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Abstract

Introduction: The recently adopted nomenclature of steatotic
liver disease (SLD) introduces new diagnostic categories, in-
cluding metabolic dysfunction-associated steatotic liver disease
(MASLD), the intermediate metabolic dysfunction and alcohol-
related liver disease (MetALD), and alcohol-associated liver
disease (ALD). However, their specific impact on the
outcomes of hepatocellular carcinoma (HCC) remains unclear.
This study aimed to evaluate how alcohol consumption
influences prognosis in patients with SLD-related HCC.
Methods: We analyzed data from 2,864 HCC patients en-
rolled in the nationwide ITALLCA database (2008-2022),
stratifying those with SLD based on alcohol intake into MASLD,
MetALD, and ALD. A comparator group with hepatitis B virus
(HBV)-related HCC was also included. Multivariable Cox re-
gression and competing risk analyses were employed to assess
survival and cause-specific mortality. Results: Among SLD-
related HCC, MASLD accounted for 47.1%, ALD 18.7%, and
MetALD 7.2%. Patients with ALD showed the poorest liver
function, more advanced tumor stage, and the highest
mortality risk. Alcohol use progressively worsened prognosis
from MASLD to ALD. MetALD and ALD were both associated
with increased liver failure- and extrahepatic-related deaths
compared to MASLD. In multivariable models, tumor burden,
liver decompensation, and alcohol intake were significant
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predictors of mortality. Notably, metabolic comorbidities
impacted prognosis predominantly in MetALD and ALD,
suggesting an interaction between alcohol and systemic
metabolic dysfunction. Conclusion: Alcohol consumption ex-
erts a dose-dependent detrimental effect on clinical outcomes
in SLD-related HCC. These findings support a distinct prognostic
stratification for HCC patients with MetALD and ALD, reinforcing
the need for alcohol abstinence in individuals with metabolic

liver disease. © 2026 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) accounts for ap-
proximately 80% of primary liver cancers and represents a
major cause of mortality among patients with cirrhosis [1,
2]. Accumulating evidence indicates that hepatic steatosis,
now referred to as steatotic liver disease (SLD) according to
the recently updated nomenclature, contributes to the
rising incidence of HCC observed over the last 2 decades
[3]. A pivotal aspect of the new nomenclature is the ability
to categorize a spectrum of conditions of steatosis asso-
ciated with varying levels of alcohol consumption within a
unified diagnostic framework [4]. Specifically, patients with
SLD and at least one cardiometabolic risk factor are di-
agnosed with metabolic dysfunction-associated steatotic
liver disease (MASLD) in the presence of none or low
alcohol intake (<20 g/day in women and <30 g/day in
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men). Individuals with intermediate alcohol intake
(20-50 g/day in women and 30-60 g/day in men, re-
spectively) are classified as metabolic dysfunction and
alcohol-related liver disease (MetALD), whereas individ-
uals with high alcohol intake (>50 or >60 g/day in women
and men, respectively) are defined as having alcohol-
associated liver disease (ALD), based on the rationale
that such levels of consumption override the possible
contribution of metabolic derangements [4].

The identification of different groups of SLD has a strong
impact on the clinical course and outcomes of patients. The
probability of survival is shorter in ALD than in MASLD,
with intermediate values in patients with MetALD. To what
extent these differences identified by the new classification
affect the clinical history of patients with HCC is currently
unknown. The present study was undertaken to compare
epidemiology, clinical characteristics, management, and
outcome of specific subgroups of patients with HCC based
on the underlying presence of MASLD, MetALD or ALD
[4]. We also included in the analysis a group of patients with
HCC associated with chronic hepatitis B infection, in the
absence of other concurrent etiologies.

Methods

Study Groups and Variables

Patients with a diagnosis of HCC included in the ITA.-
LI.CA database between January 1, 2008, and December 31,
2022, were enrolled. All patients had at least one car-
diometabolic risk factor and were stratified according to their
reported alcohol consumption in MASLD (<20 g or 30 g/day
in women and men, respectively), MetALD (between
20 g and 50 g/day or 30 g and 60 g for women and men), and
ALD (alcohol consumption higher than 50 g or 60 g in
women and men). For homogeneity, patients with ALD in
the absence of cardiometabolic risk factors were not included.
Cirrhosis was defined at enrollment based on clinical and
laboratory data and/or liver biopsy. Cardiometabolic criteria
were defined according to the recent consensus paper [4] as
the presence of at least one of the following characteristics: (a)
body mass index (BMI) >25 kg/m?% (b) diagnosis of pre-
diabetes or type 2 diabetes, or treatment for type 2 diabetes;
(c) blood pressure >130/85 mm Hg or specific antihyper-
tensive drug treatment; (d) plasma triglycerides >150 mg/dL
or lipid-lowering treatment; (e) plasma high-density lipo-
protein (HDL)-cholesterol <40 mg/dL (males) or <50 mg/dL
(females) or lipid-lowering treatment.

Etiologies and comorbidities were obtained from the
initial individual records in the ITA.LI.CA database,
which are locked immediately after inclusion. We did
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not include patients with ongoing or previous hepatitis C
or hepatitis D. Patients with other relevant causes of liver
disease (i.e., autoimmune or cholestatic) were also ex-
cluded. Conversely, patients with HBV-related liver
disease and alcohol consumption or with the presence of
cardiometabolic criteria were maintained.

The following clinical and treatment-related variables
were recorded: age, sex, comorbidities (expressed as
Charlson Comorbidity Index [CCI]), the Eastern Cooper-
ative Oncology Group performance status scale (ECOG-
PSS), surveillance, specific cardiometabolic criteria, liver
disease etiology, presence of cirrhosis, severity of liver dis-
ease (Model for End-stage Liver Disease [MELD] and Child-
Pugh-Turcotte [CPT] class, platelet count, presence of
gastroesophageal varices [endoscopic diagnosis], ascites,
hepatic encephalopathy) and tumor characteristics: number
and size of nodules, intra or extra-hepatic vascular invasion,
metastases, alpha-fetoprotein (AFP) levels, ITA.LLCA tu-
mor stage [5]. The diagnosis of HCC and evaluation of the
response to treatment were based on the European Asso-
ciation for the Study of the Liver (EASL) guidelines [6].

The ITA.LL.CA database complies with both past and
current Italian privacy legislation and adheres to the
ethical standards outlined in the 1964 Declaration of
Helsinki and its subsequent amendments [7]. The In-
stitutional Review Board of the participating centers
approved the observational studies based on these reg-
istries. Data are collected prospectively and updated
every 2 years. The group coordinator regularly checks
entries for consistency, and if clarification or additional
information is needed, relevant cases are returned to the
recruiting center before final inclusion.

Staging and Treatment of HCC

Surveillance for HCC in the enrolled patients was
carried out with ultrasound at 6-month intervals [6].

Cancer burden was assessed by CT and/or MRI scans.
Furthermore, additional investigations to detect extra-
hepatic tumor spread were conducted when clinically
indicated or routinely for those patients with advanced
HCC or undergoing evaluation for liver transplantation.
HCC was staged according to the Barcelona Clinic Liver
Cancer (BCLC) and the ITA.LL.CA staging systems [5-8].
When patients underwent multiple treatments, they were
classified according to the most effective one, following
this hierarchy: liver transplantation (LT), liver resection
(LR), percutaneous ablation (ABL), transarterial
chemoembolization/embolization or radioembolization
(collectively indicated as IAT, intra-arterial therapies),
systemic therapy or other therapies (SOT), and best
supportive care (BSC) [9].
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Statistical Analysis

Baseline characteristics, staging, treatment allocation,
and overall survival were analyzed comparing patients
with MASLD, MetALD, ALD, and HBV. Continuous
variables were reported as median (25%-75% confidence
interval), and the Mann-Whitney U test was utilized to
compare groups. Categorical variables were presented as
frequencies and percentages, and the chi-squared test
was applied for comparisons. Absolute standardized
mean differences assessed etiology-related imbalances in
baseline variables (i.e., each subgroup was compared to
the MASLD group, which served as the reference).

Overall survival (OS) was calculated from the date of
HCC diagnosis to the date of death, last follow-up
evaluation, or censoring (December 31, 2022). Survival
curves were calculated using the Kaplan-Meier method
and compared using the Log-Rank test. Five multivar-
iable Cox survival models were calculated: one for all
patients and one for each etiology subgroup (MASLD,
MetALD, ALD, and HBV). Variables included in each
model were selected using the LASSO Cox method. The
proportional-hazards assumption was tested based on
Schoenfeld residuals.

Since recent literature indicates that the prognosis of
HCC patients is influenced not only by cancer-related
death but also by liver failure and extra-hepatic causes of
death, competing-risk analyses were performed using the
methodology provided by Fine & Gray [10, 11]. Spe-
cifically, we analyzed HCC-related, liver failure-related
and extra-hepatic disease-related causes of death. HCC-
related death was defined as death attributable to tumor
progression or HCC-induced liver decompensation.
Liver failure-related death referred to hepatic decom-
pensation not directly attributable to tumor progression.
Extra-hepatic causes included cardiovascular events,
infections, other malignancies, and unknown causes.

Patients lost at follow-up were censored as patients
dead for extra-hepatic disorders. Following recent rec-
ommendations on the analysis of competing-risk data
[12], the Fine-Gray sub-distribution model was pre-
specified as the primary analysis for our prognostic
aim, while cause-specific Cox proportional-hazards
models, in which subjects experiencing a competing
event were censored at the time of the competing event,
were performed as a pre-specified sensitivity analysis to
support etiologic interpretation of each cause of death.

Missing data of study covariates always involved less
than 10% of patients and were estimated using the
multiple imputation method [13]. All analyses were
performed using STATA Stata/SE 18.0 (1985-2023). A 2-
tailed p value <0.05 was considered statistically significant.
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Results

Baseline Characteristics, Cancer Diagnosis, Staging,

and Main Treatment

The selection process of the study cohort is illustrated in
Figure 1. The process selected 2089 SLD cases, with a large
predominance of MASLD (64.5%) followed by ALD
(25.6%) and MetALD (9.9%); 775 patients (27.1% of the
whole cohort investigated in this study) were categorized as
HBV. All HBV patients were on taking antiviral therapy
(entecavir or tenofovir). The patients’ baseline character-
istics are presented in Table 1. Subjects with MASLD-
related HCC were older than all other groups, with more
than half of the patients over 70 years old (p < 0.001). All
patients with SLD had at least one metabolic component
and presented with overweight, hypertension, type 2 di-
abetes, or dyslipidemia more frequently than the HBV
subgroup. All three SLD subgroups were more frequently
classified as stage C in the ITALICA staging system than
HBYV patients (p = 0.003). HBV-related HCCs were more
often treated with liver transplantation (p < 0.001). Only
one third of patients with SLD were diagnosed with HCC
while under surveillance, compared to more than half of
the HCCs discovered in HBV patients (p < 0.001). Patients
with ALD, in comparison with those with MASLD, were
more frequently males and cirrhotics. They tended to show
more often esophageal varices and, by a functional point of
view, to be more frequently in CTP B/C class. Regarding
HCC patterns, patients with ALD showed a higher inci-
dence of vascular invasion than MASLD-related HCC.

Cox Multivariable Survival Analysis

Data from the Cox survival analysis are presented in
Table 2. Considering the whole patient cohort, the risk of
death was associated with more severe liver disease, such
as being in CTP classes B or C, and with sodium levels.
Accordingly, indicators of portal hypertension (varices
and ascites) and the ECOG-PSS significantly correlated
with the risk of death. Considering tumor characteristics,
the risk of death was associated with extra-hepatic
vascular invasion (VP4 - liver cancer study group of
Japan [14]), AFP levels, and ITA.LI.CA stages B1, B2, B3,
and C.

When the MASLD subgroup was selectively analyzed,
ascites and CTP class B/C, tumor size and extra-hepatic
vascular invasion were all associated with the risk of
death. Interestingly, in the MetALD subgroup, param-
eters of metabolic dysfunction, such as hypertension, and
comorbidities were significant predictors of mortality. In
this group, a MELD score >10 (rather than the CTP
class) was also associated with mortality. Among tumor
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Fig. 1. Flowchart of patient selection. Flow diagram illustrating
the selection of patients included between January 1, 2008, and
December 31, 2022, in the ITA.LI.CA database and enrolled in the
present analysis. Patients with hepatocellular carcinoma (HCC)
and at least one cardiometabolic risk factor were stratified ac-
cording to alcohol intake, based on the recently proposed no-
menclature, into metabolic dysfunction-associated steatotic liver
disease (MASLD), metabolic dysfunction and alcohol-related
liver disease (MetALD), and alcohol-related liver disease
(ALD). Starting from the patients in the entire database (n =
10,907), 2,741 patients were excluded because their HCC diag-
nosis was before 2008. Patients with hepatitis C virus infection,

patterns, only extrahepatic vascular invasion appeared to
be an independent predictor.

For patients with ALD, the presence of overweight at
diagnosis was an independent predictor of mortality.
Additionally, varices, CTP class B and C, sodium levels,
and the ECOG-PSS >1 were significantly associated with
the risk of death, as well as tumor size. In HBV patients,
ascites and CTP classes B/C, along with AFP classes 1
and 2 significantly correlated with the mortality risk,
whereas tumor patterns showed no associations.

Systemic therapy was associated with the highest
mortality risk across the entire cohort, as well as in
MASLD, ALD, and HBV. In the MetALD subgroup,
treatment with intra-arterial therapy was the most sig-
nificant predictor of mortality among the therapeutic
options, showing the highest hazard ratio (HR) of 25.260
(p = 0.002).

As shown in Figure 2, again considering MASLD
subgroup as reference, ALD exhibited the worst survival
(p = 0.06) while the better was observed in patients with
HBV-related HCC (p = 0.003).

Competing Risk Multivariate Analysis

The multivariable competing risk analysis for HCC-
related, liver failure-related, and other cause-related
death is reported in Table 3. Moreover, Figure 3

Alcohol and Prognosis of HCC

autoimmune liver diseases, cholestatic liver diseases, or hepatitis
D virus infection were excluded (n = 4,701). Finally, 601 patients
were excluded because they had an unknown weekly alcohol
consumption. The final number of enrolled patients was 2,864,
including the study etiological target populations (MASLD,
MetALD, and ALD) and a comparator group with hepatitis B
virus (HBV)-related HCC without other concomitant etiologies.
ITA.LL.CA, Italian Liver Cancer; HCC, hepatocellular carcinoma;
MASLD, metabolic dysfunction associated steatotic liver disease;
MetALD, metabolic dysfunction and alcohol-associated liver
disease; ALD, alcohol-associated liver disease; HBV, hepatitis B
virus.

graphically represents the cumulative incidence of
death curves according to liver disease etiologies ob-
tained from the multivariate analyses in Table 3
(i.e., adjusted curves). ALD and HBV, as etiology of
underlying liver disease, showed a relevant impact on
HCC-related death risk (p = 0.018), together with
age >70 years, and ITA.LL.CA tumor stage. Con-
cerning the risk of liver failure-related death, the
presence of ascites, CTP class, and ECOG-PSS >1 were
significant predictors. Analysis of the risk of death
related to extra-hepatic causes identified MetALD,
age >70 years, ECOG-PSS >1, and ITA.LI.CA tumor
stage C as significant predictors. Treatment choice was
associated with the HCC risk of death (p = 0.000) and
liver failure-related risk of death (p < 0.001). All
therapies except liver resection showed a significant
correlation with the risk of death from other causes,
although with lower SHR compared to HCC and liver
failure analysis. The distribution of extra-hepatic
causes of death is reported in online supplementary
Table 1 (for all online suppl. material, see https://doi.
org/10.1159/000553063).

The absolute number of events observed in each eti-
ologic group, broken down by HCC-related, liver failure-
related, and extra-hepatic causes of death, is detailed in
online supplementary Table 2. To complement the

Liver Cancer 5
DOI: 10.1159/000553063

920z 1snbny z| uo 3senb Aq 4pd-€90£55000/8059551/€90£55000/6G L L "01/10P/pd-ajo1e/0l|/Wod"196.1e Wwouy papeojumoq


https://doi.org/10.1159/000553063
https://doi.org/10.1159/000553063

Table 1. Baseline patient characteristics

Parameters MASLD, MetALD, sd ALD, sd HBV, sd p value
1,348 (47.1%) 206 (7.2%) 535 (18.7%) 775 (27.1%)

period N (%) N (%) N (%) N (%)
2008-2012 275 (20.4) 37 (18.0) 0.007 134 (25.0) —-0.135 277 (35.7) -0.349 <0.001
2013-2017 477 (35.4) 75 (36.4) 212 (39.6) 254 (32.8)
2018-2022 596 (44.2) 94 (45.6) 189 (35.3) 244 (31.5)
HCC diagnosed under 472 (35.0) 72 (35.0) 0.065 197 (36.8) 0.071 404 (52.1) —-0.218 <0.001
surveillance
Age >70 797 (59.1) 102 (49.5) —0.275 236 (44.1) —0.251 244 (31.5) -0.566 <0.001
Males 1,081 (80.2) 193 (93.7) 0.362 515 (96.3) 0.494 648 (83.6) 0.094  <0.001
Charlson ClI >6 534 (39.6) 76 (36.9) —0.128 228 (42.6) 0.051 155 (20.0) -0.492 <0.001
ECOG PST >1 142 (10.5) 26 (12.6) 0.080 64 (12.0) 0.048 81 (10.5) -0.040 0.662
Lenght alcohol =10 years 155 (11.5) 134 (65) 1.392 394 (73.6) 1.676 125 (16.1) 0.138  <0.001
Overweight 1,109 (82.3) 176 (85.4) 0.052 426 (79.6) —0.064 375 (48.4) -0.753 <0.001
Hypertension 1,023 (75.9) 150 (72.8) —0.049 360 (67.3) —-0.163 366 (47.2) -0.589 <0.001
Diabetes 847 (62.8) 121 (58.7) —0.204 305 (57.0) —0.177 202 (26.1) -0.909 <0.001
Dyslipidemia 443 (32.9) 65 (31.6) —0.020 144 (26.9) —0.130 99 (12.8) -0.528 <0.001
Metabolic charge

0 0 (0.0 0 (0.0 —-0.109 0 (0.0) -0.241 211 (27.2) -1.172 <0.001

1 240 (17.8) 34 (16.5) 134 (25.0) 242 (31.2)

2 402 (29.8) 75 (36.4) 179 (33.5) 199 (25.7)

3 446 (33.1) 60 (29.1) 145 (27.1) 90 (11.6)

4 260 (19.3) 37 (18.0) 77 (14.4) 33 (4.3)
Cirrhosis 900 (66.8) 170 (82.5) 0.301 490 (91.6) 0.563 650 (83.9) 0.336 <0.001
Varices 490 (49.1) 77 (47.2) —0.037 268 (57.1) 0.162 308 (48.2) —-0.018 0.011
Platelet count <100 357 (26.5) 58 (28.2) 0.036 160 (29.9) 0.016 231 (29.8) 0.027  0.293
Ascites 273 (20.3) 55 (26.7) 0.146 132 (24.7) 0.064 148 (19.1) -0.077 0.016
HE 88 (6.5) 18 (8.7) 0.103 34 (6.4) —0.037 34 (4.4) -0.144 0.072
MELD >10 481 (35.7) 87 (42.2) 0.184 228 (42.6) 0.087 274 (35.4) —-0.028 0.010
Child Pugh Class

A 961 (71.3) 137 (66.5) 0.120 337 (63.0) 0.161 559 (72.1) -0.051 0.002

B 331 (24.6) 55 (26.7) 159 (29.7) 184 (23.7)

C 56 (4.2) 14 (6.8) 39 (7.3) 32 (4.1)
Diameter (cm), mean (SD) 4.858 (3.950) 4363 (3.124) —0.165 4.321 (3.314) —-0.113 4.463 (3.537) —0.117 0.009
Number, mean (SD) 2.550 (2.435) 2.388 (2.742)  —0.028 2.598 (2.288) 0.043 2.445 (2.149) —-0.043 0.527
Metastases 96 (7.1) 11 (5.3) -0.114 37 (6.9) 0.021 45 (5.8) -0.039 0.572
Intra-hepatic VI 78 (5.9) 12 (5.8) 0.031 44 (8.2) 0.107 68 (8.8) 0.136  0.049
Extra-hepatic VI 89 (6.7) 17 (8.3) 0.061 34 (6.4) —0.027 50 (6.5) —-0.031 0.809
AFP, ng/mL

<100 858 (63.6) 155 (75.2) —-0.231 378 (70.7) —0.085 487 (62.8) 0.063  0.003

100-1,000 228 (16.9) 26 (12.6) 75 (14.0) 137 (17.7)

>1,000 262 (19.4) 25 (12.1) 82 (15.3) 151 (19.5)
6 Liver Cancer Gitto et al.

DOI: 10.1159/000553063

920z 1snbny z| uo 3senb Aq 4pd-€90£55000/8059551/€90£55000/6G L L "01/10P/pd-ajo1e/0l|/Wod"196.1e Wwouy papeojumoq



Table 1 (continued)

Parameters MASLD, MetALD, sd ALD, sd HBV, sd p value
1,348 (47.1%) 206 (7.2%) 535 (18.7%) 775 (27.1%)
period N (%) N (%) N (%) N (%)
ITA.LLCA tumor stage
0 175 (13.2) 28 (13.6) —0.052 83 (15.5) 0.007 143 (18.5) —-0.033 0.003
A 454 (34.2) 84 (40.8) 185 (34.6) 258 (33.3)
B1 268 (20.2) 31 (15.0) 79 (14.8) 114 (14.7)
B2 135 (10.2) 19 (9.2) 66 (12.4) 74 (9.5)
B3 135 (10.2) 16 (7.8) 57 (10.7) 102 (13.2)
C 161 (12.1) 28 (13.6) 64 (12.0) 84 (10.8)
Main therapy
Liver transplantation 65 (4.8) 13 (6.3) —-0.072 33 (6.2) 0.114 95 (12.3) —0.153 <0.001
Liver resection 291 (21.6) 36 (17.5) 70 (13.1) 154 (19.9)
Ablation 287 (21.3) 60 (29.1) 130 (24.3) 181 (23.4)
Intra-arterial therapies 275 (20.4) 51 (24.8) 130 (24.3) 134 (17.3)
Systemic-other 149 (11.1) 13 (6.3) 54 (10.1) 90 (11.6)
BSC 281 (20.8) 33 (16.0) 118 (22.1) 121 (15.6)

SD, standardized difference vs. the MASLD group. Values higher than 0.3 (in bold) indicate moderate or substantial differences.
p value refers to the comparison between all groups. MASLD, Metabolic Associated Steatotic Liver Disease; MetALD, Metabolic and
Alcohol-Related Liver Disease; ALD, Alcohol-Associated Liver Disease; HBV, Hepatitis B Virus; HCC, hepatocellular carcinoma; ECOG
PST, Eastern Cooperative Oncology Group Performance Status; HE, hepatic hencephalopathy; MELD, Model for End-stage Liver
Disease; AFP, alphafetoprotein; ITA.LI.CA., Italian Liver Cancer; BSC, Best Supportive Care.

primary Fine-Gray analysis and to distinguish between
cumulative-incidence and cause-specific (etiologic)
interpretations of the hazard ratios, multivariable
cause-specific Cox models were fitted as a sensitivity
analysis using the same covariates. The resulting cause-
specific hazard ratios (csHRs) are reported alongside
the subdistribution hazard ratios (sHRs) in Table 3. The
two estimands yielded convergent results for the
principal biological finding of the study — namely, that
ALD etiology was associated with an excess hazard of
HCC-related death compared with MASLD (sHR 1.27,
95% CI: 1.04-1.58, p = 0.018; csHR 1.24, 95% CI:
1.02-1.51, p = 0.030). By contrast, the higher sHR for
HCC-related death observed in the HBV group was
substantially attenuated in the cause-specific frame-
work (sHR 1.25, 95% CI: 1.04-1.50, p = 0.018 vs. csHR
1.06, 95% CI: 0.89-1.27, p = 0.510), suggesting that the
association in the Fine-Gray model was driven partly by
lower competing extra-hepatic and liver-failure mor-
tality among HBV patients rather than by a stronger
etiologic association with HCC-related death. Con-
versely, the lower rate of extra-hepatic death observed
in MetALD compared with MASLD was preserved in
the cause-specific analysis (csHR 0.69, 95% CI:
0.51-0.94, p = 0.017).

Alcohol and Prognosis of HCC

Discussion

The new nomenclature of SLD [4] has introduced
novel categories, such as MetALD, the impact of which
on the characteristics and outcomes of HCC remains
largely unexplored. In this study describing the epide-
miological, clinical, and prognostic data from a na-
tionwide large cohort of patients with SLD-related HCC,
we observed a progressive increase in SLD-related HCC
cases from 2008 to 2022, consistent with trends reported
in other studies [15, 16]. Notably, in the same period, a
decrease in HBV-related cancer was observed. In a recent
systematic review and meta-analysis involving 4.5 mil-
lion adults with SLD from nine countries, the overall
pooled prevalence of MetALD was 10%, and that of ALD
only 6%, considerably lower than that of MASLD (78%)
[17]. In our study in patients with HCC, the prevalence
of MetALD was like the one reported in the study by
Tampaki et al. [17] in the non-cancer population while
ALD was more frequently represented, accounting for
25.6% of all cases. This finding underscores the pro-
carcinogenic role of alcohol [18], and supports the new
classification of SLD, emphasizing the relevance of al-
cohol intake in the progression and severity of liver
disease. The pro-carcinogenic role of alcohol has been
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Table 2. Cox multivariable survival analysis (all patients, MASLD, MetALD, ALD, HBV)

VARIABLES All patients MASLD MetALD ALD HBV
HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p HR (95% CI) p HR (95% CI) p
value value value value value
Etiology
MASLD (ref.) - - - - - - - - - -
MetALD 0.85 0.205 - - - - - - - -
(0.67-1.08)
ALD 1.00 0.966 - - - - - - - -
(0.86-1.17)
HBV 0.90 0.193 - - - - - - - -
(0.77-1.05)
Cirrhosis - - - - 1.36 0.386 - - - -
(0.67-2.76)
Overweight - - - - - - 0.69 0.014 - -
(0.51-0.92)
Hypertension - - - - 0.56 0.012 - - - -
(0.35-0.88)
CCl >6 - - - - 1.51 0.046 - - - -
(1.00-2.28)
Varices 1.20 0.008 - - - - 1.36 0.027 - -
(1.04-1.37) (1.03-1.79)
Ascites 1.38 0.000 1.72 0.000 1.50 0.159 - - 1.53 0.010
(1.15-1.65) (1.37-2.17) (0.85-2.66) (1.10-2.12)
MELD>10 - - - - 1.87 0.009 - - - -
(1.16-3.01)
CTP class
A (ref.) - - - - - - - - - -
B 1.29 0.002 1.64 0.000 0.93 0.844 1.40 0.022 1.47 0.009
(1.09-1.52) (1.34-2.02) (0.49-1.78) (1.05-1.88) (1.10-1.98)
C 1.75 0.000 1.80 0.003 2.19 0.132 2.77 0.000 2.29 0.002
(1.32-2.32) (1.22-2.65) (0.78-6.11) (1.63-4.71) (1.35-3.87)
Sodium 0.97 0.014 - - - - 0.95 0.004 - -
(0.96-0.99) (0.91-0.98)
ECOG PST >1 1.46 0.000 - - - - 2.22 0.000 1.22 0.244
(1.21-1.76) (1.51-3.27) (0.86-1.74)
Size of largest 1.00 0.364 1.03 0.001 - - 1.06 0.015 - -
nodule (0.98-1.02) (1.01-1.06) (1.01-1.12)
Number of 1.02 0.100 1.02 0.241 - - 1.05 0.110 - -
nodules (0.99-1.05) (0.98-1.05) (0.98-1.12)
Extra-hepatic  1.38 0.038 1.57 0.016 2.25 0.024 - - - -
vascular (1.01-1.88) (1.08-2.27) (1.11-4.57)
invasion
AFP classes
1 1.07 0424 - - - - - - 1.36 0.023
(0.89-1.28) (1.04-1.78)
2 1.35 0.001 - - - - - - 148 0.005
(1.12-1.61) (1.12-1.96)
3 (ref.) - - - - - - - - - -
8 Liver Cancer Gitto et al.
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Table 2 (continued)

VARIABLES All patients MASLD MetALD ALD HBV
HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p HR (95% CI) p HR (95% CI) p
value value value value value
ITA.LL.CA stage
0 (ref) - - - - - - - - - -
A 1.18 0.109 1.23 0.135 - - 0.76 0.219 1.23 0.241
(0.96-1.45) (0.93-1.62) (0.86-1.74)
B1 1.31 0.035 1.10 0510 - - 0.96 0.909 1.40 0.106
(1.01-1.70) (0.81-1.50) (0.93-2.11)
B2 1.38 0.024 1.58 0.012 - - 0.68 0.189 1.24 0.349
(1.04-1.82) (1.10-2.27) (0.78-1.99)
B3 2.24 0.000 1.77 0.004 - - 1.30 0.438 1.76 0.022
(1.65-3.06) (1.19-2.62) (1.08-2.87)
C 2.18 0.000 2.76 0.000 - - 1.78 0.062 1.53 0.097
(1.55-3.07) (1.84-4.11) (0.92-2.53)
Main therapy
Transplant
(ref.)
Resection 4.77 0.000 5.05 0.000 7.78 0.055 3.72 0.006 6.01 0.000
(3.00-7.59) (2.451-10.40) (0.95-63.36) (1.45-9.51) (3.11-11.63)
Ablation 6.65 0.000 7.17 0.000 9.81 0.026 6.00 0.000 6.89 0.000
(4.26-10.36) (3.50-14.69) (1.31-73.14) (2.50-14.36) (3.63-13.09)
Intra-arterial 11.99 0.000 11.90 0.000 25.26 0.002 10.77 0.000 13.52 0.000
(7.69-18.71) (5.81-24.34) (3.34-190.91) (4.49-25.84) (7.07-25.86)
Systemic or 14.44 0.000 14.43 0.000 18.37 0.007 16.95 0.000 19.65 0.000
other (9.08-22.96) (6.94-30.00) (2.18-154.16) (6.77-42.46) (9.76-39.54)
BSC 21.54 0.000 21.76 0.000 56.84 0.000 22.17 0.000 20.92 0.000
(13.71-33.84) (10.62-44.60) (7.04-458.37) (9.20-53.41) (10.60-41.27)

Variables selected using Lasso Cox. MASLD, Metabolic Dysfunction-Associated Steatotic Liver Disease; MetALD, Metabolic and
Alcohol-Related Liver Disease; ALD, Alcohol-Associated Liver Disease; HBV, Hepatitis B Virus; CCl, Charlson Comorbidity Index;
MELD, Model for End-stage Liver Disease; CPT, Child-Pugh-Turcotte; ECOG PST, Eastern Cooperative Oncology Group Performance
Status; AFP, alphafetoprotein; ITA.LI.CA,, Italian Liver Cancer; BSC, Best Supportive Care.

recently confirmed in a Korean nationwide study [19]
reporting that patients with SLD show a higher incidence
of HCC in comparison to other etiologies of chronic liver
disease. The annual incidence of HCC was progressively
higher in MASLD (0.08%/year), MetALD (0.1%/year),
and ALD (0.15%/year) than in patients without SLD
(0.03%/year).

In our study, the HBV population was selected as a
comparator, given that, unlike HCV infection [20], HBV
does not appear to significantly affect metabolic pa-
rameters. According to the ITA.LI.CA staging system, all
three SLD subgroups presented with more advanced
HCC than the HBV group. This finding aligns with the
significantly higher proportion of HCCs diagnosed
under surveillance in HBV patients. The lower likelihood
of HCC diagnosed during surveillance among SLD

Alcohol and Prognosis of HCC

patients has been reported in several studies [21, 22],
including one specifically investigating ALD [23] along
with the more severe disease at presentation [23].
Consequently, patients with HBV were more frequently
managed with hierarchically superior treatments, such as
liver transplantation, with access to transplant being
twice as frequent as in ALD and MetALD, and three
times higher than in MASLD. Conversely, older age and
a higher burden of comorbidities likely represented
contraindications to liver transplantation in most SLD
patients.

Among the SLD subgroups, patients with ALD ex-
hibited the highest prevalence of cirrhosis, more severe
portal hypertension, and the poorest liver function, as
indicated by CTP class. Considering the risk of hepatic
decompensation in the whole population of patients, the
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Haz. ratio [95% conf. interval] P>z
MASLD ref
MetALD 0.86 0.70 1.06 0.158
ALD 1.14 1.00 1.29 0.06
HBV 0.83 0.73 0.94 0.003
Fig. 2. Survival curves in the different
groups of patients with steatotic liver dis- 1.00 -
ease and in patients with chronic hepatitis T, )
B. Kaplan-Meier curves showing overall \ Pr>chi2 = 0.0002
survival (OS) in patients with HCC were 0.757
stratified according to the etiology of the — MASLD
underlying liver disease (MASLD, Met- —— MetALD
ALD, ALD, and HBV). Overall survival &8 = ALD
was calculated from the date of HCC di- HBV
agnosis to death from any cause or the last 0.25
follow-up (censoring date: December 31,
2022). Survival distributions were com-
pared using the log-rank test. MASLD was 0.00
used as the reference group in comparative 0 12 24 3 48 60 72 84 95 108 120
analyses. HCC, hepatocellular carcinoma; Months
MASLD, Metabolic dysfunction-associated N“mbmé[i;k ST L B D5 D06 Bl B8 %1 W@l i
steatotic liVer disease; MetALD, Metabohc MetALD 206 148 117 86 59 44 31 20 16 8 5
and alcohol-associated liver disease; ALD, ALD 531 360 262 184 131 89 70 48 36 21 17
Alcohol-related Liver Disease; HBYV, HBV 768 551 393 301 227 184 154 124 94 78 66
Hepatitis B Virus.

SLD subclasses exhibit a stepwise increase from MASLD
to MetALD to ALD, with hazard ratios escalating from 5
to 8 and then to 10, compared to patients without SLD
[24]. These clinical patterns are probably accountable for
the poorest survival rates of patients with ALD-related
HCC, compared to other SLD subgroups and HBV.
Moreover, ALD acted as an independent predictor of
HCC-related mortality when considering the competing
risks. Similarly, in a retrospective nationwide cohort
study of over 1.2 million patients, Oh et al. [25] recently
confirmed that MASLD, MetALD, ALD showed higher
liver-, cancer-, and HCC-related mortality than the
control group and that all-cause specific mortality in-
creased from MASLD to MetALD to ALD.

Our study, in the HCC context, indicates that SLD
represents a spectrum of disease influenced by alcohol
consumption, transitioning from MASLD to MetALD
and ultimately to ALD, with a definite role on HCC-
related mortality. Indeed, in our series, under similar
metabolic conditions, alcohol significantly affected the
prognosis of HCC patients. Recently, in a non-cancer
setting [26] the 10-year cumulative incidence of death
from liver disorder was reported to be 9.2% (95% CI:
8.0-10.5) for MASLD, 17.7% (95% CI: 15.6-20.1) for
MetALD, and 22.1% (95% CI: 18.4-26.3) for ALD,

10 Liver Cancer
DOI: 10.1159/000553063

strongly indicating the detrimental role of alcohol.
Similarly, patients with MetALD and ALD with meta-
bolic dysfunction had a poorer prognosis than MASLD,
underscoring the need for dedicated attention to the
impact of alcohol consumption within the context of
MASLD [27]. Finally, a growing risk of HCC incidence
from MASLD and MetALD to ALD compared with non-
SLD subjects was recently reported, indicating the
central role of alcohol intake in conditioning the
prognosis of SLD [28]. Taken together, these data un-
arguably demonstrate a detrimental effect of alcohol on
several aspects of disease, from clinical presentation to
disease severity, and on the response to treatment in
patients with HCC.

Interestingly, in the SLD subgroups with intermediate
or high alcohol consumption (MetALD or ALD) but not
in the group with low or no alcohol consumption
(MASLD), metabolic comorbidities seem to influence
the prognosis (Table 2), suggesting that alcohol might
amplify the systemic effects of metabolic dysregulation
[29]. On the other hand, it is interesting to notice that all
the subgroups analyzed showed similar predictors of
mortality. Consolidated scores of survival such as CTP or
MELD, ascites and varices as surrogates of portal hy-
pertension and, finally, HCC characteristics such as size

Gitto et al.
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Alcohol and Prognosis of HCC

or vascular invasion independently conditioned the
prognosis into each subgroup. These considerations
underscore the need to thoroughly assess patients with
HCC regardless of the underlying etiology of liver dis-
ease, carefully evaluating liver function, portal hyper-
tension and HCC staging [6].

Alcohol intake can foster a pro-inflammatory mi-
croenvironment, enhance genomic instability, and im-
pair immune surveillance, all factors contributing to the
severity of the clinical presentation in the context of
HCC [30]. Conversely, our findings on HCC-related-
mortality suggest a less aggressive tumor biology in
MASLD patients compared to those with a predomi-
nantly viral or alcoholic background, as previously ob-
served in the ITA.LI.CA cohort [31] and in surgical series
[32]. It should, however, be acknowledged that the
higher subdistribution hazard for HCC-related death in
HBV patients was no longer evident when a cause-
specific Cox model was applied, indicating that this
finding is largely driven by the lower competing extra-
hepatic and liver-failure mortality of HBV patients

Fig. 3. Adjusted cumulative incidence of cause-specific mortality
according to liver disease etiology. Cumulative incidence func-
tions derived from multivariable competing-risk regression
models (Fine and Gray subdistribution hazard model) showing
the adjusted risk of (a) HCC-related death, (b) liver fail-
ure-related death, and (c) extra-hepatic cause-related death ac-
cording to underlying etiology of liver disease (MASLD, MetALD,
ALD, and HBV). Models were adjusted for age, sex, ascites, Child-
Pugh class, ECOG performance status, AFP levels, ITA.LI.CA
tumor stage, and main treatment. Deaths from other causes were
treated as competing events. Subdistribution hazard ratios (SHR)
with 95% confidence intervals are reported in Table 3. HCC-
related death was defined as death attributable to tumor pro-
gression or HCC-induced liver decompensation; liver fail-
ure-related death referred to hepatic decompensation not directly
attributable to tumor progression; extra-hepatic causes included
cardiovascular events, infections, other malignancies, and un-
known causes. HCC, hepatocellular carcinoma; MASLD, Meta-
bolic dysfunction-associated steatotic liver disease; MetALD,
Metabolic and alcohol-associated liver disease; ALD, Alcohol-
related Liver Disease; HBV, Hepatitis B Virus; ECOG, Eastern
Cooperative Oncology Group; AFP, alpha-fetoprotein; ITA.-
LI.CA, Italian liver cancer.
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rather than by a more aggressive tumor biology of viral
HCC. Statements regarding the biological aggressiveness
of HCC across etiologies should, therefore, be in-
terpreted with the caution prompted by the comparison
of the two estimands.

Another intriguing finding of the present study is that
MetALD, but not MASLD, represents a strong predictor
of death due to extra-hepatic causes as a possible effect of
alcohol’s systemic impact. The prognostic influence of
MetALD on all-cause mortality is in line with the data
reported in patients without HCC [17], where patients
with MetALD, compared to those without SLD, were at
increased risk of all-cause and cancer-related mortality,
showing an excess incidence of cardiovascular disease and
liver decompensation events. This signal is consistent in
both the Fine-Gray and the cause-specific framework
(sHR 0.73, 95% CI: 0.54-0.99 and csHR 0.69, 95% CIL:
0.51-0.94 for MetALD vs. MASLD, respectively, with
MASLD as reference), supporting the interpretation that
the lower rate of extra-hepatic death in MetALD com-
pared with MASLD is not solely an artefact of differential
timing of competing liver-related events. Nevertheless,
given that the cohort is, by design, restricted to patients
who have already developed HCC, residual collider bias
(i.e., conditioning on the occurrence of HCC) cannot be
excluded, and the inference should be regarded as an
association rather than a causal claim.

Some limitations of the present study should be ac-
knowledged, including its intrinsic retrospective nature and
the fact that steatosis was not systematically assessed by
imaging or histology at enrollment. On the other hand, the
large number of cases is likely to reduce this possible bias.
Notably, as this study is restricted to patients who have al-
ready developed HCC, it is prone to selection bias. However,
as we already reported [31] analysis of data from a very large
HCC cohort can be useful to achieve relevant clinical results
and acceptable by a selection point of view. Moreover, the
numerical heterogeneity between the analyzed subgroups
appears significant in the end. An additional important
limitation is that the alcohol intake reported in our database is
based on a self-recording system and no follow-up data on
alcohol consumption after enrollment are available. There-
fore, our data demonstrate an association between alcohol
and some outcomes rather than a true dose-response
relationship. Future studies should be dedicated to specifi-
cally investigate the role of changes in alcohol consumption
over time on the prognosis of these subgroups of patients.
Finally, differences in cause-specific mortality between eti-
ologic groups may be influenced by baseline differences such
as age, surveillance rate, and access to curative treatment,
particularly between the HBV and SLD subgroups. Fur-
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thermore, although the analysis was well powered for HCC-
related (758 events) and extra-hepatic (823 events) events, the
smaller number of liver-failure-related deaths (316 in total, of
which only 24 in the MetALD subgroup) implies wider
confidence intervals around the corresponding hazard ratios
and limits the precision of subgroup-level inferences for this
specific cause of death.

Multivariate treatment outcomes should imply that
certain therapies have a negative prognostic effect.
However, in a retrospective observational study, mul-
tivariate analysis does not allow causal inference [33]. As
an example, systemic therapy and intra-arterial therapy
are apparently associated with worse survival but since
treatment allocation is strongly determined by disease
severity, these findings likely reflect indication bias
rather than treatment effect.

In conclusion, this comparative analysis of SLD-
related HCC in a large population of patients under-
scores the importance of steatosis as a health concern in
the general population, given the high prevalence of the
disease and the still limited therapeutic approaches.
Among patients with SLD, those with ALD-related HCC
show the worst underlying liver disease and the highest
HCC-related death risk in comparison with both
MASLD and MetALD. The role of alcohol in exacer-
bating the clinical picture and prognosis of patients with
SLD-related HCC should strengthen the current rec-
ommendations of complete alcohol abstinence in pa-
tients with metabolic chronic liver disease.
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