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Highlights

• First and further decompensation in MASLD-cACLD
increased liver-related mortality by 18.9- and 1.52-
fold, respectively.

• Ascites was the most common form of decompensation
and had the greatest impact on liver-related mortality in 
MASLD-cACLD.

• Both acute and non-acute decompensation similarly raise
liver-related death risk in MASLD-related cACLD.

• Extrahepatic death accounted for a high mortality burden at
5 years due to the high metabolic risk of patients 
with MASLD.

• HCC further raises liver-related mortality risk post-
decompensation in MASLD-cACLD by up to 2.95-fold.

Impact and implications

In this large international multicenter cohort of 6,061 patients with 
compensated advanced chronic liver disease (cACLD) due to meta-
bolic dysfunction-associated steatotic liver disease (MASLD), we 
examined the clinical impact of first and further decompensation 
events. At 5 years, the cumulative incidences of first and further 
decompensation were 3.5% and 43.9%, respectively, each signifi-
cantly increasing the cause-specific hazard of liver-related death (18.9-
fold and 1.52-fold). Ascites, more so than variceal bleeding, was the 
predominant and most impactful event. Both acute and non-acute 
decompensation similarly contributed to liver-related mortality. Addi-
tionally, hepatocellular carcinoma independently increased the hazard 
of liver-related death, even post-decompensation. Notably, extrahe-
patic deaths also represented a considerable burden, reflecting the 
high metabolic risk of MASLD. These findings highlight key prognostic 
inflection points in MASLD-related cACLD.
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Background & Aims: First and further decompensation events mark key transitions in the natural history of cirrhosis and 
significantly influence mortality risk. We assessed the cumulative incidence of first and further (acute and non-acute) decom-
pensation and evaluated their impact on liver-related death (LR-D) in patients with compensated advanced chronic liver disease 
(cACLD) due to metabolic dysfunction-associated steatotic liver disease (MASLD).

Methods: We conducted an international, multicenter (17 centers), retrospective study involving 6,061 consecutive patients with 
cACLD due to MASLD, diagnosed either clinically (liver stiffness measurement >10 kPa) or histologically (F3–F4 fibrosis). 
Decompensation events were defined according to the Baveno VII criteria. Cumulative incidence functions and cause-specific 
Cox models (with baseline and time-dependent variables) were used to analyze competing risks. A multistate model was 
developed to better describe the clinical trajectory of cACLD due to MASLD.

Results: The 5-year cumulative incidence of first decompensation was 3.5% (95% CI 3.0–4.1), which was associated with an 
18.9-fold increase (95% CI 10.8–32.9) in the cause-specific hazard of LR-D. Among patients who experienced a first decom-
pensation, the 5-year cumulative incidence of further decompensation was 43.9% (95% CI 37.2–50.2), further increasing the 
hazard of LR-D by 1.52-fold (95% CI 1.02–2.34). Ascites, followed by variceal bleeding, were the most common decompensation 
events. Hepatocellular carcinoma independently increased the cause-specific hazard of LR-D by 2.95-fold (95% CI 2.02–4.31) in 
the overall cohort and by 1.43-fold (95% CI 1.03–2.00) in patients who had experienced a first decompensation.

Conclusions: First and subsequent decompensation events are major inflection points in the clinical progression of cACLD due 
to MASLD, increasing the cause-specific hazard of LR-D by 18.9- and an additional 1.52-fold, respectively. Hepatocellular 
carcinoma is an independent predictor of LR-D and further exacerbates mortality risk when present alongside decompensation.

© 2025 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
Metabolic dysfunction-associated steatotic liver disease 
(MASLD) has emerged as one of the most significant global 
health challenges, with a worldwide prevalence of 38% ac-
cording to recent estimates, 1 and a concerning upward trend 
driven by the growing epidemics of diabetes and obesity. 2

The widespread impact of MASLD is compounded by its 
potential to progress from simple steatosis to steatohepatitis 
(MASH), and ultimately to cirrhosis, which may be further 
complicated by hepatic decompensation and hepatocellular

carcinoma (HCC), often culminating in liver-related death (LR-
D) or the need for liver transplantation (LT). 2

It is well established that the first decompensation – defined 
as ascites, hepatic encephalopathy (HE), variceal bleeding, 
and jaundice – is a pivotal event in terms of prognosis and 
marks the transition from the compensated, also known as 
compensated advanced chronic liver disease (cACLD), to the 
decompensated stage of cirrhosis. 3 Although only a small 
fraction of patients die following the first decompensation 
episode, the risk of developing further decompensation in-
creases and the median survival dramatically decreases. 4 The
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occurrence of a further decompensation event – defined ac-
cording to the Baveno VII consensus 5 as either the recurrence 
of the initial event or the development of a second decom-
pensation event – represents a crucial turning point in the 
natural history of the liver disease, markedly increasing the risk 
of LR-D in these patients.

Recently, some experts have reasonably suggested 
defining the decompensation pathway occurring in patients 
with cirrhosis as either "acute” (AD) or “non-acute” decom-
pensation (NAD). 6 Although they can potentially influence the 
clinical outcomes of cirrhosis differently, AD and NAD currently 
remain theoretical constructs among patients with decom-
pensated cirrhosis.

Although the natural course of liver disease has been 
extensively studied across various settings and etiologies, the 
impact of initial and subsequent decompensation –whether 
acute or non-acute – has not been specifically assessed in 
patients with MASLD. This scenario is particularly complex due 
to the dual risks involved: LR-D and a well-documented risk of 
extrahepatic death (EH-D) from cardiovascular events and 
extrahepatic cancers. 7

The aim of our study was to assess the cumulative incidence 
of first and further decompensation events, acute and non-
acute, and to evaluate their impact on both LR-D and EH-D in 
a large cohort of patients with cACLD secondary to MASLD.

Patients and methods

Study design and patient selection

This retrospective study used prospectively collected data from 
patients with cACLD secondary to MASLD, enrolled between 
1988 and 2023 across 17 tertiary centers in Italy, France, 
Sweden, Canada, and China. All patients provided informed 
consent, and the study received approval from the respective 
local ethics committees. These cohorts have previously been 
described in studies on the natural history of MASLD. 8,9

Consecutive patients with either a clinical or biopsy-proven 
diagnosis of cACLD due to MASLD were included. cACLD was 
defined by a liver stiffness measurement (LSM) >10 kPa using 
FibroScan or by histological evidence of F3–F4 fibrosis using 
the Kleiner score, in accordance with Baveno VII criteria. 5 In 
patients without histologic examinations, the diagnosis of 
MASLD required ultrasonographic detection of steatosis plus 
at least one criterion of the metabolic syndrome. Only patients
with a follow-up of > −6 months were included.

Exclusion criteria included age <18 years, previous history 
of decompensated cirrhosis and/or HCC, other liver disease 
etiologies (chronic hepatitis B/C, HIV infection, autoimmune 
hepatitis, hereditary hemochromatosis, alpha-1 antitrypsin 
deficiency), excessive alcohol intake (>30 g/day for men, 
>20 g/day for women), and extrahepatic malignancy.

Follow-up assessments included laboratory testing every 6–12 
months, abdominal ultrasound or HCC screening every 6 
months, and upper endoscopy according to cur-
rent recommendations. 5,10

Decompensation definition

First decompensation was defined as the simultaneous
development of > −1 of the following events: portal
hypertension-driven events (ascites, overt HE, variceal

bleeding) 5 and/or jaundice. 6 Ascites was diagnosed by
compatible clinical signs and confirmed with ultrasound and/or 
diagnostic paracentesis; overt HE was classified according to 
West-Haven classification; 11 variceal bleeding was identified
by upper endoscopy; jaundice was defined as bilirubin 
>3 mg/dl. 12

Further decompensation was defined as the recurrence or 
de novo development of a second portal hypertension-driven 
decompensating event (ascites, HE or variceal bleeding) and/ 
or jaundice. 5

AD was defined as the development of > −1 major compli-
cation(s): first or recurrent grade 2 or 3 ascites within less than
2 weeks, first or recurrent acute HE in patients with previously 
normal consciousness, and acute variceal bleeding. 6

NAD was defined as slow ascites formation, mild grade 1 or
2 HE, or progressive jaundice in non-cholestatic cirrhosis. 6

Patients who developed events during follow-up were 
evaluated for available therapies and/or for LT, 
as appropriate. 13–15

Patient evaluation

Clinical and metabolic data were collected at enrollment. The 
diagnosis of type 2 diabetes (T2D) was made according to the 
American Diabetes Association criteria, 16 using a value of
fasting blood glucose > −126 mg/dl. In patients with a previous
diagnosis of T2D, current medications and their changes were 
documented and used to confirm the diagnosis of T2D. Arterial 
hypertension was defined as systolic blood pressure
> −140 mmHg and/or diastolic blood pressure > −90 mmHg, or
use of blood pressure-lowering agents. 17 A 12-hour overnight
fasting blood sample was drawn to determine serum levels of 
alanine aminotransferase, albumin, and bilirubin, as well as 
platelet count, and international normalized ratio.

Extrahepatic events and mortality assessment

Extrahepatic events and mortality were recorded during the 
entire follow-up in both groups. Extrahepatic events were 
defined as cardiovascular events – stroke, transient ischemic 
attack, myocardial infarction, unstable angina – or extrahepatic 
cancers not including non-melanomatous skin cancers. Evi-
dence of extrahepatic events was provided by clinical charts 
from emergency areas and/or hospitalization. Death was also 
recorded during the follow-up and classified according to 
associated events (liver-related, defined as LR-D, or 
extrahepatic-related, defined as EH-D).

Statistical analysis

Continuous variables were summarized using the median 
(IQR), while categorical variables were presented as fre-
quencies and percentages. Sankey plots were utilized to 
illustrate the flow of major outcomes throughout patients’ 
clinical histories, categorized by the presence and type 
of decompensation.

A competing risk analysis was performed to estimate the 
occurrence of the first decompensation, considered the event 
of interest, with LR-D, EH-D and LT treated as competing 
events. A second competing risk analysis was conducted on 
the subset of patients experiencing a first decompensation, 
with subsequent decompensation as the primary event and
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LR-D, EH-D and LT as competing events. Cumulative inci-
dence function (CIF) estimates were calculated and group 
comparisons were carried out using Gray’s test. 18

Additional CIFs were generated by stratifying the main and 
competing events based on several factors:
1. Splitting both first and subsequent decompensations into AD
and NAD.

2. Further categorizing first and subsequent decompensations
into ascites, HE, jaundice, and variceal bleeding.

3. Differentiating deaths into liver-related and extrahepatic causes
within the context of both first and subse-
quent decompensations.

4. Subdividing liver-related deaths due to cACLD secondary to
MASLD within the framework of both first and subse-
quent decompensations.

The analysis of time to first decompensation began at the 
date of the initial diagnosis of cACLD, while the analysis of time 
to subsequent decompensation started from the date of the 
first decompensation. To ensure uniform follow-up periods 
across centers, 5-year CIFs were presented, with probabilities 
expressed as percentages throughout the text and figures.

To assess the impact of first and subsequent de-
compensations on LR-D – with EH-D and LT treated as 
competing events – and accounting for known prognostic 
factors and potential confounders, a multivariable analysis was 
performed using a cause-specific proportional hazards model 
with time-dependent covariates. The occurrence of the first 
decompensation was included as a time-dependent covariate 
in the linear predictor of the cACLD model, while the occur-
rence of subsequent decompensation was included in 
the model for patients who had already experienced a 
first decompensation. Results were expressed as hazard 
ratios (HRs) with 95% CIs. Additionally, the occurrence of 
HCC was incorporated as a time-dependent covariate in 
both models.

Beyond the time-dependent covariates, the cACLD model 
included sex, age, platelet count, albumin levels, and diabetes. 
In contrast, the model for first decompensation included 
only sex, age, and diabetes, due to the unavailability of platelet 
and albumin data at the time of the first decompensation.

A seven-state model was constructed, comprising cACLD 
as the initial state, first decompensation and subsequent 
decompensation as transient states, and LT, HCC-related 
death, LR-D, and EH-D as absorbing states. The probabilities 
of occupying each disease state within the multistate model 
were estimated using the mstate package in R.

All analyses were performed using R statistical software 
(version 4.3.3). In addition to the base R packages, the 
following libraries were used: tidyverse, survival, readxl, grid-
Extra, grid, cr17, gtable, mstate, and cmprsk.

Results

Patients characteristics

Patient characteristics are listed in Table 1. Only 3.8% of pa-
tients developed HCC, while cardiovascular events and 
extrahepatic cancers were observed in 10.8% and 18.1% of

Table 1. Features of 6,061 patients with cACLD due to MASLD and rates of 
event occurrence.

Baseline characteristics of 6,061 patient with cACLD due to MASLD

Variable Value [missing 
data]

Age (*) 58 (49.8-65.5) [0]
Male sex 3,268 (53.9%) [0]
Diabetes 2,518 (41.5%) [2]
Arterial hypertension 2,201 (36.3%) [6]
Platelets – mm 3 (*) 220 (172-266) [197]
INR (*) 1 (0.9-1.1) [165]
Albumin - g/dl (*) 4.3 (4-4.5) [120]
Bilirubin - mg/dl (*) 0.6 (0.4-0.8) [117]
ALT - IU/L (*) 37 (24-63) [105]
Histological diagnosis 528 (8.7%)

Rates of event occurrence during follow-up
First decompensation (n = 323)
Data available on discrimination between single or 
multiple decompensation

313 (96.9%)

Single 226 (70.0%)
Multiple 87 (26.9%)

Data available on discrimination between acute or
non-acute decompensation 

274 (84.8%)

Acute 169 (61.7%)
Non-acute 105 (38.3%)

Type of first decompensation
Data available on type of decompensating event 308 (95.4%)
Ascites 187 (3.1%)
> −2 events 31 (0.51%)
HE 36 (0.6%)
Variceal bleeding 50 (0.8%)
Jaundice 4 (0.07%)

Further decompensation in the 323 patients who 
experienced first decompensation (n = 132)
Data available on discrimination between single or 
multiple decompensation

128 (96.9%)

Single 69 (53.9%)
Multiple 59 (46.1%)

Data available on discrimination between acute or
non-acute decompensation 

125 (94.7%)

Acute 58 (46.4%)
Non-acute 67 (53.6%)

Type of further decompensation
Data available on type of decompensating event 131 (99.2%)
Ascites 42 (0.7%)
2 or more events 34 (0.6%)
HE 42 (0.7%)
Variceal bleeding 8 (0.1%)
Jaundice 5 (0.08%)

LT 51 (0.8%)
HCC 231 (3.8%)
CVE 653 (10.8%)
EHC 1,093 (18.1%)
Death
Overall 521 (8.6%)
CV-D 56 (11.9%)
HCC-D 110 (23.6%)
LR-D 144 (30.6%)
EH-D 158 (33.8%)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; cACLD, compensated advanced chronic liver disease; CV-D, cardiovas-
cular death; CVE, cardiovascular events; EH-D, extrahepatic death; EHC, extrahepatic 
cancers; GGT, gamma-glutamyltransferase; HCC, hepatocellular carcinoma; HCC-D, 
HCC-related death; HDL, high-density lipoprotein; HE, hepatic encephalopathy; INR, 
international normalized ratio; LR-D, liver-related death; LT, liver transplantation; 
MASLD, metabolic dysfunction-associated steatotic liver disease; TIPS, transjugular 
intrahepatic portosystemic shunt.
(*)Data are given as median (IQR).
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patients, respectively. The first patient was enrolled in October 
1988 and the last in July 2023. The median follow-up was 77.4 
months (IQR 36.2-108.4 months); when stratified by center, the 
shortest median follow-up was 9.7 months (IQR 9.4-12.3 
months) and the longest was 100.6 months (IQR 46.9-
111.8 months).

Cumulative incidence of first decompensation

The Sankey Plot in Fig. S1 reports the major outcomes that 
occurred in the clinical history of patients according to the 
presence and the type of decompensation.

Three hundred and twenty-three patients experienced first 
decompensation in the whole cohort, 72.2% of those had a 
single decompensating event and 27.8% had multiple 
concomitant events; 61.7% experienced AD, while 38.3% 
experienced NAD (Table 1).

Fig. 1A shows the 5-year CIF of first decompensation, with 
death and LT considered as competing risks. Specifically, the 
cumulative incidences of first decompensation were 0.9% 
(95% CI 0.7-1.2), 2.6% (95% CI 2.2-3) and 3.6% (95% CI 3.0-
4.1) at 1, 3 and 5 years, respectively (Table 2). The cumulative 
incidences of different types of first decompensation over 5 
years are shown in Fig. 1B: 2.2% (95% CI 1.77-2.6) of patients 
experienced ascites, 0.7% (95% CI 0.48-0.97) experienced
variceal bleeding and 0.5% (95% CI 0.31-0.71) experienced > − 2
events; HE and jaundice were reported less commonly. 
Baseline characteristics of patients who had ascites as first 
decompensation, compared to those who experienced vari-
ceal bleeding, are reported in Table S1.

Analyses using CIFs for the risk of first decompensation 
(according to LSM categories, presence of diabetes, ancestry, 
and histological/clinical diagnosis of cACLD) and for the risk of 
HCC (according to LSM categories and presence of diabetes) 
are shown in Fig. S2–7. Cause-specific Cox models for first 
decompensation (based on the same covariates) and for HCC 
occurrence (according to LSM categories and diabetes) are 
reported in Table S3.

Cumulative incidence of first decompensation spilt as AD 
and NAD

When focusing on the pattern of first decompensation, i.e. AD 
or NAD, data were available in 274 out of 323 patients who 
experienced first decompensation. Fig. 1C shows the 5-year 
CIF of AD and NAD with death and LT considered as 
competing risks, in patients with cACLD due to MASLD 
experiencing first decompensation. The cumulative incidences 
of AD at 1, 3 and 5 years were 0.5% (95% CI 0.4-0.7), 1.3% 
(95% CI 1-1.7) and 1.8% (95% CI 1.5-2.2), respectively, and of 
NAD were 0.3% (95% CI 0.15-0.41), 0.9% (95% CI 0.63-1.13) 
and 1.3% (95% CI 1-1.6), respectively (Table S2).

Cumulative incidence of further decompensation

Of 323 patients with cACLD due to MASLD with a first episode 
of decompensation, 132 developed further decompensation. 
Specifically, 53.9% had a single decompensating event and 
46.1% had multiple events; 46.4% of patients with further 
decompensation experienced AD, while 53.6% experienced 
NAD (Table 1).

Fig. 2A shows the 5-year CIF of further decompensation, 
with death and LT considered as competing risks. The 
observed cumulative incidences of further decompensation 
were 23.4% (95% CI 18.6-28.6), 37.7% (95% CI 31.6-43.7) 
and 43.9% (95% CI 37.2-50.2) at 1, 3 and 5 years, respectively 
(Table 2). The cumulative incidences of different types of 
further decompensation over 5 years are shown in Fig. 2B: 
34.9% (95% CI 29.21-39.94) of patients experienced ascites, 
10.6% (95% CI 7.46-14.43) experienced variceal bleeding and
8% (95% CI 4.99-11.01) experienced > −2 events; HE and
jaundice were found less commonly.

Cumulative incidence of further decompensation stratified 
by AD and NAD

When focusing on the pattern of further decompensation, i.e. 
AD or NAD, data were available in 114 out of 132 patients who 
experienced further decompensation. Fig. 2C shows the 5-
year CIF of AD and NAD, with death and LT considered as 
competing risks, in patients with cACLD due to MASLD 
experiencing further decompensation. The cumulative in-
cidences of AD at 1, 3 and 5 years were 7.9% (95% CI 5-11.5), 
13.4% (95% CI 9.5-18.1) and 16.7% (95% CI 11.5-21.1), 
respectively, and of NAD were 12% (95% CI 8.4-16.3), 20% 
(95% CI 15.1-24.4) and 23.2% (95% CI 17.8-29), respec-
tively (Table S2).

Cumulative incidence of liver-related mortality at first 
decompensation

In patients who experienced a first decompensating event, 
median survival was 19.9 months (IQR 9.2-48.6). Patients who 
experienced ascites as a first decompensating event had a 
lower median survival (17.5 months; IQR 5.4–40.9) compared 
to those who experienced variceal bleeding (37.6 months; IQR 
8.7–63.5). Fig. 3A shows the 5-year CIF of LR-D, with further 
decompensation, LT, and EH-D considered as competing 
risks. The competing risk analysis reported in Table 3 shows 
that LR-D occurred in 8.8% of patients (95% CI 5.9–12.3) at 1 
year, 15% (95% CI 11–19.6) at 3 years, and 15.6% (95% CI 
11.5–20.2) at 5 years. EH-D occurred in 5.2% of patients (95% 
CI 3–8.1) at 1 year, 8.2% (95% CI 5.3–11.9) at 3 years, and 
12% (95% CI 7.5–15.9) at 5 years.

In the multivariable Cause-specific Cox model, first 
decompensation as a time-varying covariate (HR 18.94, 95% 
CI 10.87-32.99, p <0.001), age >60 years (HR 4.70, 95% CI 
2.59-8.51, p <0.001), occurrence of HCC (HR 2.95, 95% CI 
2.02-4.31, p <0.001), and baseline albumin <3.5 g/dl (HR 2.03, 
95% CI 1.30-3.18, p = 0.001) were independently associated 
with LR-D (Table S5).

Cumulative incidence of liver-related mortality at first 
decompensation stratified by AD and NAD

Fig. 3B shows the 5-year CIF of LR-D in patients with cACLD 
due to MASLD who experienced a first AD or NAD, with further 
decompensation, LT, and EH-D considered as competing 
risks. The cumulative incidences of LR-D at 1, 3 and 5 years 
were 8.1% (95% CI 4.4-13.3), 11.5% (95% CI 6.8-17.5) and 
12.4% (95% CI 7.5-18.6), respectively, in patients experi-
encing AD, and 6.5% (95% CI 2.6-12.7), 17.1% (95% CI 9.7-
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Fig. 1. Five-year CIF of major events in the whole cohort with cACLD due to MASLD. (A) Five-year CIF of first decompensation, death and LT as competing 
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26.1) and 17.1% (95% CI 9.7-26.1), respectively, in patients 
experiencing NAD (Table S4).

In the multivariable cause-specific Cox model, both acute 
(HR 20.64, 95% CI 10.20–41.81; p <0.001) and non-acute (HR 
19.4, 95% CI 9.66–40.36; p <0.001) first decompensation 
events, included as time-varying covariates, were indepen-
dently associated with LR-D (Table S5).

Cumulative incidence of liver-related mortality at further 
decompensation

When assessing mortality rates in patients with cACLD due to 
MASLD who experienced further decompensation, the cumu-
lative incidences of LR-D at 1, 3 and 5 years were 41.3% (95% 
CI 29-53.2), 61.9% (95% CI 48.5-72.8) and 74.6% (95% CI 
59.8-82.5), respectively, which were much higher than for EH-
D (12.7% [95% CI 5.9-22.3], 19% [95% CI 10.4-29.7], 20.6% 
[95% CI 11.6-31.5] at 1, 3 and 5 years, respectively) (Table 3). 
Fig. 3C shows the 5-year CIFs of LR-D and EH-D. Notably, no 
patients were transplanted.

In the multivariable Cause-specific Cox model, further 
decompensation as a time-varying covariate (HR 1.52, 95% CI 
1.02-2.34, p = 0.04), age >60 years (HR 3.85, 95% CI 1.96-
7.57, p = 0.001) and occurrence of HCC (HR 1.43, 95% CI 
1.03-2.00, p = 0.03) were independently associated with LR-
D (Table S5).

Cumulative incidence of liver-related mortality at further 
decompensation stratified by AD and NAD

Fig. 3D shows the 5-year CIF of LR-D in patients with cACLD 
due to MASLD who experienced further AD or NAD, with EH-D 
considered as a competing risk. The cumulative incidences of 
LR-D at 1, 3 and 5 years were 20.8% (95% CI 7.3-39), 41.7% 
(95% CI 21.5-60.8) and 62.5% (95% CI 34.8-76), respectively, 
in patients experiencing AD, and 46.2% (95% CI 26.1-64.1), 
69.2% (95% CI 46.6-83.8) and 80.8% (95% CI 57.6-92.1), 
respectively, in patients experiencing NAD (Table S4).

In the multivariable Cause-specific Cox model, both acute 
(HR 1.24, 95% CI 1.01-2.04, p = 0.04) and non-acute (HR 1.27, 
95% CI 1.02-2.01, p = 0.04) further decompensation events 
were independently associated with LR-D (Table S5).

Multistate model

To better appraise the impact of first and further decompen-
sation on liver-related mortality in patients with cACLD due to 
MASLD, we built a multistate model. The model in Fig. S8A

depicts the clinical course of those patients from the cACLD 
state to LR-D, EH-D and LT through first and further decom-
pensation. Interestingly, nearly 30% of patients with cACLD 
due to MASLD died from EH-D without developing any 
decompensation event. After developing the first decompen-
sation, EH-D was lower and nearly 43% died from LR-D and 
19% underwent LT. Sixteen percent of patients with cACLD 
experienced a further decompensation and, as expected, the 
proportion of LR-D increased to 54% while that of EH-
D decreased.

The corresponding 5-year probabilities of state occupation 
for patients with cACLD due to MASLD (Fig. S8B) were: cACLD 
41% (95% CI 37.3-45.0), first decompensation 6.9% (95% CI 
5.0-9.3), further decompensation 6.1% (95% CI 4.2-8.7), LT 
4.1% (95% CI 2.7-6.3), LR-D 8.7% (95% CI 6.6-11.5), EH-D 
29.9% (95% CI 26.4-33.8) and HCC-D 3.2% (95% CI 2.0-
4.9). Fig. S8C depicts the corresponding 5-year probabilities of 
state occupation after first decompensation: first decompen-
sation 4.8% (95% CI 2.8-7.8), further decompensation 16.2% 
(95% CI 10.7-24.4), LT 19.4% (95% CI 12.5-30), LR-D 42.7% 
(95% CI 33.8-53.8), EH-D 17% (95% CI 11.0-26.0). Finally, 
among patients who experienced further decompensation, the 
5-year probabilities of state occupation were: further decom-
pensation 19% (95% CI 10.9-33.1), LT 14.5% (95% CI 7.2-
29.1), LR-D 54% (95% CI 39.0-74.4) and EH-D 12.5% (95% CI 
5.3-29.1) (Fig. S8D).

Discussion
This multicenter study, which included 6,061 patients with 
cACLD due to MASLD, demonstrates that the 5-year cumu-
lative incidence of first decompensation was approximately 
3.5%. This event was associated with an 18.9-fold increase in 
the cause-specific hazard of LR-D. Among patients who 
experienced a first decompensation, the 5-year risk of further 
decompensation was about 44%, which conferred a 1.52-fold 
increase in the cause-specific hazard of LR-D. For both first 
and further decompensation, ascites was the most frequent 
event, and the pattern of decompensation (AD vs. NAD) 
showed a similar impact on mortality. Additionally, the occur-
rence of HCC independently increased the cause-specific 
hazard of LR-D, regardless of hepatic decompensation.

Current literature indicates that the latency period from 
MASH to the appearance of cACLD may be longer than in 
other etiologies. 19 However, once the first decompensation 
event occurs, the progression seems comparable to other 
etiologies. 20 Recent evidence has underscored the differing

Table 2. Cumulative incidence of first and further decompensation at 1, 3 and 5 years, with liver-related death, extrahepatic death and LT as competing 
events in patients with cACLD due to MASLD.

Setting Years LR-D EH-D First decompensation LT

cACLD 1 0.2 (0.1.-0.4) 0.9 (0.7-1.2) 0.9 (0.7-1.1) 0.03 (0-0.1)
3 0.9 (0.7-1.2) 1.8 (1.4-2.1) 2.6 (2.2-3) 0.01 (0.004-0.02)
5 1.7 (1.3-2.1) 3.1 (2.6-3.6) 3.5 (3.0-4.1) 0.02 (0.006-0.02)

Setting Years LR-D EH-D Further decompensation LT

First decompensation 1 11,4 (8.1-15.2) 2.0 (0.8-4.1) 23.4 (18.6-28.6) 3.5 (1.8-6.2)
3 17.9 (13.7-22.8) 4.6 (2.5-7.6) 37.7 (31.6-43.7) 4.8 (2.7-7.9)
5 19.2 (14.6-24.1) 7.1 (4.1-11.2) 43.9 (37.2-50.2) 5.3 (3-8.5)

cACLD, compensated advanced chronic liver disease; EH-D, extrahepatic death; LR-D, liver-related death; LT, liver transplantation; MASLD, metabolic dysfunction-associated 
steatotic liver disease.
Data are given as % (95% CI).
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prognostic implications of first vs. further decompensation and 
of AD vs. NAD in patients with cACLD, but data specifically 
addressing these dynamics in MASLD remain limited.

Our study, conducted on a large, international cohort with 
purely metabolic etiology, provides new insights. Prior studies 
addressing similar outcomes often involved cohorts with 
mixed etiologies, frequently driven by alcohol or viral hepati-
tis. 12,21 In our setting, competing risk analysis over 5 years 
revealed a low incidence (3.5%) of first decompensation, 
predominantly ascites, which significantly increased the haz-
ard of LR-D – with a cumulative 5-year LR-D rate of 15.6% in 
these patients. Comparatively, D’Amico et al. reported a 5-year 
decompensation risk of 3% in patients without baseline vari-
ces and 28% in those with varices. 21 These higher rates may 
reflect differences in etiology and disease severity, as our 
cohort was limited to patients with cACLD, not all cirrhotic 
stages. D’Amico et al. also reported overall 5-year mortality 
rates of 20% and 30% in patients without and with varices, 
respectively – figures comparable to the 27% cumulative 5-
year LR-D and EH-D observed in our cohort following 
first decompensation.

We also examined further decompensation, observing a 
cumulative 5-year incidence of 43.9% (again, mainly ascites), 
which further increased the hazard of LR-D to 74.6%. This is 
consistent with the 52% incidence reported by D’Amico et al. 12 

and the 39.5% found by Noureddin et al. 22 in MASLD-related 
cirrhosis. However, our higher LR-D rate may stem from the 
low representation of viral etiology (only 9%) in our cohort, in 
contrast to cohorts where antiviral therapy could have 
improved prognosis. 23–25 Additionally, the high burden of 
metabolic comorbidities may have contributed to accelerated 
liver disease progression and worse outcomes. 26

Notably, among the decompensating events, ascites was 
the most frequent in both the first and the further decompen-
sation settings followed by variceal bleeding, consistent with 
the current literature. 11,22 We observed a relatively low rate of 
HE, in contrast to a recent US cohort where HE was more 
prevalent 27 – possibly due to differences in baseline charac-
teristics, including a higher prevalence of obesity in the US 
population, which may predispose to cerebrovascular events. 
The very low incidence of jaundice in our cohort may also 
inform ongoing debate, such as the Baveno VII recommen-
dations regarding its exclusion from decompensating events.

To better depict the role of first and further decompensation 
in the natural history of cACLD due to MASLD, a multistate 
model was built. Specifically, the model showed that among

patients who experienced first decompensation, a higher 
proportion of them experienced liver disease progression 
depicted by a 5-year probability of state occupation of 4.7% 
for first decompensation, 16% for further decompensation, 
42% for LR-D, and 19% for LT. Additionally, patients who 
experienced further decompensation had a poor liver-related 
prognosis with a 5-year probability of state occupation of 
19% for further decompensation, 54% for LR-D, and 14% 
for LT.

A few years ago, the CANONIC 28 and PREDICT 29 studies 
introduced the concept of acute vs. non-acute decompensa-
tion. In our cohort, we assessed this distinction in cACLD due 
to MASLD, although unlike the CANONIC definition, our clas-
sification of AD excluded hospitalizations for sepsis or bacte-
rial infection. We observed an even distribution of AD and NAD 
during both first and further decompensation. Notably, in first 
decompensation, both patterns increased the hazard of LR-D 
similarly, by about 20-fold, with no significant difference in 
risk during further decompensation. Our findings align with 
those by Tonon et al., who also reported an even AD/NAD 
distribution in 617 patients with cACLD (secondary to various 
etiologies – only 23% had metabolic etiology). 30 However, 
unlike their study, which observed a higher impact of AD on 
mortality, we found a greater mortality risk associated with 
NAD. This may be attributed to increased patient frailty in our 
cohort, stemming from the presence of an active etiological 
trigger (as opposed to a treated/controlled viral etiology), along 
with a higher prevalence of metabolic comorbidities that may 
exacerbate liver disease progression. 26

Another important finding was the independent impact of 
HCC on LR-D. Our cause-specific Cox models, both in the full 
cohort and among patients with first decompensation, showed 
that HCC significantly increased LR-D risk. These findings 
emphasize the need to consider HCC not merely as a separate 
complication but as a disease modifier when assessing prog-
nosis in MASLD-related cACLD.

Given the complexity of the clinical profile of patients with 
cACLD and MASLD, especially related to the increasing risk of 
extrahepatic complications (cardiovascular events and extra-
hepatic cancer), 7 we also evaluated the cumulative incidence 
of EH-D considered as a competing risk. Notably, in our 
multistate model with a 5-year follow-up, we found that in 
patients with cACLD, EH-D occurs in approximately 30% of 
cases and is the leading cause of death in this population. 
However, this proportion decreases to 16% in patients who 
experience a first decompensation and further decreases to

Table 3. Cumulative incidence of LR-D at 1, 3 and 5 years.

Setting Years LR-D EH-D Further decompensation LT

First decompensation 1 8.8 (5.9-12.3) 5.2 (3-8.1) 23.7 (18-27.7) 3.6 (1.8-6)
3 15 (11-19.6) 8.2 (5.3-11.9) 38.1 (30.9-42.8) 4.9 (2.6-7.7)
5 15.6 (11.5-20.2) 12 (7.5-15.9) 44.3 (36.6-49.6) 5.4 (3-8.4)

Setting Years LR-D EH-D — —

Further decompensation 1 41.3 (29-53.2) 12.7 (5.9-22.3) — —
3 61.9 (48.5-72.8) 19 (10.4-29.7) — —
5 74.6 (59.8-82.5) 20.6 (11.6-31.5) — —

cACLD, compensated advanced chronic liver disease; EH-D, extrahepatic death; LR-D, liver-related death; LT, liver transplantation; MASLD, metabolic dysfunction-associated 
steatotic liver disease.
Data are given as % (95% CI).
Cumulative incidence of LR-D at 1, 3 and 5 years, with further decompensation, EH-D and LT as competing events in patients with cACLD due to MASLD who experienced first 
decompensation (upper). Cumulative incidence at 1, 3 and 5 years of LR-D, with EH-D as a competing event in patients with cACLD due to MASLD who experienced further 
decompensation (bottom).
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12% in those who experience subsequent decompensation(s). 
Conversely, LR-D progressively becomes the leading cause of 
death in these patients. These data highlight the need for a 
comprehensive clinical assessment of extrahepatic, primarily 
metabolic, comorbidities in patients with advanced liver 
damage due to MASLD. In a systemic disease like MASLD, 
these comorbidities can significantly affect the prognosis 
independently of liver-related risks.

Noureddin et al. recently reported crude rates of decom-
pensation in �2,000 patients with MASLD. Our study adds 
further depth by: (1) including a larger cohort focused exclu-
sively on cACLD; (2) providing competing risk-based estimates 
rather than raw data; (3) modeling mortality using time-
dependent decompensation and HCC variables in cause-
specific Cox regression; and (4) evaluating the impact of AD 
and NAD separately.

The main limitation of this study stems from its retrospec-
tive nature. Although the patients enrolled in the present study 
were prospectively followed, the lack of a standardized pro-
tocol and uniform follow-up limit the availability of data on 
weight loss and control of metabolic comorbidities. The long 
enrollment period may have also introduced performance bias 
as well as a period effect. Additionally, the study relied on 
secondary data derived from larger databases aimed at eval-
uating non-invasive test changes, which may have resulted in 
missing cirrhosis-specific details. These include incomplete 
data on recompensation, hepatic venous pressure gradient, 
variceal status, therapy use (non-selective beta-blockers, sta-
tins, albumin), non-invasive portal hypertension tests, portal 
vein thrombosis, and TIPS (transjugular intrahepatic porto-
systemic shunt) placement – all of which could affect

interpretation of the observed results. Another concern lies in 
the potentially limited external validity of our results for 
different populations and settings. We evaluated a cohort of 
patients with MASLD-related cACLD referred to tertiary referral 
centers and fulfilling the reported inclusion and exclusion 
criteria, this point being another potential source of bias. 
Another study limitation is the presence of missing data and 
potential attrition bias. Moreover, given the number of statis-
tical tests and models performed, the possibility of false-
positive findings due to multiplicity cannot be excluded. This 
should be considered when interpreting the significance of the 
associations reported. Furthermore, we did not perform 
separate analyses for patients with/without cirrhosis, as is 
common in MASH trials, while the relatively low LT rate in our 
cohort does not reflect the growing recognition of MASLD as a 
major indication for LT. 31 Finally, data on newer HCC treat-
ments, which may impact survival, were lacking. 32

In conclusion, our study delineates the natural history of 
patients with cACLD secondary to MASLD and underscores 
how, over a 5-year timeframe, most patients do not develop 
hepatic decompensation but primarily die due to extrahepatic 
comorbidities. Following the onset of the first decompensa-
tion, and even more after further decompensation, the risk of 
EH-D decreases, while the risk of LR-D progressively in-
creases, especially in the presence of a concomitant HCC 
diagnosis. From a clinical standpoint, understanding the clin-
ical course of patients with cACLD due to MASLD and profiling 
those patients based on the first/further decompensation and 
the presence or absence of HCC could prove valuable in 
enhancing patient care and tailoring follow-up for those at 
higher risk of developing complications and death.
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