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Graphical Abstract

Global prevalence of MAFLD-related Hepatocellular
carcinoma: A systematic review and meta-analysis

Aim: Estimate the global proportion of HCC

attributable to MAFLD as:
Asole liver disease
40% of HBV related
HCC have MAFLD

In combination with other liver diseases

54% of HCV related

HBV-RELATED HCC

22 studies, 56,565
individuals with HCC
included

GLOBAL HCC BURDEN

12% of HCC globally is due
to MAFLD as sole liver
disease

49% in total have

MAFLD (with or without
other liver diseases)

HCC have MAFLD

ALCOHOL-RELATED HCC

-i +(
64% of alcohol-
related HCC have MAFLD

Study Highlights
o The proportion of HCC for which MAFLD is the aetiological cause or contributing factor is unknown.

« In this global systematic review and meta-analysis of over 56,000 individuals with HCC, we define the prevalence of
MAFLD in the presence and absence of other liver diseases.
 49% of all individuals with HCC have MAFLD; however, MAFLD as a sole liver disease accounts for 12% of HCC.

o Individuals with MAFLD plus another liver disease appeared phenotypically distinct from both “pure” MAFLD
and non-MAFLD HCC.

o This supports the use of positive diagnostic criteria and systematically ascertaining for MAFLD in all individuals
with HCC.
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Background/Aims: The global proportion of hepatocellular carcinoma (HCC) attributable to metabolic dysfunc-
tion-associated fatty liver disease (MAFLD) is unclear. The MAFLD diagnostic criteria allows objective diagnosis
in the presence of steatosis plus defined markers of metabolic dysfunction, irrespective of concurrent liver disease.
We aimed to determine the total global prevalence of MAFLD in HCC cohorts (total- MAFLD), including the
proportion with MAFLD as their sole liver disease (single-MAFLD), and the proportion of those with concurrent
liver disease where MAFLD was a contributary factor (mixed-MAFLD).

Methods: This systematic review and meta-analysis included studies systematically ascertaining MAFLD in HCC
cohorts, defined using international expert panel criteria including ethnicity-specific BMI cut-offs. A comparison
of clinical and tumour characteristics was performed between single-MAFLD, mixed-MAFLD, and non-MAFLD
HCC.

Results: 22 studies (56,565 individuals with HCC) were included. Total and single-MAFLD HCC prevalence
was 48.7% (95% confidence interval [CI] 34.5-63.0%) and 12.4% (95% CI 8.3-17.3%), respectively. In HCC due
to chronic hepatitis B, C, and alcohol-related liver disease, mixed-MAFLD prevalence was 40.0% (95% CI 30.2—
50.3%), 54.1% (95% CI 40.4-67.6%) and 64.3% (95% CI 52.7-75.0%), respectively. Mixed-MAFLD HCC had signifi-
cantly higher likelihood of cirrhosis and lower likelihood of metastatic spread compared to single-MAFLD HCC,
and a higher platelet count and lower likelihood of macrovascular invasion compared to non-MAFLD HCC.

Conclusions: MAFLD is common as a sole aetiology, but more so as a co-factor in mixed-aetiology HCC, sup-

porting the use of positive diagnostic criteria. (Clin Mol Hepatol 2024;30:436-448)

Keywords: Fatty liver; Hepatocellular carcinoma; Epidemiology; Prevalence; Metabolic syndrome

INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related mortality, with annual deaths predicted to
rise substantially in coming decades from 800,000 in 2020
to 1,300,000 by 2040." A major reason for this is the global
rise in fatty liver disease driven by epidemics of obesity,
diabetes, and metabolic dysfunction.2 Metabolic
(dysfunction)-associated fatty liver disease (MAFLD) is an
increasingly important contributor to global HCC incidence,
yet the true scale of its contribution remains unknown. In
part, this is due to the previous non-alcoholic fatty liver

disease/non-alcoholic steatohepatitis (NAFLD/NASH)
diagnostic criteria which relied on exclusion of other causes
of hepatic steatosis. Thus, in HCC cohorts, NAFLD/NASH-
related HCC is often diagnosed and reported only when it
is the sole identifiable liver disease. The MAFLD definition
proposed in 2019°* allows a positive diagnosis to be made
in the presence of hepatic steatosis plus one of either (1)
overweight or obese as defined by body mass index (BMI),
(2) type 2 diabetes mellitus (T2DM), or (3) lean or normal
weight with at least two markers of metabolic dysregulation
(Supplementary Fig. 1), irrespective of concurrent liver
disease. Additionally, standard convention in prevalence
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and prospective interventional studies is to categorise HCC
by a single or “dominant” aetiology.® Thus, while numerous
studies have reported prevalence of fatty liver disease in
HCC (using either NAFLD or MAFLD definitions),® these
may underestimate the true impact of MAFLD by excluding
individuals with multiple interacting aetiologies. Data are
therefore needed to define the role of MAFLD in HCC
regardless of the presence or absence of other liver
diseases.

There is growing recognition that accurately classifying
underlying liver disease(s) is important. Not only do patient
demographics and comorbidities differ between individuals
of different liver disease aetiologies,” but so do the
underlying aetiological mechanisms of HCC development,
tumour immune microenvironments,® biological behaviour
and perhaps responses to therapy.*™ In this regard, liver
disease aetiology has garnered interest as a potential
stratification tool to guide therapy.”

The aim of this systematic review and meta-analysis is
thus to estimate the proportion of HCC attributable to
MAFLD either as a sole liver disease aetiology or in
combination with another liver disease. The secondary
aims were to assess variation in single or combined
aetiology MAFLD-HCC by geographical region, secondary
liver disease aetiology, and MAFLD sub-phenotype (lean,
overweight/obese, diabetic), and to compare the clinical
characteristics of single-aetiology MAFLD, combined-
aetiology MAFLD, and non-MAFLD HCC.

MATERIALS AND METHODS
Search strategy and inclusion criteria

The review was synthesised in accordance with the
Preferred Reporting ltems for Systematic Reviews and
Meta-analyses (PRISMA) statement (Supplementary Table
1)."® A search was conducted on 16th April 2023 using
Medline, Embase, PubMed, and Web of Science from
database inception to April 2023 for publications that
contained information on MAFLD-related HCC. The search
terms were [“metabol* adj2 associa* fatty liver disease” OR
“mafld” OR “mash” OR “metabol* adj2 steatohepatitis”]
AND [“hcc” OR “liver cell carcinoma/” OR “hepatocellular
carcinoma” OR “hepatoma” OR “liver cancer”] on the
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search of title and abstracts. The references were compiled
on Endnote and duplicates were removed.

Eligibility and selection criteria

Two reviewers (H.C. and C.G.) independently reviewed
titles and abstracts to screen for eligible studies. Full texts
of any potentially relevant studies were obtained for further
evaluation. Inclusion criteria were as follows: an original
article or abstract published in a peer-reviewed journal; the
study reported on the prevalence of MAFLD in a cohort of
individuals with HCC. HCC cohorts were defined as any
group of consecutive HCC cases of any aetiology (apart
from MAFLD-only cohorts). MAFLD was defined as the
presence of hepatic steatosis with metabolic dysregulation
as defined by the international expert consensus panel
criteria.* Steatosis could be defined by any method
including radiology, histology or blood-based investigations
such as fatty liver index. Overweight/obese was defined as
BMI >23 kg/m?® in Asian cohorts and =25 kg/m* in Western
cohorts, and individuals under these respective cut-offs
were defined as “lean”. We excluded studies which did not
reference the criteria used to diagnose MAFLD or used a
definition inconsistent with the internationally accepted
criteria (including region-specific BMI and waist
circumference cut-offs) unless authors were able to provide
the appropriate clarifications on their MAFLD diagnostic
criteria. Studies were also excluded if there was ambiguity
as to whether their MAFLD prevalence data referred to
single-MAFLD or total-MAFLD prevalence within their
cohort unless clarifications were provided by authors. In
the case of multiple studies reporting on overlapping
cohorts, the most recently published study was included in
the analysis. However, if a non-overlapping subgroup could
be extracted from another study, then that subgroup was
eligible for inclusion in the overall analysis.

Three prevalence estimates were made:

- Single-MAFLD HCC, defined as the proportion of HCC

whereby MAFLD is the sole identifiable liver disease.

- Mixed-MAFLD HCC, defined as the prevalence of
MAFLD amongst individuals with HCC with another
(non-MAFLD) liver disease aetiology.

- Total-MAFLD HCC, defined as the total prevalence of
MAFLD in an HCC cohort (i.e. the total sum of single-
MAFLD and mixed-MAFLD HCC).

http://www.e-cmh.org



A comparison of the clinical and tumour characteristics
was performed between three groups: single-MAFLD HCC,
mixed-MAFLD HCC, and non-MAFLD HCC (defined by
HCC in the absence of MAFLD).

Statistical analysis

For MAFLD prevalence estimates, single proportions
were transformed using the Freeman-Tukey double arcsine
transformation method and weighted by inverse variance
for pooling.”® A random-effects model was used for all
analyses with between-study variance estimated using a
DerSimonian and Laird model.” Statistical heterogeneity
was assessed by 12 and Cochran's Q test values. Pre-
specified subgroup analysis by geographic region, and in
the case of mixed-MAFLD prevalence by other liver
disease aetiology (HBV, HCV or ALD) was performed. A
post-hoc meta-regression analysis was performed to
investigate study level factors influencing MAFLD
prevalence heterogeneity. Covariates used for the analysis
were median cohort age, gender, geographical setting
(Asia vs. outside Asia), duration of study enrolment,
whether the cohort was limited to early-stage (resectable)
HCC, and proportion of mixed-MAFLD cohort with HBV.

To compare clinical and tumour characteristics between
groups, comparative meta-analysis of odds ratios (OR) for
binary variables, and mean difference (MD) for continuous
variables were performed. When mean and standard
deviation were not reported, they were estimated using the
method described by Wan et al.”®. Publication bias was
assessed by the Egger’s test and by assessing for
asymmetry on funnel plots, and if present, was adjusted
using the trim-and-fill method.” A P-value was considered
statistically significant if <0.05. All analyses were conduct-
ed in RStudio (R version 4.3.1).

Quality assessment

Quality assessment for included articles was done using
the critical appraisal tool proposed by Hoy et al.?® for
assessing bias risk in prevalence studies. The tool consists
of 10 items addressing four domains plus a summary risk
of bias assessment, with scores of 0—3 considered to
reflect a low overall risk of bias, scores of 4—6 representing
moderate risk of bias, and 7-10 representing high risk of

http://www.e-cmh.org
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bias.

RESULTS
Summary of included studies

The initial search from Medline, Embase, PubMed, and
Web of Science yielded 713 results (Fig. 1). After duplicate
removal, 317 articles were screened for inclusion. Three
studies®"*® were excluded due to overlapping study
populations; only a non-overlapping subgroup of another
study* was included in the primary prevalence analysis.
One additional study was excluded due to a BMI cutoff not
in line with accepted ethnicity-specific cutoffs.”® 11 authors
were contacted to provide further data or clarifications on
definitions used for MAFLD diagnosis. 22 studies,
comprising a total of 56,565 HCC cases, were included in
the final analysis. Eleven studies reported prevalence in

[ Identification of studies via databases and registers J
() Records identified from:
.5 Databases (n=713) Records removed before
I - Embase (n=218) screening.
E + Medline (n=141) Duplicate records removed
3 +Pubmed (n=167) (n=393)
L « Web of Science (n=187)
Records screened Records excluded
(n=317) (n=228)
Reports sought for retrieval Reports not retrieved
El (n=89) (n=0)
l
A Reports assessed for Reports excluded: 67
eligibility (n=89) Further duplicates (n=11)
Overlapping cohorts (n=3)
Incompatible BMI (n=1)
MAFLD only cohorts (n=10)
— v Unclear if single or mixed
- MAFLD (n=3)
§ Studies included in review Review article / commentary
E (n=22) (h=3)
No HCCin cohort (n=8)
No useable MAFLD
prevalence reported
(n=28)

Figure 1. PRISMA flow diagram. PRISMA, Preferred Reporting ltems
for Systematic Reviews and Meta-analyses; MAFLD, metabolic dys-
function-associated fatty liver disease; HCC, hepatocellular carcino-
ma; BMI, body mass index.
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Asian cohorts, four from Europe, three from Australia, one
from North America, one from Central America, one
reporting prevalence in a mixed cohort from Europe and
Asia, and one in a mixed cohort from North America and
Europe. All included studies used ethnicity-appropriate BMI
cut-offs and T2DM status in their MAFLD diagnostic
criteria. The method of hepatic steatosis assessment was
variable between studies and is described in Supplemen-
tary Table 2.

The risk of bias for each of the included studies in the
meta-analysis is shown in Supplementary Table 3. Each of
the included studies had an overall low risk of study bias.

Single-MAFLD HCC

Eleven studies (comprising 39,381 HCC cases) reported
the prevalence of single-aetiology MAFLD HCC with a
pooled overall prevalence of 12.4% (95% confidence
interval [CI] 8.3-17.3%) (Fig. 2A). There was high
heterogeneity between study estimates (°’=99%, Cochran’s
Q <0.01). Individual single-MAFLD prevalence estimates
varied between cohorts from 4-34%. Subgroup analysis
based on geographical region showed highest prevalence
in Central America (30%), followed by Australia (19%, 95%
Cl 12-28%), North America (18%), Europe (12%, 95% CI
6—18%), and Asia (6%, 95% CI 3-9%) (Table 1). There was
no evidence of publication bias.

Mixed-MAFLD HCC

Seventeen studies (comprising 51,556 HCC cases)
reported the prevalence of mixed-MAFLD with a pooled
prevalence estimate of 41.3% (95% Cl 34.3-48.5%) (Fig.
2B). There was significant heterogeneity between studies
(1>=99%, Cochran’s Q <0.01) with individual prevalence
estimates ranging from 14% to 80%. A subgroup analysis
by geographic region showed highest prevalence in North
America (64%), followed by Europe (54%, 95% Cl 37-71%),
Asia (37%, 95% CI 28—47%), and Australia (18%). Notably,
there was evidence of funnel plot asymmetry (P=0.032),
and after adjustment for publication bias, the adjusted
prevalence estimate was 55.1% (95% CI 47.9—62.2%).

Mixed-MAFLD HCC was stratified by other liver disease
aetiology. Twelve studies (comprising 20,166 HCC cases)
reported the prevalence of MAFLD in individuals with HBV-

440 https://doi.org/10.3350/cmh.2024.0109

related HCC cohorts with a pooled total prevalence of
40.0% (95% ClI, 30.1-50.3%). Five studies (comprising
13,090 HCC cases) reported the prevalence of MAFLD in
individuals with HCV-related HCC with a pooled total
prevalence of 54.1% (95% Cl 40.4—67.6%). Five studies
(comprising 6,841 HCC cases) reported the prevalence of
MAFLD in ALD-related HCC cohorts with a pooled total
prevalence of 64.3% (95% Cl 52.7-75.0%) (Table 1).

Total-MAFLD HCC

Eight studies (comprising 33,590 HCC cases) reported
the total-MAFLD prevalence in HCC cohorts with a pooled
prevalence estimate of 48.7% (95% Cl 34.5-63.0%) (Fig.
2C). Heterogeneity was high (°=99.7%, Cochran’s Q <0.0-
1) with individual studies reporting total-MAFLD prevalence
from 20% to 81%. There was significant funnel plot
asymmetry (P=0.037), and after adjustment for publication
bias, the adjusted prevalence estimate was 74.1% (95% CI
62.1-84.5%).

MAFLD HCC phenotypes

MAFLD HCC with T2DM

11 studies (comprising 32,169 MAFLD-related HCC
cases) reported the prevalence of T2DM in individuals with
MAFLD-related HCC (as a single or mixed aetiology), with
a total pooled prevalence of 35% (95% CI| 26—44%). Four
studies (comprising 5,624 HCC cases) reported the
prevalence of T2DM in single-aetiology MAFLD HCC
cohorts, with a pooled prevalence of 58% (95% CI 35—
80%). Nine studies (26,548 HCC cases) reported T2DM
prevalence in mixed-aetiology MAFLD HCC cohorts with a
pooled prevalence of 36% (95% CI 26—45%) (Supplemen-
tary Fig. 2).

Lean MAFLD

Nine studies (comprising 31,373 HCC cases) reported
the proportion of individuals with a “lean” phenotype in
MAFLD HCC cohorts (single or mixed aetiology), with a to-
tal pooled prevalence of 22% (95% Cl 13—-32%). Four stud-
ies (5,623 HCC cases) reported lean phenotype in individu-
als with single-aetiology MAFLD HCC with pooled
prevalence of 30% (95% CI| 23-38%). Seven studies
(25,934 HCC cases) reported lean phenotype in mixed-ae-

http://www.e-cmh.org
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Figure 2. Forrest plots and pooled prevalence estimates for single (A), mixed (B), and total (C) MAFLD-HCC. MAFLD, metabolic dysfunction-
associated fatty liver disease; HCC, hepatocellular carcinoma; Cl, confidence interval.
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Table 1. MAFLD HCC prevalence

Patient group e g LD preyalence (0 I (%) Cochran's Q
Single-MAFLD HCC
Overall prevalence 39,381 (11) 12.4(8.3-17.3) 99.1 <0.01
Geographical Region
Central America 547 (1) 30.0 (26.2-33.9) N/A N/A
Australia 225(3) 19.4 (8.5-33.0) 78 0.01
North America 23,245 (1) 18.2 (17.7-18.7) N/A N/A
Europe 8,736 (2) 11.5 (5.7-19.0) 97.3 <0.01
Asia 6,628 (4) 5.3(3.6-7.4) 89.3 <0.01
Clinical phenotype
MAFLD with T2DM 5,691 (5) 52.1(30.1-73.7) 97.7 <0.01
Lean MAFLD 5,690 (5) 31.4 (24.9-38.4) 84.1 <0.01
Mixed-MAFLD HCC
Overall prevalence 51556 (17) 41.3 (34.3-48.5) 99.5 <0.01
Geographic region
North America 23,245 (1) 63.6 (63.0-64.2) N/A N/A
Europe 8,914 (4) 53.8 (43.2-64.3) 96.3 <0.01
Asia 19,260 (11) 37.2 (27.6-47.4) 99.1 <0.01
Australia 137 (1) 17.5 (11.6-24.4) N/A N/A
Primary liver disease
HBV 20,166 (12) 40.0 (30.2-50.3) 99.2 <0.01
HCV 13,090 (5) 54.2 (40.4-67.6) 99.3 <0.01
ALD 6,841 (5) 64.3 (52.7-75.0) 97.7 <0.01
Clinical phenotype
MAFLD with T2DM 26,548 (9) 35.6 (26.3-45.4) 97.4 <0.01
Lean-MAFLD 25,934 (7) 21.2(9.8-35.5) 99.9 <0.01
Total-MAFLD HCC
Overall prevalence 33,590 (8) 48.7 (34.6-63.0) 99.7 <0.01
Total-MAFLD phenotype
MAFLD with T2DM 32,169 (11) 34.7 (25.9-44.0) 98.6 <0.01
Lean-MAFLD 31,373 (9) 21.7 (12.6-32.6) 99.8 <0.01

MAFLD, metabolic dysfunction-associated fatty liver disease; HCC, hepatocellular carcinoma; Cl, confidence interval; T2DM, type 2
diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C virus; ALD, alcohol-related liver disease.

tiology MAFLD HCC with a pooled prevalence of 21% (95%
Cl 10-35%) (Supplementary Fig. 3).

Clinical characteristics of single-MAFLD, mixed-
MAFLD and non-MAFLD HCC

Compared to individuals with non-MAFLD HCC, single-
aetiology MAFLD HCC were older (MD 6.64 years, 95% CI

442 https://doi.org/10.3350/cmh.2024.0109

1.87-11.41), more likely to be female (OR 1.21, 95% CI
1.02-1.43) and less likely to have cirrhosis (OR 0.27, 95%
Cl 0.15-0.51). Single-aetiology MAFLD HCC was
associated with lower AFP level (MD —-166.34, 95% CI
—265.15 to —67.52), a lower likelihood of macrovascular
invasion (OR 0.78, 95% CI 0.62—0.97) and higher likelihood
of metastatic disease (OR 2.03, 95% Cl 1.48-2.79).
Single-MAFLD HCCs were also distinct from mixed-

http://www.e-cmh.org



Harry Crane, et al.

Prevalence of MAFLD-related HCC

'G0°0>d ‘@2uedyiubis |ednsnels,
"9DURIAYIP ueSIW ‘g ‘O13RI SPPO ‘YO ‘u1301d031a) eyd]e Y4y [eAISIUI 9DUSPYUOD ‘|) ‘ewouldied Jejnjjad0ieday ‘DDH ‘aseasip JaAl| A11e) pare1dosse-uondunysAp dljogelsw ‘q14vIN

(6£7018%°L) (€£'L 03 L7°0) (ST 010€°L) peaids
V/N  xl000> €0°CHO (1) 8s€’e %C 98 790 78040 (@) Lzo'9 V/N  xl000> (VAR [0) (1) soL'v J11eisers iy
(£6'00179°0) (£8°0 01 S¥°0) (8C°L 0188°0) uolseAul
%Lty %6200 8,040 (0) L0y %G'9S %5000 £€9°0 40 (€)6LTL %00 950 90°L 4O (0) 8¥6'y Jendsenosde iy
(8€°L 01 LET) (L0°0 03 9€°0-) (SL'L 03 660-) Jslawelp
%876 90 9r'0— A (@) L0S'Y %85 0€90°0 10— AW (9) 198’8 %L°08 880 80°0 AW (2) 8¥6't JDH 1s9bue]
(15001510 (€2°1 0106°0) (85°00101°0)
%9'SL 000> LT0 YO (€) 098y %0l LLESO S0'LH0 (£) 800°0L %EY8 %000 Y040 (€) Leg's sisoyalin
(L6°ELLOY TP’ LL-) (SO'LL 02 #1°0) (€9'20L 03 15°9-)
%’'L6 LLI'0 LCLS AW (@) 7691 %00 «7€0°0 v.'S AW () z6l'e %l'88  ¥80°0 90'87 AW (2) 969 S19lele|d
(¢529- 01 51'592-) (010 03 86:0%7-) (5£°59 01 57°€£-)
%S’LL %1000 7€991-dW (@) 106'€ %l'¥6 0500 ¥¥0Cl-aw (9) SS6'L %G5'89 160 S6'¢- A (2) 8sL's ddv
(€r'L0120°L) (91'€ 01 £17°0)
%00 %8¢0°0 LZ’L HO (€) 0S50S %696 (90 (£8°103/90)Zl'L (6) 909°CL %G°€6 890 [44R<[0) (€) Lov's (%) 3|ewa4
(ot'L1 01 /8°1) (¢v'1038£°0-) (8T°71L 03%9°0-)
%956 %9000 ¥9'9 AW (€) 0S50S %¢€°08 LS50 CE0an (6) 909°CL %LL6  LLOO ¢8'SAn (€) Lov'S aby
(sa1pmys (sa1pmys (sa1pmys
J  enjead mmw o\wwg Jo Jaquinu) J  eneay wmw o\wmwe Jo Jaquinu) J  eneay wmw o\wmwe Jo Jaquinu)
1532943 azis ajdwies BIPHT 7s 51dwes BT 715 51dwes S1qeMeA

@14VIN-uou ‘sA QT4VIN-3]6uls

AdTdVIN-uou *sA aT4VIN-PXIN

Q14VIN-PaxIW ‘sA @14VIN-3|Buls

JDH QTHVIN-Uou pue ‘g 14y IN-paxiw ‘14VIN-3]buls usamiaq saisialdeleyd [edlul)d Jo uosuedwo) *z ajqel

443

https://doi.org/10.3350/cmh.2024.0109

http://www.e-cmh.org



Clinical and Molecular Hepatology
Volume_30 Number_3 July 2024

MAFLD HCCs in that they were less likely to have cirrhosis
(OR 0.24, 95% CI 0.10-0.58), with higher likelihood of
metastatic disease (OR 1.71, 95% CI 1.30-2.25).

Mixed-MAFLD was compared to non-MAFLD HCC.
Mixed-MAFLD had higher platelet count (MD 5.74, 95% Cl
0.44-11.05), with lower likelihood of macrovascular invasion
(OR 0.63, 95% CI 0.45-0.87). There was a trend towards
mixed-MAFLD having lower AFP levels than non-MAFLD
that did not reach significance (—120.44 Cl —240.98 to 0.10,
P=0.0502). Data is shown in Table 2.

Sensitivity analysis and meta-regression

Prevalence estimates were repeated after excluding two
studies in which investigators did not confirm the presence
of hepatic steatosis. Updated prevalence estimates were
11.6% (95% CI 7.0-17.0%), 39.6% (95% CI 31.3-48.1%)
and 40.9% (95% CI 28.2—-54.3%) for single-MAFLD, mixed-
MAFLD, and total-MAFLD HCC, respectively.

Meta-regressions were performed to identify study level
factors which might explain the high between-study
heterogeneity (Supplementary Figs. 4—6). For single-
MAFLD HCC, studies conducted within Asia, early-stage
HCC cohorts, younger cohorts, and cohorts with a higher
proportion of HBV were associated with lower prevalence
of single-MAFLD HCC. For mixed-MAFLD HCC, early-
stage HCC cohorts, shorter duration of study enrolment,
and younger cohort age were associated with lower mixed-
MAFLD prevalence. For total-MAFLD HCC, higher
proportion of HBV was associated with lower prevalence of
MAFLD. Due to the relatively small number of studies in
the sample size, multivariable meta-regressions were not
performed. Residual heterogeneity remained high (I?
>95%) in all single meta-regressions. Bubble plots are
shown in the supplemental material.

DISCUSSION

Researchers typically report aetiology in HCC cohorts by
the single disease thought to represent the most likely
cause of liver dysfunction. Dichotomising aetiology into
distinct groups has made sense from a pragmatic
viewpoint; however, with the increasing global prevalence
of MAFLD, there is now the reality that a significant

Lbd https://doi.org/10.3350/cmh.2024.0109

proportion of HCC occurs in the setting of multiple
interacting liver diseases. Our understanding regarding
MAFLD-related liver disease and HCC continues to
evolve,? yet little is known about the prevalence, distinct
mechanisms, outcomes, and responses to treatment in
these mixed-MAFLD tumours. Thus, in this study, we
provide the best global estimate for the total proportion of
HCCs attributable to MAFLD, as both a single and mixed
aetiology. We find that approximately half of patients with
HCC have MAFLD; however, HCC in individuals who have
MAFLD as the sole cause of liver disease accounts for only
12% (or 1 in 8 cases). MAFLD is a common HCC cofactor
in individuals with all other liver disease aetiologies.
Indeed, with advancements in screening and treatment for
viral hepatitis, offset by the rising prevalence of obesity and
metabolic syndrome, MAFLD may in fact be dominant
driver of HCC in many cases which have previously been
attributed to viral aetiologies.”” We have also described the
prevalence of different MAFLD-HCC phenotypes including
MAFLD with T2DM and lean MAFLD. Lean-MAFLD in
particular is purported to have distinct pathophysiological
mechanisms and possibly worse outcomes in a non-HCC
setting,”® although data is limited in HCC cohorts. Notably,
the proportion of MAFLD-HCC classified as “lean” that we
have reported is similar to the 19.2% reported in a non-
HCC setting by a recent large meta-analysis.”

To our knowledge, there exists no previous systematic
review and meta-analysis estimating the global proportion
of HCC attributable to MAFLD, in which systematic
ascertainment for MAFLD (using MAFLD diagnostic
criteria) has taken place. Numerous cohort studies have
reported the proportion of HCC attributable to NAFLD, as
recently summarised in the review by Huang et al.’. In
addition to geographic variability, limiting generalisability is
the substantial heterogeneity in how NAFLD has been
defined, with estimated global proportions ranging from 1%
to 38%.°>*" Several large HCC cohorts have reported
NAFLD prevalence using ICD coding® or transplant listing
diagnosis,®** but such cohorts typically lack systematic
evaluation of NAFLD. NAFLD is also known to be underdi-
agnosed more broadly*® and thus NAFLD burden in these
cohorts is likely under-reported. Smaller studies which
utilise radiologic or histologic criteria to diagnose NAFLD,
with or without variable components of the metabolic
syndrome, still rely on exclusion of other causes of liver
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disease and estimation of alcohol intake which is known to
be unreliable.®® Significant variability also exists in
classification of cryptogenic cirrhosis between studies®;
thus, using the NAFLD framework to estimate its total
burden in HCC cohorts has been problematic. This study is
the first systematic review and meta-analysis which has
used “positive” diagnostic criteria to estimate the burden of
MAFLD. In addition to providing a more robust framework
for capturing those with fatty liver disease, those with
MAFLD generally represent a more metabolically unhealthy
population compared to those with NAFLD. MAFLD is
associated with worse markers of liver damage and
fibrosis,*” factors associated with HCC risk. MAFLD is also
associated with higher risk of extrahepatic events such as

& reflux

atherosclerotic cardiovascular disease,®
oesophagitis,* chronic obstructive pulmonary disease,*
oesophageal squamous cell carcinoma,” and Helicobacter
pylori negative gastric cancer,” highlighting that patient
populations are not identical.

We have also provided a subgroup analysis of MAFLD
prevalence by geographic region. Interestingly, the
proportion of HCC attributable to MAFLD was lower in Asia
compared to Western cohorts. This contrasts with studies
reporting a high prevalence of MAFLD in Asia (estimated to
be 36% in a recent meta-analysis*®), as well as a relatively
higher incidence of liver complications due to MAFLD in
Asia compared to global incidence rates.* This seemingly
contradictory finding may be partly explained by the com-
peting risk of viral hepatitis which remains the predominant
risk factor for HCC in Asia, although studies have shown a
progressive shift towards MAFLD.***°

A number of studies have examined differences in clinical
characteristics and outcomes of HCC between different
aetiologies of liver disease.”*® A recent meta-analysis by
Tan et al.” compared NAFLD HCC (as defined by imaging,
histology or ICD coding in the absence of significant
alcohol consumption or other causes of chronic liver
disease) to other causes of HCC. This study reported
larger and more frequently uninodular tumours in NAFLD-
HCC, but no difference in AFP, tumour stage, treatment
allocation or overall survival. However, as we have shown
in our meta-analysis, there is significant overlap between
MAFLD and other causes of HCC which may make
interpretation of this comparison difficult. Thus, in order to
further explore this mixed-MAFLD phenotype, we

http://www.e-cmh.org
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performed a three-way comparison between single-
MAFLD, mixed-MAFLD, and non-MAFLD. We report a
number of phenotypic differences between the study sub-
groups. Consistent with Tan et al., single-MAFLD HCC
tended to occur in subjects who were older with non-
cirrhotic liver disease compared to non-MAFLD HCC. We
also report findings to suggest differences in tumour
biology and behaviour, including a lower AFP level, higher
likelihood of metastatic spread, and lower likelihood of
macrovascular invasion.

Importantly, we also sought to find differences between
non-MAFLD and mixed-MAFLD HCC, in order to determine
whether the addition of MAFLD as a co-factor to another
liver disease might influence clinical phenotype or tumour
biology. One might hypothesise that our finding of a higher
platelet count in mixed-MAFLD compared to non-MAFLD
HCC may reflect a propensity for the addition of MAFLD to
cause HCC at an earlier stage of liver disease. Likewise,
the lower likelihood of macrovascular invasion and trend
towards lower AFP suggests these mixed-aetiology
tumours may have different molecular and biological
behaviour compared to “pure” non-MAFLD HCC.

The “mixed-MAFLD” category used in this analysis itself
represents a heterogenous group comprised of various
primary liver disease aetiologies, each with their own
distinct pathological mechanisms. Nevertheless, the idea
that the addition of MAFLD to another liver disease
aetiology might alter tumour biology is intriguing, and at the
very least, adds to the impetus to accurately diagnose and
report MAFLD in future research studies so that the inter-
action between liver diseases can be better understood.

This study has several strengths. We analysed data from
22 studies and over 56,000 HCC cases in order to provide
the best current global estimate for MAFLD prevalence in
individuals with HCC. We included only studies which
diagnosed MAFLD using the international expert panel
criteria including use of ethnicity-specific BMI cut-offs. The
objective diagnostic criteria eliminate subjectivity from
diagnosis (such as estimating alcohol intake) and
theoretically produce a more replicable prevalence
estimate.

Nevertheless, our study has limitations. There were
relatively few studies reporting MAFLD prevalence from
certain geographic regions (most notably North America);
thus these prevalence estimates require further validation
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and should be interpreted with caution. Secondly, few (if
any) studies published data on all metabolic variables
which make up the MAFLD diagnostic criteria. We included
studies which defined metabolic dysfunction using a
minimum of BMI and T2DM data. Of note, data from a
recent large Korean MAFLD cohort suggested the non-
overweight, non-diabetic phenotype accounted for only 5%
of individuals with MAFLD,*® and thus our inclusion criteria
likely capture the majority of individuals with MAFLD but
may still underestimate the true prevalence. Thirdly, the
method of assessing hepatic steatosis was variable across
studies which may account for some heterogeneity in
MAFLD prevalence estimates. In particular, two large
multicentre cohorts (ltalian ITA.LI.CA. HCC registry and
U.S. United Network for Organ Sharing [UNOS] liver
transplant registry) defined MAFLD by metabolic
dysfunction alone without confirmation of present or
historical hepatic steatosis. It is notable that most mixed-
MAFLD HCC cases in these large Western cohorts (87%
and 94%, respectively) were metabolically unhealthy
individuals in the setting of either ALD or HCV infection, in
whom the vast majority of individuals would be expected to
have current or historical evidence of hepatic steatosis;
nevertheless, these studies may have overestimated
MAFLD prevalence. We have reported a sensitivity
analysis excluding these studies. Data is also still lacking
on HCC outcomes between these groups and is an area
that requires further research.

In conclusion, MAFLD is common among individuals with
HCC, both as the sole cause of liver disease and as a co-
factor with other liver diseases. This study supports the
benefit of systematically ascertaining for metabolic dys-
function using positive diagnostic criteria, irrespective of al-
cohol use or other liver disease, so that the interaction be-
tween concurrent liver diseases can be better understood.
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