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Abstract

Background: One-quarter of the world population is thought to have 
metabolic dysfunction-associated steatotic liver disease (MASLD). 
The incidence of metabolic dysfunction-associated steatohepatitis 
(MASH) and MASLD is rapidly increasing due to the ongoing global 
epidemic of type 2 diabetes mellitus and obesity. Hepatitis B and C 
have declined in incidence due to advances in prevention and treat-
ment, yet the overall burden of hepatocellular carcinoma (HCC) con-
tinues to rise, largely driven by the growing prevalence of MASLD/
MASH. MASLD/MASH is now the fastest-growing etiology of HCC 
in the USA, France and the UK, with an estimated annual incidence 
of HCC ranging from 0.5% to 2.6% in patients with MASH cirrhosis. 
The incidence of HCC among patients with non-cirrhotic MASLD/
MASH is lower, approximately 0.1% to 1.3%. There are no screen-
ing guidelines currently for HCC in non-cirrhotic MASLD/MASH 
patients. Our study highlights the dire need to develop HCC predic-
tive strategies and algorithm in this non-cirrhotic population and to 
move away from a cirrhotic-centered approach but rather use risk-
based models. We have identified predictors of development of HCC 
in this patient population that can be used to develop risk-based HCC 
screening guidelines and models in a non-cirrhotic population with 
MASLD/MASH.

Methods: Nationwide Inpatient Sample (NIS) database from 2016 
to 2019 was used in this analysis. Chi-square test and t-test and were 

used to establish association between two variables. The significant 
variables were included in the logistic regression model to identify 
independent association between variables.

Results: From the NIS database, 1,326,230 non-cirrhotic MASLD/
MASH patients were identified. The mean age was 53.75 years; 52% 
were female. Older age (P < 0.0001), female gender (adjusted odds 
ratio (AOR) = 1.303, P < 0.001), and Asian race (AOR = 1.135, P = 
0.01) were associated with increased HCC risk. Anemia, leukopenia, 
hyponatremia, and hypoalbuminemia were independent predictors 
(all P < 0.001). Benign liver lesions such as focal nodular hyperplasia 
(AOR = 1.269) and hemangiomas (1.475), as well as infections like 
cholangitis (3.093) and liver abscess (2.073), were linked to higher 
risk. Autoimmune diseases, including rheumatoid arthritis (0.679) 
and systemic lupus erythematosus (SLE, 0.456), were associated with 
decreased HCC risk (P < 0.001).

Conclusions: This study provides compelling evidence that HCC can 
develop in non-cirrhotic MASLD/MASH patients. These findings 
highlight an urgent need to shift from a cirrhosis-centric approach to 
a more comprehensive, risk-based HCC screening model - especially 
given that MASLD/MASH is now the most common and fastest-
growing etiology of HCC around the globe. This study can potentially 
help develop those screening guidelines to prevent the development 
or early detection of HCC in non-cirrhotic MASLD/MASH patients.
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ic; Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; 
Metabolic dysfunction-associated steatotic liver disease; Metabolic 
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined by the 
presence of hepatic steatosis which is confirmed through im-
aging or histology. There should also be an absence of second-
ary causes of hepatic fat accumulation like heavy alcohol con-
sumption, long-term use of steatogenic medications and other 
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chronic liver diseases [1].
In recent years, there has been an introduction of the term 

metabolic dysfunction-associated steatotic liver disease (MA-
SLD) which removes the need to exclude other liver diseases 
from NAFLD definition and instead focuses on inclusive diag-
nostic criteria [2, 3]. MASLD is diagnosed based on evidence 
of hepatic steatosis (via histology, imaging, or blood biomark-
ers) along with one of the following: obesity, type 2 diabetes 
mellitus (T2DM) and/or evidence of metabolic dysregulation 
[2]. The term NAFLD has been mostly replaced by MASLD to 
focus more on the metabolic dysfunction related to underlying 
conditions such as obesity, type 2 diabetes, and metabolic syn-
drome. MASLD is a more encompassing term that will include 
more patients than NAFLD with broad metabolic profiles.

MASLD is one of the most prevalent causes of chronic 
liver disease globally, affecting over 25% of the world popula-
tion. Among these patients, up to 25% may develop metabolic 
dysfunction-associated steatohepatitis (MASH), with or with-
out liver fibrosis [4]. MASH, particularly when accompanied 
by fibrosis, represents progression of disease, associated with 
significant morbidity and mortality due to complications such 
as cirrhosis, hepatic decompensation, and hepatocellular car-
cinoma (HCC).

While cirrhosis is a major risk factor for HCC, new studies 
have suggested that in MASLD-related HCC, up to 50% of pa-
tients did not have clinical or histological evidence of cirrho-
sis at diagnosis [5]. Studies have also suggested that patients 
with non-cirrhotic MASLD have a 2.5 times increased risk of 
developing HCC compared to those with other etiologies of 
chronic liver disease without cirrhosis [6]. MASLD/MASH is 

now the fastest-growing etiology of HCC in the USA, France 
and the UK, with an estimated annual incidence of HCC rang-
ing from 0.5% to 2.6% in patients with MASH cirrhosis. The 
incidence of HCC among patients with non-cirrhotic MASLD/
MASH is lower, approximately 0.1% to 1.3% [7].

Materials and Methods

The Nationwide Inpatient Sample (NIS) is an administrative 
database and part of the Healthcare Cost and Utilization Pro-
ject (HCUP). It is the largest publicly available all-payer inpa-
tient healthcare database designed to produce US regional and 
national estimates of inpatient utilization, access, cost, quality, 
and outcomes. Unweighted, it contains data from more than 7 
million hospital stays each year. Weighted, it estimates more 
than 35 million hospitalizations nationally.

All adult hospitalizations with an International Classifica-
tion of Disease, 10th Revision (ICD-10) diagnosis code related 
to NAFLD and non-alcoholic steatohepatitis (NASH) were 
identified from the NIS database for the years 2016 to 2019. 
From these, hospitalizations that had a diagnosis code of cir-
rhosis were removed. After removing cirrhotic patients, patients 
with hepatitis B, hepatitis C, hemochromatosis, alpha-1 antit-
rypsin deficiency, Wilson’s disease, hyper-citrullinemia, hepatic 
porphyria and glycogen storage diseases were also removed 
as potential confounders (Fig. 1). All these confounders had at 
least one case of HCC in the literature that had developed in 
a non-cirrhotic patient. All hospitalizations were stratified into 
two categories 1) MASLD/MASH cases without HCC; and 2) 

Figure 1. Consort diagram for non-cirrhotic HCC. HCC: hepatocellular carcinoma; MASLD: metabolic dysfunction-associated 
steatotic liver disease; MASH: metabolic dysfunction-associated steatohepatitis.
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MASLD/MASH cases with HCC. Furthermore, ICD-10 diag-
nosis codes were used to identify the presence of comorbidities 
including diabetes mellitus (DM) (type 1 and 2), hypertension 
(HTN), hyperlipidemia (HLD), atrial fibrillation, and other co-
morbid conditions. ICD-10 codes were also used to identify be-
nign liver lesions and autoimmune disorders (Table 1).

The primary outcome of the study was identifying HCC 
cases in non-cirrhotic MASLD/MASH population. Secondary 
outcomes included the role of age and sex in these HCC cases.

Chi-square tests were utilized to assess the association be-
tween qualitative variables. Mann Whitney-U test and t-tests 
were utilized to compare the mean as appropriate. Bivariate 
analysis was conducted to identify predictors of development 
of HCC in non-cirrhotic patients with MASLD/MASH. The 
predictors significant in bivariate analysis (Table 2) were in-
cluded in the multivariate model to establish independent as-
sociation of development of HCC in these patients (Table 3). 
All the analyses were performed using IBM SPSS Statistics 
28.0.0.0 (International Business Machines Statistical Package 
for Social Sciences Version 28.0.0.0 (Armonk, NY, USA).

The data used for this study were deidentified patient data 
and were thus exempt from the Institutional Review Board 
process. This study was conducted in compliance with all the 
applicable institutional ethical guidelines for care and welfare.

Results

A total of 1,326,230 cases of MASLD/MASH were identified. 
Average age of the population was 53.75 years, and females 
comprised 52% of the cohort. Older age (P < 0.0001) and fe-
male gender (AOR = 1.303, P <0.001) were associated with 
higher risk of development of HCC. Additionally, the Asian 
population (AOR = 1.135, P = 0.01) had the highest risk fol-
lowed by White Americans. Anemia (1.247), leukopenia 
(1.360), hyponatremia (1.389), and hypoalbuminemia (2.041) 
were independently associated with higher risk of HCC (P < 
0.001). Benign liver lesions like focal nodular hyperplasia 
(1.269) and hepatic hemangiomas (1.475) and hepatobiliary 
infections like cholangitis (3.093) and liver abscesses (2.073) 
were also associated with higher risk of HCC in non-cirrhotic 
MASLD/MASH patient population (P < 0.001). Contrary to 
other comorbid conditions and patient factors, autoimmune 
disorders like rheumatoid arthritis (0.679) and systemic lupus 
erythematosus (SLE) (0.456) were associated with lower risk 
of development of HCC in this patient population (P < 0.001).

Discussion

The etiology of HCC is shifting, with MASLD and MASH 
becoming increasingly prominent. While hepatitis B and C 
were once considered the most common causes of HCC, their 
incidence has declined due to vaccination and potent antiviral 
therapies. However, the overall incidence of HCC continues to 
rise, largely driven by the rapidly increasing incidence of MA-
SLD/MASH-related HCC across the globe [8]. In Shanghai, 
age-standardized HCC rates in males decreased from 33.38 

to 17.34 per 100,000, and in females from 11.65 to 5.60 be-
tween 1973 and 2014. At the same time, the global prevalence 
of MASLD rose from 26% in 2005 to 38% in 2016. MASH is 
now the fastest-growing cause of HCC among patients listed 
for liver transplantation in the United States and the cause of 
death globally (+39%) [7, 8].

This shift challenges the traditional understanding of HCC 
risk, where cirrhosis was once considered a prerequisite. Our 
study identified a 1.3% prevalence of HCC in non-cirrhotic 
MASLD/MASH patients (17,495 out of 1,326,230). Previous 
studies have suggested that up to 35% of MASLD-related and 
up to 54% of MASH-related HCC cases occur in patients with-
out cirrhosis, suggesting that current surveillance guidelines 
may be missing a significant proportion of those patients with-
out cirrhosis who are at risk of development of HCC [9-11].

Certain demographic and clinical factors increase the risk 
of HCC in this population. Age emerged as a strong predictor, 
with a mean age of 62 years in HCC compared to 53 years in 
non-HCC patients, consistent with prior research [12]. Inter-
estingly, female sex accounted for 58.4% (OR = 1.301, P < 
0.001) of cases, which contrasts with the conventional under-
standing of male predominance in all cause HCC [13]. The 
biological basis for reported male predominance in HCC is un-
clear but may be driven by estrogen’s protective effect, lower 
adiponectin levels, and upregulation of oncogenic pathways 
such as SRY, CCRK, Foxa, miR-216a, and miR-22 in men.

Although estrogen is thought to offer protective effects 
against MASLD/MASH in premenopausal women, several 
studies have demonstrated a substantial rise in the incidence 
and severity of MASLD/MASH among postmenopausal 
women compared to men [14]. Given that the mean age of pa-
tients with HCC in our cohort was 62 years, this age-related 
hormonal shift may partly explain the higher observed risk of 
MASLD/MASH-related HCC in the female population. Life-
style factors such as alcohol use, smoking, and higher hepatitis 
B and C virus (HBV/HCV) prevalence may further contrib-
ute. In postmenopausal women, this pattern may reverse due 
to the loss of estrogen and rising metabolic risk implicated in 
increased hepatic inflammation, lipid accumulation, and fibro-
sis progression, which could predispose women to HCC [15]. 
Additionally, whole-exome sequencing studies have identi-
fied polymorphisms in the ALPK2 and Wnt/β-catenin sign-
aling pathways that are more frequently expressed in female 
MASLD patients, potentially accelerating tumorigenesis [16]. 
However, females have been observed to have better survival 
outcomes compared to males post locoregional therapy or re-
section, with smaller tumor size at diagnosis and low risk for 
portal vein thrombosis or renal dysfunction [11, 17].

Race and ethnicity also played a significant role in HCC 
risk in our study. Among non-cirrhotic MASLD/MASH pa-
tients, Asian patients had the highest likelihood of develop-
ing HCC, with an odds ratio (OR) of 1.875 (P < 0.001). This 
was followed by White patients, who showed a modest but 
significant increased risk (OR = 1.052, P = 0.002). In contrast, 
African American and Hispanic patients had lower odds of de-
veloping HCC compared to White patients, with OR of 0.781 
(P < 0.001) and 0.849 (P < 0.001), respectively.

Several metabolic and laboratory markers also showed 
strong associations with HCC risk. DM was a significant pre-
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Table 1.  Clinical Characteristics and Outcomes of Non-Cirrhotic Patients With MASLD/MASH (Univariate Analysis)

Variables N = 1,326,230 (n (%) or mean (SD))
Age 53.75 (15.601)
Gender (female) 689,670 (52.0%)
Race
    White/Caucasian 860,645 (66.5%)
    African American/Black 143,005 (11.1%)
    Hispanic 205,650 (15.9%)
    Asian 31,505 (2.4%)
Lab abnormalities
    Anemia 116,905 (8.8%)
    Leukopenia 9,145 (0.7%)
    Thrombocytopenia 86,445 (6.5%)
    Hyponatremia 161,470 (12.2%)
    Hypoalbuminemia 18,155 (1.4%)
Benign liver lesions
    Hepatic adenoma 545 (0.0%)
    FNH 13,685 (1.0%)
    Liver hemangioma 4,365 (0.3%)
Comorbidities
    HTN 613,645 (46.3%)
    DM 200,605 (15.1%)
    HLD 477,685 (36.0%)
    AFIB/AFL 126,170 (9.5%)
    Liver abscess 1,785 (0.1%)
    Cholelithiasis 59,385 (4.5%)
    Cholecystitis 9,785 (0.7%)
    Cholangitis 1,850 (0.1%)
    Pancreatitis 54,330 (4.1%)
    Gastritis 44,275 (3.3%)
    H. pylori infection 4,120 (0.3%)
    C. diff infection 19,275 (1.5%)
    Stroke 5,520 (0.4%)
    Dementia 17,830 (1.3%)
    COPD 109,775 (8.3%)
    CKD 36,395 (2.7%)
    Diverticulosis 27,190 (2.1%)
Autoimmune disorders
    RA 25,215 (1.9%)
    SLE 9,305 (0.7%)
    Sjogren’s syndrome 3,490 (0.3%)
    Scleroderma 840 (0.1%)
    Hashimoto thyroiditis 3,615 (0.3%)

MASLD: metabolic dysfunction-associated steatotic liver disease; MASH: metabolic dysfunction-associated steatohepatitis; SD: standard deviation; 
FNH: focal nodular hyperplasia; HTN: hypertension; DM: diabetes mellitus; HLD: hyperlipidemia; AFIB/AFL: atrial fibrillation/atrial flutter; H. pylori: 
Helicobacter pylori; C. diff: Clostridium difficile; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; RA: rheumatoid arthri-
tis; SLE: systemic lupus erythematosus.
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Table 2.  Predictors of Development of HCC in Non-Cirrhotic Patients With MASLD/MASH (Bivariate Analysis)

Variables
Development of hepatocellular carcinoma

Odds ratio/P value
Yes (n = 17,495, 1.3%) No (1,308,735)

Age 62.08 (12.413) 53.64 (15.609) (< 0.0001)
Gender (female) 10,220 (58.4%) 679,450 (51.9%) 1.301 (< 0.001)
Race
    White/Caucasian 11,620 (66.4%) 849,025 (64.9%) 1.052 (0.002)
    African American/Black 1,525 (8.7%) 141,480 (10.8%) 0.781 (< 0.001)
    Hispanic 2,380 (13.6%) 203,270 (15.5%) 0.849 (< 0.001)
    Asian 760 (4.3%) 30,745 (2.3%) 1.875 (< 0.001)
Lab abnormalities
    Anemia 2,150 (12.3%) 114,755 (8.8%) 1.458 (< 0.001)
    Leukopenia 150 (0.9%) 8,995 (0.7%) 1.250 (0.007)
    Thrombocytopenia 1,270 (7.3%) 85,175 (6.5%) 1.124 (< 0.001)
    Hyponatremia 2,850 (16.3%) 158,620 (12.1%) 1.411 (< 0.001)
    Hypoalbuminemia 530 (3.0%) 17,625 (1.3%) 2.289 (< 0.001)
Benign liver lesions
    Hepatic adenoma 10 (0.1%) 535 (0.0%) (0.291)
    FNH 275 (1.6%) 13,410 (1.0%) 1.543 (< 0.001)
    Liver hemangioma 80 (0.5%) 4,285 (0.3%) 1.398 (0.003)
Comorbidities
    HTN 8,265 (47.2%) 605,480 (46.3%) 1.040 (0.010)
    DM 3,090 (17.7%) 197,515 (15.1%) 1.207 (< 0.001)
    HLD 6,260 (35.8%) 471,425 (36.0%) (0.512)
    AFIB/AFL 1,675 (9.6%) 124,495 (9.5%) (0.783)
    Liver abscess 60 (0.3%) 1,725 (0.1%) 2.607 (< 0.001)
    Cholelithiasis 895 (5.1%) 58,490 (4.5%) 1.152 (< 0.001)
    Cholangitis 95 (0.5%) 1,755 (0.1%) 4.066 (< 0.001)
    H. pylori infection 65 (0.4%) 4,055 (0.3%) (0.145)
    C. diff infection 225 (1.3%) 19,050 (1.5%) (0.063)
    Stroke 65 (0.4%) 5,455 (0.4%) (0.355)
    Dementia 240 (1.4%) 17,590 (1.3%) (0.751)
    COPD 1,540 (8.8%) 108,235 (8.3%) 1.071 (0.011)
    CKD 690 (3.9%) 35,705 (2.7%) 1.464 (< 0.001)
    GI bleed 180 (1.0%) 12,425 (0.9%) (0.282)
    Diverticulosis 460 (2.6%) 26,730 (2.0%) 1.295 (0.001)
Autoimmune disorders
    RA 280 (1.6%) 24,935 (1.9%) 0.837 (0.003)
    SLE 50 (0.3%) 9,255 (0.7%) 0.402 (< 0.001)
    Sjogren’s syndrome 45 (0.3%) 3,445 (0.3%) (0.877)
    Scleroderma 10 (0.1%) 830 (0.1%) (0.744)
    Hashimoto thyroiditis 60 (0.3%) 3,555 (0.3%) (0.072)

HCC: hepatocellular carcinoma; MASLD: metabolic dysfunction-associated steatotic liver disease; MASH: metabolic dysfunction-associated steato-
hepatitis; FNH: focal nodular hyperplasia; HTN: hypertension; DM: diabetes mellitus; HLD: hyperlipidemia; AFIB/AFL: atrial fibrillation/atrial flutter; H. 
pylori: Helicobacter pylori; C. diff: Clostridium difficile; COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; GI: gastrointes-
tinal; RA: rheumatoid arthritis; SLE: systemic lupus erythematosus.
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dictor, supporting evidence that hyperinsulinemia, chronic in-
flammation, and hepatic lipotoxicity contribute to carcinogen-
esis even without cirrhosis [18]. Hypoalbuminemia, anemia, 
hyponatremia, and leukopenia were also associated with HCC 
risk, though their roles remain less clearly defined. Beyond 
metabolic factors, biliary and infectious processes appeared to 
play an important role in liver cancer development. Patients 
with a history of cholangitis had a markedly higher risk of 
HCC, with an OR > 4.0. Liver abscess was also independently 
associated with HCC, raising the possibility that hepatic in-
flammation and microbiome alterations contribute to malig-
nant transformation [19]. Though not typically associated with 
development into HCC, benign liver lesions such as focal 

nodular hyperplasia (OR = 1.543, P < 0.001) and liver heman-
giomas (OR = 1.398, P = 0.003) were found to coexist more 
commonly in patients who developed HCC. While causality 
cannot be established, this finding may suggest vulnerability 
from pre-existing hepatic structural abnormalities, early imag-
ing misclassification or simply more imaging in these patient 
populations leading to earlier diagnosis of HCC. To our sur-
prise, autoimmune disorders like rheumatoid arthritis and SLE 
were protective against development of HCC. This interaction 
may be very complex and needs to be further investigated with 
prospective studies and randomized clinical trials. Zhang et al 
have shown decreased incidence of HCC in rheumatoid arthri-
tis patients [20]. Steroids like dexamethasone have also shown 

Table 3.  Odds of Development of HCC in Non-Cirrhotic MASLD/MASH Patients in Bivariate and Multivariate Analysis (Multivariate 
Logistic Regression Analysis)

Variables
Bivariate analysis Multivariate analysis

Crude OR P value Adjusted OR P value
Age (< 0.0001) < 0.0001
Gender (female) 1.301 (< 0.001) 1.303 < 0.001
Race
    White/Caucasian 1.052 (0.002) 0.670 < 0.001
    African American/Black 0.781 (< 0.001) 0.609 < 0.001
    Hispanic 0.849 (< 0.001) 0.716 < 0.001
    Asian 1.875 (< 0.001) 1.135 0.012
Lab abnormalities
    Anemia 1.458 (< 0.001) 1.247 < 0.001
    Leukopenia 1.250 (0.001) 1.360 < 0.001
    Thrombocytopenia 1.124 (< 0.001) 1.031 0.310
    Hyponatremia 1.411 (< 0.001) 1.389 < 0.001
    Hypoalbuminemia 2.289 (< 0.001) 2.041 < 0.001
Benign liver lesions
    FNH 1.543 (< 0.001) 1.269 < 0.001
    Liver hemangioma 1.398 (0.003) 1.475 0.001
Comorbidities
    HTN 1.040 (0.010) 0.934 < 0.001
    DM 1.207 (< 0.001) 1.114 < 0.001
    Liver abscess 2.607 (< 0.001) 2.073 < 0.001
    Cholelithiasis 1.152 (< 0.001) 0.976 0.499
    Cholangitis 4.066 (< 0.001) 3.093 < 0.001
    COPD 1.071 (0.011) 0.827 < 0.001
    CKD 1.464 (< 0.001) 1.072 0.088
    Diverticulosis 1.295 (0.001) 1.008 0.864
Autoimmune disorders
    RA 0.837 (0.003) 0.679 < 0.001
    SLE 0.402 (< 0.001) 0.456 < 0.001

HCC: hepatocellular carcinoma; MASLD: metabolic dysfunction-associated steatotic liver disease; MASH: metabolic dysfunction-associated steato-
hepatitis; FNH: focal nodular hyperplasia; HTN: hypertension; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; CKD: chronic 
kidney disease; RA: rheumatoid arthritis; SLE: systemic lupus erythematosus.
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anti-tumorigenic properties in rat models [21]. Steroids are one 
of the most common drugs used in these autoimmune diseases. 
Also in our study, liver abscess and cholangitis had increased 
risk of HCC, suggesting a potential role of chronic inflamma-
tion in the development of HCC, which is common in autoim-
mune diseases as well.

This study has significant clinical implications, particu-
larly for HCC screening and surveillance. Current guidelines 
focus almost exclusively on cirrhotic patients, leaving a sub-
stantial proportion of non-cirrhotic MASLD/MASH patients 
at risk but undetected [22]. Given the increasing burden of 
MASLD and its potential to progress to liver cancer even in the 
absence of fibrosis, it is critical to reconsider how HCC risk is 
assessed in these patients. Noninvasive biomarkers, advanced 
imaging modalities, and risk stratification tools incorporating 
metabolic and inflammatory markers may help refine early de-
tection efforts [23].

There are some limitations to our study. The retrospective 
nature of the study and use of ICD-10 codes rely a lot on physi-
cian documentation and coding. The casual association of the 
significant predictors and HCC cannot be established. It is pos-
sible that a subset of patients may have had underlying liver cir-
rhosis that was not clinically recognized at the time of coding, 
which could have influenced certain outcomes. Our study has 
several significant strengths on the other end. We have used a 
large sample size that increases the external validity of the study. 
We have also used several predictors and variables with the ex-
clusion of significant confounders making our study reliable.

Conclusions

In conclusion, this study provides evidence that HCC can de-
velop in non-cirrhotic MASLD/MASH patients, particularly 
those with older age, female sex and patients with diabetes, hy-
poalbuminemia, and a history of biliary infections. These find-
ings highlight an urgent need to shift from a cirrhosis-centric 
approach to a more comprehensive, risk-based HCC screening 
model, especially since MASLD/MASH is now the most com-
mon and fastest-growing etiology of HCC around the globe. Fu-
ture research should focus on refining algorithms, integrating 
sex-specific risk factors, and developing surveillance strategies 
to ensure early detection and improved outcomes in this vulner-
able population to curb the global epidemic of MASLD/MASH 
and thus HCC. While noninvasive tools such as the MELD and 
Child-Pugh scores are widely used to predict outcomes in pa-
tients with liver cirrhosis [24], there remains a lack of validated 
predictive models for patients without cirrhosis. Our study iden-
tifies key clinical and laboratory predictors that could serve as 
the foundation for developing a risk-based model to estimate 
HCC risk in non-cirrhotic MASLD/MASH patients, thereby 
enabling timely surveillance, facilitating early detection, and 
potentially preventing progression to advanced HCC.
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