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Abstract:

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death and is
currently the main event leading to death in patients with cirrhosis. Evolving information
suggests that the metabolic syndrome with non-alcoholic liver disease may be an important cause
of HCC in addition to viral hepatitis and alcohol-induced liver disease. The molecular
pathogenesis is extremely complex and heterogeneous. To date the molecular information has
not impacted on treatment decisions. Periodic surveillance imaging of patients with cirrhosis is
widely practiced, especially because diagnostic, radiographic criteria for early-stage HCC have
been defined (including nodules between 1 and 2 cm) and effective treatment is available for
tumours detected at an early stage.
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Introduction: growing in the West due to an increased
epidemic of its risk factors like alcohol, fatty
liver, and viral hepatitis (Heimbach et al.,

2018).

Hepatocellular carcinoma (HCC) is a
primary malignancy of the liver and mainly
occurs in patients having chronic liver

disease and cirrhosis. The hepatic stem cells
are believed to be the cell(s) of origin.
Tumor advancement takes patterns of local
extension, intrahepatic metastases, and
distant metastases (Cicalese, 2015).

HCC is a worldwide health problem. It
is the fifth most common malignancy
worldwide and the second most common
cause of cancer-related death. This variance
between occurrence and fatality ensures that
it is an aggressive tumor with a poor
prognosis. Incidence of HCC is rapidly

Eur. Chem. Bull. 2023,12( issue 10),14474-14484

The global distribution of HCC is
variable because it is most prevalent in areas
with widespread chronic hepatitis B virus
(HBV) infection. Additionally, the Western
world is complaining of rising HCC
prevalence as a result of migration from
HBV-endemic regions, hepatitis C virus
(HCV) infection, alcoholic cirrhosis, and
non-alcoholic steatohepatitis associated with
the obesity epidemics (Kim et al., 2016).
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Hepatocellular carcinoma in Egypt

HCC represents a serious public health
issue in Egypt. In multiple Egyptian regional
registries, liver cancer is the first most
frequent cancer in men and the second in
women. In Egypt, liver cancer counts for
11.75% of the malignancies of the digestive
organs and 1.68% of the total malignancies
(Ashmawy et al., 2019).

HCC forms 70.48% of all liver tumors
among Egyptians and it is considered the
main complication of cirrhosis, and
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represents a growing incidence in Egypt,
which may be due to a shift in the relative
importance of (HBV) and HCV as primary
risk factors, and advancements in screening
programs  and  diagnostic  materials
(Mohamed et al., 2022).

Although most HCC develop on
underlying chronic liver disease, some may
happen on a normal liver and usually match
specific types, including fibrolamellar HCC
(Holah et al., 2015).
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Figure (1): Annual number of HCC cases per year in Egypt (Shaker, 2016).

Risk factors of HCC

HCC is a complicated disease related to
many risk factors and cofactors such as
cirrhosis, viral hepatitis, schistosomiasis,
diabetes  mellitus, aflatoxins  mainly
Aflatoxin B1, alcohol, smoking, and other
factors (Pascual et al., 2016).

Eur. Chem. Bull. 2023,12( issue 10),14474-14484

1. Cirrhosis

Cirrhosis is a leading risk factor for the
development of HCC, about 30%-35% of all
cirrhotic patients will gain HCC in the
course of their disease. It is evaluated that
the annual risk of developing HCC in
cirrhotic patients is between 1-8% based on
the etiology (chronic viral hepatitis, alcohol,
non-alcoholic fatty liver disease, and
hereditary metabolic diseases or
autoimmune) (Pascual et al., 2016).
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2. Viral hepatitis (HBV and HCV)

Chronic infection is a leading risk factor
for HCC. The incidence of HCV infection is
higher in Egypt and Japan. There is a
significant link between HCV chronic
infection and the development of HCC,
really, the risk of developing HCC in that
patients increase between 20 and 30 times
(Ozakyol, 2017).

Patients with high viral loads and HCV
genotype 1b infection have a higher risk of
HCC occurrence. Patients infected with
HCV and carrying HCC have higher levels
of inflammatory markers of oxidative stress,
so the immune response can be another
cofactor in the transformation from cirrhosis
to HCC in HCV-infected patients (Lee et
al., 2014).

3. Schistosomiasis

The infection by Schistosoma is
endemic in tropical areas of Africa, the
Caribbean, Asia, and South America. The
species of Schistosoma japonicum, already
identified as a possible human carcinogen,
has been associated with the risk of
developing HCC in patients infected by
HBV and HCV (Nelwan, 2020).

It is well reported that Schistosoma
haematobium and mansoni were endemic in
Egypt, but there is a steady decline in the
incidence of both types of schistosoma due to
the strategy adopted in 1997 with Praziquantel
mass treatment (Barakat, 2012).

4. Gender and race

Males are at higher risk than females,
African males commonly pick up HBV at a
younger age, and this considerably increases
their risk of having liver cancer (Kew, 2010).

Eur. Chem. Bull. 2023,12( issue 10),14474-14484
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5. Age

HCC seldom occurs among adolescents
and forms less than 1% of all malignant
neoplasms among children who are under
the age of 20 years. Inherited metabolic
disorders specifically, alpha-1-antitrypsin
deficiency, hereditary tyrosinemia, and
glycogen storage disease type 1 are
associated with cirrhosis in children and
HCC. Primary liver cancer also occurs in
children with bile salt export pump
deficiency and biliary atresia. Prevalence
rates peak in males who are older (65-75)
years (Herbst and Reddy, 2012).
6. Diabetes mellitus (DM)

DM can increase the risk of HCC by 2—

3-fold without the presence of other main
HCC risk factors (Ziada et al., 2016).
7. Smoking

Smoking increases the risk of HCC in
patients having viral hepatitis. Cigarettes are
a main source of 4-aminobiphenyl
polycyclic aromatic hydrocarbons (a hepatic
carcinogen) which has been entangled as a
causative risk factor for HCC. Tobacco
smoking is associated with a decrease of
tumor  suppressor gene p53  and
accumulation of excess iron in hepatocytes
in heavy smokers, which prompts fibrosis
and favors the development of HCC (Ziada
et al., 2016).

8. Alcohol

Alcohol drinking in a heavy manner can
lead to cirrhosis, which in turn enhances the
development of HCC (Huang et al., 2023).

9. Aflatoxin
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Aflatoxin is a set of fungal metabolites
produced by Aspergillus flavus growing on
badly stored food. It is popular in sub-
Saharan Africa and regions of East and
Southeast Asia and has been found to be a
risk factor for HCC. These regions have a
high rate of HBV infection, and this
increases the risk of HCC (Herbst and
Reddy, 2012).

The International Agency for Research
on Cancer classified Aflatoxins B1 (AFB1)
as a class 1 human carcinogen. Many studies
in Egypt have exhibited the presence of
AFB1-albumin adducts in human blood, and
AFB1 has been revealed at moderate to high
levels in food samples purchased in Egypt
(Saleh et al., 2015).

10. Non-Alcoholic Fatty Liver Disease
(NAFLD)

Hepatic disorders associated with
obesity and metabolic syndrome are
considered risk factors for HCC. NAFLD
carries the highest risk for HCC because it
can advance to cirrhosis, but there is
increasing worry that NAFLD-associated
HCC may also occur in non-cirrhotic liver
(Aberg et al., 2023).

11. Genetic diseases and HCC

Some genetic diseases can be risk
factors of HCC as Hemochromatosis (is a
common inherited disorder of iron
metabolism, characterized by excessive
gastrointestinal iron absorption and by
consequent increased iron storage in all
organs except for the brain and nervous
tissue), Glycogen storage disease (is caused
by the impairment of glucose-6-phosphatase
activity, with consequent excess glycogen

Eur. Chem. Bull. 2023,12( issue 10),14474-14484
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storage in the liver), Type 1 Tyrosinemia (is
an autosomal recessive disorder caused by a
deficiency of the last enzyme in the
catabolic pathway of tyrosine,
fumarylacetoacetate  hydrolase  (FAH),
located on chromosome 15g23-g25), and
Alpha 1 antitrypsin deficiency (is an
autosomal recessive disease that results from
several mutations in the SERPINA1 gene
located on chromosome 14932.1) (Dragani,
2010, Pellicelli, 2022).

12. Other factors

HCC may occur on underlying
cholelithiasis. Some cases exhibit malignant
transformation of liver adenomas in women
having oral contraceptive pills, but related
studies did not prove the results.
Nitrogenous compounds (used in cheeses,
smoked fish, sausages, and other foods)
might increase the risk of liver disease and
cancer (Liu et al., 2022).

Individuals who have a family history
of first-degree liver cancer can develop liver
cancer more than the general population by
4 times, proposing that certain shared
genetic and environmental factors would
affect the risk of developing liver cancer
(Baecker et al., 2019).

The clinical picture of HCC

Patients who acquire HCC usually have
no symptoms other than those associated
with their chronic liver disease. Suspicion
for HCC should be raised if patients with
previously compensated cirrhosis develop
decompensation such as ascites,
encephalopathy, jaundice, or variceal
bleeding. These complications are usually
related to the expansion of the tumor into the
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hepatic or portal veins, or arteriovenous
shunting happened by the tumor (D'amico
etal., 2014).

Some patients may complain from mild
to moderate upper abdominal pain, early
satiety, weight loss, or a palpable mass in
the upper abdomen. These symptoms
usually represent an advanced condition
(Schwartz and Carithers, 2016).

Other uncommon clinical pictures
include diarrhea, a paraneoplastic syndrome
that can manifest as hypoglycemia,
hypercalcemia, thrombocytosis,
erythrocytosis, diarrhea of watery nature,
and fever that might develop in relation to
central tumor necrosis. The presence of any
of these presentations other than
erythrocytosis, is generally associated with a
poor prognosis (Attwa and EI-Etreby,
2015).

Surveillance strategy
Target population

Surveillance can be defined as the
periodic use of very sensitive diagnostic
tools to discover early disease in a certain
high-risk population such as cirrhosis, HBV
infection, and HCV infection. The American
Association for the Study of Liver Disease
(AASLD) recommends HCC surveillance
for the following high-risk groups: Asian
female hepatitis B carriers over age 50,
Asian male hepatitis B carriers over age 40,
Africans and African Americans with
hepatitis B, hepatitis B carriers having a
family history of HCC, cirrhotic hepatitis B
carriers, people having hepatitis C cirrhosis,
persons having genetic hemochromatosis
and cirrhosis, individuals with primary

Eur. Chem. Bull. 2023,12( issue 10),14474-14484

Section A -Research paper

biliary cirrhosis (stage 4), people having
alpha 1-antitrypsin deficiency and cirrhosis
and persons having cirrhosis due to other
causes(Yu, 2016).

Radiological tests

i. Ultrasonography (US)

It has been the radiographic technique
of choice for HCC surveillance for a long
time, in addition, a meta-analysis informed
that US sensitivity is 94% in finding lesions
and its specificity 1s>90% (Yu, 2016).

US shows multiple advantages because
it is noninvasive, has low cost, and shows
high availability and high specificity, but it
represents many disadvantages like low
sensitivity, and US depends upon the
operator. Therefore, it is better used as a
screening test rather than a diagnostic test
for HCC. On the other hand, contrast-
enhanced ultrasound (CEUS) can be utilized
as a diagnostic test due to its high sensitivity
which may be equal to that of dynamic CT
or MRI in the diagnosis of HCC (Omata et
al., 2010).

HCC has variable imaging presentation.
Nearly, the small focal HCC seems
hypoechoic as compared to a healthy liver.
large lesions represent heterogeneous
patterns due to fibrosis, necrosis, fatty
change, and calcification. A peripheral halo
of hypoechogenic might be noticed with
focal fatty sparing, diffuse lesions that might
be difficult to be differentiated from
background cirrhosis (Kefeli et al., 2017).

ii. Multiphase computerized tomography
(CT) and magnetic resonance imaging
(MRI) with contrast
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HCC lesions represent high
arterialization and low existence of contrast
substances within the portal phase of
imaging (washout) on each CT and MRI
scan (Wald et al., 2013).

CT and MRI can reveal tumors >2 cm
by a sensitivity of 90%, but tumors ranging
from 1 to 2 cm could be detected by a
sensitivity of 65% and 80%-92% while
tumors less than 1cm could be detected by a
sensitivity of 10% for CT and 34%—71% for
MRI. CT and MRI are recommended in
patients having ambiguous results after
using US as a primary technique for
screening (Balogh et al., 2016).

To characterize the lesions in detecting
HCC we need an accurate technical
performance of 4-phase CT scanning with
imaging in both hepatic arterial and venous—
portal venous and delayed contrast images,
that need is due to the presence of
continuous changes in the supplying vessels
and  hemodynamic  condition  during
hepatocarcinogenesis. The sensitivity of this
technique in detecting tumors larger than 1
cm reaches 60-94.4%, but that sensitivity
diminished by 33-45% for detecting tumors
less than 1 cm (Kefeli et al., 2017).

The basic feature of HCC on CT is late
arterial  enhancement  with  washout
compared to the liver parenchyma through
the venous or delayed phases (3-5 min post-
injection).  That  specific form  of
enhancement gives this technique high
specificity and positive predictive value and
makes it the noninvasive ideal diagnostic
test for HCC (Willatt et al., 2017).

Eur. Chem. Bull. 2023,12( issue 10),14474-14484
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MRI is the best test for the assessment
of HCC in patients with abnormal liver
lesions detected by US. HCC representation
differs on MRI due to various factors like
the degree of fibrosis, degree of necrosis,
histologic pattern, hemorrhage, and degree
of fatty change (Kefeli et al., 2017).

MRI can properly show the mosaic
appearance of the large HCCs more than
Multi-Detector Computed Tomography
MDCT due to the best soft tissue contrast.
MRI diagnosis of HCC mainly depends
upon the enhancement pattern on dynamic
post-gadolinium-enhanced scans because the
signal intensity of unenhanced images is not
specific, also it overlaps with various other
focal lesions (Hennedige and Venkatesh,
2012).

The detection and characterization of
HCC by MRI has very high sensitivity and
specificity. If the lesion is between two and
three centimeters in size, the sensitivity of
the MRI is 84%. Greater sensitivity and
specificity, particularly for smaller tumors
and diffuse HCC, good safety, low risk of
kidney damage, and absence of ionizing
radiation are only a few of the benefits that
MRI has over CT (Tiwari et al., 2014).
Serological markers
I. Serum Alpha-Fetoprotein (AFP)

Serum AFP has been usually and
traditionally utilized as a tumor marker of
HCC. But 35% of patients with small HCC
lesions show no increase in its levels so it
may be high in patients having active
hepatitis or active hepatocyte regeneration.
It should be noted that AFP levels are
demanded for diagnosis more than for
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surveillance. If serum AFP level is added to
US results,6-8% of cases missed by US
could be detected (Zong et al., 2020).

National Comprehensive Cancer Network
(NCCN) qguideline reported that AFP
enhances the detection of HCC lesions if it is
combined with US in the screening sessions
for high-risk individuals. If cirrhotic patients
have an elevated or rising AFP, a diagnostic
examination should be done despite the
absence of a liver nodule in US as
recommended by American College of
Gastroenterology (ACG) guidelines (Yu,
2016).

Il. Lens culinaris agglutinin-reactive
fraction of a-Fetoprotein (AFP-L3)

It is expressed as a proportion of AFP,
and it is raised in patients having HCC. It
shows high specificity for HCC diagnosis
when AFP levels are >20 ng/mL. Patients
who have a measured AFP-L3 by a level
>10% are sorted as high-risk groups for
HCC. Unfortunately, AFP-L3 may indicate
a more aggressive tumor, invasive growth
pattern, shorter doubling time, vascular
infiltration, and intrahepatic spread (Chen et
al., 2020).

I1l.  Des-Gamma-Carboxyprothrombin
(DCP)
Des-Gamma-Carboxyprothrombin IS
secreted by malignant hepatocytes as a result
of an acquired post-translational disorder in
the vitamin K-dependent carboxylase
system, this system is also named
prothrombin induced by vitamin K absence
Il (PIVKA 11). The specificity of the DCP is
about 91% while its sensitivity is low at
41%. DCP shows a high specificity in

Eur. Chem. Bull. 2023,12( issue 10),14474-14484
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comparison to AFP which shows specificity
at 70%.DCP returns to normal level after
successful tumor resection. DCP levels
>125m (AU) anson unit /mL can distinguish
HCC from cirrhosis and chronic hepatitis
(Balogh et al., 2016).

IV.MicroRNAs

miRNAs are widely considered useful
biomarkers and they have potent therapeutic
effects on cancers. miRNAs play a crucial
role in many biological processes like
growth, apoptosis, cell proliferation, cell
differentiation, as well as carcinogenesis.
So, they are considered powerful and
important biomarkers for diagnosis, staging,
progression, prognosis, and response to
treatment. Thus, researchers give miRNAs
great attention to estimate the link between
HCC and miRNA levels (Yu et al., 2016).

Previous studies mentioned that miRNA-21
acts as an onco-miR, while miRNA-29c and
miRNA-155 act as tumor suppressor
mMiRNA in HCC. The three miRNAs might
be detected in HCC and could be used as
minimally invasive biomarkers in HCC
detection. The mIRNA-155 expression
levels showed significant elevation in HCC
tissue with an increase of 1.5-6 times
compared to normal liver tissue (Lv et al.,
2020, Ratnasari et al., 2022).
V.Glypican-3

Glypican (GPC) is defined as a family
of heparan sulfate proteoglycans that
attaches to the surface of a cell by a lipid
anchor. This family consists of six members
(GPC1-6) (Sparn et al., 2022).
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GPC-3 is identified to be a specific
oncofetal biomarker for the diagnosis of
HCC (Li, 2023, Mauro et al., 2023).

The extremely high specificity of serum
GPC-3, which varies from 90% to 100% in
the diagnosis of HCC. GPC-3 sensitivity is,
however, not very high. When coupled with
AFP, it became more sensitive (Parikh et
al. 2020).
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VI.Proteomic profiling

Proteomic-based  biomarkers  have
provided modern tools to discover early
transformations in protein and metabolite
expression in HCC, but they currently
cannot be used for surveillance or diagnosis
(Kefeli et al., 2017).

[ Surveillance Algorithm - Diagnostic Algorithm ]

Extremely High-Risk Group:
Ultrasound every 3—4 months

High-Risk Group:
Ultrasound every 6 months

Measure AFP/DCP/AFP-L3 every 3-4 months
CT/MRI (optional) every 6—12 months

Measure AFP/DCP/AFP-L3 every 6 months

I Nodule detected by ultrasound

y

I Dynamic CT/MRI*

y

y Y

Early-phase contrast No early-phase I No lesions |
enhancement contrast
enhancement
\L increase in size
7 fincrease in tumor|
Tumor diameter N marker levels
>1.5cm? C
Delayed-phase No delayed-phase v
washout washout oY
Tumor diameter No 7T Follow-up every 3
>1cm? months
Yes I I
‘L No increase in
; sizeftumor
| Optional testing l disappearance
] v
Regular surveillance ]
Definitive diagnosis of
hepatocellular
carcinoma
) \’
Hepatocellular carcinoma |

*CT/MBRI are used for some patients even if the nodule{s) are not visualized using ultrasound
because of poor visualization capability. Contrast-enhanced ultrasound may be considered for
patients with renal impairment and/or allergies to contrast media of CT/MRI.

Eur. Chem. Bull. 2023,12( issue 10),14474-14484

Figure (2): Algorithm for surveillance and diagnosis in the 3" JSH-HCC Guidelines

(Kokudo et al., 2015)
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Diagnosis of HCC

Diagnosis
of HCC
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Figure (3): Diagnosis of HCC (Kokudo et al., 2015)
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