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Highlights Impact and implications

e Recompensation is associated with an improvement in In recent years, growing evidence has shown that achieving an
mortality risk to a level similar to that of compen- etiological cure can significantly improve the prognosis of patients
sated cirrhosis. with decompensated cirrhosis, leading to the concept of recom-

pensation. The Baveno VIl group recently proposed criteria to

define recompensation; however, data on the clinical impact of

this state remain limited. In this study we evaluated Baveno VI

e Expanded recompensation criteria identify patients with criteria and developed and validated expanded Baveno VIl criteria
similarly low mortality risk. for recompensation. Our findings demonstrate that recom-

pensation is associated with improved survival, reduced hyper-
dynamic circulation and decreased systemic inflammation in
outpatients with decompensated cirrhosis. These results are
valuable for hepatologists and researchers aiming to refine patient
management strategies and risk stratification in cirrhosis care.

e Unfortunately, only 7% of patients meet Baveno VI criteria
for recompensation.

e Recompensation is associated with a reduction of bio-
markers of systemic inflammation, and improvement of
hyperdynamic circulation.
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Background & Aims: The Baveno VIl group recently proposed criteria to define recompensation in patients with decompensated
cirrhosis achieving etiological cure. However, the incidence, predictors and clinical significance of recompensation are poorly
understood. The aim of this study was to evaluate the incidence and prognostic impact of recompensation in patients with
decompensated cirrhosis.

Methods: Outpatients with cirrhosis and curable etiologies (alcohol, HCV, HBV) were consecutively included and followed up.
Recompensation was defined according to Baveno VI criteria. Additionally, expanded recompensation criteria were evaluated for
patients on low-dose diuretics and/or lactulose/rifaximin for 212 months. In 160 patients, inflammatory cytokines (IL-6, IL-18, IL-
10) were measured in serum samples. An external cohort was used to validate study findings.

Results: Out of 525 outpatients with decompensated cirrhosis, 298 received effective etiological treatment and 21 (7%) achieved
recompensation (Baveno VIl criteria), while 112 patients achieved expanded recompensation criteria (37.6%). MELD score
(subdistribution hazard ratio [sHR] 0.89; p <0.001), BMI (sHR 0.93; p = 0.020), hemoglobin (sHR 1.14; p = 0.010) and further
decompensation (sHR 0.50; p = 0.001) were independent predictors of recompensation. In multivariable analysis, mortality risk
was not significantly different between patients achieving recompensation and compensated patients (HR 0.97; p = 0.947), while
decompensated patients had the highest mortality risk (HR 4.96; p <0.001). Mortality risk was not significantly different between
patients meeting expanded recompensation criteria and Baveno VI criteria (HR 0.97; p = 0.938). Serum IL-6, IL-1p and IL-10 were
significantly higher in decompensated patients than in compensated and recompensated patients.

Conclusion: Baveno VIl criteria identify patients with cirrhosis and a good prognosis, but fewer than 10% of decompensated
patients achieve recompensation. Expanding these criteria to include patients receiving minimal decompensation treatment
identifies those with similarly low mortality risk.

© 2025 The Authors. 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 Portal hypertension is the main driver of decompensation;
however, systemic inflammation has been shown to be a key
driver of disease evolution in the decompensated phase.® For
years, decompensated cirrhosis has been considered an irre-
versible stage of the disease characterized by recurrent
decompensation until transplant or death. However, the avail-
ability of effective and safe etiological treatment has changed
this paradigm. Indeed, the achievement of an etiological cure
(alcohol abstinence, sustained virological response [SVR] for
HCV or viral suppression for HBV) has been proven to change
the natural history of decompensated cirrhosis, reducing the
risk of further decompensation, acute-on-chronic liver failure
(ACLF) and mortality.® In compensated cirrhosis, etiological
cure has been shown to reduce liver fibrosis and portal

The development of complications of cirrhosis (i.e. variceal
bleeding, hepatic encephalopathy [HE], jaundice and ascites)
defines decompensation and marks a fundamental watershed
in the prognosis of patients with liver disease.’ Decompensa-
tion may occur in an acute or non-acute manner and although
the latter has better prognosis than the former, both types of
decompensation increase the risk of mortality.?> Decom-
pensated cirrhosis is characterized by the occurrence of further
complications of the disease (refractory ascites, hepatorenal
syndrome, spontaneous bacterial peritonitis, recurrent HE and/
or variceal bleeding), so called “further decompensation”,
which is associated with a further increase in mortality risk.>*
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hypertension,”'® while in patients with decompensated

cirrhosis on the liver transplant (LT) waiting list, it has also been
associated with an improvement in liver function tests and the
disappearance of complications, allowing for delisting in a
substantial proportion of patients.’~'* This phenomenon has
been named “recompensation”. The Baveno VIl group recently
proposed the following formal criteria to define recom-
pensation: (i) elimination of the underlying etiology (alcohol
abstinence for alcohol-related liver disease [ALD], SVR for HCV
or viral suppression for HBV), (ii) resolution of ascites (off di-
uretics), encephalopathy (off lactulose/rifaximin) and absence
of recurrent variceal hemorrhage (for at least 12 months) and (jii)
c) stable improvement in liver function tests (albumin, interna-
tional normalized ratio [INR], bilirubin)."®> Baveno VII recom-
pensation criteria are based on expert opinion and only a few
clinical studies have evaluated the incidence and prognostic
significance of recompensation in HBV and ALD cirrhosis.
These studies showed that recompensation occurs in less than
20% of patients and is associated with a lower risk of mortality
compared to decompensation.®'®"'® Most of these studies did
not include compensated patients, so it is still unclear whether
the mortality risk of recompensated patients differs from that of
compensated patients. Additionally, since there are no guide-
lines recommending the withdrawal of treatment for ascites and
HE, treatment withdrawal depends on the attending physician,
which adds an element of subjectivity to the assessment of
recompensation. Finally, the implications of recompensation on
pathophysiological mechanisms of the disease (e.g. systemic
inflammation) are unknown. For this reason, the aims of this
study were: i) to assess the incidence, predictors and prog-
nostic significance of recompensation; ii) to develop and vali-
date expanded criteria for recompensation; iii) to evaluate the
impact of recompensation on biomarkers of sys-
temic inflammation.

Patients and methods

Patients

Patients were selected from consecutive outpatients with
cirrhosis attending the Care Management Program'® of the
University Hospital of Padua from January 2003 to March 2023
according to the following inclusion criteria: a) age >18 years; b)
cirrhosis diagnosed by histological findings on biopsy or based
on clinical/imaging evidence (endoscopic, ultrasound or liver
stiffness measured by transient elastography); c) potentially
curable primary cause of liver disease (i.e. HCV, HBV or ALD, or
a combination thereof); d) provided informed consent regarding
the use of their data for research purposes.

We considered as exclusion criteria the following: a) diag-
nosis of hepatocellular carcinoma (HCC) or other extrahepatic
malignancies; b) severe extrahepatic diseases (e.g. heart failure
NYHA 2class 3, GOLD chronic obstructive pulmonary disease
grade 23, or chronic kidney disease requiring dialysis); c)
recurrence of cirrhosis after LT. Some patients were included in
investigations already published.??°?" The protocol was
approved by the local Ethics Committees (392n/A0) and the
study was conducted according to the Declaration of Helsinki.

A second cohort of patients with cirrhosis attending the
outpatients’ clinic of the IRCSS Azienda Ospedaliero-
Universitaria di Bologna from January 2016 to December
2022 was used for external validation. Inclusion and exclusion
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criteria were the same as those used in the original Padova
cohort. The protocol was approved by the local Ethics Com-
mittees (CE-AVEC).

Study design

Demographic, clinical and laboratory data were retrospectively
collected at inclusion, i.e. the first evaluation at our Care Man-
agement Program. All patients received an abdominal ultrasound
within 2 months from inclusion and every 6 months during follow-
up. An upper endoscopy was performed in all patients within 6
months from inclusion. Patients were checked at least every 6
months if compensated and at least every 3 months if decom-
pensated. At each visit, information about complications of
cirrhosis (ascites, recurrent/refractory ascites, HE, variceal
bleeding, hepatorenal syndrome, spontaneous bacterial perito-
nitis, ACLF), clinical and laboratory data, ongoing medical treat-
ments and information on alcohol consumption were recorded. In
patients with ALD, alcohol abstinence was confirmed by the
measurement of urinary ethyl glucuronide (UETG) at each visit
from 2009. In each visit, HCV RNA and HBV DNA were
measured in patients with HCV- and HBV-related cirrhosis,
respectively. Patients received treatment according to the avail-
able guidelines and etiologic treatments were offered whenever
available (pegylated interferon plus ribavirin or direct-acting an-
tivirals [DAAs] for HCV, nucleos(t)ide analogues for HBV).
Screening for HCC and variceal bleeding were offered according
to the most recent recommendations in use at the time of each
follow-up visit.">?%?* Patients with ALD were referred to an
addiction specialist for treatment of alcohol use disorder. From
March 2018, consecutive patients attending the Care Manage-
ment Program have been asked to provide a blood sample for the
Padova Hepatology biobank at each outpatient visit. A specific
signed informed consent for sample collection was obtained.
Blood samples were collected in the morning (7-10 a.m.) after at
least 8 h of fasting. Serum samples were stored at -80 °C.

All patients were followed until the end of the observation
period (February 2024), or until death or LT.

Definitions

Recompensation was defined according to Baveno VIl criteria
as the simultaneous presence of: a) sustained cure, suppres-
sion or removal of the underlying etiology of cirrhosis; b) res-
olution of ascites and HE after discontinuation of diuretics and
lactulose/rifaximin, as well as the absence of variceal bleeding
for 12 months; c¢) sustained improvement of liver function tests,
as assessed by serum albumin, bilirubin and INR.'”® The
improvement of liver function required that the patient achieve
a Child-Pugh class A status.

The etiological cause of the liver disease was considered
cured in patients achieving SVR after antiviral treatment for
HCV, undetectable HBV DNA during treatment with nucleos(t)
ide analogues for HBV, and sustained (>6 months) abstinence
from alcohol for ALD. Abstinence was evaluated as self-
reported and confirmed by the measurement of uETG. In pa-
tients with multiple etiologies, cure was defined when all etio-
logical factors were cured. Patients with ALD and at least one
metabolic risk factor were classified as MetALD.?® In patients
with MetALD, etiology was considered cured when a sustained
(>6 months) abstinence from alcohol was confirmed as
described above.
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Expanded recompensation criteria in cirrhosis

Expanded recompensation criteria were defined in patients
achieving etiological cure, sustained improvement of liver
function tests and resolution of decompensating events for >12
months while still on treatment with lactulose/rifaximin and/or a
stable low dose of diuretics (anti-aldosteronic drugs <200 mg/
day and/or furosemide <25 mg/day with no increase in dose in
the previous 12 months). Clinically significant portal hyperten-
sion (CSPH) was defined in patients with compensated
cirrhosis who had: a) esophageal varices and/or b) portosys-
temic collaterals on abdominal ultrasound of CT scan and/or c)
liver stiffness (measured by transient elastography) >25 kPa.'®

Further decompensation was defined as the development of
a second or recurrent decompensating event and/or the
occurrence of spontaneous bacterial peritonitis, refractory as-
cites and/or hepatorenal syndrome-acute kidney injury that
could already be present at inclusion or develop at any time
during follow-up.'®

Systemic inflammation assessment

Systemic inflammation was evaluated by measuring IL-6, IL-10
and IL-1B concentrations in serum samples. Measurements
were performed by a multi-analyte Simple-Plex cartridge kit
using the Ella™ automated immunoassay system (Bio-techne),
according to the manufacturer’s instructions. Interleukins were
measured in 160 patients with available serum samples, 62
compensated, 60 decompensated, 38 recompensated ac-
cording to “expanded” criteria.

Statistical analysis

Normally distributed continuous variables were reported as
mean (SD) and compared with Student’s t test or analysis of
variance, while non-normally distributed variables were re-
ported as median (IQR) and compared with the Wilcoxon’s test
or Kruskal-Wallis test. Categorical variables were reported as
raw number and proportions and compared with the Chi-
square or Fisher’s exact tests, when indicated.

Predictors of mortality were analyzed according to the
cause-specific Cox model. Cirrhosis stage (i.e. compensated,
decompensated, recompensated) was considered a time-
varying variable. Patients were censored at the time of LT.
Competing risk analysis was not feasible for this analysis
because the use of time-dependent covariates can lead to
distorted results with the Fine and Gray method.?® Thus, we
introduced a Cox cause-specific model for the analysis of
predictors of LT, which is a competing event for mortality.
Hazard ratios (HRs) and their 95% Cls were calculated. Multi-
variable analysis was adjusted for age, sex, model of end-stage
liver disease (MELD) score, albumin, varices and further
decompensation. Considering the impact of era on treatment of
HCV, we included era of inclusion among covariates (pre-DAA
[i.e. before 2014] and post-DAA [i.e. 2014-2023]). Age, MELD,
albumin, cirrhosis stage and further decompensation were
considered time-varying variables (i.e. age, MELD and albumin
were reassessed at the time of change in cirrhosis stage). Two
models were explored, one with Baveno VII criteria of recom-
pensation and one including expanded recompensation
criteria. We performed a sensitivity analysis of mortality in
which compensated patients were stratified according to
whether they had CSPH. For the predictors of recompensation,
only patients with decompensated cirrhosis who achieved
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etiological cure were included in the analysis. Patients devel-
oping further decompensation before etiological cure were
considered further decompensated in the analysis of predictors
of recompensation.

A comparison of mortality risk between recompensated pa-
tients according to Baveno VI criteria or expanded criteria was
performed with the Fine and Gray model, considering LT as a
competing risk and time zero as the time of recompensation.

Predictors of recompensation were analyzed according to
the Fine and Gray model, considering death and LT as
competing events. Time to recompensation was calculated
considering etiological cure as time zero. Multivariable analysis
was performed including variables that were statistically sig-
nificant at univariable analysis: age, sex, etiology of the liver
disease and era of inclusion. Two different models were
explored. The first model included further decompensation,
while the second included the type of decompensation. Sub-
distribution hazard ratios (sHR) and their 95% Cls were
calculated. To avoid multicollinearity, only MELD score and
albumin were included in the models and not Child-Pugh score
and individual components of the MELD score. Similarly, if
variables and/or scores had a correlation >0.5, they were not
included in the model to avoid multicollinearity.

The analyses were performed with R 4.2.1 (R Core Team, R
Foundation for Statistical Computing, Vienna, Austria, 2021).
The following packages were used: survival (Therneau T, 2023,
package version 3.5-5), ggplot2 (Wickham H, 2020, package
version 3.3.2), tidycmprsk (Sjoberg D, Fei T, 2021, package
version 1.0.0), cmprsk (Gray B, 2024 package version 2.2-12).
The graphs were developed with R 4.2.1 and Graph-
Pad Prism 8.

Results

Study population

During the study period, 1,034 patients with cirrhosis were
evaluated, among whom 343 were excluded for the following
reasons: 171 had HCC, 123 had an etiology other than HCV,
HBV or ALD, 29 had severe extrahepatic diseases, 12 had
extrahepatic malignancy, and 8 had recurrence of cirrhosis
after LT. Thus, 691 patients were included in the study (Fig. 1).
Characteristics of patients at study enrolment are reported in
Table 1. The most common etiology of cirrhosis was ALD
(55%), followed by HCV (41%) and HBV (16%). Out of 691
patients, 463 (67 %) were already decompensated at the time of
inclusion. The most common decompensating event was as-
cites (86%), followed by HE (29%) and variceal bleeding (23%),
160 patients had experienced more than one decompensating
event. Patients with decompensated cirrhosis more frequently
had ALD, worse liver function and higher liver disease scores
than those with compensated cirrhosis. Moreover, they more
frequently had varices at inclusion and were more often treated
with non-selective beta blockers.

The patients were followed up for a median of 70.5 (IQR
41.8-127.5) months. During follow-up, 62 patients with
compensated cirrhosis (27%) developed decompensation of
liver disease; therefore, 525 patients had decompensated
cirrhosis and were considered for potential recompensation.
Overall, 413 patients achieved etiological cure (60%). Among
patients with decompensated cirrhosis, 298 (57%) achieved
etiological cure.
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Patients evaluated
(n=1,034)

Research Article

Excluded:

« 171 HCC

« 123 etiology other than HCV, HBV or ALD

« 29 severe extrahepatic diseases

« 12 extrahepatic malignancy

« 8 recurrence of cirrhosis after liver transplant

Included
(n=691)

(

\

Decompensated Compensated Compensated
at enrolment at enrolment during follow-up
(n = 463) (n =228) (n = 166)
First decompensation
during follow-up
(n=62)
Decompensated cirrhosis
(n = 525)
|
. . Etiological cure achieved
No etiological cure ing f
(n = 227) during follow-up
(n=298)
|
Recompensated Recompensated
Baveno VII expanded criteria
(n=21) (n=112)

Fig. 1. Flowchart of patients included in the study. ALD, alcohol-related liver disease; HCC, hepatocellular carcinoma.

Assessment of recompensation

After etiological cure, 21 out of 298 patients (7.0%) achieved
recompensation according to Baveno VI criteria. The cumulative
incidence of recompensation was 7% at 3 years, 7.7% at 5 years
and 8.5% at 10 years. Child-Pugh score was A5 in 17 patients
(81%) and A6in 4 (19%). Among decompensated patients, a TIPS
(transjugular intrahepatic portosystemic shunt) was placed in 12
patients, 9 with refractory ascites and 2 after re-bleeding.
Therefore, they could not achieve recompensation by definition.

Univariable analysis of predictors of recompensation is re-
ported in Table S1. Better liver function tests, lower MELD
score, variceal bleeding as a decompensating event, the
presence of only one decompensating event, and the lack of
further decompensation were associated with the probability of
recompensation. Multivariable analysis of predictors of rec-
ompensation identified female sex, lower BMI, higher hemo-
globin, lower MELD, higher albumin and absence of ascites as
independent predictors of recompensation in a model that
included type of decompensation, while female sex, lower BMI,
lower MELD, higher albumin and higher hemoglobin were
identified as independent predictors of recompensation in a
model including further decompensation (Table 2). Three out of
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21 patients developed a new decompensation after recom-
pensation (14.3%). Among these patients, two developed
decompensation after abdominal surgery. In one patient, no
precipitant for the new episode of decompensation was found.

Impact of recompensation on survival

During follow-up, 199 patients died (28.8%), 133 were trans-
planted (19.2%), 113 (16.3%) were lost to follow-up and 246
completed follow-up. In univariable analysis (Table S2),
considering compensated cirrhosis as a reference group,
decompensated cirrhosis was associated with a significantly
higher risk of mortality (HR 9.08; 95% CI 5.35-15.41, p <0.001),
while the risk of death was not significantly different in
recompensated patients (HR 1.88; 95% Cl 0.54-6.51,
p = 0.321). In multivariable analysis, adjusted for age, sex,
MELD score, albumin, presence of varices, further decom-
pensation and era, mortality risk was not significantly different
between recompensated patients and compensated patients
(HR 0.99; 95% CI 0.13-7.56, p = 0.989), while decompensated
patients had a 4-fold higher risk of death (Table 3, Model 1). In
addition, age, MELD score and having experienced further
decompensation were independent predictors of death.
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Expanded recompensation criteria in cirrhosis

Table 1. Characteristics of patients at inclusion.

Variable All cohort (n = 691) Compensated (n = 228) Decompensated (n = 463) p value
Age (years), mean (SD) 56.3 (11.0) 56.1 (12.7) 56.4 (10.1) 0.774
Sex (male), n (%) 501 (72.5) 157 (68.9) 344 (74.3) 0.157
Etiology, n (%)*

HCV 281 (40.7) 133 (58.3) 148 (32.0) <0.001

HBV 113 (16.4) 47 (20.6) 66 (14.3) 0.044

ALD 383 (55.4) 68 (29.8) 315 (68.0) <0.001

MetALD" 146 (21. 1) 27 (11.8) 119 (25.7) <0.001
CSPH, n (%)* 133 (58. 3%) —
Decompensation type, n (%) =

Ascites 396 (57.3) 396 (85.5)

VB 108 (15.6) 108 (23.3)

HE 135 (19.5) 135 (29.2)
More than one decompensation, n (%)" 160 (23.2) — 160 (34.6) -
Further decompensation, n (%) 101 (14.6) 101 (21.8) =
Varices, n (%) 417 (60.3) 107 (46. 9) 310 (67.0) <0.001
NSBBs, n (%) 321 (46.5) 68 (29.8) 253 (54.6) <0.001
Diabetes, n (%) 170 (24 6) 49 (21.5) 121 (26) 0.216
Impaired fasting glucose, n (%) 1(5.9) 16 (7.0) 25 (5.4) 0.499
Dyslipidemia, n (%) 28 4.1) 14 (6.1) 14 (3.0) 0.084
Arterial hypertension, n (%) 139 (20.1) 48 (21.1) 91 (19.7) 0.741
Metabolic syndrome, n (%) 54 (7.8) 18 (7.9) 36 (7.8) 0.999
BMI, median (IQR) 25.9 (23.5-29.0) 26.2 (23.9-29.2) 25.5 (23.3-29.0) 0.207
MAP (mmHg), median (IQR) 93 (86.8-100) 97 (90-106.7) 93 (83-100) <0.001
Heart rate (bpm), median (IQR) 72 (64-80) 68 (64-78) 72 (64-80) 0.151
Creatinine (umol/L), median (IQR) 76 (64-91) 72 (62-84) 78 (65-96) <0.001
WBC (10%L), median (IQR) 4.60 (3.55-6.5) 4.36 (3.4-6.3) 4.69 (3.59-6.69) 0.028
Hb (g/dl), median (IQR) 12.4 (10.8-13.8) 13.4 (12-14.7) 11.8 (10.4-13.3) <0.001
PLT (10%L), median (IQR) 94 (60- 139) 95 (59-147) 94 (61-135) 0.633
Albumin (g/L), median (IQR) 35.7 (31-39.1) 39 (36-42) 33.8 (30-37) <0.001
Bilirubin (umol/L/10), median (IQR) 2.4 (1.3-4.5) 1.6 (1.1-2.8) 2.9 (1.7-5.5) <0.001
INR, median (IQR) 1.26 (1.14-1.41) 1.15 (1.09-1.28) 1.3 (1.19-1.47) <0.001
Child-Pugh score, median (IQR) 7 (6-9) 6 (5-6) 8 (7-9) <0.001
MELD score, median (IQR) 1 (8-14) 8 (7-11) 12 (10-16) <0.001
MELD Na score, median (IQR) 12 (9-17) 9 (8-12) 14 (11-18) <0.001

ALD, alcohol-related liver disease; CSPH, clinically significant portal hypertension; Hb, hemoglobin; HE, hepatic encephalopathy; INR, international normalized ratio; MAP, mean
arterial pressure; MELD, model for end-stage liver disease; NSBBs, non-selective beta blockers; PLT, platelets; VB, variceal bleeding; WBC, white blood cells.

Comparisons made with Student’s t test, Wilcoxon test and Chi-square test.
*83 patients had more than one etiology of cirrhosis.

TSubgroup of patients with ALD.

*Determined with non-invasive assessment.

#59 patients had concomitant bleeding and ascites or hepatic encephalopathy and were not classified as “further decompensated”.

Considering the Cox cause-specific model for LT, with mortality
as a competing event, decompensated cirrhosis was associ-
ated with a significantly higher risk of LT when compared with
compensated cirrhosis, along with age, sex, MELD and pres-
ence of varices at inclusion (Table S3).

Expanding Baveno VII recompensation criteria

Considering expanded recompensation criteria, 112 patients
out of 298 decompensated patients achieved recompensation
after etiological cure (37.6%). Among them 82 (73.2%) were still
receiving diuretic treatment (median dose of antialdosteronic

Table 2. Multivariable analysis of predictors of recompensation according to Baveno VIl criteria.

Model 1 Model 2
sHR (95% CI) p value sHR (95% CI) p value
Age (years) 1.00 (0.96-1.04) 0.834 Age (years) 1.00 (0.6-1.04) 0.846
Sex (M vs. F) 3.22 (1.24-8.36) 0.016 Sex (M vs. F) 3.50 (1.20-10.2) 0.022
BMI 0.77 (0.64-0.93) 0.007 BMI 0.81 (0.68-0.96) 0.016
Hb 0.75 (0.58-0.98) 0.031 Hb 0.71 (0.56-0.89) 0.003
PLT/10,000 1.04 (1.00-1.08) 0.073 PLT/10,000 1.02 (0.96-1.09) 0.541
MELD 0.83 (0.69-1.00) 0.052 MELD 0.78 (0.66-0.93) 0.006
Albumin 1.23 (1.11-1.36) <0.001 Albumin 1.24 (1.13-1.37) <0.001
Type of decompensation Further decompensation (yes vs. no) 0.22 (0.03-1.45) 0.122
Ascites 0.10 (0.02-0.51) 0.005
VB 0.79 (0.12-5.33) 0.810
HE 0.33 (0.05-2.24) 0.249
Era (pre vs. post DAAs) 0.72 (0.27-1.98) 0.532 Era (pre vs. post DAAs) 0.91 (0.34-2.41) 0.845

DAAs, direct-acting antivirals; Hb, hemoglobin; HE, hepatic encephalopathy; PLT, platelets; MELD, model for end-stage liver disease; sHR, subdistribution hazard ratio; VB,

variceal bleeding.
Comparison made with Fine and Gray model.
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Table 3. Predictors of mortality at multivariable analysis.
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Model 1 Model 2

HR (95% CI) p value HR (95% CI) p value

Cirrhosis stage* Cirrhosis stage*
Decompensated 3.48 (1.91-6.36) <0.001 Decompensated 4.96 (2.67-9.23) <0.001
Recompensated (Baveno criteria) 0.99 (0.13-7.56) 0.989 Recompensated (expanded criteria) 0.97 (0.41-2.27) 0.947
Age 1.05 (1.03-1.06) <0.001 Age 1.05 (1.03-1.06) <0.001
Sex (M vs. F) 1.19 (0.85-1.67) 0.321 Sex (M vs. F) 1.38 (0.98-1.95) 0.068
MELD 1.13 (1.09-1.18) <0.001 MELD 1.12 (1.08-1.16) <0.001
Albumin 0.98 (0.95-1.01) 0.119 Albumin 0.96 (0.93-0.99) 0.005
Varices (yes vs. no) 1.23 (0.86-1.75) 0.261 Varices (yes vs. no) 1.22 (0.86-1.75) 0.269
Further decompensation (yes vs. no) 2.03 (1.42-2.91) <0.001 Further decompensation (yes vs. no) 1.55 (1.07-2.23) 0.019
Era (pre vs. post DAAs) 0.87 (0.61-1.26) 0.471 Era (pre vs. post DAAs) 0.86 (0.59-1.24) 0.419

DAAs, direct-acting antivirals; HR, hazard ratio; MELD, model for end-stage liver disease.

Comparison made with Cox model.
*Compensated patients were considered as the reference group.

drugs = 100 mg [IQR 50-100]; median dose of furosemide =
25 mg [IQR = 0-25]), 26 (23.2%) were still receiving rifaximin
(median dose = 800 mg [IQR = 800-800]) and 40 (35.7%) were
still receiving lactulose (median dose = 30 ml [IQR 15-45 ml]).
The cumulative incidence of recompensation was 34.1% at 3
years, 38.4% at 5 years and 44.8% at 10 years. Child-Pugh
score was A5 in 100 patients (89.3%) and A6 in 12 (10.7%).
Predictors of recompensation according to expanded
criteria are reported in Table S4. In univariable analysis, better
liver function tests, lower MELD score, higher hemoglobin and
platelet count were associated with a higher likelihood of rec-
ompensation. The presence of further decompensation was
associated with a lower likelihood of recompensation. Two
multivariable models were built to identify independent pre-
dictors of recompensation, one including the type of decom-
pensation and the other further decompensation. According to
the first model, MELD score (sHR 0.88; 95% CI 0.84-0.93, p
<0.001), hemoglobin (sHR 1.14; 95% CI 1.03-1.26, p = 0.013),
BMI (sHR 0.92; 95% CI 0.86-0.98, p = 0.014) and ascites as the
type of decompensation (sHR 0.56; 95% CI 0.33-0.97,
p = 0.038) were found to be independent predictors of rec-
ompensation. According to the second model, MELD score

(sHR 0.89; 95% CI 0.84-0.94, p <0.001), hemoglobin (sHR 1.14;
95% CI 1.03-1.26, p = 0.010), BMI (sHR 0.93; 95% CI 0.87-
0.99, p = 0.020) and further decompensation (sHR 0.50; 95% CI
0.33-0.76, p = 0.001) were found to be independent predictors
of recompensation (Table 4). When stratifying patients ac-
cording to MELD score (<10; 10-15; >15), there was a stepwise
decrease in cumulative incidence of recompensation at 3 years
(55% vs. 37% vs. 12%; p <0.001) and 5 years (59% vs. 42% vs.
17%; p <0.001) in patients with higher MELD scores (Fig. 2).

In multivariable analysis adjusted for age, sex, MELD, al-
bumin, varices, further decompensation and era, mortality risk
was not significantly different in patients achieving expanded
criteria of recompensation and patients with compensated
cirrhosis (HR 0.97; 95% CI 0.41-2.27, p = 0.947), while patients
with decompensated cirrhosis had a 6-fold higher risk of death
(Table 3, Model 2).

Mortality risk was not significantly different between patients
recompensated “only” according to expanded criteria vs. those
recompensated according to Baveno VIl criteria (HR= 0.97;
p = 0.938; Fig. 3). In multivariable analysis, patients achieving
recompensation according to “only” expanded criteria had a
mortality risk that was not significantly different to that of

Table 4. Multivariable analysis of predictors of recompensation according to expanded criteria.

Model 1 Model 2

Variable sHR (95% CI) p value Variable sHR (95% CI) p value
Age (year) 1.00 (0.98-1.02) 0.829 Age (year) 1.01 (0.99-1.03) 0.432
Sex (M vs. F) 1.03 (0.64-1.66) 0.911 Sex (M vs. F) 1.07 (0.66-1.72) 0.791
BMI 0.92 (0.86-0.98) 0.014 BMI 0.93 (0.87-0.99) 0.020
Hb 1.14 (1.03-1.26) 0.013 Hb 1.14 (1.03-1.26) 0.010
PLT/10,000 1.02 (0.99-1.05) 0.110 PLT/10,000 1.02 (0.99-1.05) 0.244
MELD 0.88 (0.84-0.93) <0.001 MELD 0.89 (0.84-0.94) <0.001
Albumin 1.00 (0.95-1.04) 0.813 Albumin 1.00 (0.95-1.04) 0.811
Etiology Etiology

HCV 0.50 (0.19-1.27) 0.145 HCV 0.56 (0.23-1.38) 0.213

HBV 0.63 (0.22-1.75) 0.374 HBV 0.70 (0.26-1.84) 0.472

Alcohol 1.32 (0.51-3.43) 0.572 Alcohol 1.41 (0.55-3.60) 0.471

MetALD 1.45 (0.56-3.77) 0.448 MetALD 1.53 (0.60-3.88) 0.368
Type of decompensation Further decompensation (yes vs. no) 0.50 (0.33-0.76) 0.001

Ascites 0.56 (0.33-0.97) 0.038

VB 0.62 (0.36-1.06) 0.079

HE 0.91 (0.56-1.46) 0.692
Era (pre vs. post DAASs) 0.85 (0.56-1.29) 0.453 Era (pre vs. post DAASs) 0.96 (0.64-1.46) 0.865

DAAs, direct-acting antivirals; Hb, hemoglobin; HE, hepatic encephalopathy; PLT, platelets; MELD, model for end-stage liver disease; sHR, subdistribution hazard ratio; VB,

variceal bleeding.

Comparison made with Fine and Gray model.
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Fig. 2. Incidence of recompensation according to MELD score in patients
with decompensated cirrhosis achieving etiological cure. MELD, model of
end-stage liver disease. HR= 0.97; p=0.938. Comparison made with Fine-
Gray test.

compensated patients
p = 0.974; Table S5).
When the compensated cirrhosis group was categorized
into patients with or without CSPH according to non-invasive
tests (n = 133 [568.3%] and n = 95 [41.7%], respectively), the
mortality risk was significantly higher in patients with recom-
pensated cirrhosis vs. those without CSPH (HR 7.65; 95% CI
1.82-32.08; p = 0.005 and HR 7.29; 95% CIl 2.18-24.42;
p = 0.002; for Baveno VIl and expanded criteria, respectively),

(HR 0.96; 95% Cl 0.13-7.43;
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Fig. 3. Cumulative incidence of mortality in recompensated patients ac-
cording to different criteria (i.e. Baveno VIl or expanded criteria). Comparison
made with Fine-Gray test. sHR, subdistribution hazard ratio.
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while the mortality risk was not significantly different vs. pa-
tients with compensated cirrhosis and CSPH (HR 1.95; 95% CI
0.68-5.57; p =0.213 and HR 1.77; 95% CI 0.87-3.59; p = 0.114;
for Baveno VIl and expanded criteria, respectively).

In the subgroup of patients with decompensated cirrhosis
achieving etiological cure, patients with recompensation ac-
cording to expanded criteria had a lower mortality risk than
those who did not recompensate (HR 0.51; 95% CI 0.29-
0.88; p = 0.014).

A new decompensating event occurred in 12 out of 112
patients (10.7%) achieving expanded recompensation criteria.
Among these patients, six developed HCC before decompen-
sation, three had a relapse of alcohol consumption and two
developed decompensation after abdominal surgery. In one
patient, no precipitant for the new episode of decompensation
was found. The cumulative incidence of decompensation at 5
years was not significantly different between recompensated
patients and compensated patients achieving etiological cure
(10 vs. 14%; p = 0.284; Fig. S1).

Patients achieving recompensation according to expanded
criteria showed a significant improvement in markers of liver
function (bilirubin 17 vs. 23 pmol/L, INR 1.16 vs. 1.26, albumin
39 vs. 35 g/L; MELD 9 vs. 10; p <0.001 for all comparisons) and
parameters of hyperdynamic circulation (mean arterial pres-
sure = 93 vs. 97 mmHg; p = 0.002; heart rate = 75 vs. 67 bpm; p
<0.001; Fig. S2) with respect to pre-recompensation assess-
ment. Among patients achieving recompensation according to
expanded criteria, an upper endoscopy was available after
recompensation in 103 patients. Overall, 27 patients (26%)
showed a regression of varices to a lower grade (or disap-
pearance), while progression of varices to a higher grade (or
their appearance) occurred in 13 patients (13%; Fig. S3).

Evaluation of systemic inflammation in different stages
of disease

Since systemic inflammation is a key pathophysiological
mechanism in patients with cirrhosis, we measured serum
concentrations of IL-6, IL-10 and IL 1§ in 160 patients with
available serum samples (62 compensated, 60 decom-
pensated, 38 recompensated). Characteristics of patients with
available serum samples are reported in Table S6. Inflammatory
cytokine levels were significantly higher in patients with
decompensated cirrhosis than in those with compensated
cirrhosis (IL-6 21.9 vs. 4.1 pg/ml, p <0.001; IL-10 4.8 vs. 2.5 pg/
ml, p <0.001; IL-1B 2.1 vs. 0.9 pg/ml; p = 0.037). In recom-
pensated patients, inflammatory cytokine levels were signifi-
cantly lower than in decompensated patients (IL-6 4.0 pg/ml, p
<0.001 vs. decompensated; IL-10 2.4 pg/ml, p <0.001 vs.
decompensated; IL-1B 1.1 pg/ml; p = 0.05 vs. decompensated)
and were at a similar level to that observed in compensated
patients (Fig. 4).

Validation cohort

One-hundred and ninety-three patients were included in the
validation cohort. Characteristics of patients have been re-
ported in Table S7. Most patients were male and had ALD. A
comparison of patient characteristics between the primary and
validation cohorts has been reported in Table S8. Patients in
the validation cohort had a higher rate of ALD, a lower mean
arterial pressure and slightly higher MELD score. Out of 193
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patients, 125 were already decompensated at inclusion and 12
compensated patients developed decompensation during
follow-up; therefore, 137 patients (71.0%) were considered for
potential recompensation.

During follow-up, 14 patients (10.2%) achieved recom-
pensation according to Baveno VI criteria, while 44 patients
(82.1%) achieved recompensation according to expanded
criteria. The cumulative incidence of recompensation was 34%
at 3 years and 36% at 5 years according to expanded criteria.
Seven out of 44 recompensated patients (15.9%) had a new
episode of decompensation during follow-up.

During follow-up, 38 patients died and 25 were transplanted.
Mortality risk was not significantly different in patients meeting
expanded recompensation criteria and patients with compen-
sated cirrhosis (HR 0.75; p 0.684), while patients with
decompensated cirrhosis had a 3-fold higher risk of death (HR
3.05; p = 0.009).

Discussion

Recompensation has recently been proposed as a new clinical
stage of cirrhosis in which the primary underlying cause of liver
disease has been cured, complications of cirrhosis have dis-
appeared and liver function tests have improved. The incidence
and prognostic significance of recompensation is still poorly
known. In addition, to qualify as a new clinical stage, recom-
pensation should be associated with an improvement in sur-
vival, should reflect underlying changes in key
pathophysiological mechanisms of the disease and should be
easily and consistently diagnosed by clinicians. In these
regards, this study presents several novel findings. Firstly, our
study did not show significant differences in mortality risk be-
tween patients with compensated cirrhosis and CSPH and
patients who achieved recompensation. While previous studies
showed that patients with recompensated cirrhosis had a lower
risk of mortality than those with decompensated
cirrhosis,'”'8?” our study suggests that the prognosis of
recompensated patients may be similar to that of patients with
compensated cirrhosis and CSPH and that recompensation
brings prognostic benefits regardless of the etiology of the
disease. This is a key concept, because it highlights the strong
prognostic impact of recompensation as a new stage
of cirrhosis.
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In our study, the rate of recompensation according to
Baveno VIl criteria was lower than that observed in other
studies in patients with HBV-related cirrhosis (19-56%)"":18:7
and ALD-related cirrhosis (18%).'® One of the reasons for this
discrepancy is likely related to the Baveno VII definition of
recompensation, which requires the withdrawal of diuretics for
ascites and lactulose/rifaximin for HE. At present, no clinical
practice guidelines have established a stopping rule for di-
uretics and lactulose/rifaximin, leaving the decision to the
attending physician. Furthermore, deprescribing practices vary
according to physicians and specialties, and are subject to
several challenges.?® This limitation is relevant, because it
means that the Baveno VI criteria are affected by subjectivity.
The lack of objective assessment can influence epidemiological
studies and the design of clinical trials aiming at recom-
pensation as an endpoint. Therefore, we developed expanded
recompensation criteria for patients who achieve etiological
cure, sustained improvement of liver function tests, and reso-
lution of decompensating events for over 12 months while still
on treatment with lactulose/rifaximin and/or a stable low dose
of diuretics without development of adverse effects related to
the therapy itself. The expanded criteria increased the number
of recompensated patients, without affecting the prognostic
significance of recompensation. In fact, the cumulative inci-
dence of mortality in patients achieving the expanded recom-
pensation criteria was similar to that of patients achieving
the Baveno VII recompensation criteria. We acknowledge that
the dosage limits used for the definition of expanded criteria
could be seen as subjective themselves. However, these new
criteria have been externally validated. We believe that they
could be used to define recompensation in future epidemio-
logical studies. Moreover, in the future, expanded recom-
pensation criteria should be used primarily to encourage
physicians to evaluate the withdrawal of treatments for
decompensation (diuretics and/or lactulose/rifaximin), which
are likely unnecessary, rather than serving as “true” recom-
pensation criteria.

About 10% of patients achieving recompensation experi-
enced a new decompensation during follow-up. The incidence
of decompensation in recompensated patients was similar to
that of patients with compensated cirrhosis achieving etiolog-
ical cure, suggesting that recompensation really represents a
regression of cirrhosis stage. Most new episodes of decom-
pensation occurred after a relapse of alcohol consumption,
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occurrence of HCC or abdominal surgery. These findings
highlight the following points: i) CSPH may persist after rec-
ompensation, exposing patients to a new decompensating
event; ii) HCC surveillance should be actively maintained after
recompensation; iii) alcohol relapse should prompt clinicians to
intensify follow-up.

Different stages of cirrhosis are characterized by variations
in key pathophysiological mechanisms.>?° While CSPH is the
main driver of first decompensation,®° several lines of evidence
suggest that systemic inflammation is the primary driver of
further decompensation, organ failures and ACLF.® Indeed,
biomarkers of systemic inflammation such as IL-6 increase
across distinct stages of advanced chronic liver disease and
correlate with mortality.>*® Therefore, recompensation should
theoretically be associated with a reduction of systemic
inflammation. Herein, we showed that biomarkers of systemic
inflammation are significantly reduced after recompensation,
reaching levels similar to those of patients with compensated
cirrhosis. This is the first evidence that recompensation is not
only associated with an improvement in survival, but also with
changes in systemic inflammation. We hypothesize that after
recompensation the improvement of liver function, fibrosis and
endothelial dysfunction could translate into a reduction of
portal pressure and bacterial translocation. However, this hy-
pothesis should be proven in future studies. Whether changes
in biomarkers of systemic inflammation can predict recom-
pensation should be further explored. Unfortunately, we did not
measure hepatic vein pressure gradient (HVPG), so we have no
data on the effects of recompensation on portal hypertension.
However, we found a significant improvement in parameters of
hyperdynamic circulation in patients achieving recompensation
(MAP and heart rate) and a regression of varices size in one out
of four patients. Future studies should be conducted to
demonstrate the reduction of HVPG after recompensation, as
well as to assess the role of non-invasive tests in ruling out
CSPH after recompensation.

A last important finding concerns variables associated with
recompensation, which can help in identifying factors that can
facilitate recompensation and eventual “points of no return”. We
found that the severity of liver disease as shown by the MELD
score at the time of etiological cure was associated with a lower
likelihood of recompensation. Although we did not find a clear
threshold of MELD associated with lack of recompensation,
those with a MELD score >15 were less likely to recompensate.
Interestingly, this threshold is the one associated with LT sur-
vival benefit®" and with the risk of further decompensation.®
Therefore, LT assessment should not be delayed in these pa-
tients waiting for a recompensation after etiological treatment. In
addition to MELD score, lower hemoglobin at the time of etio-
logical cure was associated with a lower chance of recom-
pensation. This association was also reported by Wang et al. in
patients with HBV cirrhosis.'” Interestingly, in patients with
decompensated cirrhosis, low hemoglobin levels have been
found to be associated with the development of ACLF, hospital
readmissions and mortality.?>*>~** Association does not mean
causation and the reduction of hemoglobin could just be a
marker of disease severity. In fact, the reduction of hemoglobin
levels is multifactorial in patients with decompensated cirrhosis,
being associated with portal hypertension, gastrointestinal
bleeding, systemic inflammation, malnutrition, iron deficiency,
and derangement of hematopoietic stem cells.***> However,
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low hemoglobin levels could also facilitate liver hypoxia, causing
activation of hypoxia-inducible factors®® and promoting liver
fibrosis and angiogenesis,®’ thus limiting recompensation. This
is a hypothesis that warrants further investigation. Meanwhile,
anemia should not be overlooked in patients with decom-
pensated cirrhosis, and any potentially treatable causes should
be actively identified and treated. Lastly, patients with higher
BMI showed a lower probability of recompensation, consistent
with the recent study by Hofer et al. on recompensation in pa-
tients with ALD."® BMI has been identified as an independent
predictor of decompensation and mortality in patients with
cirrhosis® and may indicate a role for concomitant MASLD
(metabolic dysfunction-associated steatotic liver disease) in
hindering recompensation. Future studies should evaluate
whether weight loss can facilitate recompensation in
these patients.

This study has several strengths. It enrolled a large cohort of
well characterized patients with cirrhosis, alcohol abstinence
was confirmed by uETG measurements, findings were vali-
dated in an external cohort and the availability of serum sam-
ples has increased the understanding of recompensation as a
new disease stage.

We recognize that our study also has limitations. Most pa-
tients with HCV achieved etiological cure and recompensation
after the introduction of DAAs, we introduced era among
covariates in multivariable models, but we cannot exclude the
presence of other unmeasured confounders. Also connected to
etiology, many patients had at least one metabolic risk factor at
inclusion, suggesting a possible co-existence of MASLD.
However, it has been shown that very few patients with ALD
have no metabolic risk factor,>® while the risk of hepatic
decompensation is more closely linked to alcohol intake than
metabolic risk factors in steatotic liver disease.*® Therefore,
alcohol abstinence could be sufficient to induce recom-
pensation in some patients with ALD and metabolic risk factors.
Moreover, despite having a good prognosis, within patients
meeting expanded recompensation criteria, we cannot exclude
the presence of a subgroup in whom ascites and/or HE may
recur after withdrawal of diuretics, lactulose or rifaximin.
Naturally, if ascites and/or HE recur following withdrawal, these
patients could not be considered truly recompensated. Another
limitation is the lack of HVYPG measurement which could have
added value to the study. However, HVPG measurement is
invasive and is not widely used in clinical practice. Furthermore,
the sample size was relatively small, and we cannot rule out the
possibility that the comparable prognosis between compen-
sated and recompensated patients was due to a lack of sta-
tistical power. Finally, the follow-up of patients started at the
time of their first outpatient visit in which cirrhosis was diag-
nosed; however, for patients with compensated cirrhosis, the
exact time of cirrhosis appearance could not be defined.

In conclusion, our study showed that Baveno VII recom-
pensation criteria can identify patients with a prognosis that is
comparable to those with compensated cirrhosis and CSPH.
However, since Baveno VII criteria are overly restrictive and
affected by subjectivity, we developed and validated expanded
recompensation criteria. These expanded criteria are as accu-
rate as Baveno VIl criteria in identifying patients at low mortality
risk and can be used for both epidemiological and clinical
purposes. Finally, recompensation is associated with a reduc-
tion in systemic inflammation.
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