) 61 (54-67) 

Male gender  281 (67) 59 (73) 

Body mass index, kg/m2 27.5 (24.3-31.2) 27.4 (23.5-30.5) 

Interval between diagnostic 

liver biopsy and enrollment, 

months 

24 (9-69) 35 (9-75) 

Alcohol consumption, 

number of units per week 

0 

1-6 

7-20 

≥21 

 

 

343 (82) 

76 (18) 

0 

0 

 

 

0 

0 

33 (43) 

44 (57) 

Metabolic syndrome 71 (19) 20 (27) 

Diabetes 89 (21) 24 (30) 

Arterial hypertension 163 (39) 43 (53) 

Hypertriglyceridemia 35 (8) 11 (14) 

History of decompensation 

Ascites 

Variceal bleeding 

Encephalopathy 

Jaundice 

282 (69) 

207 (50) 

80 (19) 

39 (9) 

121 (29) 

38 (47) 

26 (33) 

11 (14) 

6 (8) 

16 (20) 

Esophageal varices 

Absent 

Small 

Medium or large or history 

of Bleeding or band ligation 

 

195 (49) 

124 (31) 

83 (21) 

 

50 (67) 

8 (10) 

17 (22) 

Prothrombin time, % 78 (69-91) 81 (65-93) 
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Serum albumin, g/L 40 (37-43) 41 (37-43) 

Platelet count, x109/L 141 (101-189) 137 (95-172) 

Serum bilirubin, µmol/L  14 (9-20) 13 (10-19) 

Serum AST, IU/L 32 (26-48) 42 (31-72) 

Serum ALT, IU/L 26 (19.5-36) 31 (21-48) 

Serum GGT, IU/L 99 (51-189) 232 (108-442) 

Serum creatinine, µmol/L 69 (61-81) 69 (57-84) 

Plasma biomarkers 

MELD* 

MELD* ≥10 

9 (8-10) 

103 (27) 

9 (8-10) 
23 (29) 

Keratin 18 

Keratin 18 >285 U/L 

183 (121-308) 

121 (29) 

270 (165-725) 
39 (48) 

Hepatocyte lEVs 

Hepatocyte lEVs >50 U/L 

Hepatocyte lEVs >65 U/L 

13 (0-46) 

99 (24) 

86 (20) 

30 (0-98) 
30 (37) 
26 (32) 

FibroTest 

FibroTest >0.74 

0.72 (0.48-0.87) 

198 (47) 

0.69 (0.43-0.86) 
34 (42) 

Abbreviations: AST, aspartate amino transferase, ALT, alanine amino transferase, GGT, 1 

gammaglutamyl transpeptidase, MELD, model for end stage liver disease; lEVs, large 2 

extracellular vesicles 3 

* MELD was available in 386/419 patients with past alcohol consumption and in 78/81 4 

patients with active alcohol consumption 5 

Data are presented as median (interquartile range) or absolute number (percentage) 6 

 7 

 8 

  9 
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Table 2. Univariable cause-specific Cox regression analysis of the variables 1 

associated with liver-related events at 2 years according to alcohol status at 2 

enrollment 3 

In patients with past alcohol consumption, hepatocellular carcinoma, liver-unrelated deaths 4 

and alcohol relapse were treated as competing events; In patients with active alcohol 5 

consumption, hepatocellular carcinoma and liver-unrelated deaths were treated as 6 

competing events 7 

 No active alcohol 
consumption 

N=419 

Active alcohol consumption 
N=81 

 HR  (95% CI) P value HR  (95% CI) P value 

Patients’ characteristics 

Age, /10 years 1.02 0.82-1.26 0.87 0.79 0.50-1.25 0.31 

Male gender  1.18  0.77-1.81 0.45 0.41  0.19-0.90 0.027 

Body mass index, /10 
kg/m2 

1.01 0.98-1.05 0.47 1.03  0.95-1.11 0.50 

Number of units per 
week 
0 
1-6 
7-20 
≥21 

 
 
1.00 
1.60 

 
 
 
0.97-2.65 

 
 
0.068 

 
 
 
 
1.00 
1.31 

 
 
 
 
 
0.57-3.00 

 
 
 
 
 
0.52 

Metabolic syndrome 0.78 0.44-1.39 0.40 0.35 0.10-1.19 0.093 

Diabetes 1.26 0.79-2.01 0.33 0.44 0.17-1.18 0.10 

Arterial hypertension 1.11 0.74-1.67 0.63 0.65 0.30-1.44 0.29 

Hypertriglyceridemia 1.19 0.6-2.37 0.62 1.56 0.59-4.17 0.37 

Past history of 
decompensation 

1.42 0.88-2.28 0.15 1.73 0.78-3.82 0.18 

Esophageal varices 
Absent 
Small 
Medium or large or 
history of bleeding or 
band ligation 

 
1.00 
1.92 
2.43 

 
 
1.19-3.10 
1.43-4.12 

 
 
0.008 
0.001 

 
1.00 
1.64 
8.35 

 
 
0.57-4.74 
2.97-23.4 

 
 
0.36 
<0.0001 

Prothrombin time, 
/10% 

0.71 0.62-0.80 <0.0001 0.76 0.63-0.93 0.006 

Serum albumin, 
/10g/L 

0.26 0.15-0.42 <0.0001 0.42 0.16-1.11 0.080 

Platelet count, 
/100Giga/L 

0.47 0.33-0.69 0.001 0.41 0.19-0.89 0.024 

Serum bilirubin, /10 
µmol/L 

1.83 1.47-2.27 <0.0001 2.17 1.30-3.62 0.003 

Serum AST, /10IU/L 1.06 1.03-1.10 0.0007 1.11 1.02-1.22 0.020 
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Serum ALT, /10IU/L 1.06 0.97-1.16 0.17 1.04 0.89-1.20 0.65 

Serum GGT, /10IU/L 1.01 1.01-1.02 0.024 1.01 1.00-1.02 0.007 

Serum creatinine, /10 
µmol/L 

0.97 0.87-1.09 0.61 0.75 0.61-0.93 0.008 

Plasma biomarkers 

MELD*** 1.37 1.24-1.52 <0.0001 1.19 1-1.42 0.051 

MELD ≥10*** 2.64 1.71-4.09 <0.0001 1.45 0.62-3.36 0.39 

Plasma keratin 18 x 

10-2 U/L 

1.06 1.04-1.09 <0.0001 1.03 0.99-1.07 0.12 

Plasma keratin 18 

>285 U/L 

2.31 1.54-3.48 <0.0001 2.28 1.00-5.16 0.049 

Hepatocyte lEVs x 10-

1 U/L 

1.00 0.98-1.02 0.78 1.003 1.001-1.006 0.003 

Hepatocyte lEVs >50 

U/L 

1.23 0.77-1.95 0.38 5.17 2.22-12.02 0.0001 

Hepatocyte lEVs >65 

U/L 

1.28 0.79-2.06 0.32 12.46 1.67-93.0 0.009 

FibroTest 10.15 3.54-29.09 <0.0001 12.46 1.67-92.99 0.014 

FibroTest >0.74 2.57 1.68-3.92 <0.0001 3.79 1.64-8.75 0.002 

Abbreviations : AST, aspartate amino transferase, ALT, alanine amino transferase, GGT, 1 

gammaglutamyl transpeptidase, MELD, model for end stage liver disease; lEVs, large 2 

extracellular vesicles 3 

*** MELD was available in 386/419 patients with past alcohol consumption and in 78/81 4 

patients with active alcohol consumption 5 

Bold indicate statistically significant results 6 

 7 
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> 50U/L

2 years liver-

related events

9.9% (0-20)

2 years liver-

related events

36.2% (10.7-54.5)

2 years liver-

related events

7.7% (0-21.1)

2 years liver-

related events

65.0% (0-88.4)

N=34 N=15N=21 N=8

With active alcohol

consumption (n=81)

FibroTest

FibroTest ≤ 0.74 FibroTest > 0.74

Hepatocyte lEVs

≤ 50U/L

Hepatocyte lEVs

> 50U/L

Hepatocyte lEVs

≤ 50U/L

Hepatocyte lEVs

> 50U/L

2 years liver-

related events

13.2% (0.7-24.5)

2 years liver-

related events

8.3% (0-22.77)

2 years liver-

related events

0%

2 years liver-

related events

62.4% (29.2-80)

N=34 N=17N=13 N=17
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Others: 8-14% 

Keratin 18 > 285 U/L 
and FibroTest > 0.74

500 patients
Child-Pugh A 

alcohol-related cirrhosis
Prospective inclusion

At enrollment
MELD, FibroTest

Keratin 18
Hepatocyte large extracellular 

vesicles (lEVs)

With active alcohol 
(n=81)

Without active alcohol 
(n=419)

Hepatocyte lEVs ≤50 U/L, FibroTest ≤0.74 
Hepatocyte lEVs >50 U/L, FibroTest ≤0.74 
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62%

P < 0.0001

Others: 8-13% 

Hepatocyte large EVs > 50 U/L 
and FibroTest > 0.74

2 groups

Primary endpoint
Liver-relayed event at 2 years

Competitive events: Liver-
unrelated death, hepatocellular 

carcinoma




