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Abstract 

Non-alcoholic Fatty liver disease (NAFLD) incidence is rising worldwide due to the epidemic of obesity and diabetes and it is becoming an 
important etiology of Hepatocellular carcinoma (HCC), which is the most frequent primary liver cancer, the fourth most common malignancy 
neoplasm and it’s deaths are in third place among Cancer-related deaths. Many NAFLD patients are diagnosed with HCC in the late stage of 
the disease, with large tumors, giving them a bad prognosis. This occurs mainly because of the lack of screening programs in these population. 

Not all of the factors involved in the disease development have been elucidated but some genetic factors have been implicated in HCC 
emergence. Many factors, like tumor size and patients’ comorbidities, influence HCC treatment in NAFLD patients, making it more difficult 
than in other etiologies. In this article, we will review the epidemiology, pathogenies and diagnosis of HCC linked to NAFLD.
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Endothelial Cells; mTOR: Mammalian Target of Rapamycin

Introduction
Hepatocellular carcinoma (HCC) is the most common 

primary liver malignant tumor as well as the fourth most 
incident neoplasm in the world. Some cases are estimated to 
happen in the absence of cirrhosis [1]. Non-alcaholic fatty liver 
disease (NAFLD) is the most common chronic liver disease in 
western world, with a prevalence in the world population around 
20-30%. It is an important risk factor to develop CHC and the 
spectrum of NAFLD ranges from steatosis to steatohepatitis and 
cirrhosis [2-4].

Patients with nonalcoholic steatohepatitis (NASH) have 
a higher risk of developing cancer due to some conditions 
associated with the disease, such as hyperinsulinemia, insulin 
resistance, steatosis, oxidative stress, and chronic inflammation 
adipokine / cytokine balance [5]. Thus, it plays an important  

 
role in liver carcinogenesis, promoting cell growth and DNA 
damage [1]. A meta-analysis showed a 17% increase in HCC in 
the overweight population and 90% in obese women compared 
to regular weight population [6].

Epidemiology
HCC accounts for over 700,000 new cases and 600,000 deaths 

per year. It accounts for about 9.2% of new tumor cases. It occurs 
more often in men than women, with a ratio of 2: 1–4: 1. Most 
cases occur between 30 and 60 years of age [7]. The occurrence 
has increased in recent decades in rich countries (from 1.4 per 
100,000 in 1975-1977 to 4.8 per 100,000 in 2005-2008) [8]. In 
Hispanics, the NASH-HCC ratio has a higher risk, affecting 12.3 
per 1000 people a year [9]. In Western countries, cases of HCC 
and viruses are decreasing due to hepatitis B vaccination and 
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effective treatments for viral hepatitis. In addition, cases of 
alcoholic etiology are also going through a relative decrease [10].

In the United States, the third most common etiology of HCC 
is NAFLD due to the large number of patients with this condition 
[11]. Due to the obesity epidemic, NAFLD-related HCC has a 
growth of 9% per year, with the highest cancer growth rate [12]. 
In addition, diabetes and obesity have a positive association with 
HCC with odds ratio of 4.33 (95% CI 1.89-9.86) and 1.97 (95% CI 
1.03-3.79), respectively [13]. The presence of a single-nucleotide 
genetic polymorphism of the domain-containing phospholipase 
protein 3 (PNPLA3) or rs738409 has a higher risk of HCC-NASH 
[9].

Patients with HCC and NASH have a shorter survival and 
often die more from primary liver cancer than other patients 
with HCC of other etiologies [11]. This is probably due to the 
larger tumor size, the older age of the patient and the later and 
more advanced diagnosis of the tumor [14]. In a retrospective 
cohort of 1,500 Americans, about 13% of hepatocellular 
carcinoma cases occurred in the absence of cirrhosis, the largest 
risk factor for this being non-alcoholic fatty liver disease [15]. 
About 3-15% of NASH patients progress to cirrhosis and about 
4-27% of these progress to HCC [16].

Post liver transplantation, risk factors such as diabetes, 
obesity, dyslipidemia and cardiovascular disease are more 
common. However, short to medium term survival does not 
differ from other etiologies [17]. The prevalence of liver 
transplantation due to NASH cirrhosis has been increasing mainly 
due to the high prevalence of obesity and diabetes mellitus. In 
the USA, from 2001 to 2009, the percentage of transplants for 
this cause increased from 1.2% to 9.7% [18]. Thus, it is already 
the fastest growing etiology of cirrhosis and the main indication 
for transplantation in the USA [9]. The maintenance of smoking 
is common and the occurrence of cardiovascular diseases is 
higher than in other etiologies [18].

NASH and HCC Pathophysiology
The pathogenesis of HCC associated with NAFLD was 

described by the concept of the “two-hit hypothesis”, but this 
concept was not sufficient to show the various molecular and 
metabolic implications of disease progression. Currently, the 
“parallel multiple hit hypothesis” is being used to explain the 
progression of HCC in NAFLD [19,20].

The pathophysiology is composed off the involvement 
of several mechanisms such as: immune and inflammatory 
responses, DNA damage, oxidative stress, autophagy and the 
microbiome [21]. Several mechanisms through the TNF-centered 
inflammatory pathway may lead to the progression of HCC in 
NAFLD. The high fat diet supports stress of the endoplasmic 
reticulum (ER) that promotes synthesis and storage of liver fat 
and steatosis. ER stress and steatosis increase the production 
of reactive oxygen species (ROS) to cause oxidative stress 

and alteration in cell DNA which increase local inflammatory 
microenvironment. Inflammatory cells, like macrophages 
and linfocito T produce, mainly, Tumor necrosis factor (TNF) 
and interleucines 1, 6, 10. Those refeed the inflammatory 
microenvironment, factors stimulating hepatocyte proliferation 
and HCC expansion [22,23].

Many factors contribute to the development of HCC in NAFLD 
patients. Increased levels of TNF superfamily members (TNFSF), 
transforming growth factor β (TGFβ) and IL-18, together with 
chronic hepatocyte cell death and compensatory proliferation 
increase the risk of hepatocellular carcinoma (HCC). Besides that, 
hepatic stellate cells (HSCs) activation, liver sinus endothelial 
cells (LSECs) and chronic liver proliferation in a chronic 
regenerative environment, accompanied by chromosomal 
aberrations, contribute to the development of HCC. [21].

Autophagy is a catabolic cellular process that results in 
the degradation of cell components using lysosomes. This 
degradation is dependent on autophagy-related proteins and 
occurs selectively, marking the charges with molecular markers 
with ubiqutin. In NAFLD, excess triglycerides and FFA suppress 
the onset of autophagy by activating the mammalian target of 
rapamycin (mTOR) and suppressing serine / threonine protein 
kinase and ULK1, leading to increased hepatic oxidative stress 
[24,25].

Metabolic stress causes autophagy tumor cells to accumulate 
p62 (an autophagy substrate), resulting in retention of damaged 
mitochondria, increasing oxidative stress and activation of 
DNA damage response. In addition, a late-stage autophagy 
suppressor (Rubicon) is elevated in NAFLD and is responsible 
for accelerating hepatocellular apoptosis and accumulation [26]. 
Other factor to contributing to development of HCC is dysbiosis, 
which is the imbalance of the intestinal bacterial flora. Studies 
suggest that dysbiosis may be responsible for metabolic changes 
and may lead to the generation of free radicals, contributing to 
the inflammatory cascade contributing to the generation of liver 
disease and chronic liver diseases such as NAFLD, NASH and 
alcoholic liver disease [21]

The effects of dysbiosis on hepatic fibrosis and carcinogenesis 
through the microbiota-liver axis occur through various factors 
derived from the gut. Due to the anatomical position of the liver, 
intestinal bacteria and pathogen-associated molecular patterns 
(PAMPs) have a major impact on portal vein liver disease [22]. 
NAFLD patients have a significant increase in peripheral blood 
endotoxin concentration, intestinal permeability, intestinal 
bacterial overgrowth, and portal blood lipopolysaccharide 
detection, which increase TNF-α production in Kupffer cells 
by enhancing receptor-type signal. Toll (TLR4). The increased 
sensitivity of LPS to growth transforming factor beta (TGF-β) 
results in progression towards hepatic fibrosis and the 
promotion of liver carcinogenesis [22].
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Diagnosis
Ultrasound is the most cost-effective screening method for 

HCC recommended by societies [27]. However, in patients with 
central obesity and high BMI this method has limitations. Thus, its 
sensitivity to detect tumors smaller than 3 cm is greatly reduced 
at BMI> 35 [28]. Magnetic resonance imaging is more sensitive 
to detect possibly healing lesions and it can be used in obese 
patients with NASH cirrhosis who are candidates for curative 
treatments (CHILD A, good status) [27]. NAFLD-associated 
HCC and other HCC etiologies are similarly approached by the 
European and American guidelines [21]. The guidelines suggest 
screening only the population with cirrhosis, but patients with 
steatosis and mild steatohepatitis should have be given attention 
as well, since there are cases of CHC reported in this population, 
even without cirrhosis.

One study evaluated MRI scans of 21 patients with HCC and 
NASH. Eighteen of them were men and 3 were women with a 
mean age of 67.9±10.2 (SD) years (range: 36-85 years). The 
images were analyzed qualitatively and quantitatively. The study 
noted that 57% of HCC in NASH may be presented as a lesion 
smaller than 20 mm and 40% does not have wash in and wash 
out, suggesting that the classical imaging criteria developed for 
the noninvasive diagnosis of HCC should be applied with caution 
in patients with NASH [29].

Conclusion
The incidence of nonalcoholic fatty liver disease is increasing 

in the world and has reached the leading cause of chronic liver 
disease. Eventually it will be the leading etiology of HCC. Thus, 
its prevention with measures aimed at weight loss and lifestyle 
changes is important. The pathogenic mechanisms are being 
unraveled. In addition, screening is needed in this population 
in order to attempt an earlier diagnosis. A more effective tool 
and a few more data will be necessary to select the higher risk 
population who will need to be submitted to a screening program 
with cost effectiveness. Identifying biomarkers is an important 
goal to improve treatment strategies.
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