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Abstract
Cirrhosis is an emerging major cause of the development of hepatocellular 
carcinoma (HCC), but in non-alcoholic fatty liver disease (NAFLD), up to 50% of 
patients with HCC had no clinical or histological evidence of cirrhosis. It is 
currently challenging to propose general recommendations for screening patients 
with NAFLD without cirrhosis, and each patient should be evaluated on a case-
by-case basis based on the profile of specific risk factors identified. For HCC 
screening in NAFLD, a valid precision-based screening is needed. Currently, 
when evaluating this population of patients, the use of non-invasive methods can 
guide the selection of those who should undergo a screening and surveillance 
program. Hence, the objective of the present study is to review the epidemiology, 
the pathophysiology, the histopathological aspects, the current recommendations, 
and novel perspectives in the surveillance of non-cirrhotic NAFLD-related HCC.
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Core Tip: Cirrhosis is an emerging major cause of the development of hepatocellular carcinoma (HCC), but 
in non-alcoholic fatty liver disease (NAFLD), up to 50% of patients with HCC had no clinical or 
histological evidence of cirrhosis. In the present study, we evaluated data regarding the epidemiology, the 
pathophysiology, the histopathological aspects, the current recommendations, and novel perspectives in 
the surveillance of non-cirrhotic NAFLD-related HCC. We believe that using non-invasive methods can 
guide the selection of patients who need to undergo screening and a surveillance program.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has been traditionally defined by the evidence of hepatic 
steatosis by imaging or histology and by the lack of secondary causes of hepatic fat accumulation such 
as significant alcohol consumption, long-term use of steatogenic medications, hereditary disorders and 
other causes of chronic liver diseases[1]. Recently, there has been a proposal to rename NAFLD to 
metabolic associated fatty liver disease (MAFLD), thus eliminating the need to exclude other causes of 
liver diseases and adopting inclusive criteria according to coexistence with other liver diseases[2]. The 
diagnosis of MAFLD is based on histological, imaging or blood biomarker evidence of fat accumulation 
in the liver (steatosis) in addition to one of the following criteria, namely overweight/obesity, type 2 
diabetes mellitus (DM) or evidence of metabolic dysregulation[2].

NAFLD is a well-known cause of chronic liver disease, compromising more than 25% of the global 
population, and up to 25% may have nonalcoholic steatohepatitis (NASH) with or without fibrosis. 
NASH with fibrosis is the most active form of disease which is associated with significant morbidity and 
mortality due to complications of liver cirrhosis, hepatic decompensation, and hepatocellular carcinoma 
(HCC)[3].

Cirrhosis is an emerging major cause of the development of HCC, but in NAFLD, up to 50% of 
patients with HCC had no clinical or histological evidence of cirrhosis[4-6].

NAFLD and the components of metabolic syndrome, especially obesity and DM, are independently 
associated with HCC development and contribute to the risk of HCC in a non-cirrhotic liver[7,8]. Non-
cirrhotic NAFLD patients have a 2.5-fold higher risk of developing HCC than other etiologies of chronic 
liver disease without cirrhosis[9].

The objective of the present study is to review the epidemiology, the pathophysiology, the histopath-
ological aspects, the current recommendations and novel perspectives in the surveillance of non-
cirrhotic NAFLD-related HCC.

EPIDEMIOLOGY OF NAFLD-RELATED HCC
Liver cancer, most of which corresponds to HCC[10,11], ranks sixth among the most common 
malignancies and second among the leading causes of cancer-related death worldwide. HCC affected 
11.6/100000 individuals in 2020, leading to a mortality rate of 10.7/100000[12]. Remarkably, despite 
major advances in the treatment of viral hepatitis, it is estimated that the incidence rate of liver cancer 
will keep increasing until 2030, which can be partly explained by a striking increase in the incidence of 
NAFLD-related HCC[13].

NAFLD affects approximately one-fourth of individuals in the world[14], reinforcing its importance 
in the etiology of HCC[15]. In 2019, 36300 new cases of HCC and 34700 HCC-related deaths were 
attributed to NAFLD[16]. The increasing burden of NAFLD will probably lead to a growth in the age-
standardized incidence rate of NAFLD-related liver cancer, with an estimated average percentage 
change of 2.12 between 2018 and 2030[13]. The growing importance of NAFLD as a cause of HCC 
becomes apparent when two cohorts from South America, a continent with a high prevalence of 
NAFLD, are compared. While from 2005 to 2015, 9% of HCC cases were attributed to NAFLD[17], 34% 
of cases were associated with NAFLD from 2019 to 2020[18].

Most cases of HCC develop in cirrhotic livers. Nevertheless, it is noteworthy that HCC may also 
occur in NAFLD without cirrhosis[15,19-21]. Aside from cirrhosis, diabetes and other metabolic traits, 
older age, male sex, alcohol consumption and tobacco smoking also seem to be risk factors for 
developing HCC in patients with NAFLD[10,22-24]. In cirrhosis associated with NAFLD, the annual 
incidence of HCC is reported as 0.5% and 2.6%[25,26].

https://www.wjgnet.com/1007-9327/full/v29/i2/343.htm
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In a large retrospective cohort study of European primary care databases, including 136703 patients 
with NAFLD and matched controls, the incidence rate of HCC was 0.3 per 1000 person-years among 
individuals with NAFLD, which was significantly higher than among controls, with a hazard ratio of 
3.51. The risk of developing HCC was higher according to the Fibrosis-4 (FIB-4) score, which might 
reflect the odds of having cirrhosis[22].

In another retrospective cohort study performed using a large American administrative database, 
including 296707 individuals with NAFLD and an equal number of matched controls, HCC was 
diagnosed in 490 patients with NAFLD and 55 controls. This translated into an annual incidence rate of 
HCC of 0.21 cases per 1000 person-years among individuals with NAFLD, which was significantly 
higher than among controls (0.02 cases per 1000 person-years). In a subgroup analysis, the annual 
incidence rate of HCC was 10.6 per 1000 person-years among individuals with cirrhosis, 0.08 per 1000 
person-years among those with NAFLD without cirrhosis and 0.02 per 1000 person-years among 
controls[27]. Nonetheless, the study had substantial methodological limitations, especially regarding 
misclassification risks and lack of database granularity. Therefore, its results should be interpreted with 
caution.

Regarding non-cirrhotic HCC, a meta-analysis has demonstrated that around 38% of NAFLD-related 
HCCs are diagnosed in individuals without cirrhosis[9]. However, it should be emphasized that the risk 
of liver cancer is substantially higher in patients with NAFLD and cirrhosis when compared to those 
without cirrhosis. A recent meta-analysis found an incidence of 3.78 vs 0.03/100 person-years in patients 
with non-cirrhotic NAFLD[28].

Table 1 shows the studies that evaluated the incidence/prevalence of HCC and risk factors in patients 
with NAFLD without cirrhosis.

PATHOPHYSIOLOGY OF NAFLD-RELATED HCC
The pathophysiology and etiology of NASH progression to HCC are not entirely known, and many 
mechanisms have been proposed. Neoplastic transformation of NAFLD is driven by metabolic 
imbalance, lipotoxicity consequent to hepatocyte lipid overload, oxidative stress and immunological 
aspects, whereas many other factors such as genetic markers, gut dysbiosis and alcohol or tobacco abuse 
may interact as risk modifiers[29].

Genetic factors
Three main single-nucleotide polymorphisms (SNPs) have been described as associated with a higher 
risk of steatosis, fibrosis and even HCC, Patatin-like phospholipase domain-containing 3 (PNPLA3), 
membrane-bound o-acyltransferase domain-containing 7 (MBOAT7), and transmembrane 6 superfamily 
member 2 (TM6SF2) genes[30].

The variant in the PNPLA3 gene is the strongest genetic variant predisposing from fatty liver to HCC, 
and its frequency ranges from 17% to 49% according to ethnicity and the geographic distribution of 
NAFLD[31]. This variant codifies adiponutrin, a protein responsible for the export of lipids from the 
liver. The substitution of a single nucleotide (from isoleucine to methionine – I148M) modifies the 
function of adiponutrin, leading to the accumulation of triglycerides, retinyl esters in lipid droplets in 
both hepatocytes and hepatic stellate cells, leading to fibrogenesis and tumorigenesis. Patients with at 
least one G allele, primarily those with GG homozygosis, have a higher risk of developing steatosis, 
fibrosis and HCC[32]. A subgroup analysis from a systematic review involving 9915 patients showed an 
association between the PNPLA3 rs738409 SNP and HCC among patients with NASH or alcohol-related 
cirrhosis with an odds ratio of 1.67 and a 95% confidence interval of 1.27-2.21, but not among patients 
with cirrhosis of other etiologies[33].

Studies investigating MBOAT7 association with HCC are scarce. In a cohort of 765 Italian patients 
with NAFLD, especially those without advanced fibrosis, the MBOAT7 rs641738 variant was strongly 
associated with HCC. On the other hand, it showed no association with HCC in a validation cohort of 
358 patients with NAFLD without cirrhosis in the United Kingdom[34].

TM6SF2 polymorphism is also associated with increased liver fat content in NASH, advanced hepatic 
fibrosis and cirrhosis. TM6SF2 variants have a moderate to significant effect on the risk of NAFLD. 
Additionally, the E167K allele has an allelic odds ratio of 1.82 for steatosis[30]. Whether or not the 
variant is associated with an increased risk of NAFLD-related fibrosis and HCC remains to be 
determined.

Recently, the odd-skipped related transcription factor 1 (Osr1) has been reported as a novel tumor 
suppressor gene, as well as a potential prognostic biomarker in gastric cancer. Some authors suggest 
that Osr1 plays an essential role in regulating cell survival, cell inflammation, and macrophage 
migration in the liver. Accordingly, Osr1 was identified as a novel repressor gene in the progression of 
NAFLD/NASH[35]. So far, the role of Osr1 in the progression of NAFLD towards HCC development is 
not established.

Human telomerase reverse transcriptase (hTERT) mutations are associated with familial liver 
diseases. Telomere length and germline hTERT mutations were evaluated to determine their association 
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Table 1 Studies that included the incidence/prevalence and risk factors for hepatocellular carcinoma in non-alcoholic fatty liver disease 
without cirrhosis

Ref. Study design Aim Number of patients Results and conclusion

Mohamad et 
al[5], 2016

Retrospective To characterize patients with 
NAFLD and HCC comparing 
cirrhotic vs non-cirrhotic patients

All patients with 
NAFLD and HCC 
between 2003-2012 (n 
= 83)

36 (43.4%) NAFLD HCC non-cirrhotic vs 47 (56.6%) 
NAFLD HCC cirrhotic patients. HCC patients without 
cirrhosis are more likely to present at an older age with 
larger tumor and higher rates of tumor recurrence

Piscaglia et 
al[6], 2016

Multicenter 
observational 
prospective

To assess the clinical features of 
patients with NAFLD-related HCC 
and to compare to those with HCV 
related HCC

N = 756 (145 NAFLD 
vs 611 HCV)

Cirrhosis was present in about 50% of NAFLD-HCC 
patients, in contrast to the near totality of HCV-HCC. 
Survival was significantly shorter in patients with 
NAFLD-HCC than in those with HCV-HCC (25.5 mo vs 
33.7 mo)

Stine et al
[9], 2018

Systematic 
review with 
meta-analysis

To compare the prevalence of 
NAFLD-related HCC to other 
chronic liver diseases

19 studies (n = 
168571)

The prevalence of NAFLD-related HCC in patients with 
NASH without cirrhosis is approximately 38% 
compared with 14% for other liver diseases

Tobari et al
[24], 2020

Prospective To evaluate the characteristics of 
HCC in non-cirrhotic NAFLD

48 non-cirrhotic HCC 
vs 71 cirrhotic HCC 
patients

In patients with non-cirrhotic NAFLD, important risk 
factors for HCC were male gender, alcohol 
consumption, and the FIB-4 index. HCC recurrence and 
survival were only influenced by the tumor stage

Kanwal et al
[27], 2018

Retrospective To estimate the risk of incident HCC 
among patients with NAFLD

296707 NAFLD vs 
296707 matched 
controls

NAFLD individuals with cirrhosis had the highest 
annual incidence of HCC. 20% of NAFLD patients with 
HCC had no evidence of cirrhosis. The absolute risk of 
HCC in patients without cirrhosis is too low to 
recommend HCC surveillance

Orci et al
[28], 2022

Systematic 
review with 
meta-analysis

Evaluate the pooled HCC incidence 
in patients with NAFLD at distinct 
severity stages

18 studies (470404 
individuals)

Evidence documenting the risk in patients with NASH 
or simple steatosis is limited, but the incidence of HCC 
in these populations may lie below thresholds used to 
recommend a screening (0.03 per 100 person-years)

Donati et al
[34], 2017

Sectional To evaluate whether the MBOAT7 
rs641738 risk T allele predisposes to 
HCC in NAFLD patients stratified by 
the presence of severe fibrosis

765 Italian NAFLD 
patients

The MBOAT7 rs641738 T allele is associated with 
reduced MBOAT7 expression and may predispose to 
HCC in patients without cirrhosis

Demirtaş et 
al[71], 2021

Retrospective To investigate the characteristics and 
survival course of non-cirrhotic 
individuals with HCC

N = 384 HCC; 43 
(11.2%) without 
cirrhosis; 10 (23%) 
with NAFLD

HCC in non-cirrhotic liver is diagnosed at more 
advanced stage and with larger tumor size. The overall 
survival is shorter in HCC without cirrhosis, due to late 
recognition

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; MBOAT7: 
Membrane-bound o-acyltransferase domain-containing 7.

with NAFLD-HCC. The authors observed an association between shorter peripheral blood telomeres 
and NAFLD-HCC development and found that rare germline mutations in hTERT predispose NAFLD 
progression to HCC, potentially assisting the identification of high-risk individuals[36].

Metabolic imbalance
Insulin resistance (IR) is the key pathogenic event associated with the development of hepatic steatosis 
and is also related to the development of HCC[37].

Hyperinsulinemia can promote the synthesis and activity of insulin-like growth factor-1, inhibiting 
cell proliferation and apoptosis[38], which increases the risk of hepatocellular carcinogenesis. 
Hyperglycemia provides a substrate for energy metabolism in tumor cells and leads to a glycosylation 
reaction activating the inflammatory signaling cascades and generating reactive oxygen species (ROS) to 
induce HCC development[39]. IR may also directly accelerate hepatocarcinogenesis by stimulating 
hepatic neovascularization[40].

These events affect cell growth by inducing the transcription of the protooncogenes, so fibrosis and 
carcinogenesis are promoted in the liver. Additionally, hyperinsulinemia increases hepatic lipid 
accumulation and leads to oxidative stress due to the increased beta-oxidation of free fatty acids and the 
formation of ROS. There is positive feedback between oxidative stress in mitochondria and endoplasmic 
reticulum (ER) through ER stress, further contributing to cell injury and carcinogenesis in NASH. In 
contrast to insulin-mediated apoptosis inhibition, hepatic lipotoxicity activates proapoptotic cell signals. 
Another recently discovered mechanism involves the association between lipolysis and autophagy, with 
conflicting evidence due to its double-natured, divergent role in NASH-associated HCC[41].

Lipotoxicity
Lipotoxicity is the dysregulation of intracellular lipid components resulting in the accumulation of 
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harmful lipids, which are associated with cellular damage and death[42]. Lipotoxicity causes cellular 
damage as lipids alter the biology and function of intracellular organelles, such as the ER and 
mitochondria. Also, a direct modification of intracellular signaling pathways may occur, deregulating 
the metabolic and inflammatory pathways[43].

The ER is an intracellular organelle that engages in many critical cellular processes, including folding 
membranes and secreted proteins, synthesizing lipids and sterols, and storing free calcium. Disturbance 
of any of these processes results in stress on the ER and interrupts the protein folding process. When ER 
stress cannot be restored, the apoptotic pathway is stimulated, leading to cell death to eliminate the 
stressed cells[44].

ER stress is linked to the development and progression of liver inflammation. Because it is a crucial 
mediator of liver inflammation, the immunoglobulin protein promotes the inflammatory response 
associated with NASH[45]. ER stress has been identified as a mediator of NAFLD-promoted HCC in 
vitro. Also, enhanced ER stress increases tumor necrosis factor production by macrophages, leading to 
tumor formation[46].

Oxidative stress
Oxidative stress results from an imbalance between the excessive formation of prooxidants (ROS and/or 
reactive nitrogen species) and limited antioxidant defenses, leading to cell death and tissue damage[47].

In NAFLD, there are some mechanisms for producing mitochondrial ROS. Thus, mitochondrial 
dysfunction and ROS production are exacerbated. In this context, some hepatocytes may develop 
adaptive cell survival and proliferation mechanisms that promote precancerous transformation and/or 
tumor growth[48].

Immunological aspects
During the progression of NAFLD from steatosis to NASH and more advanced stages of NASH with 
liver fibrosis, the immune system plays an important role. There are inflammation triggers within 
hepatic (lipid overload, lipotoxicity, oxidative stress) and extra-hepatic systems (gut-liver axis, adipose 
tissue, skeletal muscle), resulting in unique immune-mediated pathomechanisms in NAFLD[49].

Immune cells play a role in hepatocarcinogenesis through processes that are independent of fibrosis. 
Hepatocyte damage promotes neutrophil infiltration in the liver, resulting in DNA damage to other 
hepatocytes and promoting HCC development without fibrosis. Furthermore, lymphoid aggregates are 
often present in the setting of chronic inflammation. Additionally, the selective loss of CD4+ T 
lymphocytes occurs, which was shown to be critical for the progression of HCC[41].

Although immunological response can promote HCC, the immune system also plays an important 
role in suppressing tumor growth through immunosurveillance. Furthermore, HCC actively promotes 
tumor tolerance by inducing immunosuppression, and the fibrotic microenvironment leads to the 
overproduction of transforming growth factor beta, a potent immunosuppressant, thereby promoting 
disease progression[41].

Microbiota
Increased gut permeability and altered microbiome composition are associated with NAFLD and its 
disease severity, contributing to hepatocarcinogenesis[50].

The gut microbiota has been described as a cofactor in liver disease progression and in the 
development of HCC through the interaction with immune compartments via the gut–liver axis. 
Dysbiosis characterizes the microbiota of patients with NAFLD-cirrhosis, with compositional and 
functional shifts occurring with HCC development. It has been suggested that the gut microbiota in 
NAFLD-HCC is characterized by a distinctive microbiome/metabolomic profile and can modulate the 
peripheral immune response[50]. Human metagenomic data support an emerging core microbiome 
signature that characterizes NAFLD-cirrhosis, with increased Ruminococcus gnavus, Clostridium bolteae, 
Streptococcus parasanguinis, and Klebsiella pneumoniae, and a reduced number of beneficial species, 
including Faecalibacterium prausnitzii, Alistipes putredinis, and Eubacterium eligens. Furthermore, Veillonella 
parvula and Bacteroides caecimuris are also identified to distinguish NAFLD-HCC from NAFLD-cirrhosis. 
In agreement with these findings, rRNA analyses of patients with NAFLD-HCC have detected 
enrichment in Bacteroides and Ruminococcaceae, which correlated with several systemic inflammatory and 
immune markers[51]. Ren et al[52] also observed a decrease in butyrate-producing bacterial families, 
namely Ruminococcus, Oscillibacter, Faecalibacterium, Clostridium IV, and Coprococcus in patients with 
HCC.

Increased intestinal permeability, intestinal bacterial overgrowth and elevated serum endotoxin have 
been reported in NAFLD and NAFLD-HCC[53]. Endotoxemia-induced toll-like receptor 2 induction 
leads to cyclooxygenase-2 (COX2) mediated prostaglandin E (PGE) production, which suppresses 
antitumor immunity by inhibiting antitumor cytokine production from liver immune cells leading to 
HCC progression in a mouse model. In human non-cirrhotic NAFLD-related HCC, COX2 overex-
pression and excess PGE production are detected. Although these findings suggest that hepatocellular 
inflammation may be secondary to altered intestinal permeability and translocation of either intact 
bacteria or microbial cell components into the circulation, the causal link between them is not entirely 
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clarified[53,54].

Other factors
Many factors have been associated with the potential to increase the risk of HCC in NAFLD, such as 
male gender, older age, ethnicity, presence of type 2 DM, obesity, any degree of alcohol consumption 
and smoking[27,55].

Among these, risk factors for NAFLD-related HCC, which have long been recognized, are male sex, 
older age and Latino ethnicity[56]. Kanwal et al[27] described in a large cohort study involving 296707 
patients with NAFLD that age above 65 years was an independent risk factor for HCC. It was more 
often identified in men and was higher in Hispanic individuals compared to white (0.21 per 1000 
patient-years) and African American individuals (0.12 per 1000 patient-years)[27].

Clinical variables such as diagnosis of type 2 DM and obesity are also significant risk factors among 
patients with NAFLD. They can act independently or jointly with NAFLD to increase the risk of HCC 
development[56]. Type 2 DM doubled the risk of developing this outcome[19]. DM is a recognized risk 
factor for HCC regardless of the etiology of liver disease, and some authors suggest that DM has the 
strongest association with HCC[57], being related to the duration of DM and adequate glycemic control
[58]. On the other hand, it is unclear if the correlation between DM and HCC in patients without 
cirrhosis applies, as a recent study evaluating the differences between cirrhotic and non-cirrhotic HCC 
in NAFLD found an inverse association between DM and HCC in the non-cirrhotic group, emphasizing 
that non-cirrhotic HCC tended to occur in older patients and those with a lower body mass index[59].

Obese patients with cirrhosis were 47 times more likely to have HCC than persons without liver 
disease, and there is strong evidence that obesity impacts HCC development and promotes an increase 
in mortality, especially in those with early age onset and the presence of visceral fat[58].

Obesity is a well-known risk factor for many cancers but is significantly linked to liver cancer[60]. A 
study from the Mayo Clinic has shown that the diagnosis of type 2 DM increased the risk of HCC by 
fourfold. Therefore, it is recommended that type 2 DM in every individual with NAFLD should be 
investigated due to its association with more advanced disease and increased risk of HCC[61].

Alcohol consumption is independently associated with a higher risk of HCC in individuals with 
NAFLD[62]. Some studies suggest that the increased risk would apply only to those with heavy alcohol 
use (e.g., > 50 g/d or ≥ 3 drinks/d or ≥ 7 drinks/d), better supporting the recent definition of MAFLD 
instead of NAFLD. The additive effect of alcohol in those with NAFLD might explain the increase of 
HCC in this specific group[63].

The study by Ascha et al[64] suggested that any degree of alcohol consumption may increase the risk 
of HCC occurrence in patients who, by the classic definition, do not have a significant intake. The 
deleterious effects of continuous and excessive ethanol intake on the liver are well established; however, 
there is uncertainty regarding the impact of mild to moderate ethanol consumption[65].

In the same way, elevated alanine aminotransferase has been proposed as an independent factor 
associated with an increased HCC risk[65].

Environmental factors such as tobacco smoking are associated with insulin resistance, the 
development of NAFLD and liver cancer. Current and former smoking is associated with a 70% and 
40% increased risk of liver cancer, respectively[66]. Similarly, in a meta-analysis of 81 studies, the pooled 
odds ratios for HCC development were 1.55 in current smokers vs 1.39 in former smokers[67]. 
Currently, there is no specific data on the risk of smoking in NAFLD-related HCC.

Many studies[22,27,54,57,64,65,68] have assessed the risk of HCC or other liver complications in 
patients with non-cirrhotic NAFLD, but they have many limitations. Most of them were retrospective 
and heterogeneous in terms of the inclusion criteria; did not have data on liver fibrosis stages; or had a 
short follow-up to assess complex outcomes such as HCC or complications of cirrhosis. In addition, 
most of them had relatively few cases of HCC diagnosed.

HISTOPATHOLOGICAL ASPECTS OF NAFLD-RELATED HCC
Patients with NAFLD and HCC without cirrhosis have larger tumors, but more often, they have well-
differentiated tumors and a single nodule compared to those with cirrhosis[59,69,70]. On the other hand, 
due to late diagnosis, some cases have a higher rate of vascular invasion and extra-hepatic metastasis
[71]. Frequently, the nontumor liver has significant steatosis and histological findings of steatohepatitis
[72] (Figure 1).

Paradis et al[69], studying patients with HCC and metabolic risk factors, demonstrated that the 
neoplasia in 5 of 31 patients with NASH without cirrhosis developed on a preexisting liver cell 
adenoma.

Approximately 90% of HCCs are the conventional subtype, but patients with NAFLD with or without 
cirrhosis or patients with metabolic risks can present a histological subtype of HCC identified as a 
steatohepatitis-related variant[73]. Macroscopically, the nodule is golden-yellow in color and slightly 
firm because of steatosis and fibrosis[74].
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Figure 1 Histopathological aspect of a non-alcoholic fatty liver disease-related hepatocellular carcinoma in a non-cirrhotic liver. On the left 
side: Non-cirrhotic liver with steatosis. On the right side: Hepatocellular carcinoma, steatohepatitis variant with steatosis, hepatocellular ballooning and macro-
trabecular arrangement.

The histologic features of this subtype are macrovesicular steatosis, ballooning malignant 
hepatocytes, lymphocytic inflammation, Mallory Denk bodies and pericellular fibrosis, often with a 
“chicken-wire pattern”[75]. More frequently, neoplasia has a trabecular arrangement and minimal 
mitotic activity[74,75].

Regarding immunohistochemistry, a study evaluating 62 cases demonstrated a similarity between 
steatohepatitis HCC in non-cirrhotic livers and inflammatory liver cell adenomas, demonstrating a 
higher expression of C-reactive protein and serum amyloid A[70].

These tumors also have distinct molecular features: They frequently showed IL-6/JAK/STAT 
activation and less often Wnt/β catenin/CTNNB1 and P53 pathway alterations[76].

CURRENT RECOMMENDATIONS ON SURVEILLANCE FOR HCC IN NAFLD
HCC in the setting of NASH is known to occur even in the absence of liver cirrhosis, an event 
previously mainly related to hepatitis B virus infection. Thus, knowing whom to screen for HCC and 
which patient population deserves surveillance is essential.

The objective of screening and surveillance in patients with cirrhosis is to reduce mortality, as this 
patient population will develop HCC. Cost-effectiveness studies suggest that an incidence of 1.5% per 
year or more would warrant HCC surveillance in cirrhotic patients, regardless of etiology[23,77]. Recent 
analysis has confirmed the importance of surveillance in patients with cirrhosis, resulting in longer 
survival[78]. In Brazil, when we performed screening in a population of more than 500 patients with 
cirrhosis, the prevalence of HCC was around 5%[79]. Likewise, when we followed a cohort of 450 
patients with cirrhosis, the estimated cumulative incidence of HCC was 2.6% in the first year, 15.4% in 
the fifth year and 28.8% in the tenth year, demonstrating the relevance of carrying out a surveillance 
program[80].

NAFLD, with or without NASH, is a hepatic manifestation of metabolic syndrome and predisposes to 
HCC in cirrhotic and non-cirrhotic patients. Despite the high prevalence of NAFLD in the general 
population, as previously mentioned, it is believed that the incidence of HCC in these patients with non-
advanced disease is not sufficiently high for a universal surveillance program to be proposed. In a 
systematic review, considering only studies that include patients with or without cirrhosis, the 
incidence of HCC in NAFLD patients with cirrhosis was 15% at 10 years, while the incidence in NAFLD 
patients without cirrhosis was 2.7% and 23 per 100000 person-years[81]. Given the lowest risk of HCC in 
non-cirrhotic livers (approximately 0.1 to 0.8 per 1000 patient-years), the development of cost-effective 
HCC surveillance strategies to identify high-risk NAFLD patients without cirrhosis are needed[58].

Although type 2 DM and obesity have been implicated as independent risk factors for HCC, studies 
establishing a clear link with HCC in non-cirrhotic livers are scarce[82]. Therefore, it becomes essential 
to assess the benefits of predictive models based on clinical data to identify patients with HCC in the 
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population of NAFLD patients without cirrhosis.
Some authors use different tools to stratify patients according to the risk of developing HCC. Thus, 

FIB-4 was evaluated in European databases, including more than 18 million individuals. When the 
NAFLD group was classified according to the FIB-4 score, it was possible to identify which patients 
were at greater risk. When compared to individuals with a FIB-4 score < 1.30, those with a score 
between 1.30 and 2.67 had a risk ratio for HCC of 3.74, and those with a score > 2.67 had a risk ratio for 
HCC of 25.2[22]. Although not accepted by all[27], it is possible that the FIB-4 score can be used in 
selected patients for surveillance.

In a European longitudinal study, Younes et al[83] applied various scores (NAFLD fibrosis score - 
NFS, FIB-4, BARD, APRI) and the Hepamet fibrosis score to predict HCC in 1173 patients with NAFLD 
(75% non-cirrhotic). These patients were followed for a mean period of 81 mo, with 17 patients (1.5%) 
developing HCC. The NFS performed significantly better than the other non-invasive scores (C-index: 
0.901 ± 0.0302; AUROC = 0.889 ± 0.048)[83].

The latest European Association for the Study of the Liver guideline recommends surveillance in 
patients with metabolic syndrome or NASH in the presence of significant fibrosis on histology or 
elastography. However, it is noted that the role of surveillance for NAFLD patients without cirrhosis is 
unclear[84].

Recently, at a meeting of experts, an evidence-based review was performed addressing the risk of 
HCC in patients with NAFLD. This review concluded that NAFLD patients with evidence of advanced 
fibrosis, even when suggested by non-invasive markers, should be considered for HCC screening. Thus, 
the need for surveillance would be indicated when there is an agreement between two non-invasive 
tests with different methodologies (FIB-4 and elastography, for example). These results were endorsed 
by the American Gastroenterological Association[85].

NOVEL PERSPECTIVES IN SURVEILLANCE FOR HCC IN NAFLD
The most validated predictive factor for HCC development in NAFLD is the presence of advanced 
fibrosis. However, many other factors may be considered to identify those at high risk for liver cancer, 
even though we still do not have enough evidence to change HCC surveillance strategies in NAFLD[86].

In addition to surveillance based on imaging and serological methods, mainly ultrasound and alpha-
fetoprotein, there are no scores or predictive models with enough strength to use in the daily 
surveillance of NAFLD-related HCC. The development of novel tools might help risk stratification and 
accurately identify high-risk patients, even those without cirrhosis, leading to individualized 
surveillance strategies.

In future studies, some of these clinical scores should be combined with genetic risk factors for risk 
stratification of patients with NAFLD, since the genetic markers currently available still have 
limitations. As noted, different genetic polymorphisms have varying effects on HCC risks; the 17-β 
hydroxysteroid dehydrogenase 13-HSD17B13, for example, has protective effects, while others such as 
the PNPLA3 (variant I148M) increase HCC risk[58].

The combination of genetic polymorphisms to determine a genetic risk score has shown a low 
accuracy with a sensitivity of 43% and specificity of 79% in the prediction of HCC with an AUROC of 
only 0.65[85]. Moreover, the genetic polymorphisms are not ready to be used in clinical routine due to 
high cost and low availability. Another large study by Bianco et al[87] investigated the polygenic risk 
score (PRS) in a German and an Italian cohort with NAFLD compared to the general population 
regarding the development of HCC. The polygenic risk score (PRS) was composed of TM6SF2-GCKR-
MBOAT7 combined in hepatic fat PRS (PRSHFC), further adjusted for HSD17B13 (PRS-5). This study 
showed a strong association between hepatic fat and HCC. The PRS improved the accuracy of HCC 
detection and may help stratify HCC risk in individuals with dysmetabolism, including those without 
severe liver fibrosis[87].

Also, multiple new panels, including biomarkers such as multiprotein-based and circulating tumor-
derived DNA-based (“liquid biopsy”) panels[88], as well as abbreviated magnetic resonance imaging 
protocols and other imaging-based protocols, are currently under investigation as potential screening 
tests. Studies investigating the accuracy of liquid biopsies are ongoing. Liquid biopsy strategies for 
sampling tumor products in the bloodstream include substances such as circulating tumor cells (CTCs), 
circulating tumor DNA (ct-DNA) and extracellular vesicles (EVs)[88]. CTCs include cells released from 
primary or metastatic tumor sites, CT-DNA consists of DNA from cellular necrosis or apoptosis, and 
EVs are cell membrane-derived particles such as apoptotic bodies, micro-vesicles and exosomes, 
containing molecular cargoes specific to the origin cell with an essential role in cell-to-cell 
communication[88]. Data from a systematic review with 67 studies evaluated liquid biopsy techniques 
for early-stage HCC detection, including studies evaluating CTCs, ct-DNA and EVs. They have shown 
good accuracy for HCC detection, with higher accuracy than alpha-fetoprotein (AFP) for distinguishing 
patients with HCC from controls and the capacity to identify AFP-negative HCC patients. In this study, 
combinations with AFP were superior to AFP alone[62]. When included in a panel, a liquid biopsy was 
also associated with poorer survival (EVs and ct-DNA)[89] and with tumor progression.
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Some blood-based biomarkers, such as lectin-bound AFP (AFP-L3) and des-gamma carboxypro-
thrombin (DCP), have been proposed for detecting HCC in some regions like Japan and are under 
investigation in other countries. Moreover, there is an increased interest in early detection panels using 
multiple combined biomarkers. The best example is GALAD, which combines demographic and clinical 
variables with blood-based biomarkers such as gender, age, AFP, AFP-L3, and DCP[90]. In a multina-
tional case-control study, its sensitivity was 60%–80% for detecting early-stage HCC[90]. The GALAD 
panel was recently evaluated in a case-control study of 125 patients with NAFLD. It showed a similar 
diagnostic performance at a cut-off of -0.63, with a sensitivity and specificity of 68% and 95%, 
respectively, for early-stage HCC[91]. Interestingly, in the prospective study arm, the GALAD score 
identified patients who developed HCC as early as 1.5 years before their diagnosis[91]. However, 
although it is a promising tool, it is not yet available for clinical use since it still needs to be validated in 
phase III and IV studies.

After basic serological tests, elastographic techniques are the cornerstone for NAFLD's non-invasive 
staging of liver fibrosis. Vibration-controlled transient elastography (VCTE) can also assess steatosis 
through the controlled attenuation parameter and is considered the point of care method among 
elastography-related techniques[40]. 2D-Shear wave elastography and point-shear wave elastography 
have the additional capacity to evaluate the macroscopic aspect of the liver and identify nodular lesions 
as patients with NAFLD-related cirrhosis should have an ultrasound every six months to screen for 
HCC. Thus, the elastography evaluation and the evaluation of liver lesions have been studied as 
additional methods for HCC surveillance[92]. A recent study in type 2 DM individuals with NAFLD 
who had VCTE at baseline and were followed for 50 mo has shown that those with liver stiffness > 13 
kPa had a higher incidence of liver decompensation and HCC[93].

Boursier et al[94] evaluated the prognostic significance of liver stiffness in NAFLD. They proposed 
defining a new fibrosis classification stage based on liver stiffness by VCTE categorized in seven 
different classes of liver fibrosis: LSM1 (2.0 to 4.6 kPa), LSM2 (4.6 to 6.1 kPa), LSM3 (6.1 to 8.8 kPa), 
LSM4 (8.8 to 12.0 kPa), LSM5 (12.0 to 18.0 kPa), LSM6 (18.0 to 38.6 kPa) and LSM7 (greater than 38.6 kPa 
to 75 kPa). In this study, overall survival decreased as liver stiffness increased. For instance, overall 
survival for LSM1 in ten years was close to 100%, whereas, for LSM7, it was near 30%. The authors 
evaluated liver-related deaths in this study, not specifically HCC[94]. As a reflection, based on the data 
presented, we could suggest performing elastography in patients with NAFLD, and, when a greater 
liver stiffness is evidenced, they would be selected to join a screening and surveillance program.

CONCLUSION
It is currently challenging to propose general recommendations for screening patients with NAFLD 
without cirrhosis, and each patient should be evaluated on a case-by-case basis based on the profile of 
specific risk factors identified. For HCC screening in NAFLD, a valid precision-based screening is 
needed.

Currently, when evaluating this population of patients, we believe that the use of non-invasive 
methods can guide the selection of patients who will undergo a screening and surveillance program. So 
far, ultrasound with or without AFP is still the screening method of choice and should be used for all 
NAFLD patients with advanced fibrosis. In the future, it is possible that new technologies and liquid 
biopsy methods might add precision in screening these large populations, including those without 
cirrhosis.
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