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Liver carcinogenesis in non-alcoholic fatty liver disease 
(NAFLD) and non-alcoholic steatohepatitis (NASH) is a 
subject of intense research nowadays, since NAFLD is the 
most common chronic liver disease, affecting a great per-
centage of the population worldwide, while hepatocellular 
carcinoma (HCC), which represents the most common pri-
mary liver malignancy, is the third leading cause of can-
cer-related mortality. The underlying pathogenic path-
ways of both NAFLD and HCC are not completely under-
stood, but there is growing evidence that they share many 
common pathophysiologic mechanisms and risk factors. 

Due to lack of solid evidence, though, the ultimate goal 
of designing effective diagnostic tools, treatment options 
and screening policies remain unmet for the time being. 
This review article aims to present recent data available 
regarding pathogenesis, diagnosis and management of 
HCC and NAFLD, as well as to highlight the importance 
of the development of HCC in the setting of NAFLD and 
NASH.
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NAFLD has been recognized as one of the 
most common causes of chronic liver disease, pro-
gressively leading to cirrhosis and liver failure, 
and is estimated to affect an increasing number 
of people around the world to a percentage reach-
ing almost 25% of the adult population worldwide 
[1]. It is true that there is much concern regarding 
the association of NAFLD with HCC, due to grow-
ing evidence that NAFLD is a risk factor for the 
development of HCC [2-5]. In fact, recent studies 
suggest that NAFLD is becoming an important 
cause of HCC, with NAFLD-related HCC individ-
uals to suffer a worst prognosis than other causes 

of HCC [6,7]. It is estimated that almost 4-22% of 
HCC cases in the West are related to NAFLD [5]. 
To make matters even worse, patients with NA-
FLD are less likely to receive a liver transplant 
[6], despite the fact that NAFLD is currently the 
most rapidly growing indication of HCC-ralated 
liver transplantation (LT), after hepatitis C (HCV) 
infection, in the United States [8]. The detrimental 
effects of HCC are well established, since HCC is 
the third leading cause of cancer-related mortali-
ty, with poor prognosis, especially at later stages, 
when it is usually diagnosed [9-11].

According to the practice  guidelines for the 
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NAFLD published in 2012 in order to define NA-
FLD there must be evidence of hepatic steatosis 
diagnosed either by histology or by imaging, 
while secondary causes of hepatic fat accumula-
tion like alcohol consumption, HCV infection, hep-
atotoxic medications and genetic causes, should 
be excluded [12]. NASH represents the most ex-
treme form of NAFLD, defined by the presence of 
hepatic steatosis and inflammation with hepatic 
injury (called ballooning due to increase in cell 
size), while fibrosis is not a prerequisite for the 
diagnosis of NASH, although usually present [13]. 
Nevertheless, fibrosis can be developed even in 
the setting of NAFLD [14].

The prevalence of NAFLD and NASH is rath-
er variable and highly depended on the modality 
used to confirm the diagnosis and on the popula-
tion studied, while it is usually underreported due 
to the asymptomatic nature of the disease [15,16]. 
As a result, it may often be an incidental finding, 
and even then it can be underestimated and poor-
ly treated [17]. It seems, though, that NAFLD pres-
ents in more than 25% of adult population glob-
ally [1,15]. Although it was so far considered that 
almost one third of NAFLD cases will progress to 
NASH [18], there is evidence that this percentage 
is even higher [1,19] (Figure 1). 

Nevertheless, the severity of this chronic 
disease depends on the progression from simple 
steatosis to inflammation, fibrosis, cirrhosis and 
ultimately cancer and is not yet well defined. The 
great heterogeneity of the disease and the fac-
tors that lead to its progression or regression are 

not completely understood and the existing data 
remain vague and conflicting. The possible det-
rimental effects of such development highlight 
the fact that the correct diagnosis, treatment and 
prevention has become a necessity and new strat-
egies should be developed to effectively stand up 
against this rapidly expanding epidemic. 

The aim of this literature review is to pres-
ent the latest information available regarding the 
development of HCC in the setting of NAFLD and 
NASH. 

Methods

The MEDLINE/PubMed database was searched 
using “Non-alcoholic fatty liver disease” “Non-alco-
holic steatohepatitis” “Hepatocellular Carcinoma” as 
keywords. Three independent reviewers (CA, DM, SV) 
performed the literature search, the study selection and 
the data extraction. All the references from the identified 
articles were searched for relevant information. The end 
date of the literature search was set to July 2016. Our 
search was focused on the latest published information 
regarding the pathogenesis, prevention and treatment of 
the HCC induced by NAFLD and NASH.

Results

Risk factors

There are already numerous studies that have 
investigated the connection between obesity, di-
abetes mellitus with NAFLD and HCC. Over the 
years, it became clear that some of the compo-
nents of the metabolic syndrome, mainly obesity 

Figure 1. Natural history of nonalcoholic fatty liver disease.
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and insulin resistance, are independent risk fac-
tors for NAFLD as well as for HCC [20-24].

Chronic liver disease and liver cirrhosis of 
any etiology remain the most common factors 
predisposing to primary liver cancer and more 
specifically to HCC [25]. Hepatitis B and hepatitis 
C infections are the most prevalent among them, 
followed by cirrhosis due to alcohol consumption 
and inherent liver diseases [25,26]. The real inci-
dence of cirrhosis of other etiologies is not pre-
cisely known.  However, HCC due to causes other 
than viral hepatitis has become rather common 
nowadays, with metabolic factors like obesity, di-
abetes, metabolic syndrome and NAFLD to stand 
out as the most important causes [6,7,29]. Obesity 
and diabetes mellitus (DM) have been recognized 
as independent risk factors for HCC. A meta-anal-
ysis conducted by Wang et al. in 2012, revealed 
that individuals suffering from DM have a 2-fold 
increased risk of HCC compared with non-diabet-
ics [21]. Elevated alanine aminotransferase (ALT) 
to an abnormal extent, male gender and older age 
have also been acknowledged as significant risk 
factors for HCC when 905 Caucasian patients with 
non-viral cirrhosis were studied by Archambeaud 
et al. [22]. 

The association of factors like obesity and in-
sulin resistance with NAFLD is strong enough to 
characterize the disease as the “liver component 
of the metabolic syndrome”. This observation is 
of great importance due to the potential hazards 
associated with metabolic syndrome. Thus, except 
its role in the pathogenesis of HCC, NAFLD is also 
a major predisposing factor for cardiovascular 
disease and the relevant morbidity and mortali-
ty [30,31], especially when metabolic syndrome is 
also present [32]. The magnitude of the problem 
becomes even more evident if we consider the fact 
that almost 80% of people with NAFLD are obese 
[1,33]. Metabolic syndrome itself, as well as its 
various components like hypertension and dys-
lipidemia, have also been shown to have higher 
prevalence among people with NAFLD and NASH 
[1,32] (Table 1). 

Pathogenesis of NAFLD and HCC - Carcinogen-
esis in NAFLD

Heterogeneity in the pathogenesis of NAFLD 
has led to the distinction between two main types 
of NAFLD, the ‘Metabolic NAFLD’, caused by obe-
sity and metabolic syndrome and the ‘PNPLA3 
NAFLD’ (Patatin-like phospholipase domain-con-
taining protein 3), reflecting the equal importance 
of the metabolic and the genetic background of 
the disease [34]. While different in a pathogenic 
point of view, both types of NAFLD increase the 
risk of NASH and HCC.

It is well established so far that NAFLD and 
HCC share many common risk factors [21,35]. The 
underlying mechanisms that link these two enti-
ties have been extensively investigated so far by 
a great number of researchers and recently re-
viewed [27,36,37]. The cornerstones of the mech-
anisms involved include the excessive fat accu-
mulation and insulin resistance and the common 
endpoint of both is the production of oxidative 
stress, which reflects the inability of liver cells to 
cope with the lipid excess, and its effect on gene 
expression by inducing DNA alterations and dam-
age leading to carcinogenesis [38]. 

The role of obesity

Adipose tissue is a rather vivid endocrine or-
gan of the body with many functions. Of all the 
hormones secreted by adipose tissue, adiponectin 
and leptin are the most extensively investigated 
and have been associated with both NAFLD and 
liver cancer. 

Adiponectin, which is the most abundant 
hormone of adipose tissue, is well-known for its 
many  metabolic functions, including regulation 
of glucose and lipid metabolism through stimula-
tion of fatty acid oxidation, suppression of hepatic 
glucose output, and increased insulin sensitivity 
in liver tissue [39]. Polymorphisms in adiponec-
tin gene cause susceptibility to NAFLD, thus en-
hancing the pivotal role in the pathogenesis of the 
disease [40]. Low levels of adiponectin can lead 
to carcinogenesis through both direct and indirect 
mechanisms. The final result of this cascade of 
events is the production of free fatty acids (FFAs) 
and reactive oxygen species (ROS). Obesity alters 
normal adipocyte function in many ways. In the 
case of adiponectin, the levels of this protective 
cytokine are markedly diminished [39].

Another adipokine that holds a key role to 
the pathogenesis of obesity in hepatic steato-
sis, fibrosis and carcinogenesis is leptin [41]. Its 

Table 1. Risk factors for HCC in NASH
1. Obesity
2. Diabetes mellitus
3. Insulin resistance
4. Metabolic syndrome
5. Age
6. Genetic Factors
7. Fibrosis/Cirrhosis
8. Iron metabolism
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natural role is to act as an energy maintenance 
factor. Leptin is secreted by adipose tissue and 
acts, through the hypothalamus, as an hormone 
implicated in the process of satiety, by inhibiting 
orexigenic  and upregulating anorexigenic neuro-
peptides [42]. Obese individuals have higher titles 
of leptin, but they also exhibit resistance to its ac-
tion, a fact that is involved in the pathogenesis of 
metabolic syndrome, both directly and by regulat-
ing insulin sensitivity [43]. Leptin has also been 
shown to have a dual role, acting as an antisteatot-
ic factor, but also as a proinflammatory cytokine 
and as a profibrogenic and proangiogenic factor, 
thus having an important role in the pathogenesis 
of NAFLD and NASH and also in HCC [44,45]. In-
volvement of leptin in a great variety of signaling 
pathways like STAT3 (signal transducer and acti-
vator of transcription 3) and therefore to the sig-
naling of inflammatory cytokines like TNF (tumor 
necrosis factor), IL-6 (interleukin-6) as well as an-
giogenic factors, like VEGF (vascular endothelial 
growth factor) is critical to the HCC cell growth, 
angiogenesis and metastasis [46].

The role of insulin resistance

Insulin resistance is another key component 
of the metabolic syndrome that is directly linked 
to the pathogenesis of NAFLD. Along with obe-
sity they create the circumstances for a chronic 
inflammatory state with the production of inflam-
matory cytokines and the reduction in protective 
antifibrotic and antiinflammatory mechanisms 
[47]. A recent study also highlights the role of 
insulin resistance and most importantly its con-
nection with oxidative stress, which is the hall-
mark of carcinogenesis in the setting of NAFLD 
and NASH and also linked with the severity of the 
disease [48]. Another way that insulin resistance 
can interfere with liver metabolism is by interfer-
ing in regulation of the insulin-like growth factor 
(IGF) pathway [36]. The role of IGF, whose main 
site of production is the liver, is well established 
nowadays. It is known that IGF-I production is 
regulated mostly by the growth hormone (GH), 
whereas IGF-II is relatively independent and its 
role is more important during fetal development 
[49]. Dysregulation of the IGF axis is crucial in 
hepatocarcinogenesis as it is highlighted by the 
overexpression of IGF-II and reduction in serum 
IGF-I concentration observed in HCC [49]. Due to 
the major role of IGF signaling pathway dysreg-
ulation in the pathogenesis of HCC, extensive re-
search is being held in order to find new therapies 
that will target the IGF axis [50,51].

The role of genetic factors

PNPLA3 is a gene located in chromosome 22. 
It is known for encoding a protein (named adipo-
nutrin) which is a triacylglycerol lipase that medi-
ates triacylglycerol hydrolysis in adipocytes [52]. 
NAFLD has been shown to have a strong genetic 
background, mainly attributed to genetic varia-
tions of the PNPLA3 gene [52,53]. These variations 
are relatively common, especially among people 
of European descent [53]. More specifically, the 
I148M variant of PNPLA3 gene has been linked 
to an increase in NAFLD risk by 1.4-fold [54]. The 
pathophysiologic pathway that leads to hepatic 
steatosis involves the impairment of intrahepatic 
lipolysis, thus increasing liver fat content. Except 
for the risk of NAFLD, it seems that the risk of 
progression to fibrosis, cirrhosis and HCC are also 
increased by this gene variation [55-57].

Recent evidence indicate that the presence of 
the E434K gene variant downregulates PNPLA3 
and lessen the dominant negative action of I148M 
variant by hindering its accumulation on lipid 
droplets [58]. This finding is not yet of clinical 
use, but has added more information regarding 
the mechanism by which the PNPLA3 variations 
predispose to liver damage and liver cancer.

Moreover, another recognized gene variation 
which is implicated in the pathogenesis of NA-
FLD but also in the progression of fibrosis and 
disease severity, is the TM6SF2 rs58542926 gene 
variant [59,60]. 

On the other hand, other genes can have a 
protective role in the pathogenesis of NAFLD. For 
example, the presence of FNDC5 RS3480 gene 
variant can have a favorable effect on both ste-
atosis and fibrosis in patients with NAFLD, as no-
ticed by Anty et al.[61] in an experimental study 
and recently in a review article by Margini et al. 
[37]. 

The role of liver receptor homolog-1

The role of labile methyl groups (mainly me-
thionine and choline) in liver metabolism and liv-
er damage has been studied for a long time [62]. It 
has been shown that the ability of keeping methyl 
donors (SAMe, S-adenosylmethionine) balanced is 
highly important for normal liver metabolism and 
diet depleted in those substances can lead to he-
patic injury [63]. The liver protective role of SAMe 
lies to its ability to improve membrane fluidity, to 
decrease the expression of TNF-a, to change the 
methylation of DNA and to protect the cells against 
apoptosis [64]. Wagner et al. recently elucidated 
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the regulatory system involved in the balance of 
labile methyl groups [65]. They proved that liver 
receptor homolog-1 (LRH-1) is a transcriptional 
factor that regulates liver methyltransferases that 
control and maintain labile methyl-groups in bal-
ance. GNMT (glycine N-methyltransferase) rep-
resents the majority of liver methyltransferases 
and is regulated by LRH-1. Its role is to maintain 
constant the cellular content of SAMe (S-adenos-
ylmethionine). The fact that SAMe deficiency has 
been already shown to induce NASH and HCC em-
phasizes the importance of clarifying the relevant 
pathophysiologic pathway [66,67]. More research 
should be held towards this direction in order to 
find a way to exploit the possible therapeutic out-
comes, as it is not yet clear what group of patients 
will profit from the activation or downregulation 
of the LRH-1 pathway [68]. 

Figure 2 illustrates the proposed pathogene-
sis of HCC in NASH.

Diagnosis of NAFLD and NASH

NAFLD and NASH can often be asymptomatic 
and can be an incidental finding in imaging per-
formed for other reasons [17]. Mild elevation of 
ALT, with levels of ALT greater that aspartate ami-
notransferase (AST) and elevation of gamma-glu-
tamyltransferase (GGT) and alkaline phosphatase 
(ALP) can all be serological manifestations of 
NAFLD [69]. In order to establish the diagnosis of 

NAFLD it is important to exclude other causes of 
chronic liver disease. Except for the common ones, 
like alcohol consumption or viral hepatitis, more 
rare causes should be also considered, if there is 
associated evidence (e.g. high serum ferritin and 
increased iron saturation should raise suspicion 
of hemochromatosis) [12].

Due to heterogeneity of NAFLD and NASH, 
it is rather difficult to use a diagnostic method 
that will apply to all patients. The gold standard 
of diagnosis remains liver biopsy and according 
to AASLD guidelines, it should be considered in 
patients with increased risk to have NASH and fi-
brosis [12]. 

The role of prediction scores and non-invasive bio-
markers

Over the years, several scoring systems have 
been developed in order to assess inflammation 
and mostly fibrosis of the liver tissue, each of them 
using different parameters (e.g. NAFLD Fibrosis 
Score, APRI, BARD Score, FIB-4 etc.) [70,71]. The 
majority of the various scoring systems were ini-
tially designed to assess fibrosis in patients with 
HCV infection and then adopted for patients with 
NAFLD. The variety of different assessing sys-
tems reflects the inability to develop a single best 
method to stage fibrosis in all cases. 

The most extensively tested among them is 
the NAFLD Fibrosis Score [70,72]. The parame-

Figure 2. Proposed pathogenesis of HCC in NASH.
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ters measured in this scoring system include age, 
hyperglycemia, body mass index (BMI), platelet 
count, albumin, AST and ALT levels. The practice 
guidelines of AASLD recommend that the NA-
FLD Fibrosis Score may be used for identifying 
patients who are at risk for steatohepatitis and ad-
vanced fibrosis [12]. 

Of all the other systems proposed and used 
so far, FIB-4 Index appears to have the highest 
accuracy in diagnosing fibrosis in NAFLD pa-
tients [70]. Age, platelet count, AST and ALT are 
the parameters measured in FIB-4 Index [73]. In 
a recent study, Oral Glucose Insulin Sensitivity 
Index (OGIS) was shown to predict NAFLD better 
than NAFLD Fibrosis Score in non-diabetic pa-
tients [74]. Another scoring and predicting system 
that is based on detecting insulin resistance that 
is commonly present in NAFLD, is Homeostasis 
Model Assessment of Insulin Resistance (HO-
MA-IR) [75]. The combination of these noninva-
sive tests with radiological findings increases the 
accuracy of assessment of liver fibrosis [56].  

Nowadays, it has become a necessity to devel-
op new noninvasive diagnostic methods for NASH. 
Towards this direction, Kamada et al. were recent-
ly able to isolate two glycobiomarkers, fucosylat-
ed haptoglobin (Fuc-Hpt) and Mac-2 binding pro-
tein (Mac2bp), which can be used independently 
for the diagnosis of NASH [76]. Other noninvasive 
biomarkers that have been used in NASH diagno-
sis are platelet count and serum hyaluronic acid, 
which are currently included in several scoring 
systems [77-79]. Plasma cytokeratin-18 fragments 
have also been evaluated for their ability to diag-
nose NASH [70,80]. Furthermore, newer methods 
based on glycated proteins have been recently de-
veloped but more research is warranted in order 
to become clinically useful [71].

The major role of leptin and adiponectin in 
the pathogenesis of NAFLD and HCC led scientists 
to investigate their potential use as biomarkers of 
the severity of the disease [81,82]. Although they 
cannot yet be used as noninvasive biomarkers for 
NAFLD or HCC, a recent meta-analysis suggested 
that there is an association between circulating 
levels of leptin and the severity of NAFLD [83].

Moreover, some biomarkers can be used in 
order to define prognosis in NASH-related HCC. 
One of them is the well- known cell-cycle regu-
lator p27. Recent findings suggest that p27 can 
be useful in predicting tumor recurrence in NASH 
patients [82,84]. 

The role of imaging methods

Since the presence of hepatic fibrosis is one 
of the most important predictors for the risk of 
progression of NASH to cirrhosis and the related 
mortality, it is evident that there is a necessity to 
quantify hepatic fibrosis.  

Ultrasound (US) is the most common modal-
ity used in daily practice either as a programmed 
procedure or in the acute setting. Its ability to de-
tect intrahepatic fat, depicted as hyper-echogen-
ic regions within the liver parenchyma, makes it 
suitable modality to detect moderate to severe he-
patic steatosis [85]. Although cost-effective, US is 
highly dependent on several factors, like obesity 
and operator’s experience.

Of the other radiological methods available, 
magnetic resonance imaging (MRI) and spectros-
copy (MRS), as well as transient elastography (TE) 
and MR elastography have been shown to have 
high accuracy and ability to quantify the amount 
of fat in the liver [86-89].

Elastography is a noninvasive imaging mo-
dality used to measure liver stiffness (Liver Stiff-
ness Measurement-LSM) and subsequently fi-
brosis. Elastography can be performed either by 
US or MRI imaging. There have been described 
several US elastography techniques (TE, acoustic 
radiation force impulse etc.) [86]. Among them TE 
has been shown that it is an excellent modality in 
diagnosing fibrosis stage 3 and 4 (F3, F4) but has 
moderate accuracy in F2 stage [51]. TE though, 
has its limits and can be influenced by many fac-
tors, like BMI or marked ALT elevations [90]. MR 
elastography seems to be superior to TE, but fur-
ther studies designed specifically for NAFLD pa-
tients need to be performed [86].

Conclusively, since there is no consensus re-
garding the diagnosis of NAFLD and NASH, further 
investigation is needed in order to find a single or 

Table 2. Evaluation of imaging modalities in NAFLD and NASH
Imaging modality Steatosis Cost-effectiveness Accuracy Comment

US ++ +++ + 1. Operator-dependent
2. Obesity as an obstacle

Transient elastography ++ ++ + 1. Moderate accuracy in F2 stage

MRI-elastography +++ + ++ 1. Lack of validation
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a combination of cost-effective and noninvasive 
methods, both radiological modalities and serologi-
cal biomarkers, that could successfully replace liver 
biopsy in terms of accuracy of diagnosis (Table 2).

Management and therapeutic approach of NA-
FLD and NASH (Table 3)

The possibility of progression of NAFLD 
to NASH, cirrhosis and HCC highlights the im-
portance of early intervention in the course of 
disease. However, since it is not possible yet to 
predict which simple steatosis individuals will 
develop a progressive disease, several pharmaco-
logical agents have been administered in different 
stages of disease with various and contrasting re-
sults regarding their efficacy and safety [91-94]. 
For the time being, the majority of therapies cur-
rently tested apply to patients with proven NASH, 
whereas treatments that target risk factors of NA-
FLD are indicated for the rest of NAFLD patients.

The role of lifestyle interventions

It is true that NAFLD patients are usually 
obese individuals with lack of healthy habits, like 
healthy diet and regular exercise [95]. Therefore, it 
is not surprising that the mainstay of treatment of 
NAFLD is lifestyle modifications. Weight loss and 
physical activity have been shown to reduce hepat-
ic steatosis and improve the metabolic profile of 
patients [12,16]. The beneficial results of these al-
terations are mainly attributed to the improvement 
of NAFLD major risk factors, like DM, insulin re-
sistance, hypertension and dyslipidemia [95]. Thus, 
it is important to inspire patients to adopt a health-
ier lifestyle due to the multiple beneficial effects. 

The role of pharmacological therapies

Several insulin sensitizers, antioxidants and 

lower-lipid substances have been suggested over 
the years for the treatment of NAFLD and NASH. 
Some of them are currently used in NASH, as in 
this stage the disease is more likely to progress 
even more, and thus the drug therapy will be of 
profit. 

Vitamin E is already in use for non-diabetic, 
non-cirrhotic patients with biopsy-proven NASH 
and is considered as first-line treatment [12]. Vita-
min E has been shown to improve both liver func-
tion and histology [97,98]. Nonetheless, it should 
be given cautiously due to potential hazards, 
mostly associated with the risk of hemorrhagic 
stroke [99,100].

Metformin has been extensively studied as a 
therapeutic agent against NAFLD and NASH, due 
to its massive use in diabetic patients. Despite 
initial promising results, metformin failed to dis-
play therapeutic results and it is therefore not 
recommended for the treatment of NASH [101]. 
It is however successfully used in type 2 diabetes 
mellitus, which is a major risk factor for NAFLD 
and NASH [12]. 

Thiazolidinediones (TZDs) belong to insu-
lin-sensitizers and have been largely investigated 
in the treatment of NASH. The most widely used 
TZD is pioglitazone, which is currently used in 
the treatment of established NASH [12]. Pioglita-
zone seems to improve all parameters of liver his-
tology and proves better outcomes than placebo, 
but failed to be proved superior against vitamin 
E [101]. 

Bile acid analogues also have their place in the 
treatment of NASH. Obeticholic acid is the most 
important among them [102]. This agent seems 
to ameliorate the histological profile of NASH, 
namely steatosis, inflammation, ballooning and fi-
brosis, mostly by decreasing hepatic lipogenesis, 
though not widely administered yet [103].

Antiinflammatory and antioxidant functions 
of Pentoxifylline have been proved beneficial in 
the treatment of NASH [104]. Of note, a recent 
metaanalysis indicated that pentoxyfilline and 
obeticholic acid improve fibrosis, while vitamin 
E, TZDs and obeticholic acid improve ballooning 
degeneration in NASH patients [105]. 

Natural polyphenols include a wide variety 
of phytochemicals and are classified as flavonoids 
and non-flavonoids. Recent review articles em-
phasize the role of polyphenols in hepatic fibrosis 
and analyze the underlying pathogenic pathways 
[106,107]. The hepatoprotective role of these com-
pounds arises from their antioxidant and antiin-
flammatory properties and their ability to pro-

Table 3. Summary of the treatment options in NAFLD 
and NASH

Lifestyle changes

Medications
1. Vitamin E (antioxidant)
2. Metformin (insulin-sensitizer)
3. TZDs (insulin-sensitizers)
4. Bile acid analogues (effective against liver steatosis)
5. Pentoxifylline (antiinflammatory and  

antioxidant functions)
6. Polyphenols (antiinflammatory and antioxidant  

functions)
7. Nicotinic acid and hydroquinone  

(effective against liver steatosis)
8. GLP-1 analogue (effective against liver steatosis)

Bariatric surgery
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mote hepatic lipolysis and to inhibit lipogenesis. 
Consumption of fruits and vegetables rich in poly-
phenols, as well as coffee and green tea, can be 
beneficial in both treatment and prevention of the 
disease progression. 

Omega- 3 fatty acids have also been consid-
ered as possible therapeutic factors [108,109]. 
Their use has not yet been established in NAFLD 
and NASH, but they are strongly recommended 
to be used in hypertriglyceridemia which often 
accompanies NAFLD [12]. Statins, which also are 
important for the treatment of NAFLD risk factors, 
have been proposed as possible drug candidates, 
but larger studies are needed to confirm current 
findings, especially due to their well-established 
hepatic adverse effects [110].

Finally, new agents have been emerged and 
appear to have liver protective properties as well. 
Nicotinic acid and hydroquinone have been stud-
ied and appear to be effective against liver ste-
atosis [111]. Of note, nicotinic acid seems to have 
marked effects on both steatosis and transaminase 
levels. Although nicotinic acid has already been 
investigated as a lower-lipid agent, its role in NA-
FLD needs to be further investigated, in order to 
be recruited for the treatment and prevention of 
NAFLD and NASH. Other agents, like liraglutide, 
a glucagon-like peptide-1 (GLP-1) analogue, are 
recently under investigation with very promising 
results, as shown by the LEAN study, a large mul-
ticenter phase 2 clinical trial [112].

The role of bariatric surgery

The effects of bariatric surgery in NASH are 
highly debatable, since the type of bariatric sur-
gery performed can lead to different results in the 
level of hepatic steatosis. Restrictive procedures, 
like gastric sleeve gastrectomy, and mixed proce-
dures, mainly gastric bypass have been shown to 
lead to the resolution of hepatic steatosis [15]. In 
contrast, malabsorptive procedures, like intestinal 
bypass, were thought to worsen fibrosis, while is 
not yet defined if this increase in fibrosis is clini-
cally significant [12]. Overall, it seems that NASH 
individuals suffering from severe obesity can 
be substantially improved [113]. More research, 
though, needs to be done in order to elucidate the 
role of bariatric surgery in the treatment of NA-
FLD and NASH (Table 3). 

Prevention

The multifactorial nature of the pathogene-
sis of NAFLD makes the design of universal pre-

ventive measures rather challenging. Despite all 
the progress that has been made over the years 
in revealing the underlying pathophysiologic 
pathways, along with environmental factors and 
genetic predisposition that take part in this pro-
cess, it is still largely unknown to us why some 
individuals with NAFLD will progress to NASH, 
fibrosis and cancer and others will not. Except for 
the uncertainty regarding the pathogenesis and 
natural history, our diagnostic tools and therapeu-
tic strategies also exhibit important gaps. Thus, 
screening, which is the most important preven-
tive strategy that can be used to detect individuals 
at risk, is not yet well defined for NAFLD.  

Screening is currently been used for the pop-
ulation at risk for HCC development, which are 
considered practically all the individuals suffer-
ing from cirrhosis, but also those with hepatitis B 
and C infection [26,114]. Many scientific societies 
in North America (AALSD), in Europe (EASL) and 
Asia (APASL and JSH) have released recommen-
dations regarding HCC surveillance [26,115-117]. 
Despite several differences in the target popula-
tion and recall policies, it seems that surveillance 
in high risk groups should be performed by US 
and the optimum time interval used for screening 
currently is 6 months [26]. 

Screening for people at risk for NAFLD is not 
yet in clinical practice though. The fact that the 
prevalence of the disease is high and continuous-
ly rising has dual importance. It highlights the 
imperative need for screening but, on the other 
hand, it is not cost-effective to screen a population 
of that size. Screening for NASH patients, though, 
is something that may be considered for further 
evaluation. The use of US and liver function blood 
tests can be very helpful towards this direction. 
TE has also been proposed as a screening tool in 
community in specific subgroups of people [118]. 
Populations at risk for NASH and hepatic fibrosis, 
except for patients who have been diagnosed with 
NAFLD, are considered people suffering from obe-
sity, DM and metabolic syndrome [119,120]. Oth-
er groups of patients that are considered to be at 
greater risk of developing NAFLD, NASH and fi-
brosis are those with obstructive sleep apnea and 
screening these patients might be of profit [121].

Patients undergoing cholecystectomy are a 
group that might profit by liver biopsy in certain 
cases. If there is perioperative evidence of insu-
lin resistance or fatty liver on US, these patients 
should be considered for needle biopsy during 
cholecystectomy [57,122]. Another patient group 
that intraoperative liver biopsy should be con-
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sidered is patients undergoing bariatric surgery, 
since they often have NAFLD [12].

Moreover, given the role of PNPLA3 vari-
ations in the pathogenesis of NAFLD and most 
importantly to HCC, using genetic testing to spe-
cific populations, like those with NAFLD but not 
characteristics of the metabolic syndrome might 
be wise [27,34].

Diagnosis of HCC

Given the poor prognosis of HCC and the need 
for early intervention in order to improve surviv-
al, it is evident that early and definitive diagno-
sis is crucial. The diagnosis of HCC is principally 
based on radiological imaging techniques. 

Contrast-enhanced studies are highly diag-
nostic for HCC. For tumors larger than 2cm, one 
4-phase study is required (unenhanced, arterial, 
venous and delayed phases) and the typical ap-
pearance with arterial enhancement followed by 
“washout” is sufficient to establish the diagnosis of 
HCC [26,123]. Contrast enhanced US, multiphasic 
enhanced CT (computer tomography) and various 
MRI techniques, like DW-MRI (Diffusion weight-
ed MRI) have been used in the diagnostic process 
over the years [123,124]. Contrast enhanced US is 
no longer considered adequate for HCC diagnosis 
according to AASLD guidelines, due to difficulty 
in distinguishing HCC from intrahepatic cholan-
giocarcinoma [26]. When the results of the com-
bination of various imaging modalities are incon-
clusive, invasive methods like liver biopsy should 
be performed [26].

Despite the accuracy in diagnosis of HCC pro-
vided by imaging techniques, especially by DW-
MRI, there is still much concern regarding the di-
agnosis of tumors under 1cm, as well as diagnosis 
in the setting of liver fibrosis and cirrhosis, which 
are known confounding factors for many imaging 
modalities [125]. For tumors less than 1cm, close 
surveillance (every 3 months) and monitoring for 
changes in size and shape are currently recom-
mended [26]. 

Histological staining and immunohistochem-
istry are equally important to the diagnosis of 
HCC as the morphologic features recognized by 
imaging studies. Heat Shock Protein 70 (HSP70), 
glypican 3, and glutamine synthase are included 
in the markers that are usually detected, while 
other markers, like cytokeratin 7 (CK7) should be 
negative in order to make the diagnosis of HCC 
more likely [126,127]. A recent study also identi-
fied PARP 1 (Poly [ADP-ribose] polymerase 1) as a 
novel biomarker for the diagnosis and prognosis 

of HCC, as higher titles of PARP 1 were associated 
with larger tumor size and poorer survival [128]. 
Keratin 19 (K19) has also been associated with 
tumor aggressiveness and is another protein that 
could be used mostly in the prognosis of survival 
[129].

Non-invasive biomarkers that can be mea-
sured in the serum could be very useful in both 
diagnosis and prognosis of the disease. Alpha-fe-
toprotein (AFP) used to be one of the biomarkers 
that was used both in diagnosis and screening, but 
this is no longer the case [114]. Des-gamma-car-
boxy prothrombin (DCP) has also been investigat-
ed for its potential role as a diagnostic tool, but 
the results are yet inconclusive [123,130]. More-
over, as discussed above, the cell-cycle regulator 
p27 is a molecule that can serve as a prognostic 
biomarker in the investigation of recurrence in 
NASH-induced HCC [84].

It is true that a direct consequence of the con-
stant improvement of the diagnostic tools avail-
able and regular surveillance of population at risk 
is the identification of smaller HCC’s and dysplas-
tic nodules, making the distinction between ma-
lignant and benign lesions even more challeng-
ing. The combination of various radiologic and 
histopathologic methods available, along with 
close monitoring in cases of uncertainty, ensures 
the early detection and therefore intervention.

Staging and management of HCC

It is well established so far that optimal treat-
ment of HCC is tightly connected to prognosis, 
which in turn depends on many factors, like tumor 
stage, patient’s  liver function and performance 
status. Therefore, there is a need of a staging 
system that will combine these parameters and 
provide the best treatment option in each case. 
Although a great variety of staging systems has 
been used so far by clinicians all over the world, 
up until now the Barcelona Clinic Liver Cancer 
(BCLC) is considered to be the most appropriate 
and therefore is being widely accepted [131-133].

According to BCLC staging system and treat-
ment algorithm, in early stages of HCC (very 
early-BCLC stage 0 and early-BCLC stage A) the 
treatment of choice is liver resection for patients 
without cirrhosis or with cirrhosis with well-pre-
served liver function. Orthotopic Liver Transplan-
tation (OLT) is also an alternative option in early 
stages of the disease for the patients correspond-
ing to the Milan criteria [26,132]. Percutaneous 
local radiofrequency (RFA) is also recommended 
for patients with early stage HCC who cannot un-
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dergo surgery or as a bridge to OLT. Preoperative 
portal vein embolization (PVE) is gaining accep-
tance worldwide, in order to avoid postoperative 
liver failure, but also for patients who cannot un-
dergo surgery due to lack of sufficient normal pa-
renchyma after liver resection [134]. 

Equally important to the efficient treatment is 
the proper and regular monitoring of recurrence. 
Imaging methods, either CT or MRI, as well as 
serological markers like AFP, while not always ad-
equately reliable if used alone, are usually evalu-
ated in close intervals [26].

Inoperable stages of HCC (intermediate-BCLC 
stage B) can be treated successfully with tran-
sarterial chemoembolization (TACE) and radi-
oembolization (TARE) [26,132,135]. In cases of 
vascular invasion or extrahepatic spread of the 
tumor (advanced-BCLC stage C), administration 
of sorafenib, a tyrosine kinase inhibitor, is the 
treatment of choice [26,132]. In terminal stage 
HCC (terminal-BCLC stage D) there is no effective 
treatment to date except for palliative care, main-
ly adequate pain management and psychological 
support.

Despite the wide acceptance of the BCLC stag-
ing system, not every scientific society around 
the world is in accordance with that. Differences 
exist among the current published guidelines in 
different countries, reflecting regional differenc-
es in the biology and prevalence of the disease 
and the availability of diagnostic and therapeutic 
tools. For example, Asian guidelines tend to have 
more expanded criteria regarding tumor resection 
and liver transplantation and emphasize the role 
of TACE [136,137].

Discussion

Liver carcinogenesis in the setting of NA-
FLD and NASH has become increasingly com-
mon nowadays. NAFLD seems to affect almost 
one third or more of the global adult population 
and HCC is the fifth most common cancer and the 
second leading cause of death related to cancer 
[1,11]. As NAFLD has been recognized as a risk 
factor for the development of HCC it is of no sur-
prise the amount of research that is being done 
to elucidate the mechanisms involved in this pro-
cess, as these two entities share many common 
risk factors and pathogenic pathways [2-6]. Obesi-
ty, DM and metabolic syndrome are some of the 
disorders that are strongly associated with both 
diseases [6,7,21,27-29].

Deep knowledge and understanding of the 
underlying mechanisms of liver carcinogenesis 

is the key to design effective diagnostic tools and 
therapies. Obesity and insulin resistance are the 
cornerstones in the pathogenesis of the disease 
and share many molecular pathways, ultimately 
leading to the activation of the inflammatory and 
oxidative processes that cause DNA damage and 
carcinogenesis [27,36,37]. The role of other fac-
tors, though, especially that of genetic predisposi-
tion, should not be obscured. 

The usually asymptomatic nature of NAFLD 
makes diagnosis rather challenging. Diagnostic 
tools for NAFLD are limited so far and a com-
bination of serological and radiological meth-
ods should be used. Liver biopsy remains the 
gold-standard and should be performed in patients 
at increased risk of fibrosis [12]. From all the pre-
diction scores available, it seems that the NAFLD 
Fibrosis Score is the most suitable in identifying 
patients at greater risk of fibrosis [70,72]. Elastog-
raphy is a non-invasive modality that can accu-
rately measure fibrosis, but its inability to detect 
fibrosis in early stages limits its use [90]. 

On the other hand, diagnosis of HCC is more 
well-defined and a contrast enhanced imaging 
technique with the classic appearance of arterial 
enhancement followed by “washout” is sufficient 
to establish the diagnosis [26]. A wide variety 
of novel biomarkers for NAFLD and HCC, either 
serological or immunohistochemical are cur-
rently under extensive research with promising 
results.

Treatment options for NAFLD include life-
style modifications, as well as the use of various 
pharmacological agents that are recommended 
for the treatment of NASH. Vitamin E and TZDs 
are the most extensively tested among them 
[105]. Modification of risk factors like dyslipid-
emia, hypertriglyceridemia and DM are equally 
important and the use of natural antioxidants 
should be encouraged. Bariatric surgery can 
have a therapeutic role in cases of extreme obesi-
ty [113]. Nonetheless, current evidence is scarce 
and further investigation is needed towards NA-
FLD therapy with larger prospective well-de-
signed studies. 

The management of HCC is more clarified, es-
pecially after the introduction of the BCLC stag-
ing system and treatment algorithm that is being 
applied in many countries [131-133]. According to 
BCLC, in early stages a combination of liver re-
section, orthotopic liver transplantation and RFA 
can be used. Intermediate stages can be treated 
by TACE or TARE and advanced disease with the 
administration of sorafenib.

Prevention is of utmost importance due to 
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the high prevalence of both diseases. Due to the 
multifactorial nature of NAFLD and the lack of 
radiological imaging techniques or serological 
markers that can detect individuals at risk, screen-
ing has not yet been applied. It is, though, cru-
cial to identify individuals at risk and figure out a 
cost-effective way to apply screening policies. Is it 
possible to screen all obese patients or type 2 DM 
patients? Will that be enough? What is the correct 
combination that will lead to the best screening 
policy? What is the right modality that can point 
out which patients will develop a progressive dis-
ease? These are only some of the questions that 
remain to be answered. Therefore, further inves-
tigation and establishment of non-invasive and 
cost-effective biomarkers and imaging techniques 
that will be massively applied to population at 
risk, in order to design the best screening policy, 
is imperative. 

Conclusion

Finally, we are aware of the limitations of the 
present review. There is a great amount of studies 
that are being published every day, each of them 
of different design and purpose, investigating var-
ious aspects of the relationship between NAFLD 
and HCC. Therefore, the comparison of the relevant 
data is puzzling and solid conclusions are difficult 
to reach. Further well-designed prospective studies 
are needed in all areas of research in order to shed 
more light and provide robust data in pathogene-
sis, diagnosis, treatment and prevention of HCC in 
NAFLD and NASH in order to avoid the devastating 
results of that rapidly expanding global epidemic.
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