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Abstract

Hepatocellular carcinoma (HCC) ranks as the sixth most prevalent cancer globally and stands as the third leading cause of cancer-related
fatalities. Over the past few decades, non-viral factors contributing to HCC have become increasingly apparent, with non-alcoholic fatty liver
disease (NAFLD) emerging as the most significant. NAFLD encompasses a spectrum ranging from simple liver fat accumulation in
individuals without excessive alcohol consumption to non-alcoholic steatohepatitis (NASH), which may or may not involve cirrhosis. The
Medline, Pubmed, Embase, NCBI, and Cochrane databases were searched for studies of patients with non-alcoholic fatty liver disease.
Incidence, etiology, and management options were analyzed. As the field progresses, early indications of potentially reduced responsiveness
to immunotherapy for NAFLD-related HCC highlight the need for more frequent and rigorous investigations into non-immune systemic
treatments for this patient subgroup. Furthermore, it is crucial to conduct randomized controlled trials specifically assessing the effectiveness
of immunotherapy in this population. Several considerations must be addressed in such studies, including the precise definition of NAFLD,
metabolic-associated fatty liver disease, or NASH, the diversity within this group encompassing lean NAFLD, metabolic syndrome-related
NAFLD, and other subtypes, as well as the influence of concurrent health conditions and medication profiles.
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INTRODUCTION with NAFLD will soon become a major public health concern

The accumulation of triglycerides in the liver tissue, or and emerge as a leading reason for liver transplantation [4].

steatosis, is the hallmark of non-alcoholic fatty liver disease
(NAFLD). Steatogenic medications or chronic viral hepatitis
are not present, nor is there excessive alcohol usage. It may
develop into non-alcoholic steatohepatitis (NASH), which
may or may not include fibrosis and entails steatosis and liver
inflammation [1].

Epidemiology of HCC Associated with NAFLD

The epidemiology of hepatocellular carcinoma (HCC)
associated with non-alcoholic fatty liver disease (NAFLD)
reveals a strong connection between obesity, diabetes, and the
risk of HCC. Obesity and high body mass index (BMI)
increase the risk of HCC significantly, with obese individuals
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those with a normal BMI [4]. Type 2 diabetes, often linked to
obesity, is also a major risk factor for HCC. Studies have
shown that diabetes can triple the risk of HCC, and there are
synergistic interactions between diabetes and other HCC risk
factors [5].

NAFLD, a liver condition often associated with obesity and
diabetes, has become increasingly common, affecting up to
30% of the general adult population and 90% of morbidly
obese individuals. It is also closely related to insulin
resistance and hyperinsulinemia [6]. In advanced NAFLD,
around 20% of cases progress to steatohepatitis, which carries
a risk of cirrhosis and subsequently, HCC. The prevalence of
HCC in cirrhotic NAFLD remains uncertain, but recent
reports suggest that it may become a leading cause of liver
cancer, especially in developed countries [7]. HCC can also
develop in cases of cryptogenic cirrhosis, where no clear
underlying cause is identified. Recent research suggests that
NAFLD and metabolic syndrome may contribute to these
cases, but they often go unnoticed unless detailed medical
histories are considered.

Thus, the rising prevalence of obesity, diabetes, and NAFLD
is closely linked to an increased risk of HCC, which may
become a leading cause of liver cancer in developed
countries, potentially surpassing other causes like hepatitis C.
Understanding these connections is crucial for early detection
and prevention efforts [8].

Pathogenesis of HCC Associated with NAFLD

The development of hepatocellular carcinoma (HCC) in

cirrhosis is a complex and gradual process that can take

several decades in chronic liver disease. It involves various
molecular mechanisms:

e Chronic Liver Damage: In response to metabolic and
oxidative stress, inflammation, immune responses, and
fibrosis, the liver experiences cycles of damage and
repair, creating an environment favorable for cancer
development.

e Genomic Aberrations: Over time, genetic abnormalities
accumulate as chronic hepatitis progresses to cirrhosis
and eventually to HCC. Initially, epigenetic changes can
lead to abnormal DNA methylation and alterations in
chromatin structure. This can then result in structural
genomic changes such as point mutations, allelic
deletions, chromosomal gains, telomere shortening, and
reactivation of telomerase [9].

e Selection of Pre-Malignant Cells: A crucial step in this
process is the selection of specific pre-malignant
hepatocytes or progenitor cells from which HCC
eventually arises.

e Heterogeneity: HCC displays remarkable genomic
heterogeneity, suggesting that multiple regulatory
pathways are disrupted during its development. This
includes the reactivation of developmental pathways,
upregulation of growth factors, and activation of
proliferative signaling cascades. Additionally, inhibition

of cell cycle regulators and disruption of tumor
suppressors contribute to uncontrolled cell proliferation.

e Functional Redundancy: The complexity of
hepatocarcinogenesis leads to functional redundancy and
robustness, which contribute to the poor overall
prognosis. This means that multiple pathways can drive
cancer development, making it difficult to target with
therapies [10].

e Heterogeneous Phenotypes: Malignant hepatocytes can
exhibit diverse characteristics based on different disease
mechanisms, etiologies, and clinical courses. Molecular
analyses of genomics, microRNAs, and proteins can
identify distinct patterns of alterations associated with
HCC in liver diseases of various origins.

e Potential for Targeted Therapies: The molecular
signature of HCC in specific contexts, such as non-
alcoholic fatty liver disease (NAFLD), may provide
insights into potential targets for prevention, diagnosis,
and treatment, particularly in cases associated with
obesity and diabetes [9].

In summary, the development of HCC in cirrhosis is a

complex and multifaceted process involving genetic,

epigenetic, and molecular changes, leading to a highly
heterogeneous cancer with multiple potential pathways for
intervention and therapy. Understanding these mechanisms is
crucial for improving the prevention and treatment of HCC in
different clinical contexts [10].

Treatment
While there are no approved medications to reverse fibrosis
in patients with non-alcoholic steatohepatitis (NASH), some

treatments show promise. These include drugs like
Obeticholic acid (OCA), metabolic drugs such as
semaglutide, and  similar  medications.  Lifestyle

modifications, like diet and exercise, play a crucial role in
improving hepatic fibrosis and long-term outcomes for
NASH patients [11]. The Mediterranean-style diet, to reduce
body weight by 5% to 10%, is often recommended. Bariatric
surgery is effective for very obese patients who meet the
criteria, but it should be carefully considered in cirrhosis
patients due to potential complications. Managing risk factors
like smoking, alcohol consumption, hypercholesteremia, and
type 2 diabetes is essential, and some medications like statins
and metformin may offer benefits.

For those with early-stage hepatocellular carcinoma (HCC),
curative treatments like radiofrequency ablation, surgical
resection, and liver transplantation are options. Palliative
therapies, including interventional radiology procedures, can
also be considered. For advanced HCC, tyrosine kinase
inhibitors like sorafenib, lenvatinib, and regorafenib are used,
but their effects on NAFLD/NASH-related HCC need more
study [12]. The combination of atezolizumab plus
bevacizumab has shown promising results for non-resectable
HCC. Liver transplantation, while offering the best odds of
survival, poses challenges for NASH-associated HCC
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patients due to comorbidities
complications [13, 14].

and post-transplant

REsuLTs AND Discussion

In recent years, there has been a rising occurrence of liver
cancer (HCC) in patients with non-alcoholic fatty liver
disease (NAFLD) due to the lack of effective treatments.
Identifying high-risk NAFLD patients for HCC is crucial, but
traditional risk factors for liver cancer don't fully apply in this
context. Metabolic issues are common in NAFLD and are
linked to the severity of liver damage [15].

A systematic review found that diabetes (DM) and being
overweight or obese are associated with an increased risk of
HCC in NAFLD patients. DM, in particular, poses a
significant risk, especially when advanced liver damage is
present, increasing the risk fourfold. Elevated blood glucose
levels may be a key factor in NAFLD-related HCC [16].
Altered glucose metabolism is critical for tumor growth,
including HCC, and insufficient glucose can lead to hypoxia,
which activates cancer-related genes and behaviors.

Obesity is another risk factor for NAFLD-related HCC [17].
Obesity is associated with more severe liver damage in
NAFLD patients. Adipose tissue expansion and inflammation
in obesity can promote tumor growth by interacting with
cancer cells. This suggests that obesity contributes to the
development of NAFLD-related HCC, although its impact is
milder compared to DM. Body mass index (BMI) is
commonly used to assess overweight/obesity but has
limitations. It cannot differentiate between fat and muscle
mass. Skeletal muscle loss is associated with an increased
HCC risk, as skeletal muscles secrete substances that inhibit
cancer development. Therefore, a more comprehensive
assessment of body composition is needed to understand the
relationship between obesity and NAFLD-related HCC [18].

CoNcLUSION

The growing population of individuals with NAFLD/NASH
underscores the increasing significance of these liver
conditions in the future. While the risk of HCC in
NAFLD/NASH patients is lower than that in individuals with
HCV-related chronic liver diseases, the sheer number of
NAFLD/NASH cases is substantial. Consequently, the
proportion of NASH-related HCC cases among all HCC
patients is likely to rise. Regrettably, there are presently no
efficient diagnostic tools for the swift and precise
identification of HCC associated with NAFLD/NASH.
Additionally, HCC surveillance for NAFLD patients is
conducted less frequently compared to those with HCV-
related chronic liver disease and alcoholic liver disease. This
underscores the urgent need for the development of accurate
blood and imaging tests for HCC surveillance in
NAFLD/NASH patients.
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