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ABSTRACT

Background & Aims: Liver transplantation for hepatocellular carcinoma (HCC) in metabolic dysfunction-
associated steatotic liver disease (MASLD) is increasingly being diagnosed and predicted to rise further.
We compared outcomes of transplantation for MASLD-related HCC versus other etiologies (OE).
Methods: Databases were searched to identify studies comparing outcomes after transplantation MASLD-
related HCC with OE-related HCC. Study data were pooled using random-effects modelling. Survival out-
comes were analyzed using hazard ratio (HR) for overall survival (OS) and odds ratio (OR) for 1-,3-, and
5-years OS and disease-free survival (DFS).
Results: Ten retrospective comparative studies were identified including a total number of 51’761 pa-
tients (MASLD-related HCC=6'793, OE-related HCC=44'968). There were no significant differences in
time-to-even survival (HR:0.93, Clgs 4 0.81-1.07p = 0.29), 1-year (87.6% vs 88 %;0R:1.15; Clgs 30.73-
1.79,p = 0.55), 3-year (77.2% vs 76 %;0R:1.36;Clgs x0.96-1.94,p = 0.08), or 5-year (67.7% vs 66.3 %;0R:1.08;
Clgs 40.77-1.53,p = 0.65) OS rates between the groups. DFS was comparable at 1-year (87.9% vs. 87 %;
OR:1.07,p = 0.62), 3-years (77.6% vs. 73.6 %;0R:1.66,p = 0.13) and 5-year (68% vs. 65.6 %;0R:1.37,p = 0.39).
Conclusion: This meta-analysis of the best available evidence (Level 2a) demonstrated that liver trans-
plantation for MASLD-related and OE-related HCC has comparable survival outcomes. Given the global
rise in MASLD-related HCC as indication for transplantation, larger studies from other continents, includ-
ing Europe and Asia, are needed to confirm our findings.

© 2024 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved,

including those for text and data mining, Al training, and similar technologies.

1. Introduction

into MAFLD [3]. Three years later, the term metabolic dysfunction-
associated steatotic liver disease (MASLD) was proposed, and it

Obesity and overweight affect over one-third-of the world’s
population [1,2]. The prevalence of metabolic dysfunction-
associated fatty liver disease (MAFLD) has increased by 10 % from
2005 to 20,10%. This condition was previously known as nonal-
coholic fatty liver disease (NAFLD) and in 2020 it was renamed
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is diagnosed based on five cardiovascular risk factors [4]. More-
over, an additional condition, termed metabolic and alcohol re-
lated/associated liver disease (MetALD), was proposed to describe
patients with MASLD who consume greater amounts of alcohol per
week [4]. Even in countries like South Korea with historical low
percentage of obesity, the rates of this condition and its associated
risks with cardiovascular diseases are alarmingly increasing [5].
Metabolic dysfunction-associated steatohepatitis (MASH), a
dangerous inflammatory complication of MASLD and previously
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known as non-alcoholic steatohepatitis (NASH), can deteriorate
into end-stage liver disease, cirrhosis, and hepatocellular carcinoma
(HCC) in up to 20 % of patients [6]. Nowadays, MASLD and MASH
are considered the second most common indication for liver trans-
plantation (LT) in the US, and the related development of HCC
represents the fastest growing indication for LT [2,6]. These evolv-
ing scenarios are concerning and represent a major challenge for
the transplant community, because MASLD recipients have addi-
tional comorbidities, including diabetes, obesity, hypertension, kid-
ney dysfunction and are at higher risk for significantly complica-
tions after LT [7]. There is also some evidence that MASH patients
have a higher incidence of advanced HCC (beyond Milan criteria)
and faster tumor progression, compared to other etiologies (OE) of
liver disease [8]. Some studies have reported a clear disadvantage
of MASH patients during transplant evaluation and a limited access
to lifesaving transplantation due to the higher medical comorbidi-
ties [9].

Posttransplant outcomes after LT for HCC in MASLD versus OE
have never been evaluated by a meta-analysis. The aim of this
study was therefore to conduct a comprehensive systematic litera-
ture review and meta-analysis of available studies comparing onco-
logical outcomes after transplantation for MASLD-related HCC ver-
sus OE.

2. Material and methods
2.1. Study design

The eligibility criteria, methodology, and investigated outcome
parameters of this study were described first, in a protocol, reg-
istered at the International Prospective Register of Systematic
Reviews (registration number PROSPERO: CRD42023416824). The
methodology used in the present study respected the standards
of Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [10].

2.2. Eligibility criteria and participants

Included publications were studies evaluating the outcomes af-
ter LT for HCC in MASLD compared with OE in adults (>18 years
old). Case reports with less than ten cases were excluded. Non
comparative studies and conference abstracts were excluded. Pe-
diatric cases were excluded.

2.3. Intervention and comparison of interest

LT for HCC in MASLD was considered as the intervention of in-
terest, which was compared to LT for HCC in OE.

2.4. Outcome measures

« Overall survival (OS) which was reported as a time-to-event
outcome parameter in order to resolve uncertainties associated
with varying follow-up periods among the included studies

» One-, 3, and 5-years survival which were reported as dichoto-
mous outcome parameters in order to report the proportion of
patients who survived at the end of a specific follow- up period

» One-, 3, and 5-years disease-free survival (DFS)

2.5. Literature search strategy

A comprehensive search strategy was conducted based on the-
saurus headings, search operators and limits in MEDLINE, EMBASE,
WEB OF SCIENCE, and conducted by two independent authors (A.P,
F.M.). The final literature search was performed on September 16th
2024. The search algorithm included the following terms: "nonal-
coholic fatty liver disease” OR "NAFLD" OR "nonalcoholic steato-
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hepatitis” OR "NASH" OR "metabolic associated fatty liver disease”
OR "MAFLD” AND "liver transplant” OR "liver transplantation” OR
"transplantation” AND "hepatocellular carcinoma” OR "HCC". No
limits were set for the publication year and the language was lim-
ited to English.

2.6. Study selection

Titles and abstracts were assessed by two independent review-
ers (A.P, EM.). The full texts of relevant articles were collected and
evaluated based on the eligibility criteria of this study. Discrepan-
cies were resolved supported by consensus with a third indepen-
dent senior author (A.S.). Complete consensus was reached for each
collected study. In addition, the reference lists of included studies
were searched to reduce the risk of missing potentially relevant
studies.

2.7. Data extraction and management

An electronic data extraction spreadsheet according to the
Cochrane’s recommendations for intervention reviews was created
and was pilot tested in randomly selected articles and adjusted ac-
cordingly. The following information was extracted from each of
the included studies (A.P, S.H, S.H.) to ensure data homogeneity
and to rule out any subjective influence:

 General study-related data (first author, publication year, coun-
try of origin of the corresponding author, journal, study design,
procedure performed, and sample size in each group)

+ Baseline demographics and clinical information of the study
population (recipient age, recipient gender, recipient laboratory
Model of end-stage liver disease (MELD) at time of transplanta-
tion, recipient BMI, and tumor characteristics)

« Post-transplant outcome data, OS and disease-free survival
(DFS) at one, three and five years.

- Disagreements between the investigators were resolved follow-
ing iteration, discussion, and consultation with a third and in-
dependent author (A.S.). Complete concordance for all variables
was achieved.

2.8. Risk of bias assessment

Three investigators (A.P., EM., S.H.) reviewed the publications,
assessed the quality and extracted the data independently assess-
ing the risk of bias by using the Newcastle-Ottawa Scale (NOS)
based on selection (four items), comparability (one item) and out-
come (three items) [11]. A nine-star rating system (ranging from
0 to 9) in NOS was used for assessing the quality of observational
studies; a study with seven or more stars was regarded as good
quality. Conversely, a study with three or more stars but fewer
than six was regarded as being of fair quality, whereas two or
fewer stars indicated poor quality. Disagreements were resolved
by discussion and consensus between the three investigators.
If no agreement could be reached, a fourth independent senior
author was consulted (A.S.). Ultimately, complete concordance was
achieved.

2.9. Summary measures, synthesis, and statistical analysis

For time-to-event outcome variables (OS) the natural loga-
rithm of hazard ratios (HRs) was computed. Then, the natural
logarithms of upper and lower confidence limits given for HRs
were computed in order to obtain standard errors from confidence
intervals (Cls). Finally, the generic inverse variance method was
utilized to construct HRs meta-analytical models on the natural
logarithm scale. For dichotomous outcome variables odds ratios
(OR) were determined as the summary measure. For the adverse
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Fig. 1. Overview of search strategy and PRISMA.

dichotomous outcome variables (HCC recurrence), the OR of <1
would favor MASLD-related HCC over OE-related HCC. For non-
adverse dichotomous outcome variables (survival and DFS), the
OR of >1 would favor MASLD-related HCC over OE-related HCC.
For outcomes reported as percentages only, the absolute number
was extrapolated. For continuous parameters, a mean difference
(MD) was calculated between the two groups. When mean values
were not available for continuous outcomes, data on median and
interquartile range were extracted and subsequently converted to
mean and standard deviation (SD) using the established equation
described by Hozo et al. [12].

One reviewer (A.P.) entered the extracted data into the Review
Manager 5.4 software for data synthesis [13]. This data set was
subsequently checked by two independent reviewers (S.H., S.H.)
and statistical analysis was performed. Random-effects modelling
was used for analysis as recommended by Kalkum et al. [14]. The
results were reported in a forest plot with 95 % confidence inter-
vals (CIs) for each outcome parameter.

Heterogeneity among the studies was assessed using the
Cochran Q test (x2). Data inconsistency was quantified by calculat-
ing I? and interpreted based on the following guidelines: 0-25 %:
might not be important; 26-75 %: may represent moderate het-
erogeneity; >75-100 % may represent considerable heterogeneity.
Sensitivity analyses were conducted to explore potential sources of
heterogeneity and assess the robustness of the results. Finally, the
effect of each study was evaluated based on the overall effect size
and the study heterogeneity. For this purpose, the analysis was re-
peated following the exclusion of one study at a time (leave-one-
out sensitivity analysis).

3. Results
3.1. Literature search and data collection
The literature search resulted in 892 articles; 48 were review

and/or meta-analyses and were excluded. Of the remaining 844 ar-
ticles, 775 were excluded based on the title. After assessing the
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abstract of 69 articles, 22 were excluded and 47 were reviewed
for full text. Ultimately, 15 articles were included for systematic
review as retrospective comparative studies (Fig. 1). However, five
articles were excluded from the meta-analysis as they did not re-
port relevant outcomes with enough details. Therefore, ten articles
were included in the pooled results [15-24].

Overall, there were 51’761 patients, who received LT either
for MASLD (n = 6’793) or OE (n = 44,968). Eight studies were
conducted in North America, single center (n = 3) [15,17,21] or
multicenter (n = 2) [18,22] retrospective databases or utilizing
the United Network for Organ Sharing (UNOS) or SRTR dataset
(n = 3) [19,20,23]. One study was conducted in the UK with a
multicenter dataset [16] and one study from Italy utilized the Ital-
ian liver transplant registry database (Table 1). The baseline char-
acteristics of the study population are summarized in Table 2.
Seven studies [15-19,22,23] reported recipient age, which was sig-
nificantly higher in MASLD (p < 0.0001), and recipient gender
demonstrating that the majority were male (67 %; 2660/3968
and 78.3 %; 20'300/25'914) in MASLD and OE groups, respec-
tively (p = 0.0003). Four studies [16,18,22,23] reported a signif-
icantly higher recipient BMI in the MASLD group (p < 0.0001).
Six studies [16-19,22,23] reported the lab MELD score, and it was
found that MASLD patients had a higher mean lab MELD at LT
(13.2 vs 11.7, p = 0.02). Three studies [16,19,22] reported details
on pre-transplant diabetes, which was found to be more frequent
in MASLD group (p = 0.0001) (Supplementary Table 2).

Five studies [17,18,20,22,23] found that less recipients were
within Milan criteria for MASLD (67.8 %; 1'868/2'752) compared
OE (72.3 %; 18’000/24/890) and this reached statistical significance
(p = 0.02). Seven studies [15-18,20,22,23] reported pre-transplant
levels of alpha-feto protein (AFP), which was significantly lower
in MASLD recipients (p < 0.0001) (Table 1). In addition, six stud-
ies [17-19,22-24] reported the number of patients who underwent
pre-LT locoregional treatment. There was a trend towards more
pre-LT locoregional treatments in MASLD (51.8 %) versus OE (46 %),
however it did not reach statistical significance (p = 0.06) (Supple-
mentary Table 2).
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Table 1
Characteristics of the included retrospective comparative studies.

Digestive and Liver Disease 57 (2025) 362-369

N of
centers

First Author Year Center

MASLD-HCC
Group (n)

OE-HCC OE
group (n)

Country

Reddy 2012 University of Pittsburgh Medical 1
Center, Pittsburgh, PA

University Hospitals Birmingham 2
NHS Trust, Birmingham

Birmingham Liver Biomedical

Research Unit and Centre for Liver
Research, University of

Birmingham, Birmingham

University Health Network and 2
Department of Surgery, University

of Toronto, Ontario

University of California San

Francisco, San

Francisco, CA

Multicentric collaboration 15
University of California San

Francisco, San Francisco,

CA

Recanati/Miller Transplantation 1
Institute, Icahn School of Medicine

at Mount Sinai, New York, NY

Thomas Jefferson University 1
Hospital, Jefferson University

Hospitals, Philadelphia, PA

Multicentric collaboration 23
Multicentric collaboration 6

Than 2017

Sadler

2017

2019
2020

Younossi
Weinfurtner

2021

Holzner

Lamm 2022

2022
2023

Verna
Rajendran
Vitale

2024 Italian Liver Transplant Registry 21

USA 20 83 ALD/HCV

UK 21 80 HCV

Canada/USA 60 869

HBV/HCV/ALD/AD/Other

HBV/HCV/ALD
HBV/HCV/ALD/AD

Multicenter (SRTR) 1631 13,851
USA 32 393

USA 51 584 HBV/HCV/ALD

USA 1175 1175 HBV/HCV/ALD/Other

4443 NA*
18,601 HBV/HCV/ALD/AD/Other

USA 538
Multicenter (UNOS 2071
and Toronto)
Multicenter (ILTR) 1194

4889 HBV/HCV/ALD/AD/Other

AD: autoimmune disease (included autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis); ALD: alcoholic liver disease; HBV: hepatits B virus;

HCV: hepatitis C virus; ILTR: Italian Liver Transplant Registry; NA: not available.

* in this study the detailed etiologies were not reported. SRTR: Scientific Registry of Transplant Recipients; UNOS: United Network for Organ Sharing; USA: United States

of America; UK: United Kingdom.
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Study or Subgroup _Events Total Events Total Weight M-H,Random, 95% CI _Year M-H, Random, 95% CI Study or Subgroup _Events Total Events Total Weight M-H,Random, 95% CI Year M-H, Random, 95% CI
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Fig. 2. Meta-Analysis on recipient overall survival post-transplant for MASLD vs OE related HCC.

3.2. Risk of bias assessment

Overall, one study had a total NOS score of 7 points, whereas
eight studies had a score of 8 points. Only one study had an overall
NOS score of 9 points. The risk of bias assessment following NOS
is presented in supplementary Table 1.

3.3. Survival outcomes after liver transplantation

Posttransplant outcomes are summarized in Fig. 2, Fig. 3, Sup-
plementary Table 3.

3.4. Patient survival

Survival outcomes are summarized in Fig. 2.

Overall survival (time-to-event). Ten studies (51’761 patients)
were included in the analysis of OS. The time-to event analysis
demonstrated that there was no significant difference in OS be-
tween the MASLD and OE groups (HR 0.93, 95 % CI 0.81-1.07,
p = 0.29). Moderate heterogeneity detected among the included
studies (I2:56 %, p = 0.01).

1-year survival. Eight studies (51’557 patients) were included
in the analysis of 1-year survival. The rates of 1-year survival in the
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Table 2

Baseline characteristics of the nine included studies.

Milan in,
n (%)

Recipient pre-LT AFP (ng/mL),

Median (IQR)

Recipient lab MELD points,

Median (IQR)

Recipient BMI (kg/m?),
Median (IQR)

MASLD
HCC

Recipient male,

n (%)

Recipient age (y),

Mean (SD)* or Median (IQR)

First author

MASLD
HCC

OE

OE

OE HCC

OE HCC

MASLD HCC

OE HCC

MASLD HCC

OE HCC

HCC

MASLD HCC

HCC

MASLD HCC

NA NA

16.5 (6-106)

11.0 (6.0-16.9)

28.7 NA NA

313

135 (83.3)

7 (51.9)

(57.0-70.0) 58 (53.0-67.0)

65

Reddy

(25.9-32.0)

NA

(27.6-33.9)

NA

NA NA

(5-39)

11

5 (3-8)

8

10 (8.0-15.0)

9 (86.0)

(86.0)

18

58.9 (5.5) 54.0 (7.2)

Than

(7.0-11.0)

10

44 (74.6) 686 (79.0)

9 (4-37.1)

6 (3-16.9)

NA 11

NA

708 (81.5)

37 (61.7)

58.8
(54.1-62.8)

63

Sadler

(8.0-14.0)

NA
NA

(8.0-14.0)

NA
NA
15

(60.5-67.6)

NA
NA
65

NA NA NA

NA

NA
NA
NA

NA
NA
NA

NA NA
NA

NA

NA
NA

Younossi

165 (42.1)

16 (50.0)
48 (94.1)

8 (4-24)

6 (4-29)

Weinfurtner
Holzner

541 (93.3)

8.8 (4.7-28.6)

4.6 (32-10)

13 (9.0-18.0)

60 (55-65) 6 (70.6) 468 (80.1)

(63.5-67.3)

(11.0-21.0)

12

NA NA NA NA

12

27.7

31.8

797 (67.8) 797 (67.8)

(60.0-67.0)

64

64 (60.0-68.0)

Lamm

(9.0-16.0)

(9.0-16.0)

15

(24.6-31.6)
27.4

(28.2-35.5)

30.5

348 (64.8) 3253 (73.5)

7.2 (4.7-25.1)  20.3 (7.5-97.0)

13 (93 - 19.0)

3517 (79.2)

365 (67.8)

57.9
(53.0-62.5)

63.4

Verna

(11.0 - 21.6)

14.0

(24.6-31.0)

27.8

(26.9-33.9)

(58.0-67.3)

64.0

1412 (96.6) 13,355

5.0 (3.0 - 10.0) 9.0 (4.0-27.0)

12.0 (9.0-17.0)

31.8 (28.0 -

35.5)
NA

14,612 (78.2)

1380 (66.7)

60.0
(55.0-64.0)

Rajendran

(95.9)
NA

(10.0 - 20.0)

NA

(24.7-31.5)
NA

(59.0-67.0)

NA

NA

NA

NA

NA

NA

NA

NA

Vitale

* Data in italics are expressed as mean (SD)AFP: alpha-feto protein; BMI: Body mass index; HCC: Hepatocellular carcinoma; MELD: Model End-stage Liver Disease; NASH: Non-alcoholic steatohepatitis; NA: not available; OE:

other etiologies.
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MASLD and OE groups were 87.6 % and 88 %; respectively. There
was no statistically significant difference in 1-year survival be-
tween two groups (OR:1.15; Clgs 0.73-1.79,p = 0.55). Considerable
between-study heterogeneity was detected (12:94 %, p < 0.00001).

3-year survival. Nine studies (51’660 patients) were included
in the analysis of 3-year survival. The rates of 3-year survival in
the MASLD and OE groups were 77.2 % and 76 %, respectively.
There was no statistically significant difference in 3-year survival
rates between two groups (OR:1.36; Clgs 40.96-1.94, p = 0.08).
Considerable between-study heterogeneity was detected (I12:94 %,
p < 0.00001).

5-year survival. Nine studies (51’658 patients) were included
in the analysis of 5-year survival. The rates of 5-year survival in
the MASLD and OE groups were 67.7 % and 66.3 %, respectively.
There was no statistically significant difference in 5-year survival
rates between two groups (OR:1.08; Clgs 40.77-1.53, p = 0.65).
Considerable between-study heterogeneity was detected (12:95 %,
p < 0.00001).

Notably, none of the studies included in this meta-analysis re-
ported the graft survival, therefore for survival outcome solely the
recipient survival was analyzed.

3.5. Disease-free survival

DFS outcomes are summarized in Fig. 3.

1-year DFS. Three studies (6’335 patients) were included in the
analysis of 1-year DFS. The rates of 1-year DFS in the MASLD and
OE groups were 87.9 % and 87 %, respectively. There was no statis-
tically significant difference in 1-year DFS rate between two groups
(OR 1.07; Clgs 40.83-1.37, p = 0.62). Low between-study hetero-
geneity was detected (12:0 %, p = 0.44).

3-year DFS. Three studies (6’335 patients) were included in the
analysis of 3-year DFS. The rates of 3-year DFS in the MASLD and
OE groups were 77.6 % and 73.6 %, respectively. There was no sta-
tistically significant difference in 3-year survival rates between two
groups (OR 1.66; Clgs 40.86-3.21, p = 0.13). Moderate between-
study heterogeneity was detected (12:71 %, p = 0.03).

5-year DFS. Three studies (6’335 patients) were included in the
analysis of 5-year DFS. The rates of 5-year DFS in the MASLD and
OE groups were 68 % and 65.6 %, respectively. There was no statis-
tically significant difference in 5-year survival rates between two
groups (OR 1.37; Clgs 40.67-2.79, p = 0.39). Considerable between-
study heterogeneity was detected (12:79 %, p = 0.009).

3.6. Sensitivity analysis

The direction of the described pooled effects size remained
largely unchanged during the leave-one-out sensitivity analysis for
most outcomes, in particular survival rates (Supplementary Table
4, 5, 6). An individual removal of Younossi (p = 0.02) and Vitale
(p = 0.01) resulted in statistically significant for 1-year and 3-year
0S, respectively. An individual removal of Verna (p = 0.004) turned
results statistically significant for 3-year DFS.

4. Discussion

This is the first meta-analysis comparing outcomes of LT for
HCC in MASLD versus other indications for transplantation. The re-
cipient OS rates at 1-, 3- and 5-year were similar between MASLD
and OE-related HCC. Similarly, the DFS rates at 1-, 3- and 5-year
were comparable between the two groups. Furthermore, our study
evaluated the pooled HRs, which is the gold standard in a time-
dependent survival analysis and showed no differences in time-to-
event survival between MASLD and OE-related HCC.

A trend towards a more frequent sedentary lifestyle together
with excess calories intake have led to a sharp increase in obe-
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Disease free survival at 1 year
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MASLD OE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Sadler 2017 53 60 756 869 9.7% 1.13 [0.50, 2.55] 2017
Weinfurtner 2020 32 32 358 393  0.8%  6.44[0.39,107.37] 2020 >
Verna 2022 469 538 3852 4443 89.5% 1.04 [0.80, 1.36] 2022
Total (95% CI) 630 5705 100.0% 1.07 [0.83, 1.37]
Total events 554 4966

Heterogeneity: Tau? = 0.00; Chi? = 1.64, df = 2 (P = 0.44); I = 0%
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Fig. 3. Meta-Analysis on recipient disease free survival post-transplant for MASLD vs OE related HCC.

sity rates worldwide [1,2]. The global epidemic of obesity is affect-
ing both developed and developing countries. Obesity is a strong
independent risk factor for the development of both hepatic and
extra-hepatic disease, which include MASLD and HCC [25]. Sur-
prisingly, MASLD seems to affect one-third-of the adult population
and is increasing even in countries where, historically, there has
been low obesity rates, such as South Korea [5] and Japan [26],
and it is predicted to become a significant healthcare burden in
Asia [27]. These results are alarming, as it has been shown that
the hepatic microenvironment of patients affected by MASLD pro-
motes carcinogenesis [28]. In this regard, a meta-analysis from the
US evaluated 1'599'453 patients and showed that individuals with
obesity had a 2-fold increased risk of HCC-related mortality [29].
The incidence of HCC and overall death cases is markedly increased
even in the Asian population [27]. As overweight and obesity be-
come a global problem, there is mounting evidence that number
of LT for end stage liver disease related to MASLD will continue to
rise accordingly. Two recent studies from the US analyzing UNOS
database highlighted that MASLD surpassed HCV as the leading
cause for waitlist registrations and cases of MASLD-related HCC
increased over time [30,31]. Another study showed that, in 2017,
MASLD-related HCC represented 18 % of all HCC listings, which
was an 8.5-fold increase from 2002, and the trend still is growing
steadily at approximately 1.9 percentage points per year over the
past 4 years [20]. A recent report analyzed the Scientific Registry
of Transplant Recipients between 2013 and 2022 showing that, in
candidates without HCC, MASLD increased from 19 % to 27 %. How-
ever, among the HCC cohort, MASLD increased from 10 % to 31 %
and the rapid increase in the proportion of MASLD-related HCC
continued during the most recent study years with 20 % in 2018,
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28 % in 2020, and 31 % in 2022 [32]. The results of these studies
underline the trend that MASLD-related HCC will likely increase
further in the near future. Moreover, MASLD-related HCC tends to
be diagnosed at later stages compared to OE, perhaps due to less
established surveillance practices [33,34]. In addition, some stud-
ies have highlighted that patients affected by MASLD-related HCC
are less likely to be offered liver resection or LT [35]. Nevertheless,
in our study we did not find any significant differences in survival
outcomes or DFS for MASLD-HCC versus OE. Our results highlight
that positive outcomes are possible for this population and these
patients should be considered for LT when indicated. Notably, one
study reported that there was a significantly greater proportion of
post-transplantation deaths from cardiovascular complications in
the MASLD HCC group compared to OE, whereas the latter had
higher proportions of deaths attributed to liver-related causes [23].

These trajectories pose unique challenges for transplant physi-
cians. As demonstrated by our study, MASLD-related HCC recipi-
ents tend to be older, have higher BMI and diabetes which are con-
ditions intimately linked with cardiovascular risk, metabolic syn-
drome, and increased comorbidities. These findings are in line with
other studies which showed that MASLD patients have higher in-
cidence of other medical conditions [9,35,36]. Of note, one study
demonstrated that coronary artery disease is linked to significantly
impaired survival after LT, especially when associated with MASLD
[36]. Another study demonstrated that MASLD candidates are more
often declined for LT given the higher rates of medical comorbidi-
ties. However, outcomes of those who undergo LT appear to be
similar [9]. Our results are in line with this report and appear to
be of great relevance given the increasing number of waitlist can-
didates affected by MASLD. However, the cause of death in both
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populations were not homogeneously reported in the studies. This
poses significant challenges to understand the real impact of HCC
recurrence on survival of patients, especially when comparing dif-
ferences between etiologies.

Interestingly, the MASLD cohort had lower levels of pre-
transplant AFP compared to OE. Some studies have demonstrated
similar results [19,34,37]. Benhammous et al. evaluated the OS and
HCC recurrence rates between NAFLD and viral (HBV/HCV) asso-
ciated HCC. They showed that NAFLD-HCC cases were less likely
to exhibit elevated serum AFP and, after HCC treatments, NAFLD-
HCC patients had longer OS but not recurrence-free survival rates
[37]. Another study, although with a limited number of patients,
illustrated that, in patients undergoing LT, on explant pathology
NAFLD-HCC had less vascular invasion and less likely to be poorly
differentiated compared to HCV-HCC [38]. Overall, these results
seem to support the evidence that, in patients undergoing LT, HCC
burden in MASLD might be attenuated compared to OE, in partic-
ular viral etiologies. In our study, MASLD patients were less likely
within Milan criteria compared to OE, however this did not trans-
late into worse OS and DFS. The reasons behind these findings are
still uncertain, however it could be possible that the tumor biology
might to be more favorable in MASLD patients. The pathogenesis of
HCC in this population has peculiar features with intricate inter-
action between liver microenvironment, chronic inflammation and
increased carcinogenesis triggered by obesity and metabolic syn-
drome which are still under investigation [28]. Our results warrant
the need for further research to better understand the biological
tumoral behavior in this cohort of patients.

This meta-analysis has several limitations, which have to be
acknowledged when interpreting the results. First, ten retrospec-
tive studies were identified without any randomized controlled
trials. Although it would be challenging to conduct a random-
ized controlled trial on this topic, retrospective studies have inher-
ently selection bias, thus limiting the robustness of our results. At
the same time, patients with MASLD may have undergone a se-
lection process that discards the most severe comorbidities, and
this might represent a selection bias leading towards same post-
transplant survival as other indications which we were not able
to discern in our study. Moreover, when evaluating post-transplant
outcomes, only one study [23] illustrated meticulously the causes
of death, therefore a formal analysis was not feasible. Second, the
pre-transplant HCC characteristics and post-transplant outcomes
were not homogenously reported by all studies. For instance, we
were not able to assess the DFS for all the included studies as
only three reported this outcome. In addition, a subgroup analy-
sis with different tumor criteria and their relationship with sur-
vival outcomes was not possible due to a relevant underreport-
ing seen in almost every study. Third, the I2, which is a mea-
sure of heterogeneity, was greater than 90 % in the OS analy-
sis, which could be partially explained by the rather large sam-
ple size of the included patients. Although this has been previ-
ously well-recognized [39], the increased heterogeneity warrants
careful interpretation of our results. Next, eight out of ten stud-
ies were based in North America (US and Canada) with only
one study based in the UK and one based in Italy. Reports from
Asia and other continents are lacking. In light of this, the re-
sults might not be widely generalizable to other countries, partic-
ularly those where healthcare system, allocation policies and pop-
ulation demographics differ considerably from North America, Italy
and the UK. Lastly, in 2020 and 2023 the change to new nomen-
clatures in MAFLD/MASLD have been published [3,4]. In this re-
gard, some of the reports included in this study used the for-
mer nomenclature of NAFLD/NASH or cryptogenic cirrhosis with-
out differentiation between steatotic liver disease, MASLD or Met-
ALD. Consequently, some patients with MetALD/cryptogenic cirrho-
sis could have been classified as NAFLD/MASLD or vice versa, lead-
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ing to selection bias which we were not able to quantify in this
study.

This meta-analysis based on ten retrospective cohort studies,
provides the highest available evidence, and shows similar survival
outcomes after LT for MASLD-related HCC compared to OE-related
HCC. These results appear relevant given the increasing number
of waitlist candidates diagnosed with MASLD-related HCC which
are expected to rise further in the next future. Nevertheless, larger
study from other continents, such as Europe and Asia, are needed
to confirm our findings.
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