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Highlights

e Hepatic recompensation reflects the potential to resolve
decompensating events once the aetiological driver
is removed.

e Alcohol abstinence enabled recompensation in one-third of
patients with decompensated alcohol-related cirrhosis.

e The likelihood of recompensation increased with early
abstinence and in the absence of further decompensation.

e Prognosis improved after recompensation, with a negligible
risk of liver-related death and hepatocellular carcinoma.

https://doi.org/10.1016/j.jhep.2026.01.007

Impact and implications

Hepatic recompensation, as defined by Baveno VI, is a novel
clinical concept reflecting the potential for disease regression
and resolution of decompensating events in patients with
cirrhosis once the underlying aetiological factor is removed or
controlled. In this multicentre study, sustained alcohol absti-
nence led to recompensation in one-third of patients with
decompensated alcohol-related cirrhosis within 5 years,
particularly if abstinence was achieved early and in the
absence of further decompensation. Recompensation mark-
edly improved outcomes, with a negligible residual risk of liver-
related death and hepatocellular carcinoma when abstinence
was maintained. These findings support personalised treat-
ment approaches in decompensated alcohol-related cirrhosis
by enabling the identification of patients at risk of progression
or with the potential for regression.

© 2026 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under the CC BY license
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Background & Aims: Alcohol abstinence enables hepatic recompensation in patients with decompensated alcohol-related
cirrhosis. This study investigated the incidence, predictors, and impact of abstinence-induced recompensation.

Methods: This multicentre study included patients with decompensated alcohol-related cirrhosis recruited at the time of
abstinence up to December 2022. Recompensation was defined by Baveno VI criteria: (i) sustained abstinence (>3 months), (ii)
resolution of ascites and hepatic encephalopathy off therapy, (iii) absence of variceal bleeding for 1 year, and (iv) restored liver
function (Child-Pugh A or MELD <10).

Results: A total of 633 patients from 17 centres were included (71.7% male; median age 55 years). Alcohol-associated hepatitis
superimposed on cirrhosis was present in 40.8%. Median MELD was 19 (13-24), and 47.2% had progressed to further
decompensation at abstinence. Median time from index decompensation to abstinence was 0.2 (0.0-7.6) months. Over a follow-
up of 36.3 (19.2-63.2) months, 197 patients (31.1%) achieved recompensation (cumulative incidence: 12.3% at 1 year, 23.4% at
2 years, 33.8% at 5 years). Early abstinence (within 1 month of decompensation; adjusted subdistribution hazard ratio [aSHR]
2.042), higher aspartate aminotransferase (@SHR per 10 U/L increase: 1.011) and gamma-glutamyltransferase (@SHR per 10 U/L
increase: 1.004) (all p <0.001) increased recompensation likelihood in both supervised and machine-learning models, while the
presence of further decompensation decreased it (aSHR 0.650, p = 0.013). During follow-up, 123 patients died (56.1% liver-
related). Recompensation was independently associated with lower all-cause mortality (aHR 0.255, p = 0.001). No recompen-
sated patient who remained abstinent died of liver-related causes or developed hepatocellular carcinoma.

Conclusions: Alcohol abstinence enabled hepatic recompensation in approximately one-third of patients with decompensated
alcohol-related cirrhosis, particularly when abstinence was achieved early and in the absence of further decompensation.
Recompensation was associated with a substantial survival benefit under sustained abstinence, with a negligible residual risk of
liver-related death and hepatocellular carcinoma.

© 2026 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction ultimately cirrhosis.® However, due to the absence of overt
symptoms in the compensated stage, patients with ALD who
progress to cirrhosis may only be detected following the
occurrence of hepatic decompensation, which significantly
worsens the prognosis.*®

Although this transition to a decompensated stage has
traditionally been seen as a point of no return in the natural history

Alcohol-related liver disease (ALD) is a major contributor to
liver-related morbidity and mortality worldwide, with global
alcohol consumption continuing to rise.”? In individuals with
prolonged excessive alcohol consumption, isolated steatosis
may eventually progress to steatohepatitis, fibrosis, and
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Recompensation in alcohol-related cirrhosis

of cirrhosis, a growing body of evidence indicates that pro-
nounced clinical improvements and disease regression may be
possible if the underlying aetiological factor is cured, suppressed
or removed.®® These insights have led to the introduction of the
concept termed ‘hepatic recompensation’ in the Baveno VI
consensus statement, which describes the resolution of all
decompensating events together with a concomitant restoration
of hepatic function following aetiological therapy.®'°

Sustained alcohol abstinence, which constitutes the removal
of the underlying aetiological factor in ALD, has been linked to
both improved outcomes® and an amelioration of portal hyper-
tension.'""'2 The extent of abstinence-induced clinical improve-
ments is such that it has even been found to enable the delisting
of liver transplant candidates with ALD.2 A previous study
demonstrated that close to 20% of patients with decompensated
alcohol-related cirrhosis can achieve hepatic recompensation
according to Baveno VIl criteria following alcohol abstinence.'®
Importantly, recompensation in ALD has been associated with a
significantly lower risk of liver-related death, which is consistent
with the pronounced prognostic benefits of recompensation
observed in HCV- and HBV-associated cirrhosis.'*"® In contrast,
the residual risk of hepatocellular carcinoma (HCC) following
recompensation in ALD remains unclear and may differ signifi-
cantly from the persistent HCC risk observed in recompensated
HBV'® and HCV,'® especially given the inherently higher inci-
dence of HCC in viral liver disease.'’

In order to further elucidate the concept of recompensation
in ALD, this multicentre study aimed to (i) investigate the
incidence and predictors of hepatic recompensation in pa-
tients with decompensated alcohol-related cirrhosis who
achieve alcohol abstinence, and (i) assess the prognostic
implications of recompensation with regard to liver-related and
all-cause mortality, as well as HCC risk.

Patients and methods

Study design and patients

This multicentre retrospective observational study included
patients with decompensated alcohol-related cirrhosis who
were recruited on the achievement of alcohol abstinence from
17 centres across Europe and Asia, including centres in Spain,
Germany, ltaly, France, Austria, Romania, Switzerland, Hong
Kong, the United Kingdom and Portugal, up to 31 December
2022. The earliest possible date of study inclusion was not
predefined, with the earliest patient being included in 1999.

Patients were included at the time they achieved alcohol
abstinence, defined as complete cessation of ethanol intake.
The inclusion criteria at baseline were: (i) verified diagnosis of
cirrhosis, (i) ALD as the underlying aetiology, and (iii) the
presence of hepatic decompensation. Patients who experi-
enced first decompensation only after abstinence (i.e.
decompensation despite removal of the aetiological factor)
were not included.

Cirrhosis was diagnosed per Baveno VIl criteria for advanced
chronic liver disease by non-invasive tests,® histological findings
and/or conclusive laboratory and imaging evidence. The diag-
nosis of ALD as the underlying aetiology was based on histology
and/or unambiguous clinical data at the discretion of the
participating centre. The presence of alcohol-associated hepa-
titis (AH; included if probable or definite) was diagnosed ac-
cording to NIAAA criteria.'® Underlying cirrhosis/advanced
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chronic liver disease in AH was confirmed histologically when
available, or otherwise diagnosed based on imaging evidence of
cirrhosis and/or non-invasive tests in a stable disease state
before or after the AH episode. Patients with resolved HBV or
HCV at the time of decompensation (i.e. negative hepatitis B
surface antigen in HBV or sustained virological response after
antiviral treatment in HCV) were eligible if viral hepatitis was not
deemed to be the predominant aetiology. Patients with other
overlapping aetiologies, including autoimmune or cholestatic
liver diseases, were not eligible for inclusion.

The presence of hepatic decompensation at baseline was
defined according to Baveno VI criteria.’ Specifically, first
hepatic decompensation was defined as variceal bleeding,
overt ascites, or overt hepatic encephalopathy (HE). Further
decompensation was defined as () a second portal
hypertension-related event (variceal bleeding, ascites or HE),
(ii) recurrent variceal bleeding, (iii) recurrent ascites (>3 para-
centeses within 1 year) or ascites-related complications
(spontaneous bacterial peritonitis or hepatorenal syndrome) or
(iv) recurrent HE (22 episodes within 6 months). Jaundice
(bilirubin levels 25 mg/dl and/or clinically evident jaundice) was
documented yet not considered as further decompensation in
the outcome analyses due to collinearity with AH.

Exclusion criteria at the time of abstinence included current/
previous HCC, active extrahepatic malignancy, portal vein
thrombosis, prior TIPS (transjugular intrahepatic portosystemic
shunt) insertion, prior liver transplantation, and insufficient follow-
up data.

Study follow-up and primary endpoints

Patients entered the study at the time of alcohol abstinence
(i.e. study baseline) in a decompensated disease stage and
were followed at close intervals according to standard practice
at each participating centre until either (i) the last available
clinical visit until 03/2025 (i.e. closing of database), (i) liver
transplantation or (iii) death, whichever occurred first.

Primary study outcomes were hepatic recompensation,
liver-related death, all-cause mortality and de novo HCC.

Hepatic recompensation, i.e. the primary study endpoint,
was defined per Baveno VIl criteria® as: (i) removal of the un-
derlying aetiology (i.e. maintained abstinence for a minimum of
3 months), (ii) resolution of ascites and HE, (i) absence of
variceal (re)bleeding within the past 12 months, and (iv)
restoration of hepatic function to Child-Pugh stage A and/or
MELD below 10. Resolution of ascites/HE was defined by the
withdrawal of all diuretics and anti-HE treatments unless
administered for another indication (e.g. low-dose diuretics for
heart failure). The date of ascites/HE resolution was defined as
the date of treatment discontinuation, yet ascites/HE had to
remain resolved at the next clinical contact.

Deaths were considered liver-related if they were directly
attributed to the underlying liver disease or to liver disease pro-
gression. Deaths of unknown cause were classified as non-liver-
related. HCC surveillance followed international guidelines.'®

A minimum duration of 3 months of maintained abstinence
was required to qualify for hepatic recompensation. Adherence
to abstinence during follow-up mainly relied on self-reported
abstinence in structured interviews and routine laboratory
markers indicating alcohol relapse, and was monitored by the
respective physician. Where available, psychiatric evaluations,
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blood alcohol measurements and ethanol biomarkers were
included in the assessment. Overall, while both gamma-
glutamyltransferase (GGT) and erythrocyte mean corpuscular
volume were included within the routine laboratory assessment
of most centres, measurements of blood alcohol levels, urine
ethylglucuronide and phosphatidylethanol were generally
restricted to situations with suspected alcohol relapse and to
transplant candidates. Centre-specific policies regarding the
use of biomarkers of ethanol intake, as well as details on the
psychiatric and addiction medicine support provided to
maintain alcohol abstinence, are shown in Tables S1 and
S2, respectively.

As abstinence is required to achieve and maintain recom-
pensation, patients were censored in case of confirmed
persistent alcohol relapse (i.e. a sustained return to alcohol
misuse), irrespective of whether relapse occurred prior to or
after recompensation. An isolated occurrence of alcohol use in
an otherwise abstinent patient without a return to prior con-
sumption patterns (i.e. alcohol slip) did not lead to censoring.

Baseline laboratory parameters were included if obtained
within 45 days of abstinence. For imaging, upper endoscopy
and liver stiffness measurement by vibration-controlled tran-
sient elastography (conducted by FibroScan© [Echosens,
Paris, France]) the permitted timeframe was 180 days. For data
collected at recompensation, laboratory, imaging, endoscopy
and elastography findings were included if performed within 45
days prior to or 180 days after recompensation, given that the
patient remained abstinent and recompensated at the time of
the respective assessment. Cardiometabolic risk factors
(CMRFs) were defined according to the published steatotic
liver disease nomenclature criteria.°

Ethical considerations

Data collection within the context of this study was approved
by the ethics committees and institutional review boards of
each participating centre. The study was conducted in
accordance with the ethical guidelines of the 1975 Declaration
of Helsinki and its later amendments.

Statistical analysis

Statistical analyses were conducted using R 4.3.1 (R Core
Team, R Foundation for Statistical Computing, Vienna,
Austria). Continuous variables were reported as median and
IQR, assessed for normal distribution by the Shapiro-Wilk test
and compared via independent samples t-test or Mann-
Whitney U test, as applicable. Analyses of paired measure-
ments were performed by paired samples t-test or Wilcoxon
signed-rank test, as applicable. Categorical variables were
reported as the absolute number and corresponding percent-
age (of available data) and compared by Pearson’s Chi-
squared test or Fisher’s exact test, as applicable. Paired cat-
egorical variables were compared using the (exact) McNemar’s
Chi-squared test.

All patients entered time-to-event analyses at the time of
abstinence. Median follow-up time was calculated via the
reverse Kaplan-Meier method.

Baseline predictors of recompensation were evaluated by
uni- and multivariable Fine and Gray competing risk regression
models including the centre ID as a clustering covariate (R-
package ‘crrSC’) and depicted by cumulative incidence plots.
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Competing events within the analysis of recompensation
included all-cause mortality, liver transplantation, alcohol
relapse, HCC and TIPS. The primary multivariable models were
adjusted for factors previously found to influence the proba-
bility of recompensation, including age, sex, the presence of
CMRF, the time between index decompensation and absti-
nence, the presence of further decompensation, AH, MELD
(UNOS 2016), albumin and platelet count. Aspartate amino-
transferase (AST) was included as an additional covariate in an
exploratory model due to its significant association with rec-
ompensation in univariable analysis. Multivariable models were
performed using complete-case data without imputation of
missing values.

In addition to the supervised models for predicting recom-
pensation, we used Python (version 3.13.5) and the sksurv
package (version 0.24.1) to train Random Survival Forests®' for
time-to-event modelling of recompensation, thereby enabling
a data-driven investigation of baseline predictors of recom-
pensation. Further methodological details are provided in the
supplementary materials.

The prognostic impact of recompensation on primary study
outcomes was assessed using cause-specific uni- and multi-
variable Cox regression models, adjusted for clustered data by
including a frailty term. Recompensation was modelled as a
time-dependent covariate, wherein all patients were initially
included as decompensated and reclassified after recom-
pensation. Liver transplantation and alcohol relapse were
treated as censoring events in all analyses. In the analysis of
liver-related death, patients were additionally censored upon
non-liver-related death and vice versa. In the analysis of HCC,
all-cause mortality was a censoring event.

Proportionality of hazards in all multivariable models pre-
dicting recompensation and its prognostic benefit was
assessed via (modified weighted) Schoenfeld residuals, and
multicollinearity was evaluated by variance inflation factors.

Outcome analyses were visualised using landmark plots
(i.e. Kaplan-Meier curves with landmarks set at 12 and 24
months after abstinence), thus accounting for the time-varying
exposure to recompensation. Patients still at risk of experi-
encing the event of interest at the respective 12- and 24-month
landmarks were included and stratified based on whether
recompensation had been achieved at the landmark time.
Curves were compared using the log-rank test.

Two-sided p values <0.05 were considered statisti-
cally significant.

Results

Characteristics of study cohort

A total of 1,051 patients with decompensated alcohol-related
cirrhosis who achieved alcohol abstinence were assessed for
eligibility, and 633 patients were eventually included in the final
study cohort. A flow chart of the study inclusion process is
provided in Fig. 1. Of note, nearly half of all included patients
(44.9%) achieved abstinence between 2020 and 2022
(Fig. S1), which may reflect improvements in multidisciplinary
alcohol use disorder care or, alternatively, more systematic
documentation of alcohol consumption in recent years.

The median age of the study cohort was 55.0 (48.6-61.7)
years, and the majority of patients were male (71.7%). Median
MELD score at abstinence was 19 (13-24) and median Child-
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Recompensation in alcohol-related cirrhosis

n = 1,051 patients with decompensated alcohol-related cirrhosis who achieved alcohol abstinence
until the end of 2022 assessed for eligibility at 17 centres in Europe and Asia

n = 418 patients excluded:

n = 131 hepatocellular carcinoma
n =18 extrahepatic malignancy
n =52 portal vein thrombosis

n =236 prior TIPS insertion

n =32 prior liver transplantation
n = 149 insufficient data

| N = 633 patients included |

{ R

n=197 n =436
recompensated non-recompensated

Fig. 1. Flowchart of patient inclusion and map of participating countries. TIPS, transjugular intrahepatic portosystemic shunt. (This figure appears in color on the web.)

Pugh score was 9 (8-11), with 45.2% classified as Child-Pugh
B and 48.0% as Child-Pugh C. Full baseline characteristics of
the overall cohort and stratified by recompensation status
during follow-up, as well as missing data, are presented in
Table 1. The number of included patients per centre and
centre-specific baseline differences are summarised in
Table S3. The presence of resolved HBV or HCV infections
(i-e. self-limited or cured) prior to first hepatic decompensation
was documented in 41 patients (6.5% of the cohort), with
further details provided in the supplementary materials.

Ascites was the most frequent initial decompensating event
(71.6%), followed by variceal bleeding (7.9%) and hepatic
encephalopathy (4.4%), with multiple events occurring
concomitantly in 16.1% of patients. Most patients were first
diagnosed with alcohol-related cirrhosis at the time of first
decompensation. Specifically, only 23.5% had a known diag-
nosis of cirrhosis beforehand, and 30.9% had been diagnosed
with ALD prior to decompensation. The median interval be-
tween index decompensation and abstinence was 0.2 (0.0-7.6)
months, with 45.4% of patients achieving abstinence on the
day of decompensation, 50.6% within 1 week and 58.1%
within 1 month. Further decompensation was present in 47.2%
of patients at the time of abstinence (75.0% when also
considering jaundice).

AH was present in 258 patients (40.8%) at the time of study
inclusion (Table S4). Compared to patients without AH, those
with AH were younger (53.5 vs. 56.3 years, p = 0.002) and more
frequently female (34.1% vs. 24.3%; p = 0.007). Furthermore,
patients with AH showed more pronounced hepatic dysfunc-
tion (MELD: 22 vs. 17, p <0.001; Child-Pugh score: 10 vs. 9, p
<0.001) and higher aminotransferase levels (AST: 112 vs. 53 U/
L, p <0.001; alanine aminotransferase [ALT]: 42 vs. 28 U/L,
p <0.001).

Incidence and predictors of recompensation

Over a median follow-up of 36.3 (19.2-63.2) months, 197 patients
(81.1%) achieved hepatic recompensation, with a median time to
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recompensation of 15.3 (10.7-26.9) months. The cumulative
incidence was 3.0% at 6 months, 12.3% at 1 year, 23.4% at 2
years, 28.8% at 3 years and 33.8% at 5 years (Fig. 2).

At the time of recompensation, median Child-Pugh and
MELD scores were 5 (5-5) and 9 (7-11), respectively, repre-
senting decreases of 44% and 48% from values at abstinence
(both p <0.001; Table 2, Fig. S2). Significant improvements
were also observed in C-reactive protein (-86%, p <0.001) and
aminotransferase levels (AST: -71%, p <0.001; ALT: -40%, p
<0.001). Dynamics in platelet count after recompensation were
not statistically significant (+16%, p = 0.078). Data on non-
invasive indicators of portal hypertension after recom-
pensation, including liver stiffness, spleen size and collaterals,
were available in a subset of patients and are reported in the
supplementary materials. Importantly, both GGT (-73%; p
<0.001) and mean corpuscular volume (-9%; p <0.001)
decreased significantly, supporting sustained alcohol absti-
nence. Advanced biomarkers of ethanol intake were only
available in a subset of patients, yet universally confirmed the
absence of alcohol relapse (Table S5).

A multivariable competing risk regression model (Table 3,
Model 1) identified early abstinence (within 1 month of index
decompensation) as an independent predictor of recom-
pensation (adjusted subdistribution hazard ratio [aSHR] 2.042,
95% Cl 1.448-2.878, p <0.001). At 3 years, the incidence of
recompensation was 37.7% with early abstinence compared
to 19.0% with delayed abstinence (Fig. 3A). Furthermore,
recompensation probability was significantly lower in patients
who were further decompensated at abstinence (jaundice not
considered due to collinearity with AH; aSHR 0.650, 95% ClI
0.462-0.914, p = 0.013), with a 3-year cumulative recom-
pensation incidence of 20.6% in patients with further decom-
pensation compared to 35.9% in patients with a single
decompensating event (Fig. 3B).

Exploratory multivariable models (Table 3, Model 2/3)
additionally identified higher AST (aSHR 1.011, 95%
Cl 1.007-1.014, p <0.001) and GGT (aSHR 1.004, 95%
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Table 1. Baseline patient characteristics of the full cohort and stratified by recompensation during follow-up.
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Full cohort
(N = 633)

Non-recompensated
(n = 436)

Recompensated
(n =197)

Sex (male)
Age (years)

Decompensation to abstinence

Median interval (months)
Within one month

First decompensation event
Ascites
HE
Variceal bleeding
Combined event

Cirrhosis diagnosed prior to decomp.
ALD diagnosed prior to decomp.

Further decompensated
Presentation with AH
Ascites present
Severe/tense ascites
Recurrent ascites

Prior SBP

HE present

Grade III/IV HE

Prior HE admission
Prior variceal bleeding
Bleeding within last year
Child-Pugh score
Child-Pugh stage (A/B/C)
MELD score

Sodium (mmol/L)

INR

Creatinine (mg/dl)
Bilirubin (mg/dl)
Albumin (g/L)

AST (U/L)

ALT (U/L)

GGT (U/L)

MCV (fl)

CRP (mg/dl)

Platelet count (G/L)
VCTE-LSM (kPa)
Oesophageal varices

454 (71.7%)
55.0 (48.6-61.7)

0.2 (0.0-7.6)
349 (58.1%)

453 (71.6%)
28 (4.4%)

50 (7.9%)
102 (16.1%)
140 (23.5%)
181 (30.9%)
299 (47.2%)
258 (40.8%)
581 (91.8%)
232 (36.7%)
99 (15.6%)
40 (6.3%)
176 (27.8%)
38 (6.0%)
69 (10.9%)
102 (16.1%)
82 (13.0%)
9 (8-11)
6.8%/45.2%/48.0%
19 (13-24)

136 (132-139)

1.51 (1.30-1.80)
0.80 (0.61-1.10)
3.25 (1.54-7.70)
29.8 (26 0-33.9)

1 (46-124)

33 (24-48)

146 (68-338)

98.0 (91.9-104.0)
1.94 (1.00-4.00)
118 (85-171)

61.3 (42.1-73.6)
320 (67.4%)

)

)

)

323 (74.1%)
55.3 (48.7-61.9)

1.0 (0.0-11.7)
204 (50.5%)

316 (72.5%)
22 (5.0%)
29 (6.7%)

69 (15.8%)

108 (27.1%)

134 (34.4%)

232 (53.2%)

151 (34.6%)

406 (93.1%)

176 (40.4%)

8 (20.2%)
35 (8.0%)
138 (31.7%)
30 (6.9%)
4 (12.4%)
7 (15.4%)
50 (11.5%)

9 (8-11)
6.3%/46.2%/47.4%
19 (13-25)

136 (132-138)

1.53 (1.30-1.81)
0.82 (0.63-1.23)
3.15 (1.54-7.27)
30.0 (26.0-34.7)

59 (42-103)

31 (22-45)

114 (57-245)

97.3 (91.3-103.0)
1.90 (1.00-3.70)
116 (84-166)

55.6 (38.0-74.2)
217 (69.6%)

131 (66.5%)
54.3 (48.1-60.2)

0.0 (0.0-1.1)
145 (73.6%)

137 (69.5%)
6 (3.0%)

21 (10.7%)

33 (16.8%)
32 (16.3%)
47 (24.0%)
67 (34.0%)
107 (54.3%)
175 (88.8%)
56 (28 4%)
1 (5.6%)

5 (2.5%)

38 (19.3%)
8 (4.1%)

15 (7.6%)
35 (17.8%)
32 (16.2%)
9 (8-11)
7.7%/43.2%/49.1%
19 (13-24

136 (132-139

1.50 (1.30-1.78
0.70 (0.58-0.90
3.51 (1.60-8.07
29.0 (25.0-32.4

97 (58-165

38 (26-58

266 (117-563

99.3 (93.0-106.0
2.06 (0.94-4.93
128 (88-176

61.6 (48.7-70.3

)
)
)
)
)
)
)
)
)
)
)
)
)
103 (63.2%)
)
)
)
)
)
)
)
)
)
)
)
)
)

Portosystemic collaterals 220 (50.8% 157 (51.8%) 63 (48.5%
Spleen size (cm) 14.0 (12.0-16.0 14.0 (12.0-16.0) 13.0 (12.0-15.0
Splenomegaly 262 (63.4% 195 (67.0%) 67 (54.9%
BMI (kg/m?) 25.2 (22.1-29.1) 25.3 (22.2-29.4) 25.0 (22 0-27.7
Obesity (BMI 230 kg/m?) 106 (20.2%) 85 (22.5%) 1(14.4%
Overweight (BMI 225 kg/m?) 269 (51.3%) 196 (51.9%) 73 (50.0%
Diabetes/prediabetes 4 (14.9%)/39 (6.6%) 4 (17.0%)/27 (6.9%) 0 (10.2%)/12 (6.1%
Arterial hypertension 175 (27.6%) 120 (27.5%) 55 (27.9%
Hypertriglyceridemia 67 (11.3%) 38 (9.4%) 29 (15.5%
Low HDL 144 (25.4%) 95 (24.4%) 49 (27.5%
Any CMRF 439 (69.4%) 299 (68.6%) 140 (71 1%
Prior HCV infection 16 (2.5%) 13 (8.0%) 3 (1.5%
Prior HBV infection 25 (3.9%) 20 (4.6%) 5(2.5%

Data presented as number n (% of available data) or median (IQR).

Permitted timeframe for laboratory parameters was set at 45 days prior to or after abstinence (available in n = 557; 88%; median interval 0 [0-5] days from abstinence). Missing lab
values in patients with a blood draw within the set range: Child-Pugh score missing in n = 57; MELD score missing in n = 29; Sodium missing in n = 10; INR missing in n = 20;
Creatinine missing in n = 3; Bilirubin missing in n = 2; Albumin missing in n = 39; AST missing in n = 30; ALT missing in n = 14; GGT missing in n = 45; MCV missing in n = 20; CRP
missing in n = 124; Platelet count missing in n = 4. Other missing data in overall cohort: Time between first decompensation and abstinence missing in n = 32; data on diagnosis of
cirrhosis prior to first decompensation missing in n = 38; data on diagnosis of ALD prior to first decompensation missing in n = 47; VCTE-LSM missing in n = 515; Endoscopic data
on oesophageal varices missing in n = 158; Data on collaterals on imaging missing in n = 200; Data on splenomegaly missing in n = 220; Data on the exact spleen size missing in
n = 278; BMI missing in n = 109; Data on prediabetes missing in n = 45; Data on hypertriglyceridemia missing in n = 42; Data on low HDL missing in n = 66. Jaundice not
considered as further decompensation. Diagnosis of cirrhosis and ALD included as known prior to decompensation if it had been established at least one month before first
decompensation. AH, alcohol-associated hepatitis; ALD, alcohol-related liver disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CMRF, cardiometabolic
risk factor; CRP, C-reactive protein; GGT, gamma-glutamyltransferase; HDL, high-density lipoprotein; HE, hepatic encephalopathy; INR, international normalised ratio; MCV,
mean corpuscular volume; MELD, model for end-stage liver disease; SBP, spontaneous bacterial peritonitis; VCTE-LSM, liver stiffness measurement by vibration-controlled
transient elastography.
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Event Cl11.003-1.006, p <0.001) levels as independent predictors of
[ ] Noevent [] TIPS [l Liver transplantation  [Jf] Non-liver-related death recompensation. When including AST or GGT’ both eaﬂy
[JHee [ Acoholrlapse [ Lverrolted deatr ] Recompensaton abstinence and further decompensation remained predictors
100 of recompensation. Furthermore, higher MELD was associ-
9 ated with a lower likelihood of recompensation in the
exploratory model including AST (aSHR 0.974, 95% CI

80 0.949-0.999, p = 0.041).

Presentation with AH on top of cirrhosis (SHR 2.022, p =
0.023) and a higher platelet count (SHR per 10 G/L increase:
1.019, p = 0.021) were linked to a higher recompensation
probability on univariable but not multivariable analysis.
Obesity was significantly associated with a lower recom-
pensation probability (SHR 0.607, p = 0.004) in the univariable
analysis, which was consistent on sensitivity analysis after
excluding all patients with severe/tense ascites (SHR 0.584,
p = 0.003). The complete list of univariable predictors is pro-
vided in Table S6.

Within the data-driven investigation of predictors of rec-

0 1 2 3 4 5 6 ompensation using machine learning models (Random Survival

Years of follow-up Forests), a similar set of factors emerged. After filtering for

N° at risk variables and patients with high percentages of missing

633 374 241 143 88 58 44 values, 25 variables and 535 patients were included (Fig. S3A),

with subsequent 3-fold cross-validation leading to three

_Fig. 2: Stacked <?umulative incidence curve of hepatic recompenslatio.n unique splits of training (n = 356-357) and test (n = 178-179)
including competing events. Only the competing event that occurred first is . . .

considered. HCC, hepatocellular carcinoma; TIPS, transjugular intrahepatic datasets. Models were trained on all twenty imputations from

portosystemic shunt. each fold, leading to a total of 60 models. Overall, the models

achieved a median concordance index across all iterations of

0.648 (0.639-0.658) and an average time-dependent AUC of

70

60
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Event probability (%)
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Table 2. Characteristics at the time of recompensation and analysis of paired data in a decompensated stage at abstinence and at the time
of recompensation.

Characteristics at
recompensation, n = 197

Delta compared to decompensated
stage at abstinence

p value for delta

Child-Pugh score 5 (5-5) -44.4 (-50.0 to -37.5) % <0.001
MELD score 9 (7-11) -48.0 (-63.2 to -27.3) % <0.001
Sodium (mmol/L) 139 (138-141) +2.2 (0.0-5.4) % <0.001
INR 1.20 (1.10-1.30) -20.6 (-31.2 to -10.9) % <0.001
Creatinine (mg/dI) 0.80 (0.69-0.96) +5.9 (-14.3-35.5) % 0.163
Bilirubin (mg/dl) 0.82 (0.58-1.20) -77.8 (-90.3 to -55.8) % <0.001
Albumin (g/L) 41.0 (38 1-44.0) +44.3 (21.5-65.0) % <0.001
AST (U/L) 1 (24-37) -70.5 (-81.3 to -47.1) % <0.001
ALT (U/L) 23 (19-31) -40.4 (-58.2 to -7.7) % <0.001
GGT (U/L) 74 (43-136) -72.7 (-86.3 to -27.0) % <0.001
CRP (mg/dl) 0.29 (0.12-0.54) -86.0 (-95.0 to -77.1) % <0.001
Platelet count (G/L) 144 (104-192) +16.1 (-21.5-60.5) % 0.078
VCTE-LSM (kPa) 23.9 (14.4-34.5) -65.4 (-72.3 to -53.1) % <0.001
LSM <12 kPa 5 (12.2%) - -
LSM <15 kPa 3 (31.7%) - -
LSM 225 kPa 19 (46.3%) - -
Oesophageal varices 1(72.4%) - -
Portosystemic collaterals 9 (36.5%) - -
Spleen size (cm) 12.0 (11.4-13.7) -7.0 ([-9.3]-[-0.0])) % <0.001
Splenomegaly (>13 cm) 22 (44.0%) - -

Data presented as number n (% of available data) or median (IQR). Analyses of paired continuous data conducted by paired samples t-test or Wilcoxon signed-rank test, as
applicable. p values in bold indicate statistical significance.

The permitted timeframe for laboratory parameters, endoscopy, elastography and imaging was set at 45 days prior to and 180 days after recompensation, given that the patient
remained abstinent and recompensated at the respective assessment.

Laboratory data at the time of recompensation were available in 151 patients (76.6% of recompensated cohort). Missing lab values in the 151 patients with a blood draw within the
set range: Child-Pugh score missing in n = 15 (paired missing in n = 28); MELD score missing in n = 16 (paired missing in n = 29); Sodium missing in n = 10 (paired missing in n =
21); INR missing in n = 10 (paired missing in n = 21); Creatinine missing in n = 4 (paired missing in n = 13); Bilirubin missing in n = 2 (paired missing in n = 10); Albumin missing in n =
4 (paired missing in n = 15); AST missing in n = 5 (paired missing in n = 18); ALT missing in n = 4 (paired missing in n = 14); GGT missing in n = 4 (paired missing in n = 18); CRP
missing in n = 75 (paired missing in n = 83); Platelet count missing in n = 1 (paired missing in n = 11). Other missing data at the time of recompensation: VCTE-LSM missing in n =
156 (paired missing in n = 175); Endoscopic data on oesophageal varices missing in n = 166; Data on collaterals on imaging missing in n = 145; Data on splenomegaly missing in
n = 147; Data on the exact spleen size missing in n = 154 (paired missing in n = 163). ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein;
GGT, gamma-glutamyltransferase; INR, international normalised ratio; MELD, model for end-stage liver disease; VCTE-LSM, liver stiffness measurement by vibration-controlled
transient elastography.
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Table 3. Multivariable competing risk regression models assessing baseline predictors of hepatic recompensation.

Multivariable model 1 Multivariable model 2 Multivariable model 3
Covariables aSHR 95% ClI p value aSHR 95% ClI pvalue aSHR 95% Cl p value
Age (per year) 0.990 0.974-1.007 0.255 0.987 0.971-1.004 0.132 0.988 0.970-1.006 0.176
Male sex (vs. female sex) 0.730 0.495-1.078 0.113 0.741 0.517-1.063 0.104 0.746  0.501-1.112 0.150
Any CMRF 0.994 0.665-1.485 0.976 0.940 0.627-1.410 0.767 0.906 0.610-1.345 0.624
Abstinence achieved within 1 month of decompensation  2.042 1.448-2.878 <0.001 2.006 1.436-2.802 <0.001 2.063 1.455-2.926  <0.001
Further decompensation (vs. single decompensation) 0.650 0.462-0.914 0.013 0.658 0.452-0.957 0.029 0.644 0.445-0.933 0.020
AH presentation 1.675 0.894-3.137 0.107 1.507 0.787-2.888 0.216 1.539 0.813-2.913 0.185
MELD (per point) 0.977 0.952-1.004 0.094 0.974 0.949-0.999 0.041 0.975 0.951- 1.000 0.050
Albumin (per g/L) 0.990 0.955-1.025 0.560 0.990 0.953-1.028 0.599 0.991 0.957- 1.026 0.608
Platelets (per 10 G/L) 1.003 0.982-1.023 0.805 1.004 0.985-1.023 0.663 0.993 0.967 1.019 0.583
AST (per 10 U/L) - - - 1.011 1.007-1.014  <0.001 - - -
GGT (per 10 U/L) - - - - - - 1.004 1.003-1.006  <0.001

Multivariable Fine and Gray competing risk regression model including centre as random effect. All-cause mortality, liver transplantation, alcohol relapse, HCC and TIPS were
included as competing events. Analysis conducted on complete cases (n = 472 in model 1; n = 451 in model 2, n = 437 in model 3). Jaundice not considered as further
decompensation. P values in bold indicate statistical significance. AH, alcohol-associated hepatitis; aSHR, adjusted subdistribution hazard ratio; AST, aspartate transaminase;
CMRF, cardiometabolic risk factor; GGT, gamma-glutamyltransferase; MELD, model for end-stage liver disease.
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Fig. 3. Stacked cumulative incidence curve of hepatic recompensation including competing events. Stratified by (A) achieving alcohol abstinence within one
month of first hepatic decompensation and (B) the presence of further decompensation (not considering jaundice) at the time of abstinence. Only the competing event
that occurred first is considered. HCC, hepatocellular carcinoma; TIPS, transjugular intrahepatic portosystemic shunt.
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Fig. 4. Impact of hepatic recompensation on liver-related death and all-cause mortality. Impact of hepatic recompensation on (A) liver-related death and (B) all-
cause mortality using landmark plots with landmarks set at 1 year and 2 years after abstinence. Comparisons conducted by log-rank test.

0.682 (0.672-0.696; Fig. S3B). Performance and overall AUC
remained stable across different cross-validation folds and
time points (Fig. S3C). Subsequently, feature importance (Fl)
for prediction of time-to-recompensation was quantified using
permutation tests (Fig. S3D). The top features were GGT (Fl:
0.0465), AST (FI: 0.0233), time from decompensation to
abstinence (FI: 0.0066) and the presence of further decom-
pensation at abstinence (Fl: 0.0055), aligning with observations
from the supervised multivariable models (Table 3).

The incidence and predictors of individual components of
recompensation, including the resolution of ascites and HE,
are provided in the supplementary materials.

Prognostic implications of recompensation

During the study period, 123 patients died (19.4%), including
69 (56.1%) liver-related and 54 (43.9%) non-liver-related
deaths. Liver transplantation was performed in 52 patients
(8.2%) and 119 patients (18.8%) relapsed to significant alcohol
consumption (n = 24 after having achieved recompensation),
both leading to censoring. A flowchart illustrating the disease
course and outcomes of the study cohort, including events
following alcohol relapse, is provided in Fig. S4.

None of the patients who achieved hepatic recompensation
and remained abstinent died of liver-related causes during
follow-up, with a median observation period of 24.2 (11.2-53.0)
months after recompensation. In contrast, the cumulative inci-
dence of liver-related death in non-recompensated patients was
9.0% after 1 year, 12.8% after 2 years, 14.1% after 3 years and
16.9% after 5 years. In landmark analyses (Fig. 4A), 479 patients
were alive and remained at risk at 1 year and 385 patients at 2
years. At these landmarks, recompensation had been achieved
by 67/479 and 113/385 patients, respectively, and was
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associated with a significantly reduced risk of liver-related death
(1-year log-rank p = 0.014; 2-year log-rank p = 0.004).

Recompensation was independently associated with a
significantly lower risk of all-cause mortality (aHR 0.255, 95%
C1 0.111-0.583, p = 0.001; Table 4), alongside older age (aHR
per year 1.054, p <0.001) and higher MELD (aHR per point
1.104, p <0.001). Corresponding landmark analyses (Fig. 4B)
confirmed significantly improved survival in recompensated
patients, regardless of whether the landmark was set at 1 year
(log-rank p = 0.012) or 2 years (log-rank p <0.001).

While recompensation was also linked to a lower risk of
non-liver-related death within the univariable analysis (HR
0.410, 95% CI 0.191-0.881, p = 0.022), the impact of recom-
pensation did not remain significant in a multivariable model
including sex, age, the presence of CMRFs and MELD (aHR
0.545, 95% CI 0.224-1.330, p = 0.182) (Table S7).

De novo HCC was diagnosed in 16 patients during follow-
up, yet HCC did not occur in any recompensated patient. In
patients who remained decompensated, the cumulative HCC
incidence was 1.2% after 1 year, 2.0% after 2 years, 3.2%
after 3 years and 4.0% after 5 years.

Re-decompensation occurred in 6 of 173 recompensated
patients who remained abstinent (3.4%), including ascites in
four and bleeding events in two cases. Potential triggers of re-
decompensation included infections (n = 3) and surgical
intervention (n = 1) yet remained unknown in two patients. Of
note, one patient eventually required liver transplantation after
re-decompensation. Among the 24 patients who relapsed to
alcohol consumption after recompensation and were therefore
censored from primary analyses, 14 (58.3%) experienced
subsequent re-decompensation and 7 (29.2%) died. The inci-
dence and predictors of alcohol relapse for the overall cohort
are presented in the supplementary materials.
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Table 4. Uni- and multivariable cause-specific hazard models assessing predictors of all-cause mortality.

Univariable analysis

Multivariable analysis

Covariables HR 95% ClI p value aHR 95% ClI p value
Age (per year) 1.031 1.011-1.051 0.002 1.054 1.026-1.083 <0.001
Male sex (vs. female sex) 0.872 0.579-1.313 0.513 1.047 0.609-1.801 0.867
Any CMRF 1.214 0.811-1.816 0.346 1.508 0.847-2.683 0.163
Abstinence achieved within 1 month of decompensation 0.587 0.360-0.957 0.033 0.576 0.326-1.018 0.057
Further decompensation (vs. single decompensation) 2.081 1.405-3.082 <0.001 1.342 0.800-2.251 0.265
AH presentation 0.962 0.575-1.611 0.884 0.622 0.333-1.162 0.136
MELD (per point) 1.063 1.033-1.095 <0.001 1.104 1.059-1.151 <0.001
Albumin (per g/L) 1.017 0.982-1.054 0.351 1.018 0.977-1.060 0.393
Platelets (per 10 G/L) 0.934 0.905-0.964 <0.001 0.971 0.937-1.007 0.109
Recompensation 0.282 0.137-0.580 <0.001 0.255 0.111-0.583 0.001

Univariable and multivariable Cox regression models including centre as random effect. Analysis conducted on complete cases (n = 472). Jaundice not considered as further
decompensation. p values in bold indicate statistical significance. AH, alcohol-associated hepatitis; aHR, adjusted hazard ratio; CMRF, cardiometabolic risk factor; HR, hazard

ratio; MELD, model for end-stage liver disease.

Discussion

Hepatic recompensation, as defined by Baveno VII, is increas-
ingly recognised as a distinct prognostic stage of cirrhosis,
highlighting the potential for regression from a decompensated
to a compensated stage once the underlying aetiological driver
is removed.®'° In this large, multicentre study of 633 patients
with decompensated alcohol-related cirrhosis from 17 centres
across Europe and Asia, sustained alcohol abstinence led to
recompensation in one-third of patients within 5 years. Early
alcohol abstinence and lower baseline liver disease severity
were both associated with a significantly higher likelihood of
achieving recompensation. Importantly, recompensation
markedly reduced mortality and the risk of HCC.

When compared to previous studies, the 34% 5-year rec-
ompensation incidence in our cohort is similar to recently re-
ported data for HCV,'®?? yet lower than the rates observed for
HBV.?*2* With regard to ALD, a previous single-centre study
found a recompensation rate of 16% after 2 years,'® which is
slightly lower than the 23% 2-year rate in our study. This
discrepancy likely stems from differences in baseline charac-
teristics and inclusion criteria. Specifically, while previous find-
ings were limited to stable decompensated patients undergoing
hepatic haemodynamic measurements, the current study
enrolled patients at the time of abstinence. Furthermore, we also
included patients with AH, which was not only associated with a
higher recompensation incidence in our study, but has also
been linked to a nearly twofold higher probability of delisting
from the transplant waiting list when compared to ALD without
AH.?® It is also important to note that, due to an unjustified
reluctance among physicians to deprescribe low-dose diuretics
and/or anti-HE therapies in recompensated patients — a topic
not addressed by current guidelines — the true rate of recom-
pensation is likely higher than reported in our study.?®

One of the primary predictors of recompensation in our
study was early alcohol abstinence within 1 month of index
decompensation, which conferred a twofold greater likelihood
of achieving recompensation. This finding is consistent with
previous observations in HBV, where early initiation of nucle-
os(t)ide analogue therapy after first decompensation signifi-
cantly increased the probabilty of subsequent
recompensation,?’ thus highlighting the importance of timely
and effective treatment of the underlying aetiological driver.

In contrast, the presence of further decompensation at the
time of abstinence reduced the probability of recompensation
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by more than a third. These observations align with prior studies
on recompensation in ALD,"® ALD transplant delisting,®*> and
recompensation in other aetiologies,'*??**?52% 3|l of which
identified disease severity as a limiting factor for recom-
pensation. However, MELD at the time of abstinence was only
associated with the likelihood of recompensation in one of our
exploratory models and we did not observe a consistent asso-
ciation with albumin levels, as reported in previous
studies.®>'%152426 These discrepancies are likely a conse-
quence of the fact that laboratory assessments were conducted
at the time of abstinence and are thus confounded by recent
alcohol consumption, while baseline assessments in previous
studies on ALD were conducted after a period of abstinence.®'®
Reanalysing laboratory parameters at a standardised interval
after alcohol cessation may provide a more accurate assess-
ment of residual hepatic function and improved prognostic
insight — an approach already applied in HBV, where on-
treatment improvements in albumin predict subsequent rec-
ompensation.29 Unlike MELD and albumin, elevated trans-
aminase levels, particularly AST, and GGT were associated with
a higher recompensation probability in our study, which is in line
with previous observations linking higher baseline ALT levels to
improved hepatic function in HCV after sustained virological
response®® and a higher likelihood of recompensation in
decompensated HBV following nucleos(t)ide analogue ther-
apy.?’ Importantly, the association between high AST and rec-
ompensation remained significant even after adjusting for AH,
suggesting that AST may reflect active and reversible inflam-
mation and the absence of ‘burned-out’ cirrhosis.

In addition to a supervised approach based on available
knowledge, we performed a purely data-driven investigation of
factors associated with the likelihood of hepatic recom-
pensation using machine learning via Random Survival For-
ests. These analyses corroborated our observations from the
supervised competing risk models by identifying early absti-
nence, the absence of further decompensation and higher
baseline AST and GGT levels as the strongest predictors of
hepatic recompensation.

Achieving recompensation profoundly improved the prog-
nosis of patients with alcohol-related cirrhosis. None of the
recompensated patients who remained abstinent died of liver-
related causes and all-cause mortality decreased by more than
80%. These prognostic benefits mirror previous observations
on improved outcomes after recompensation in ALD,'®
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HCV,"%?® and HBV.'*?* Nevertheless, when interpreting the
findings, it should be kept in mind that alcohol relapse was
considered a competing event, as abstinence is required to
achieve and maintain recompensation. This also explains the
comparably low incidence of liver-related death even in pa-
tients who remained decompensated, as abstinence per se® is
able to improve outcomes even without achieving recom-
pensation. Re-decompensation occurred in only 3.4% of
recompensated patients who remained abstinent, while 58.3%
of patients who relapsed after recompensation re-
decompensated. This sharp contrast aligns with previous
research®'® linking alcohol relapse to the re-occurrence of
liver-related complications and highlights the need for multi-
disciplinary care to maintain long-term abstinence.

De novo HCC did not occur in the recompensated cohort,
while the incidence was 4% after 5 years in non-
recompensated patients. Our findings reinforce the reduced
risk of HCC following recompensation observed in previous
studies of viral liver disease, in which most reports were
limited to numerical differences.'®'>'® Qverall, the incidence
of HCC observed in our cohort aligns with a recent meta-
analysis,®’ yet was lower than in the prospective CIRRAL
study.®® This may, in part, be explained by the fact that our
study cohort remained abstinent, while also being decom-
pensated with a subsequently higher risk of competing
events. On the other hand, underdiagnosis due to the retro-
spective design cannot be entirely ruled out. Furthermore, the
median observation period of 2 years after recompensation is
likely not sufficient to draw definitive conclusions, particularly
when considering the lower incidence of HCC in ALD when
compared to viral liver disease.'” Thus, long-term follow-up
studies are needed to provide further evidence on decreased
hepatocarcinogenesis by recompensation and potential
aetiology-specific differences.

Beyond investigating hepatic recompensation, this study
also provides insights into the natural history of decompensated

alcohol-related cirrhosis following alcohol abstinence in a
contemporary cohort. Notably, despite ongoing efforts to
expand liver disease screening, most patients were diagnosed
with cirrhosis and ALD only at the time of hepatic decompen-
sation, underscoring the unmet need for improved screening
strategies aimed at earlier identification of patients with ALD.

Lastly, despite the multicentre study design and inclusion of
well-characterised patients, several limitations have to be
acknowledged. First and foremost, alcohol abstinence was
primarily self-reported and advanced blood-based biomarkers
were not routinely assessed at all centres. Nevertheless, self-
reported abstinence has been shown to be reliable®® and the
low re-decompensation rate and absence of liver-related death
in abstinent recompensated patients appear to support this
conclusion. Second, despite a high degree of data complete-
ness, the retrospective study design has inherent limitations.
Third, the study cohort was recruited from tertiary care centres
and included a high proportion of patients with AH, thereby
potentially limiting the generalisability of our findings. Fourth,
as recompensation remained possible even with multiple
complications of cirrhosis, albeit at a lower rate, molecular and
histological studies are clearly needed to define the true point
of no return in the natural history of decompensated cirrhosis.
Lastly, data on non-invasive indicators of portal hypertension
were limited, highlighting the need for further studies on portal
hypertension dynamics after recompensation and the prog-
nostic ability of non-invasive tests in this setting.

In conclusion, hepatic recompensation, as defined by Baveno
VIl criteria, occurred in a substantial proportion of patients with
decompensated alcohol-related cirrhosis who achieve sustained
alcohol abstinence — particularly when abstinence is initiated
early in the decompensated stage and prior to the progression to
further decompensation. Recompensation fundamentally
changed the clinical course of cirrhosis, leading to significantly
improved survival rates and a negligible residual risk for liver-
related death and HCC when abstinence was maintained.
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