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For my daughters: Ophira and Feridey
“Everything should be made as simple as possible, but not 
simpler.”
- Albert Einstein
“Truth does not become more true by virtue of the fact that the 
entire world agrees with it, nor less so even if the whole world 
disagrees with it.”
“The physician should not treat the disease, but the patient who 
is suffering from it.”
- ben Maimon (Rambam)
“Scientific knowledge is in perpetual evolution; it finds itself 
changed from one day to the next.”
“What we see changes what we know. What we know changes 
what we see.”
- Jean Piaget
“The knowledge of anything, since all things have causes, is 
not acquired or complete until it is known by its causes.”
- Ibn Sina (Avicenna)
“The easiest method of acquiring the habit of scholarship is 
through acquiring the ability to express oneself clearly in 
discussing and disputing scholarly problems. This is what 
clarifies their import and makes them understandable.”
- Ibn Khaldun
“We should not be ashamed to acknowledge truth from 
whatever source it comes to us. One must not be afraid of new 
ideas, no matter the source.”
- Al-Kindi
“A hair divides the false and true; yes, and a single aleph were 
the clue-could you but find it- to the treasure house, and 
peradventure to the Master too.”
- Omar Khayyam
“Judge a man by his questions, rather than his answers.”
- Voltaire
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Primary liver cancer is the fifth most common cause of cancer globally and 
the second most common cause of death from cancer. The ratio of death to 
incidence is about 0.9, since most patients who are diagnosed with it, die 
from it. The global burden of this disease is predominantly borne by less- 
developed countries and its causes are mainly known. The major cause is 
chronic infection with hepatitis B (HBV) and the majority of patients are in 
Asia. Although there are several types of primary liver cancer, approximately 
90% are due to hepatocellular carcinoma (HCC), and this book focuses 
exclusively on this.

The Middle East comprises many countries with a huge range in income 
per capita, national wealth and its distribution, as well as hygiene and its 
practices. The causes of HCC and especially the cofactors are also varied. 
Some countries, such as Egypt and Saudi Arabia, have a very high percent of 
HCV-based HCC, while others, such as Turkey, Iran, and Kuwait, have a high 
percentage HBV-based HCC. As in the Western world, obesity and its associ-
ated liver diseases is increasingly becoming a cause of morbidity and HCC in 
the Middle East. Much of the cause of HCC in the Middle East is preventable, 
as elsewhere, the major approaches being HBV neonatal vaccination and life-
style changes for obesity prevention and horizontal transmission of hepatitis 
C (HCV). Unlike other parts of the globe, alcoholism is a lesser cause.

In much of medicine in general and in HCC in particular, the major 
approaches to decreasing the disease burden and thus mortality depend on 
prevention (when the causes are known, as for HCC), early diagnosis via 
surveillance of patients who are known to be at risk (cirrhosis from any 
cause), and treatment of limited stage tumors (as a result of early diagnosis). 
Unlike most other tumors, the vast majority of HCC patients actually have 
two diseases, namely their HCC and an underlying liver disease that was the 
precursor to the HCC development. Both diseases interact bidirectionally, the 
liver disease influences HCC incidence and severity, and the HCC growth 
impairs residual liver function. Thus, consideration of both these co-existent 
diseases and their severity necessarily informs rational individual patient 
management decisions.

There is a large body of knowledge about HCC causes, pathophysiological 
mechanisms, and associated biology and biochemistry. Despite all this, too 
many patients present for medical care when their disease is at an advanced 
stage, when surgical therapies (resection, ablation, liver transplantation) with 
curative intent are no longer feasible. The next series of therapeutic options 
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consist of the loco-regional therapies, chemo-embolization (TACE), and 
radio-embolization (TARE), for non-metastatic disease patients. Thereafter 
come an increasing large choice of systemic therapy options, consisting of 
recently approved tyrosine kinase inhibitor drugs and immune checkpoint 
inhibitor drugs, both of which have recently been shown to greatly increase 
survival in this group of patients.

This book is divided into 4 parts. The first part (chapters “Biological 
Aspects of HCC”, “Changing Etiology and Epidemiology of Human Liver 
Cancer”, “Hepatocarcinogenesis Induced by Environmental Exposures in the 
Middle East”, “Obesity and Hepatocellular Carcinoma: Epidemiology and 
Mechanisms”, “Epidemiology of Hepatitis B Virus in the Middle East”, 
“Hepatocellular Carcinoma in the United Arab Emirates”, and “Overview of 
Clinical HCC and Its Management”) considers the causes of HCC and clini-
cal syndromes associated with HCC.  The second part gives a descriptive 
overview of clinical HCC and describes the treatment modalities, with a 
chapter on treatment selection for individual patients, including settings 
where choices of therapies are less available (chapters “Cost- Effective 
Therapies for HCC: Resection and Ablation”, “Transarterial Radioembolization 
in Hepatocellular Carcinoma”, “Intra- arterial Chemotherapy and Transarterial 
Chemoembolization in Hepatocellular Carcinoma”, “Radiotherapy for 
Hepatocellular Carcinoma”, “Liver Transplantation in the Middle East”, 
“Individual Patient Assessment and Therapy Decision- Making in a Live 
Donor- Based Liver Transplant Institute”, and “Hepatocellular Cancer in 
Iran”). The third part gives a series of Middle Eastern country-specific chap-
ters on local clinical HCC experience and practice (chapters “Hepatocellular 
Carcinoma in Kuwait”, “Insights on Hepatocellular Carcinoma in Saudi 
Arabia”, “Hepatitis C- Induced Hepatocellular Carcinoma in the Middle 
East”, “Hepatocellular Carcinoma in the Middle East: An Overview”, 
“Current HCC Clinical and Research in Egypt”, “Hepatocellular Carcinoma 
in Turkey: A Review of Disease Epidemiology and Treatment Outcomes”, 
“Targeting c- Met and AXL Crosstalk for the Treatment of Hepatocellular 
Carcinoma”, “Hepatocellular Carcinoma in Morocco”, “Hepatocellular 
Carcinoma in Lebanon and Its Association with Thalassemia”, “An Overview 
of Hepatocellular Carcinoma (HCC) in Lebanon: A Focus on Hepatitis B-  
and Thalassemia- Related HCC”, “Hepatocellular Carcinoma in Pakistan: An 
Update”, and “Future Directions”). A final part (chapter “The Need for 
Region- Wide HCC Collaborations” and 27) considers what the next needs 
are for our subject and proposed useful HCC collaborations across our region.

Malatya, Turkey Brian I. Carr   
March 2021
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Biological Aspects of HCC

Brian I. Carr

1  Etiology: Risk Factors for 
HCC and Presumptive Causes

The most common risk factors for developing 
HCC include cirrhosis from any cause, chronic 
hepatitis B or C viral infection, chronic alcohol 
consumption, fatty liver disease caused by obe-
sity, and eating foods that have been contami-
nated by cancer-causing fungal toxins, as 
depicted in the list of cancer-causing and cancer- 
preventing substances of Table 1.

2  Biological Characteristics of 
Human HCC

The prognosis and management of HCC are 
influenced in most patients by the concurrence of 
two separate but related and interacting liver dis-
eases, namely, hepatitis or cirrhosis from any 
cause and HCC. It is likely that each influences 
the other (i.e.,  cirrhosis is a precursor to most 
HCCs and growing HCC can destroy liver paren-
chyma and thus worsen liver function), and the 
selection of HCC therapy cannot take place with-
out considering the limitations imposed by the 
concurrent liver disease. Thus, HCC is “a tale of 
two diseases.”

3  Primary Drug Resistance 
to Cytotoxic Cancer 
Chemotherapeutic Agents

For most other cancers that have been studied, 
after a given number of chemotherapy treat-
ments, the tumors can adapt and become resistant 
to the cytocidal actions of the cancer chemother-
apy. This is called secondary or acquired resis-
tance and is similar to the resistance seen in 
bacteria after exposure to antibiotics or in insects 
after exposure to insecticides. HCC is different in 
that it has primary resistance to a large array of 
toxins and most chemotherapeutics, without 
prior exposure to these agents. Work done several 
decades ago showed that cells that develop in a 
chronic toxic/carcinogenic milieu acquire a pan- 
drug resistance phenotype (pleiotropic) as they 
develop cancers. This is called primary resis-
tance. Thus, trying to overcome this resistance 
with high doses of chemotherapeutic agents, 
especially in the presence of chronic liver dam-
age, is often futile at best and dangerous for the 
liver at worst. Perhaps this is why such a large 
number of cancer chemotherapy clinical trials 
failed to produce any meaningful survival advan-
tage for patients with HCC and could usually 
only be done in selected patients.

B. I. Carr (*) 
Translational HCC Research, Liver Transplantation 
Institute, Inonu University, Malatya, Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-78737-0_1&domain=pdf
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4  Vascular Characteristics

There are two different and unrelated vascular 
characteristics of HCC.

Vascularity: Firstly, it is one of the most vascu-
lar of tumors, and HCC has distinctive features 
on the arterial phase of computed tomography 

(CT) and magnetic resonance imaging (MRI) 
scan images. Unlike other organs, approximately 
a large proportion of the oxygenated blood of the 
normal liver comes from the portal vein. In con-
trast, around 80% of oxygenated blood that feeds 
HCCs comes from arterial outgrowths from 
hepatic artery branches. This was noted 30 years 
ago in Japan to offer a potential means for deliv-
ering drugs/chemotherapy moderately selectively 
to the HCC by injecting them into the hepatic 
artery and thus minimizing the exposure of the 
underlying diseased liver to drug toxicities. 
However, the liver is only partially protected, 
because in cirrhosis there is often hepatic arterial- 
venous blood shunting and direct intrahepatic 
arteriovenous connections open up.

PVT: Secondly, HCC has the propensity to 
invade radicals of the portal vein and grow in its 
lumen. When the portal vein is occluded by 
HCC, a characteristic enlargement and vascular 
enhancement of the portal vein are seen on 
CT. This is called macrovascular portal venous 
invasion (PVT). By contrast, microvascular 
venous invasion is only seen on biopsy or in 
HCC pathology specimens from liver resection/
transplantation. Because the tumor cells are now 
in a vein, they can/do get carried by the blood 
stream around the circulation, with the increased 
possibility of forming distant metastases. 
Macrovascular invasion very often results in 
post-liver transplant recurrences and is thus con-
sidered a contraindication to transplantation sur-
gery. Microvascular invasion does not seem to 
carry such a great risk. The reasons are unclear, 
as the cells are also within the venous lumen. 
Main branch PVT is considered to be a relative 
contraindication to trans-arterial chemoemboli-
zation (TACE), as HCC cells have blocked the 
portal vein and the TACE/chemoembolization 
therapy (transiently) blocks the artery, so the 
affected liver lobe loses its blood supply and can 
be severely damaged. Often, if only one of the 
two major portal vein branches is blocked by the 
tumor (branch PVT), then TACE therapy can 
still be safely given to the hepatic artery branches 
that feed the HCC.

Table 1 Substances of natural origin in the human diet 
that can cause or prevent cancer

A. Substances that can cause cancer (carcinogens)
 1. aAflatoxins – fungal contamination of stored rice 

and grains; ochratoxin A
 2. Nitrosamines – fried bacon, cured meats
 3. Hydrazines – found in edible mushrooms (false 

morel)
 4. Safrole – found in sassafras plant and black 

pepper. Oil of sassafras in “natural” sarsaparilla 
root beer is 75 % safrole

 5. Pyrrolizidine alkaloids – found in herbs, herbal 
teas, and occasionally in honey (e.g., senkirkine 
[coltsfoot], symphyline [comfrey])

 6. Estrogens – from wheat germ, unpolished rice, 
forage crops

 7. Bracken fern carcinogen
 8. Methylazoxymethanol or cycasin (cycad plants)
 9. Carrageenan – from red seaweeds
10. Tannins – from tea, wine, and plants
11. Ethyl carbamate in some wines, whiskey, and 

beers
B. Carcinogens from molds and bacteria in food

1. Aflatoxins (Aspergillus flavus)
2. Sterigmatocystin (Aspergillus versicolor)
3. Microcystins – from Cyanobacteria in drinking 

water in China
C. Tumor antagonists in the diet

1. Selenium
2. Coffee
3. Antioxidants
4. Phytochemicals, including polyphenols 

(curcumin from turmeric; resveratrol from red 
wine)

5. Vitamins A, K, and D. Vitamin A analog 
(polyprenoic acid, an acyclic retinoid)

6. Flavonols
7. Fish consumption
8. Vitamin K or polyprenoic acid (an acyclic 

retinoid analog of vitamin A)
aOnly aflatoxins have strong epidemiologic evidence of 
association with human HCC. Reproduced with permis-
sion from © John Wiley and Sons, 2014; Carr (1985)

B. I. Carr
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5  HCC Growth Rates

HCCs have been reported to have a wide range of 
doubling times (growth rates), from 1 month to a 
year. Without repeated scans over several months, 
it is difficult to calculate the tumor growth rate of 
HCC in an individual patient. A newly diagnosed 
patient could have had a slow-growing 5 cm HCC 
for 3 years; but another patient with the same size 
tumor on the first clinic visit might have had only 
a 2 cm tumor 6 months ago and will thus have an 
aggressively behaving and rapidly growing 
HCC. On that first clinic visit, without the knowl-
edge of prior scans, it would have been impossi-
ble to know the HCC growth rate. Thus, patients 
are heterogeneous with respect to their tumor 
biology, growth rates, and other characteristics. 
In fact, there is now evidence that HCCs change 
and evolve as they grow. If true, then a single 
baseline biopsy might be insufficient for rational 
patient management decisions, and multiple (liq-
uid) biopsies over time may be a solution.

Size alone may not be so important, as many 
large HCCs with >8  cm diameter can arise in 
noncirrhotic liver and are thus quite resectable. 
Thus, although size is widely seen as a negative 
prognostic factor, it really depends on the clinical 
context. A study of platelets (a surrogate for cir-
rhosis) has shown that very large HCCs grow in a 
normal platelet environment (low or absent cir-
rhosis), whereas most patients with smaller and 
multifocal HCCs have thrombocytopenia. Thus, 
the cirrhotic and inflammatory context likely 
influences the ability of the liver to support the 
growth of an HCC to large size without liver fail-
ure due to parenchymal destruction.

Faster-growing tumors are often associated 
with several “satellite” lesions likely because 
they invade the surrounding liver. However, there 
is another mechanism for multifocality, as portal 
venous invasion by HCC is also a means for 
tumor spread within the liver (more common 
than distant metastases). This has significance for 
resection surgery, where up to 40% of patients 
have recurrence within 4  years after apparently 
curative surgery. Such recurrences are observed 
to be “early” within a few months or “late” after 
a year or more, which may have different causes. 

Early recurrence tends to be near the resection 
site and close to where the removed tumor was 
located; it is thought to be due to direct tumor 
extension from microscopic cells that could not 
have been seen at surgery or on the pre-resection 
scan. Late recurrences are often in other parts of 
the liver and may be new primary HCCs. These 
may occur in cirrhosis because there are millions 
of proliferating cirrhotic nodules, all being poten-
tially premalignant, and eventually one or more 
of the nodules develop into new HCCs.

6  The Inflammatory 
Background

More than 80% of patients with HCC also have 
disease of the underlying liver that often pro-
foundly affects HCC patient management 
choices. Most commonly HCC is associated with 
chronic inflammation (from HBV, HCV, or alco-
holism, or their various combinations, or from 
obesity-associated liver disease), which may lead 
to cirrhosis, depending on the duration and inten-
sity of the inflammation. Such inflammation may 
also lead to liver failure, for which only liver 
transplantation is an effective treatment. 
Depending on the severity of the underlying liver 
damage (inflammation/fibrosis/cirrhosis), the 
ability to perform resection or ablation therapies 
beyond that needed for a minimal size tumor 
could be thwarted by the risk of subsequent liver 
failure after the contemplated surgery. This can 
also be true for any potentially hepatotoxic medi-
cal therapy, such as regional cancer chemother-
apy, TKIs, or ICIs. Since many chemotherapeutics 
also damage the bone marrow where granulo-
cytes and platelets are produced, this combina-
tion can produce clinical toxicities. Furthermore, 
cirrhosis is often associated with bleeding ten-
dencies from failure of the liver to produce suffi-
cient coagulation proteins, in addition to low 
blood platelet counts thought to be due to splenic 
destruction of platelets from the back pressure 
resulting from liver fibrosis. In summary, the fra-
gility of the underlying liver can limit the safety 
of many therapies other than liver 
transplantation.

Biological Aspects of HCC
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7  HCC Microenvironment

For several decades, it has been thought that tumors 
arise because one or more growth pathway genes 
become mutated and are expressed or otherwise 
activated in a way that leads to excessive stimula-
tion of the growth control pathways of the cell; this 
is known as the oncogene hypothesis. There is 
much experimental support for this hypothesis. 
However, in recent years, it has become clear that 
the activity of genes is often affected by other fac-
tors, either by controls on the gene involved (epi-
genetic factors), such as methylation, or by not yet 
well-understood factors in their microenvironment. 
Thus, both oxygenation and nutrients can affect 
how a given gene might behave within a cell, 
including oncogenes. Recent support for this 
“seed” (gene) and “soil” (cell environment) idea (a 
hypothesis originally developed for metastases by 
Stephen Paget (1889): “When a plant goes to seed, 
its seeds are carried in all directions; but they can 
only live and grow if they fall on congenial soil. …
While many researchers have been studying ‘the 
seeds,’ the properties of ‘the soil’ may reveal valu-
able insights into the metastatic peculiarities of 
cancer cases.” Support for this idea has come from 
molecular clinical studies in which it has been 
found that the behavior of HCC can be predicted 
from knowledge of the pattern of genetic changes 
(molecular signature) to be found in the nontumor-
ous part of the liver (microenvironment). This envi-
ronmental influence may have relevance in at least 
two HCC circumstances:

 1. Prediction of the behavior of an individual 
patient’s tumor, such as the likelihood of 
recurrence after resection

 2. The reason for an expected benefit of virus 
hepatitis therapy (of the “soil”) as part of 
HCC therapy in chronic virus carriers

8  Tumor Microenvironment 
Systems

Immune and inflammatory mediators: inter-
leukins, chemokines, reactive oxygen molecules, 
PDL-1

Tumor angiogenesis/vascularization fac-
tors: VEGF, PDGF, FGF, and TGF alpha

9  Tumor Microenvironmental 
Mediators

Cells: hepatic stellate cells, cancer-associated 
fibroblasts (CAFs), lymphocytes, Kupffer cells, 
endothelial cells, platelets, tumor-associated 
macrophages (TAMs), dendritic cells, stem/pro-
genitor cells

10  Noncellular Components

Growth factors (EGF, TGFα, FGF, PDGF, VEGF, 
HGF, IGF), TGFβ

Proteolytic enzymes: MMPs
Extracellular matrix proteins: laminins, integrins, 

heparan sulfate proteoglycans
Inflammatory cytokines: IL-6, IL-1, TNFα

11  Platelets and HCC Growth

A significant association has been found in HCC 
patients, between thrombocytosis and larger 
tumor volume, high AFP levels, and poor sur-
vival. By contrast, thrombocytopenia is also con-
sidered as a prognostic factor in HCC.  Studies 
involving clinical parameters of patients with 
small or large HCCs have shown that along with 
other factors such as AFP, tumor size is correlated 
with platelet counts. HCCs associated with throm-
bocytosis are often found in noncirrhotic liver and 
tend to be larger-sized tumors. However, HCCs 
associated with thrombocytopenia are associated 
with small tumor size, lower blood albumin, and 
impaired liver function and a fibrotic background. 
The relationship between platelets and cancer 
cells is bidirectional, since tumor cells stimulate 
platelet aggregation, whereas platelets stimulate 
the growth of tumor cells and promote their 
metastasis through activation and secretion of 
several molecules. As tumor cells activate plate-
lets, activated platelets in turn contribute to sev-

B. I. Carr
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eral steps of carcinogenesis. These include the 
secretions by platelet granules containing (1) 
growth factors (IGF-1, EGF, VEGF, HGF, trans-
forming growth factor-β (TGF- β), FGF, PDGF, 
etc.), (2) coagulation factors (prothrombin, fibrin-
ogen, factor V, and factor VIII), (3) pro-angio-
genic and anti-angiogenic factors (angiopoietin-1, 
angiostatin, etc.), (4) MMPs and tissue inhibitor 
of metalloproteinases (TIMPs) (MMP-1, MMP-2, 
MMP-3, MMP-9, MT1-MMP, MMP-14, TIMP-
1, and TIMP-2), (5) pro-inflammatory mediators 
(C-X-C motif chemokines, such as CXCL4, 
CXCL7, and CXCL12), and (6) immunologic 
molecules (C1 inhibitor and IgG) [12,21,70,71]. 
Recent data identifying the effects of platelet 
extracts on HCC cell lines have shown that plate-
lets and platelet- derived factors increase cell pro-
liferation, invasion, and migration, whereas they 
decrease apoptosis and cell AFP levels, through 
JNK signaling. Secretory platelet granules also 
trigger angiogenesis by cytokines VEGF, PDGF, 
TGF-β, IGF-1, and endostatin. Nevertheless, 
since tumor cells grow without new blood vessels 
up to 1–2 mm3, pro-angiogenic factor stimulation 
is necessary for tumor cells to grow further, which 
is also provided by platelets. Platelets help the 
tumor cells to adhere to the blood vessel wall 
through expressions of P-selectin (CD62P) and 
αIIbβ3 and enhance both intravasation and extrav-
asation. The “education of platelets by tumor 
cells” is another recently described and poten-
tially important observation. Studies show that 
platelets take up pro-angiogenic cytokines, pro-
teins, and RNA which are secreted by tumor cells.

12  Growth Factor Receptors 
and their Inhibitors (TKIs)

Numerous cellular functions that include tumor 
cell differentiation, growth, apoptosis, and angio-
genesis are mediated via signals from membrane- 
bound tyrosine kinase receptors. They include 
EGFR, IGFR, FGFR, Met (HGF receptor), 
VEGR, IGFR, and PDGFR and they transduce 
intracellular signals, often via the Ras/MEK/
ERK pathway to the nucleus, that often result in 
transcription factor activation. Two major kinase 

types are dysregulated in HCC, namely, the tyro-
sine kinases (TKs) and cyclin-dependent kinases 
(CDKs), and they are each targets for the treat-
ment of HCC via TKI inhibitors.

Some FDA-approved tyrosine kinase inhibitor 
(TKI) drugs that inhibit signaling associated with 
the above growth receptors include sorafenib, 
lenvatinib, regorafenib, cabozantinib, and ramu-
cirumab. Other drugs, such as bevacizumab, are 
antibodies that also target growth receptors.

13  Immune Checkpoint 
Inhibitors (ICIs) and the Liver

The immune checkpoint inhibitors (ICIs) are 
compounds that target the regulatory signals 
between T lymphocytes and target cells, as well 
as other immune cells. T lymphocytes recognize 
specific antigens on target cells through major 
histocompatibility complex (MHC) proteins 
through their T-cell receptors and can induce 
apoptosis of target cells.

Immune checkpoint proteins, including PD-1/
PD- L1 and cytotoxic T lymphocyte antigen 4 
(CTLA-4), suppress T-cell inflammatory activity 
to prohibit overactivation of the immune system 
and promote self-tolerance. Immune checkpoint 
inhibitors (ICIs) suppress immune inhibition 
(suppress the suppressor) induced by PD-1/
PD-L1 or CTLA-4 and thereby reactivate T cells 
to promote their cytotoxicity to tumor cell 
targets.

ICIs thus prevent the association of pro-
grammed cell death protein-1 (PD1) with its 
ligands, programmed death ligand1 (PD-L1) and 
2 (PD-L2), enhancing the T-cell response toward 
HCCs, and have recently come into clinical use 
for many tumor types, including HCC.  When 
used in various combinations, recent clinical tri-
als have shown that they greatly enhance HCC 
responses by shrinkage, with associated increase 
in patient survival. Examples include nivolumab, 
a monoclonal antibody against PD-1; pembroli-
zumab, also a humanized monoclonal antibody 
against PD-1; atezolizumab, a monoclonal anti-
body against PD-L1; and ipilimumab, a mono-
clonal antibody against cytotoxic T lymphocyte 
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antigen-4 (CTLA-4), a receptor that also func-
tions as an immune checkpoint, to downregulate 
immune responses. The ICIs appear to have the 
possibility of enhancing the lifespan of many 
HCC patients and are perhaps the most exciting 
development in HCC work in the last 10 years, as 
of end-2020.

14  Clinically Useful HCC Serum 
Biomarkers

Alpha-fetoprotein (AFP) is a glycoprotein pro-
duced in the embryonic liver and a form of fetal 
albumin, the synthesis of which is turned off at 
birth. Hence, an older name is oncofetal antigen, 
which, like CEA and glypican-3, is resynthesized 
postnatally in some tumors. It is frequently used 
and inexpensive and is a simple blood test to per-
form, but its blood levels are elevated in only 
50% of patients with HCC. AFP is not a sensitive 
enough marker for screening for small, new 
HCCs but is extremely useful if elevated, when 
monitoring the HCC response to therapy. The 
biological function of AFP is still speculative, 
though there is some evidence for its role in 
apoptosis. Since it is the fetal form of albumin 
and albumin has some growth control properties, 
it may be that AFP has a functional role in the 
loss of growth control which characterizes the 
HCC phenotype. Recently, more HCC-specific 
tests have come into general clinical practice, 
such as a glycosylated form of AFP (itself, a fetal 
form of albumin) called AFP-L3.

Des-gamma carboxy prothrombin (DCP) or 
protein induced by vitamin K absence (PIVKA- 2) 
is an HCC blood biomarker, and US Food and 
Drug Administration (FDA)-approved kits for 
measuring it are readily available to clinical labs. 
Several studies have shown that elevated DCP is 
commonly elevated in the presence of portal vein 
thrombosis (PVT). The molecule is really inter-
esting, as it is an immature form of the coagula-
tion protein, prothrombin. The enzyme 
responsible for catalyzing the immature to the 
mature form of prothrombin has an absolute 
requirement for vitamin K. This highlights an 
important role for loss of vitamin K function in 

HCC development and suggests that some vita-
min K-dependent protein or vitamin K itself 
might be important in HCC migration, given the 
association of DCP with PVT. Several attempts 
have been made to assess the value of high doses 
of vitamin K in suppressing DCP (it does) and 
thus suppressing clinical HCC growth. The 
experimental evidence is good, but the one big 
randomized clinical trial fell short.

A diagnostic model hepatocellular carcinoma 
(HCC) has been proposed that incorporates the lev-
els of each of the three biomarkers, AFP, AFP- L3%, 
and DCP, along with patient sex and age, into the 
gender, age, AFP-L3%, AFP, and DCP (GALAD) 
model, but awaits validation for screening.

Glypican-3 is another oncofetal glycoprotein 
that appears to have prognostic significance as an 
HCC serum biomarker and is being investigated 
both for imaging and as a potential target in HCC 
therapeutics.

15  Clinical Context Is Key

For all HCC parameters, context is key. For a 
newly presenting HCC patient, we normally do 
not know at what point the patient is on his/her 
disease trajectory. Thus, the total clinical context 
has to be understood to make rational patient 
management decisions. Tumor size alone is less 
important, unless we know about the presence of 
PVT or residual parenchymal liver function. That 
is why all modern classification systems employ 
parameters of both tumor aggressiveness (maxi-
mum tumor dimension, number of tumor  nodules, 
presence of PVT, and often tumor biomarker lev-
els), as well as liver function parameters. In this 
approach, two important papers showed that 
HCC microenvironmental factors may be as 
important as tumor factors, or more so. Hoshida 
et  al. (2008) showed that gene-expression pro-
files of tumor tissue failed to yield a significant 
association with survival. In contrast, profiles of 
the surrounding nontumoral liver tissue were 
highly correlated with survival. Utsonomiya 
et al. (2010) showed that molecular signatures of 
noncancerous liver tissue can predict the risk for 
late recurrence of hepatocellular carcinoma.
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It has recently been shown that the high rates 
of recurrence after HCC resection can be signifi-
cantly reduced by anti-hepatitis viral therapy. 
Thus, the viral-mediated inflammation must 
influence the HCC behavior. In summary, there 
are at least two types of molecular signatures 
(patterns of genetic changes) and clinical prog-
nostic factors in HCC: those of the tumor and 
those of the underlying liver.

It has become increasingly clear in recent 
years that the behavior of a given HCC, and thus 
the treatment approaches for a patient with HCC, 
depends on more than just the clinically observed 
tumor characteristics. This was anticipated in the 
1985 staging system of the Japanese hepatologist 
Kunio Okuda, who brought attention to the need 
to consider both tumor and liver characteristics in 
prognosis and therapy. More recently, this 
approach has been greatly expanded by advances 
in HCC biology, biochemistry, and molecular 
understanding. As a result, a fuller understanding 
of HCC behavior needs to consider genes and 
gene alterations, tumor stroma (the underlying 
tissues), tumor neovasculature (the growth of 
new blood vessels that is necessary to support the 
increasing mass of the growing tumor), inflam-
mation, supporting liver parenchyma (cells in the 
liver that support the specialized hepatocytes), 
and gene/molecular signatures (patterns of genes 
and their expression through proteins). Although 
much of this is still in the research realm (at least 
for the vasculature, inflammation, and molecular 
signatures), there are rapidly advancing clinical 
applications. For example, new knowledge of the 
growth factors that encourage new blood vessel 
growth has led to the development of several new 
cancer drugs that target this vasculature, such as 
bevacizumab or sorafenib. Another example is 
the use of anti-hepatitis therapy to decrease HCC 
recurrences after successful tumor resection. The 
recognition of the importance of the inflamma-
tory microenvironment has had two recent conse-
quences. One is the use of HCC clinical 
inflammatory markers in patient prognostication. 
Examples include use of blood levels of 
C-reactive protein (CRP), Glasgow Index (CRP 
plus albumin), neutrophil-lymphocyte ratio 
(NLR), and platelet-lymphocyte ratio (PLR). A 

second use is the finding that patients being 
treated with anti-inflammatory agents, such as 
aspirin for cardio-preventive purposes, seem to 
have lower incidence of some GI cancers, includ-
ing HCC. These results point to the possibility of 
using aspirin or NSAIDs in HCC prevention, 
possibly as an adjunct to resection. As explained 
above in the section on HCC growth, absence of 
cirrhosis likely permits the growth of larger 
tumors. Counterintuitively, these may be easier to 
manage with better resultant prognosis, due to 
absence of the cirrhosis and associated inflamma-
tion, rendering hepatic resections safer.

16  Circulating Tumor Cells 
(Liquid Biopsy)

Precision oncology is becoming increasingly 
important in the diagnosis and management of 
patients with various cancers, and liquid biopsy 
has shown promise as a minimally invasive tech-
nique for diagnosis, detection of actionable (ther-
apy) mutations, in the monitoring of tumor 
evolution and in making rational treatment deci-
sions. Liquid biopsy depends on the observation 
that many patients with solid tumors shed tumor 
cells and tumor cell DNA (in addition to a vast 
amount of nontumor circulating DNA) or its 
fragments into their circulating blood.

There are several liquid biopsy analytes, 
including circulating tumor RNA, cell-free micro 
RNA, exosomes, circulating tumor cells (CTCs), 
and circulating tumor DNA (ctDNA). This 
approach permits the use of a minimally invasive 
means for obtaining clinically useful tumor infor-
mation without invasive tissue biopsies. 
Furthermore, since they are based on peripheral 
blood samples, they can be repeated during the 
course of a patient’s disease at the same time as 
other routine clinical bloods are drawn for stan-
dard tests. However, there is not yet a standard-
ized platform for such testing. Despite this, 
several blood tests have already been FDA- 
approved as accompaniments to rational patient 
selection for several new molecularly targeting 
therapies, so far in non-HCC tumors. In addition 
to therapy, some uses of liquid biopsy include the 
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potential for diagnosis or assessment of postsur-
gical residual disease and presence of microme-
tastases. For HCC, measurement of methylation 
profiles of ctDNA appears to be a promising sur-
veillance tool. Given that AASLD and EASL 
guidelines do not recommend HCC biopsy for 
the diagnosis of most patients with a vascular 
liver mass in a cirrhotic liver, there is a dearth of 
HCC tissue to examine unless the tumor has been 
removed by resection or transplantation. 
Circulating tumor cells offer the potential for 
repetitive molecular analysis of HCCs over the 
course of an individual patient’s disease.
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Changing Etiology 
and Epidemiology of Human  
Liver Cancer

John D. Groopman

1  Introduction

Collectively liver cancer, including hepatocellu-
lar carcinoma (HCC) and cholangiocarcinoma, 
accounts for 8.2% of all reported cancer deaths in 
men and women, and it is the third/fourth most 
common cause of cancer mortality worldwide, 
tied with stomach cancer [1, 2]. Globally, the 
incidence rates and age of diagnosis of liver can-
cer vary enormously, and unfortunately the bur-
den of this nearly always fatal disease is much 
greater in the less economically developed 
regions of Asia, Central America, and sub- 
Saharan Africa (Fig. 1) [3]. HCC, perhaps due to 
a changing pattern of risk factors, is also the most 
rapidly rising solid tumor in the USA and Central 
America and is overrepresented in minority com-
munities, including African-Americans, 
Hispanic/Latino-Americans, and Asian- 
Americans [4–6]. This increase in the USA may 
portend a resurgence of this disease in the more 
economically wealthy countries. Currently, there 
are more than 840,000 new cases of this nearly 
always fatal cancer each year and nearly 370,000 
deaths annually in the People’s Republic of China 
(PRC) alone [3]. The combined age-standardized 
rate of mortality from liver cancer for men and 

women worldwide was 8.5 per 100,000 in 2018 
[1]. Further, there are striking sex differences in 
the age-standardized rate of liver cancer deaths 
for men and women which was 12.7 and 4.6 per 
100,000 people in 2018, respectively. The coun-
tries that traditionally are considered as part of 
the Middle East span two World Health 
Organization (WHO) regions: Eastern 
Mediterranean and Europe. Of these countries, 
Egypt has the second highest age-standardized 
rate of mortality of liver cancer, 49.0 and 16.7 per 
100,000 for men and women, respectively, in the 
world [1]. Indeed, this mortality rate is only 
exceeded globally by Mongolia, and the unique 
circumstances of this liver cancer burden will be 
discussed in the following sections. While Egypt 
has the largest population in the Middle East, the 
next six countries with populations ranging from 
20 million to 80 million people (Yemen, Syria, 
Saudi Arabia, Iraq, and Turkey) all have age- 
standardized rates of liver cancer deaths for both 
men and women less than the global average (8.5 
per 100,000 people), but as will be discussed 
later in this chapter, these statistics are likely to 
change in the next few decades.

For a cancer such as liver cancer that has such 
a poor prognosis, less than a 15% 5-year survival, 
the age of diagnosis has a major impact on soci-
ety [7]. In contrast with most common cancers in 
the economically developed world where over 
90% of cases are diagnosed after the age of 45, in 
many high-risk regions for liver cancer, onset 
begins to occur in both men and women by 
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20  years of age and peaks between 40 and 
49  years of age in men and between 50 and 
59  years of age in women [8, 9]. This earlier 
onset of HCC might be attributable to exposures 
that are both substantial and persistent across the 
life span and starting early in life. As mentioned 
above, sex differences in liver cancer incidence 
have also been well described, and worldwide the 
number of cases among men was 596,000 and 
244,000 among women in 2018 [1, 2, 7]. These 
human epidemiologic findings are also reflected 
in experimental animal data for one potent liver 
carcinogen linked to human HCC, aflatoxin, 
where male rats have been found to have an ear-
lier onset and higher incidence of cancer com-
pared to female animals [10]. Thus, the 
consistency of the experimental animal and 
human data points to the important role that envi-
ronmental exposures play in sex differences in 
HCC risk.

This chapter will review the significant data 
that links exposures to specific environmental 
toxicants, host factors, and biological agents with 
the etiology of liver cancer and with a specific 
commentary for counties in the Middle East. The 
epidemiologic studies revealing these etiologic 
factors have been made possible by devising bio-

markers reflective of exposure, dose, and risk. 
The translation of these basic science findings to 
an understanding of the etiology of HCC has also 
provided guidance for the development of pre-
ventive interventions in high-risk populations. A 
number of these major investigations will be 
reviewed, to provide an overview of this very 
active field of research. Taken together, the etiol-
ogy of many liver cancers diagnosed today is 
well understood, and when the underlying genetic 
diseases of hemochromatosis, alpha-1- antitrypsin 
deficiency, and copper overload disease are 
included, probably greater than 90–95% of the 
risk factors causing today’s liver cancers have 
been identified [11–13]. With the emergence of 
fatty liver disease as a risk factor for liver cancer, 
a number of genetic risk factors have been identi-
fied including mutations in PNPLA3 that is more 
common in Hispanic populations [14, 15]. This 
knowledge base has been actively translated into 
effective screening tools, and prevention strate-
gies that should continue if implemented effec-
tively mitigate this cancer. Of great concern is the 
hypothesis that the emergence of new risk factors 
such as obesity and type 2 diabetes is changing 
the landscape of liver cancer etiology. With 
nearly 70% of the US population being 

Fig. 1 Age-standardized mortality of liver cancer in men and women worldwide [1, 2]
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 overweight or obese and over 400 million people 
worldwide being type 2 diabetic, there is an 
emergent likelihood of dramatically rising 
hepatic morbidity and mortality [16]. This prob-
lem is especially emergent in the countries of the 
Middle East where a majority of adults are now 
obese and the rates are rising [17].

1.1  Currently Identified Etiologic 
Agents for Liver Cancer

Prior prospective cohort studies conducted dur-
ing several decades across many countries and 
populations have revealed the critical role that 
hepatitis B virus (HBV), hepatitis C virus (HCV), 
alcohol, and dietary aflatoxins play, often inter-
acting with each other, in high-risk settings for 
liver cancer [6, 18]. The identification of these 
critical risk factors and others such as vinyl chlo-
ride and cigarette smoke has often been the result 
of developing validated biomarkers reflecting 
these exposure situations. Further, there have 
been a number of underlying genetic predisposi-
tions that have also been linked to increased liver 
cancer susceptibility.

1.2  The Promethean Liver

The liver has remarkable self-repair mechanisms 
that can lead to recovery at almost every stage of 
the progressive etiopathogenesis to cancer 
including fibrosis and cirrhosis. While Greek 
mythology poetically captured this biology in 
the stories of Prometheus, experimental studies 
have documented this remarkable repair and 
recovery process [19]. Rodents that undergo 
70% partial hepatectomy recover a fully func-
tioning liver within 2–4  weeks following sur-
gery. Some studies from the 1960s demonstrated 
that rats could be subjected to biweekly partial 
hepatectomies for a year (20–25 surgeries) and 
still recover complete liver function [20, 21]. 
While not as dramatic, humans have also been 
found to have remarkable hepatic regrowth prop-
erties following injury or surgeries. In many 
respects, it is not surprising that the tissue which 

is the first line of response to the remarkably 
diverse number of compounds and nutrients 
absorbed from the gut into the portal vein would 
have this type of repair proficiency. A recent 
review has documented the recovery after sev-
eral months from fatty liver disease and fibrosis 
in morbidly obese individuals following weight 
loss [22]. Thus, quantitative assessments of liver 
status through the use of biomarkers would be 
extremely valuable for designing interventions 
that facilitate this liver repair.

Biomarkers detected from blood samples have 
become important tools for cancer prevention 
and control. Many of these biomarkers fall under 
the rubric of the liquid biopsy. In the case of liver 
cancer diagnosis, α-fetoprotein (AFP) has been 
studied as an early diagnostic measurement since 
elevated levels are detected in patients having 
liver cancer. Unfortunately, AFP has not proven 
to be an effective early detection tool in a number 
of prevention investigations. Other tools such as 
FibroScan are capable of detecting relatively 
advanced but not early-stage liver disease [23]. 
Current liquid biopsy strategies have already 
been deployed for the early detection of tumor 
recurrence following initial therapeutic interven-
tions. In a number of studies, mutant tumor sup-
pressor and oncogenes known to have occurred in 
the primary tumor have been detected as DNA 
fragments in blood samples. Using the modern 
tools of nucleic acid detection, these mutant frag-
ments can be readily measured. The analytical 
challenge of these strategies results from the rela-
tively low number of these DNA fragments 
emerging in circulation, and this leads to the 
necessity of collecting large volumes (5–40 ml) 
of blood in order to have enough fragments of 
DNA measurement following PCR amplification. 
Hence, this technology is most applicable to the 
clinical setting and is not currently practicable 
for prospective cohort and other environmental 
exposure studies where much smaller volumes of 
blood were and are obtained from participants. 
Given the volumes of blood available in these 
investigations of healthy individuals, current 
strategies and technologies are focused on the 
more abundant proteins and their nucleophilic 
targets in circulation.

Changing Etiology and Epidemiology of Human Liver Cancer



16

1.3  Hepatitis B Virus

In the case of identifying a role for HBV in liver 
cancer was the identification of a major bio-
marker the specific antigen (HBsAg) in blood 
samples partnered and grounded with cohort 
investigations [24]. Thus, one of the first break-
throughs in defining a biological agent in the eti-
ology of this disease occurred with a series of 
studies describing a role for the hepatitis B virus 
(HBV) in HCC pathogenesis. Historically, a 
number of investigations found that chronic car-
riers of HBV, as indicated by sequential hepatitis 
B surface antigen (HBsAg) positivity at 6-month 
intervals, were at increased risk of developing 
HCC [3, 25]. Further, the age of initial infection 
by this virus was directly related to the preva-
lence of the chronic carrier state and subsequent 
accelerated risk for HCC. Approximately 90% of 
HBV infections acquired in infancy or early 
childhood become chronic infections, whereas 
only 10% of infections acquired in adulthood 
become chronic, and less than 50% of chronic 
carriers progress to HCC [26–29]. The global 
burden of HBV infection varies widely, and his-
torically China, Southeast Asia, and sub-Saharan 
Africa had some of the highest rates of chronic 
HBV infection in the world, with a population 
prevalence of over 10% [30]. The public health 
significance of HBV as a risk factor for HCC is 
staggering with the consideration that there are 
still, despite the availability of an effective pre-
ventive vaccine, over 400 million viral carriers 
and between 10% and 25% of these individuals 
are likely to develop HCC [18, 31, 32]. The biol-
ogy, serology, mode of transmission, and epide-
miology of this viral infection continue to be 
actively investigated and have been recently 
reviewed [24, 33, 34]. Collectively, this work 
directly led to the research that resulted in a vac-
cine effective against HBV. Indeed, this vaccine 
has been reported to reduce HCC incidence by up 
to 70% in a cohort of young vaccinated children 
in Taiwan that have been followed for up to 
30 years [35–40].

Historically, many studies across the globe 
that explored the relationship between HBV 
infection and HCC calculated risk estimates 

ranging from 3 to 30 in case-control studies and 
from 5 to 148 in cohort studies [41]. For example, 
an early small hospital-based case-control study 
from northeast Thailand showed an adjusted odds 
ratio (OR) of 15.2 for the presence of HBsAg 
among HCC patients [42]. An adjusted OR of 
13.5 was reported from a case-control study in 
the Gambia [30]. The risk of HCC among 
HBsAg-positive individuals in Korea from a pro-
spective cohort study of government workers was 
24.3 among men and 54.4 among women, 
adjusted for age, smoking, alcohol use, and dia-
betes [43]. A similar prospective study from 
Taiwan found men positive for HBsAg were 223 
times more likely to develop HCC than men neg-
ative for HBsAg [28]. All of these investigations 
were grounded and successful because of the 
measurement of a validated biomarker of high 
sensitivity and specificity that tracked with the 
development and risk for HCC. Further, these 
studies benefited by the high-throughput for the 
measurement of this biomarker that in turn per-
mitted the recruitment of large numbers of indi-
viduals facilitating sufficient power for the study.

The contribution of HBV to the pathogenesis 
of liver cancer is multifactorial and is compli-
cated by the identification of mutant variants in 
HBV that modulate the carcinogenesis process 
[24]. The HBV genome encodes its essential 
genes with overlapping open-reading frames; 
therefore, a mutation in the HBV genome can 
alter the expression of multiple proteins. In many 
cases of HCC in China and Africa, a double 
mutation in the HBV genome, an adenine to thy-
mine transversion at nucleotide 1762, and a gua-
nine to adenine transition at nucleotide 1764 
(1762T/1764A) have been found in tumors [44–
46]. This segment of the HBV genome contains 
an overlapping sequence for the base core pro-
moter and the HBV X gene; therefore, the double 
mutation in codon 130 and 131 of the HBV X 
gene reported in human HCC is identical to the 
1762 and 1764 nucleotide changes [47]. The 
increasing occurrence of these mutations has 
been also associated with the increasing severity 
of the HBV infection and cirrhosis [45, 46]. This 
acquired mutation following HBV integration 
into hepatocytes was originally characterized in 
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HBV e antigen-negative people [48]. The 
1762T/1764A double mutation occurs more fre-
quently in people infected with the genotype C 
strain of HBV, which is the most common geno-
type found in East Asian patients [49–51]. This 
double mutation tracks with an increased inflam-
matory response that becomes stronger as the 
progression of liver damage transits through 
chronic hepatitis and into a cirrhosis stage [52]. 
The underlying mechanism of the effects of HBV 
e antigen on the biology of inflammation and cir-
rhosis is still unclear, but there are substantial 
data that point to modulation of the immune sur-
veillance system and immune tolerance in the 
presence and absence of this protein [52–54]. 
The 1762T/1764A double mutation has also been 
demonstrated to affect an increase in the rate of 
HBV genome synthesis in cellular models [55, 
56]. In cellular studies, the 1762T/1764A double 
mutation increased the replication of the viral 
genome twofold, and in the case of some of rarer 
triple mutations, an eightfold increase in genome 
replication was found [54, 56]. A matched case- 
control investigation of 345 men who died of 
HCC and 625 controls were nested within a 
cohort of male hepatitis B surface antigen 
(HBsAg) carriers from Qidong, China found the 
HBV 1762T/1764A over twice as frequently in 
cases (81%) as compared with controls. The 
matched preserving OR of 6.72 (95% CI: 4.66 to 
9.68) strongly indicated that cases were signifi-
cantly more probably than controls to have the 
mutation. Plasma levels of DNA harboring the 
HBV mutation were on average 15-fold higher in 
cases compared with controls (P < 0.001). Most 
strikingly, the level of the mutation in the 20 con-
trols who later developed and died of HCC was 
on average 274-fold higher than controls who did 
not develop HCC.  Thus, within this cohort of 
HBsAg carriers at high risk of developing HCC, 
individuals positive for the HBV 1762T/1764A 
mutation at enrollment were substantially more 
probably to subsequently develop HCC, with a 
higher concentration of the mutation in plasma 
enhancing predisposition for cancer development 
[57].

Collectively, over 50  years of biomedical 
research have unequivocally established a role 

for HBV in the etiology of human liver cancer, 
and with the availability of an effective vaccine, 
the impact of this virus can be dramatically 
reduced. It will take many decades for this to 
occur because of the need to vaccinate children 
prior to infection that still occurs very early in 
life. To those individuals who become infected 
and therefore not eligible for vaccination, thera-
peutic drugs are being developed constantly. 
Hopefully, these therapeutic strategies will 
become both cost-effective and have minimal 
adverse effects to accelerate the elimination of 
HBV as a human carcinogen.

1.4  Aflatoxin

As shown earlier, HCC is among the leading 
causes of cancer death in most parts of the eco-
nomically developing world with the unequal 
distribution of this disease depicted in Fig. 1 [4, 
58]. Since the burden of HCC is also coincident 
with regions where aflatoxin exposure is high, 
many efforts starting over 50 years ago examined 
this possible association [59]. These initial stud-
ies were hindered by the lack of adequate data on 
aflatoxin intake, excretion and metabolism in 
people, the underlying susceptibility factors such 
as diet and viral exposure, as well as the incom-
plete statistics on worldwide cancer morbidity 
and mortality. Despite these deficiencies, early 
investigations did provide data illustrating that 
increasing HCC rates corresponded to increasing 
levels of dietary aflatoxin exposure [60]. The 
commodities most often found to be contami-
nated by aflatoxin were common human food 
staples including peanuts, cottonseed, maize, and 
rice [61]. The requirements for aflatoxin produc-
tion are relatively nonspecific since molds can 
produce these toxins on almost any foodstuff and 
the final levels in the grain product can vary from 
micrograms to tens of milligrams [62]. Strikingly 
in a case of aflatoxin-related deaths in rural vil-
lages in Kenya, daily exposures were estimated 
to be over 50 milligrams [63]. Because contami-
nation of foodstuffs is so heterogeneous, the 
measurement of human exposure to aflatoxin by 
sampling foodstuffs or by dietary questionnaires 
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is extremely imprecise [64]. The development of 
aflatoxin-specific biomarkers based upon its met-
abolic activation and subsequent binding to 
nucleophilic sites in DNA and serum albumin has 
been validated and used to demonstrate a signifi-
cant role for this dietary contaminate in HCC 
across many countries [65].

Many published case-control studies have 
examined the relation of aflatoxin exposure using 
various biomarkers and HCC.  Compared with 
cohort studies, case-control studies are both cost- 
and time-effective. Unfortunately, case-control 
studies are often initiated long after exposure has 
occurred, and it cannot be assumed that the expo-
sure has not appreciably changed over time. 
Additionally, such studies involve assumptions in 
the selection of controls, including that the dis-
ease state does not alter metabolism of aflatoxin. 
Thus, matching of cases and controls in a specific 
biomarker study is much more difficult than in a 
case-control study involving genetic markers 
[59]. Data obtained from cohort studies have the 
greatest power to determine a true relationship 
between an exposure and disease outcome 
because one starts with a healthy cohort, obtains 
biomarker samples, and then follows the cohort 
until significant numbers of cases are obtained. A 
nested study within the cohort can then be 
designed to match cases and controls. An advan-
tage of this method is causation can be estab-
lished (due to the longitudinal nature of cohort 
studies, there is no temporal ambiguity) and 
selection bias is minimized. A major disadvan-
tage, however, is the time needed in follow-up 
(often years) to accrue the cases, especially for 
chronic diseases such as HCC. This disadvantage 
can be overcome in part by enrolling large num-
bers of people (often tens of thousands) to ensure 
case accrual at a reasonable rate.

Essential to the designation by IARC of the 
aflatoxins as a Group 1 known human carcinogen 
were two major cohort studies with aflatoxin bio-
markers that have demonstrated the important 
role of this carcinogen in the etiology of HCC 
[66]. The first study, comprising more than 
18,000 men in Shanghai, examined the interac-
tion of HBV and aflatoxin biomarkers as inde-
pendent and interactive risk factors for HCC. The 

nested case-control data revealed a statistically 
significant increase in the adjusted relative risk 
(RR) of 3.4 [95% CI: 1.1–10.0] for those HCC 
cases where urinary aflatoxin biomarkers were 
detected. For HBsAg-positive people, only the 
RR was 7 [95% CI: 2.2–22.4], but for individuals 
with both urinary aflatoxins and positive HBsAg 
status, the RR was 59 [95% CI: 16.6–212.0] [67, 
68]. These results strongly support a causal rela-
tionship between the presence of the chemical- 
and viral-specific biomarkers and the risk of 
HCC.

A subsequent cohort study in Taiwan has sub-
stantially confirmed the results from the Shanghai 
investigation. Wang et  al. [69] examined HCC 
cases and controls nested within a cohort and 
found that in HBV-infected people, there was an 
adjusted odds ratio of 2.8 for detectable compared 
with non-detectable aflatoxin-albumin adducts 
and 5.5 for high compared with low levels of afla-
toxin metabolites in urine. In a follow- up study, 
there was a dose-response relationship between 
urinary aflatoxin metabolite levels and risk of 
HCC in chronic HBV carriers. Similar to the 
Shanghai study, the HCC risk associated with 
AFB1 exposure was more striking among the HBV 
carriers with detectable aflatoxin-DNA adducts in 
urine. The use of aflatoxin biomarkers as effi-
cacy endpoints in primary prevention trials in West 
Africa has been reported [70]. This study assessed 
postharvest measures to restrict aflatoxin contami-
nation of groundnut crops. Six hundred people 
were monitored, and in control villages, mean 
aflatoxin-albumin concentration increased post-
harvest (from 5.5 pg/mg [95% CI 4.7–6.1] imme-
diately after harvest to 18.7  pg/mg [17.0–20.6] 
5 months later). By contrast, mean aflatoxin-albu-
min concentration in intervention villages after 
5 months of groundnut storage was much the same 
as that immediately postharvest (7.2 pg/mg [6.2–
8.4] vs. 8.0 pg/mg [7.0–9.2]). At 5 months, mean 
adduct concentration in intervention villages was 
less than 50% of that in control villages (8.0 pg/mg 
[7.2–9.2] vs. 18.7 pg/mg [17.0–20.6], p < 0.0001). 
Thus, primary prevention maybe an effective 
means to reduce HCC burden, especially in areas 
where single  foodstuffs such a groundnuts are 
major components of the diet.
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Recent data utilizing the cancer registry in 
Qidong, China, has provided some very exciting 
insights into the role of aflatoxin in liver cancer. 
Utilizing the availability of serum samples col-
lected over a 30-year period, aflatoxin exposure 
patterns have been documented. In China, major 
agricultural reforms in the 1980s led to dimin-
ished maize consumption, a major source of afla-
toxin contamination. The population-based 
cancer registry in Qidong, China, has docu-
mented a more than 50% reduction in HCC mor-
tality rates occurring across birth cohorts from 
the 1960s to the 1980s for Qidongese less than 
35 years of age although all were born before uni-
versal vaccination of newborns. Median levels of 
the aflatoxin biomarker decreased from 19.3 pg/
mg albumin in 1989 to undetectable (<0.5  pg/
mg) by 2012. A population attributable benefit of 
65% for reduced PLC mortality was estimated 
from a government-facilitated switch of dietary 
staple from maize to rice; 83% of this benefit was 
in those infected with HBV. Food policy reforms 
in China thus resulted in a dramatic decrease in 
aflatoxin exposure, which, independent of HBV 
vaccination, reduced liver cancer risk [71]. Now 
that an extensive HBV vaccine coverage is in 
place, this augurs even greater risk reductions in 
the future [72].

Biomarker development in HCC has been fur-
ther advanced by the molecular biological studies 
on the TP53 tumor suppressor gene, the most 
common mutated gene detected in human cancer 
[73, 74]. Many studies of p53 mutations in HCC 
occurring in populations exposed to high levels 
of dietary aflatoxin have found high frequencies 
of guanine to thymine transversions, with cluster-
ing at codon 249 [75, 76]. In contrast, no muta-
tions at codon 249 were found in p53 in HCC 
from Japan and other areas where there was little 
exposure to aflatoxin [77, 78]. The occurrence of 
this specific mutation has been mechanistically 
associated with AFB1 exposure in experimental 
models including bacteria [79] and through dem-
onstration that aflatoxin-8,9-epoxide could bind 
to codon 249 of p53 in a DNA plasmid in vitro 
[80]. Mutational analysis of the p53 gene in 
human HepG2 cells and hepatocytes exposed to 
AFB1 found preferential induction of the trans-

version of guanine to thymine in the third posi-
tion of codon 249 [81] [82, 83]. In summary, 
studies of the prevalence of codon 249 mutations 
in HCC cases from patients in areas of high or 
low exposure to aflatoxin suggest that a G-T tran-
sition at the third base is associated with aflatoxin 
exposure, and in  vitro and mutagenesis data 
would seem to support this hypothesis [84].

The remarkable increase in the throughput 
and cost-effectiveness of DNA sequencing has 
propelled the analysis of mutations in DNA from 
tumors at every organ site. When these data are 
combined with new bioinformatics tools, there 
has been a revolution in the determination of 
mutational signatures found in human cancer [85, 
86]. Data from a variety of studies have explored 
these mutational signatures in liver cancer and 
has revealed a number of insights that are consis-
tent with the etiologic factors that have been 
identified from epidemiologic studies [87]. 
Experimental models have also demonstrated a 
consistency between aflatoxin exposure and a 
unique set of mutational signatures and liver 
tumors [88, 89]. With the further development of 
these technologies, the opportunity for using this 
mutational signature data for the early detection 
of liver cancer is an evident opportunity in the 
near future.

1.5  Hepatitis C Virus

Hepatitis C virus (HCV) is a positive strand RNA 
virus, and its linkage to liver cancer has been 
extensively reviewed [90]. People who are chroni-
cally infected by HCV represent the high-risk 
group for its carcinogenic impact. There are 
upward of 75 million people worldwide who are 
infected with HCV, and this is primarily due to 
blood-borne transmission especially among intra-
venous drug users or in medical situations where 
insufficient sterilization and handling of needles 
have occurred. For HCV, the detection in blood of 
the HCV nucleic acid became an essential bio-
marker for risk reduction and prevention [91]. 
From a historic perspective, an  HCV- specific test 
only became available in the early 1990s, and 
prior to this technology, the attributable etiologic 
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factor was designated as non-A non-B hepatitis, 
especially in hepatic cancers diagnosed in Japan 
[92, 93]. Over the past 25 years, an appreciation 
for the role of the hepatitis C virus (HCV) has also 
emerged, and this is undoubtedly contributing to 
HCC being the most rapidly rising solid tumor in 
the USA and Japan [94]. Detailed knowledge of 
the etiology of HCC has spurred many mechanis-
tic studies to understand the pathogenesis of this 
nearly always-fatal disease [95–97].

As described above, Egypt, the country with 
the largest population in the Middle East, suffers 
from the second highest level of liver cancer mor-
tality in the world. Much of this devastating 
impact is attributable to the extraordinarily high 
level, in some regions of the country approaching 
30% of the population, who have become chroni-
cally infected with HCV [98]. This unfortunate 
circumstance is in large part due to an interven-
tion program that was developed to treat schisto-
somiasis, an endemic disease in many parts of 
Egypt. The treatment protocol involved injection 
of a therapeutic agent for the eradication of the 
schistosome, and unfortunately many of these 
injections were done using non-disposable nee-
dles and syringes. Since the tests for HCV had 
yet to be developed during the time of these ther-
apeutic interventions, a large fraction of treated 
patients unfortunately became infected with the 
HCV virus. Now decades later, the manifest out-
come of chronic HCV infection has led to a dra-
matic increase in liver cancer incidence and 
mortality. Hopefully, with the development and 
certification of new therapeutic drugs that can 
cure many HCV infections, the impact of this iat-
rogenic disaster can be blunted in the future.

Similar to the successes that have been 
attained using high activity antiretroviral therapy 
toward the HIV virus, basic science research has 
discovered a number of strategies for impacting 
HCV infections through the inhibition of its rep-
lication process. Over the past decade, this is led 
to a dramatic increase in the cure of individuals 
chronically infected with HCV. Many clinical tri-
als and studies spanning different populations 
have demonstrated the efficacy of these direct- 
acting antiviral (DAA) agents toward HCV [99]. 
A challenge to the public health community will 

be finding and applying the resources necessary 
for the tens of millions of infected individuals 
often living in low-resource countries. With 
these, curative therapies costing thousands of US 
dollars and HIV implementation model that has 
been successful in Africa will need to be imple-
mented. Fortunately, the successful development 
and deployment of some highly effective new 
drugs that cure HCV infection is a major advance 
and will hopefully diminish the role of this virus 
in liver cancer [100, 101].

1.6  Alcohol

Alcohol as a liver carcinogen required no specific 
biomarker since the prevalence of high alcohol 
consumption and alcoholic liver disease was eas-
ily diagnosed clinically during the early to mid- 
twentieth century [102, 103]. Alcohol is a 
recognized human carcinogen and has been caus-
ally linked to HCC [102]. Alcoholic cirrhosis and 
heavy alcohol use have been repeatedly associ-
ated with an increase in HCC risk [104]. However, 
it is unclear if alcohol use in the absence of cir-
rhosis influences HCC development [105]. 
Several studies have demonstrated an increased 
risk of HCC up to fivefold with consumption of 
more than 80  g of alcohol per day or approxi-
mately six to seven drinks per day [104]. The risk 
of HCC ranges from borderline significant to 
doubled with chronic alcohol consumption of 
less than 80 g/day [104]. A synergism between 
alcohol and HBV and HCV infections has also 
been described [104, 106, 107]. One issue of 
importance given the growing association of liver 
cancer increases with obesity is the role that alco-
hol, as a basic carbohydrate, plays as a contribu-
tor to caloric intake. Further, the impact of 
alcohol as a carcinogen is likely due to one of its 
reactive metabolites, acetaldehyde [108].

1.7  Vinyl Chloride

A number of additional environmental exposures 
have been epidemiologically associated with 
HCC [66, 109]. Vinyl chloride exposure in occu-
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pational settings has been associated with the 
onset of HCC in workers, and there are the clas-
sic studies associating vinyl chloride exposure 
with angiosarcomas in the liver [110–112]. While 
vinyl chloride was characterized as a known 
human carcinogen decades ago, there were still 
worker exposures that led to this disease being 
diagnosed today [113]. Studies have reported a 
multiplicative interaction between vinyl chloride 
exposure in the workplace and alcohol consump-
tion in the enhancement of HCC [114]. Finally, a 
synergistic interaction between vinyl chloride 
workplace exposure and HBV status has been 
reported in a cohort in Taiwan [115]. Significantly, 
worker exposure to vinyl chloride has been miti-
gated through the changing of manufacturing 
processes and the implementation of new safety 
protocols in the workplace.

1.8  Cigarette Smoke

Cigarette smoke has been associated and causally 
linked to many human cancer sites, and there has 
been a consistent number of studies that have 
found an association with liver cancer [116]. 
There are, however, been a number of studies that 
have not found an association between for 
tobacco and HCC risk [117]. Nonetheless, meta- 
analyses of tobacco exposure and cancer risk 
consistently show a risk for liver cancer and 
smoking [118, 119]. This has been recently 
reviewed by IARC [107] and more recently 
reviewed [120]. Collectively, these findings may 
reflect that active tobacco users have a compen-
dium of other liver cancer risk factors that under-
lie these statistically significant results.

1.9  Estrogen-Progestogen

The role of sex steroid hormones in the develop-
ment of HCC remains obscure; however, in some 
early studies, an increase risk of HCC was 
observed among users of the first and second 
generation of oral contraceptives [41, 121, 122]. 
Collectively, these hormonal-related increases in 
HCC were only observed in low-incident coun-

tries where exposures to the other major risk fac-
tors for this cancer were rare. This epidemiology 
has been reviewed by IARC in its compendium 
of monographs on human cancer risk [123].

1.10  Exposures to Radioactive 
Substances: Plutonium, 
Thorium-232, and Thorotrast

There have been a number of reports of both occu-
pational and iatrogenic exposures to specific forms 
of radiation causing liver cancers. This has been 
observed among workers exposed to alpha- emitters 
such as plutonium [86]. In these circumstances, the 
ongoing exposure assessments required for these 
workers helped to define the dose of radiation, and 
ongoing health assessments facilitated disease 
diagnoses. Similar to this exposure and dose situa-
tion, the alpha- emitter Thorium-232 that histori-
cally was incorporated into an imaging product for 
the liver was subsequently shown to induce hepato-
cellular carcinoma in experimental models and in 
patients [124, 125]. These studies illustrate that 
high- quality exposure and health assessment can 
identify these etiologies, and in turn this acceler-
ates preventive interventions.

1.11  Liver Fluke (Opisthorchis 
viverrini)

There have been a number of liver cancers that 
are uniquely diagnosed in specific regions of the 
world. For example, liver fluke has been associ-
ated with rare forms of cholangiocarcinoma and 
other liver cancers. This organism has been deter-
mined to be a carcinogen by the IARC evalua-
tions and has been recently reviewed [126–128]. 
The specific mechanism of action underpinning 
how liver fluke causes these cancers remains to 
be elucidated especially since experimental 
 models for this disease process are still needed. 
There are clear prevention strategies and thera-
peutic interventions that can be done to eradicate 
this exposure situation; however, in endemic 
regions in northeast Thailand, the cultural prac-
tices have made these interventions challenging.
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2  Changing and Emergent 
Etiology of HCC

Both experimental models and human investiga-
tions have demonstrated a gradation in the increas-
ingly severe pathologies during the 
etiopathogenesis of liver cancer. The normal func-
tioning liver transits through several distinct 
pathologies over the course of many years prior to 
the manifestation of hepatic cancer. These pro-
cesses include nonalcoholic fatty liver disease 
(NAFLD), nonalcoholic steatohepatitis (NASH), 
mild fibrosis, and cirrhosis [22, 23, 129]. Each 
stage of this progressive process can lead to more 
severe dysfunction such that at the time of the 
liver cancer diagnosis, upward of 95% of the liver 
has been functionally destroyed. Even with liver 
transplantation, patients having advanced liver 
disease fare poorly. Despite intensive research 
and development strategies over the last 20 years, 
a person diagnosed with liver cancer today has 
less than a 20% 5-year survival. This is among the 
poorest survival rates for any prominent cancer. It 
is hoped that the development of early detection 
strategies could identify people at stages of dis-
ease where interventions can be effective.

In addition to the association of HBV, HCV, 
alcohol, and other toxicants with HCC, in eco-
nomically developed countries, the dramatic rise 
in overweight and nonalcoholic fatty liver dis-
ease has also been systematically related to 
increased HCC [22, 130–132]. Of major concern 
for the future is the role that obesity, diabetes, 
and general underlying fatty liver disease will 
play in the development of liver cancer [18, 133, 
134]. The problem of obesity is especially of con-
cern for countries through the Middle East since 
the population for many of these countries is cur-
rently young and the increase in obesity and 
related diseases is increasing dramatically [129, 
135]. While the historic risk factors for liver can-
cer described above are addressed through a 
spectrum of prevention methods, these new etio-
logic factors portend an increasing trajectory in 
the incidence of this disease. Both therapeutic 
and pre-disease interventions will need to be 
deployed now to blunt the impact of these risk 
factors in the decades to come.

The identification of these emergent risk fac-
tors and their interactions will likely have to be 
determined from prospective cohort studies, 
where each person is effectively their own con-
trol. These studies are a powerful resource for the 
identification and validation of biomarkers hav-
ing utility in chronic disease outcomes. Many of 
the success stories in cancer prevention and con-
trol emanate from data collected in these pro-
spective cohort investigations. Unfortunately, in 
the case of chronic disease outcome such as can-
cer, individuals enrolled in these studies must be 
followed for decades, and this leads to a slow rate 
of discovery. Further, a sufficient number of indi-
viduals need to be enrolled in the investigations 
given the relatively low annual incident rates for 
even the most common cancers. Thus, if today 
we were to initiate a prospective cohort for liver 
cancer outcomes, given the current age-adjusted 
incidence rate of 10 per 100,000, a study encom-
passing tens of thousands of people followed for 
many years would be required. Fortunately, there 
are biologically interlocking prospective cohorts 
in place now that have samples and outcomes for 
the discovery and validation of biomarkers. It is 
highly likely that the emergent risk factors for 
liver cancer will be modifiable and intervenable.

2.1  Liquid Biopsy Opportunities

The development and validation of biomarkers 
for early detection of disease or for the identifi-
cation of high-risk individuals is a major trans-
lational effort in cancer research. In the current 
era, many of the technologies being developed 
for measuring in blood are DNA fragments with 
mutations, epigenetic marks in DNA, whole 
shed cells, micro-RNAs, and proteins; all of 
these measurements are encompassed by the 
liquid biopsy umbrella [136]. Indeed, when 
these marker measurements are combined with 
medical imaging, occult tumors may be detected 
and decisions about benign or malignant lesions 
can be assessed [137]. Since the liver produces a 
substantial proportion of blood proteins and is 
highly vascularized, these liquid biopsy meth-
ods have been and will continue to be important 
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epidemiologic and clinical tools. For example, 
over the past several decades, α-fetoprotein was 
widely used as a HCC diagnostic marker in 
high-risk areas because of its ease of use and 
low cost [138]. Unfortunately, this marker suf-
fers from low specificity due to its occurrence in 
diseases other than liver cancer. Moreover, no 
survival advantage is seen in populations when 
α-fetoprotein is used in large-scale screening 
[139]. Nonetheless as a proof of principle, these 
inadequacies have contributed to the need to 
identify other molecular biomarkers that are 
possibly more mechanistically associated with 
HCC development, including hypermethylation 
of the p16 gene, p15 gene, GSTP1 promoter 
regions, and codon 249 mutations in the p53 
gene [140–143]. Results from investigations of 
p16, p15, GSTP1 promoter hypermethylation, 
and p53 mutations indicate that these markers 
are prevalent in HCC, but there is as of yet lim-
ited information on the temporality of these 
genetic changes prior to clinical diagnosis. 
Recent studies using combined DNA mutation 
detection, epigenetic marks, and specific plasma 
proteins may portend the development of a new 
liquid biopsy strategy for early detection of liver 
cancer [144].

Optimism for the liquid biopsy strategy in 
liver cancer has emerged from several studies 
demonstrating that DNA isolated from serum and 
plasma of cancer patients contains the same 
genetic aberrations as DNA isolated from an indi-
vidual’s tumor [145–147]. The process by which 
tumor DNA is released into circulating blood is 
unclear but may result from accelerated necrosis, 
apoptosis, or other processes [148]. While the 
detection of specific p53 mutations in liver 
tumors has provided insight into the etiology of 
certain liver cancers, the application of these spe-
cific mutations to the early detection of cancer 
offers great promise for prevention [149]. In a 
seminal report, Kirk et  al. [150] reported the 
detection of codon 249 p53 mutations in the 
plasma of liver tumor patients from the Gambia; 
however, the mutational status of the tumors was 
not known. These authors also reported a small 
number of cirrhosis patients having this muta-
tion, and the strong relation between cirrhosis 

and future development of HCC raised the pos-
sibility of this mutation being an early detection 
marker. Jackson et al. [146] used short oligonu-
cleotide mass analysis (SOMA), in lieu of DNA 
sequencing, for analysis of specific p53 muta-
tions in HCC samples and found concordance 
between tumor and shed DNA mutations in 
plasma.

The temporality of the detection of this muta-
tion in plasma before and after the clinical diag-
nosis of HCC was facilitated by the availability 
of longitudinally collected plasma samples from 
a cohort of high-risk individuals in Qidong, PRC, 
that have been followed since 1992 [151]. The 
results showed that in samples collected prior to 
liver cancer diagnosis, a quarter of the plasma 
samples had detectable levels of the codon 249 
mutation. The persistence of this pre-diagnosis 
marker was borderline statistically significant. 
The codon 249 mutation in p53 was detected in 
nearly half of all plasma samples following the 
diagnosis of HCC.  Collectively these data sug-
gest that nearly one-half of the potential patients 
with this marker can be detected at least 1 year 
and in one case 5 years prior to diagnosis.

In a pioneering effort using a novel internal 
standard plasmid, plasma concentrations of p53 
codon 249-mutated DNA were quantified by 
SOMA in 89 hepatocellular carcinoma cases, 42 
cirrhotic patients, and 131 non-liver disease con-
trol subjects, all from highly aflatoxin-exposed 
regions of the Gambia [152]. The hepatocellular 
carcinoma cases had higher median plasma con-
centrations of the p53 mutation (2800 copies/
mL; interquartile range: 500–11,000) compared 
with either cirrhotic (500 copies/mL; interquar-
tile range: 500–2600) or control subjects (500 
copies/mL; interquartile range: 500–2000). 
Levels of >10,000 copies of p  53 codon 249 
mutation/mL plasma were also significantly 
associated with the diagnosis of HCC (odds 
ratio, 15; 95% confidence interval, 1.6–140) 
when compared with cirrhotic patients. Potential 
applications for the quantification of this altera-
tion of DNA in plasma include estimation of 
long-term, cumulative aflatoxin exposure and 
selection of appropriate high- risk individuals for 
targeted intervention.
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3  Summary

All liver cancers emerge from a slowly develop-
ing process involving progressive genetic insults 
and their resulting genomic changes. This pro-
cess often takes decades to manifest which 
affords many windows of opportunity for preven-
tion. The advances in modern DNA sequencing 
technologies have been used on a wide number of 
human liver cancers with a range of etiological 
factors that reveal a very complete picture of 
driver and passenger mutational changes in these 
tumors [87, 153, 154]. These data will hopefully 
form a foundation along with other molecular 
biomarkers for new therapies and early detection 
and screening methods. Further, as these sequenc-
ing methods become extended to characterize 
microRNAs and proteomic methods help charac-
terize the molecular phenotype of liver cancers, 
these collective data will help define the preclini-
cal period of tumor development. This will be 
very valuable for our mechanistic understanding 
of HCC during the up to 30 years after chronic 
infection with HBV, HCV, and/or aflatoxin and 
other exposures prior to clinical diagnosis. These 
studies may also reveal insights into chronic hep-
atitis and cirrhosis since 70–75% of all HCC is 
accompanied by cirrhosis [44, 155].

The molecular epidemiology investigations of 
aflatoxin, HBV, HCV, and liver cancer probably 
represent one of the most extensive data sets in 
the field of environmental carcinogenesis, and 
this work serves as a template for future studies 
of the role of other environmental agents in 
human diseases with chronic, multifactorial eti-
ologies. The development of these biomarkers 
has been based upon the knowledge of the bio-
chemistry and toxicology of aflatoxins gleaned 
from both experimental and human studies. 
These biomarkers have subsequently been uti-
lized in experimental models to provide data on 
the modulation of these markers under different 
situations of disease risk. This systematic 
approach provides encouragement for design and 
successful implementation of preventive inter-
ventions. As the emergence of the new etiologic 
factors such as obesity and type 2 diabetes 
becomes more prevalent, particularly in the cur-

rently younger populations across the Middle 
East, the need for early detection and prevention 
will be critical to blunt this emerging epidemic.
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1  Introduction

The most severe complication of a chronic liver 
disease and the most common form of primary 
liver cancer is hepatocellular carcinoma (HCC). 
More than 800,000 people are diagnosed with 
HCC each year in the world [1]. The general 
5-year survival rate is 18%, compared to just 
3% 40  years ago. However, if patients were 
diagnosed at an early stage, the 5-year survival 
rate is 33%. HCC accounts for approximately 
700,000 deaths per year [1–4]. As most HCC 
cells show the biochemical and morphologi-
cal features of normal hepatocytes, it is usually 
predicted that HCC occurs due to the malig-
nant transformation of normal hepatocytes. 
However, a “stem cell” origin is also suggested 
by different researchers [5, 6].

HCC has etiologically a very complicated and 
multifactorial pathology. It has also been associ-
ated with exposure to chemical, physical, and 
biological carcinogens. HCC is also caused by 
different conditions, including chronic hepatitis 
and cirrhosis [5, 7]. Like many other solid tumors, 
several histological and functional changes as 
well as alterations in different biochemical path-
ways may lead to the activation of protoonco-
genes and downregulation of tumor suppressor 

genes in HCC [8]. Mutations of p53 gene and 
Kirsten rat sarcoma 2 viral oncogene homolog 
(KRAS) gene and integration of hepatitis B virus 
(HBV) DNA into the host genome are the well- 
known genetic alterations that can cause HCC in 
humans [9–12].

HCC is more prevalent among men compared 
to women. In men, 7.5% of all cancers are pri-
mary liver cancers, whereas 3.5% of all cancers 
among women are of liver origin. The gender- 
specific age-adjusted incident rate (AAIR) ratio 
ranges from 1.3 to 3.6 worldwide [2, 3, 13, 14]. 
There were an estimated 383,593 deaths among 
men and 164,961 deaths among women attribut-
able to HCC for the year 2000, which is quite 
close to the HCC incidence during the same 
period [14]. However, the cases and deaths kept 
increasing through the years. Number of new 
cases in 2018 was 841,040, corresponding to 
4.7% of all cancers. Number of deaths in the 
same year due to liver cancer was 781,631, 
which corresponds to 8.2% of the mortality 
caused by cancer. Age-standardized incidence 
and age- standardized mortality rate (ASMR) for 
liver cancer were 13.9 per 100,000 for men, 4.9 
per 100,000 for women, and 8.5 per 100,000 
individuals in 2018, respectively [15]. The most 
HCC encountered countries around the world 
are Mongolia, Laos, Vietnam, Egypt, and 
Gambia [16].
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2  Epidemiology of HCC 
in the Middle East

HCC is the third leading cause of cancer-related 
deaths, and >80% of HCC results in mortality in 
developing countries. On the other hand, >80% 
of the new HCC cases are from developing coun-
tries. Most of the new cases are suggested to be 
caused by an underlying viral pathology, particu-
larly HBV or hepatitis C (HCV) [17].

In Middle East countries, liver cancer is a 
major concern among men, particularly in certain 
countries like Egypt and Saudi Arabia. Recent 
reports demonstrate that the incidence of HCC 
has increased sharply in the last 15–20  years, 
with a very high incidence in Egypt [18–21].

Egypt has the highest rate of HCC among 
other Middle East countries (27.37 per 100,000), 
ranking as the fourth country in the world. In 
men, the death rate of HCC is 41.94 per 100,000 
while in women, it is 14.63. Qatar has the second 
highest death rate in the Middle East (8.80 per 
100,000), ranking as the 45th country. Kuwait, on 
the other hand, has a death rate of 8.19 per 
100,000, ranking as the 49th country [22]. Saudi 
Arabia is the 100th country around the world, 
with a rate of 5.5 per 100,000 [17]. HCV is sug-
gested to have a major role in the epidemiology 
of HCC in Saudi Arabia. A study conducted in 
Saudi Arabia demonstrated that 23% of chronic 
liver disease patients carried HBV and 53% of 
HCV patients had chronic liver disease [23, 24]. 
In Iran, the prevalence of HCC was suggested to 
be ~3.1% in total HBV and HCV chronic carri-
ers. The estimated annual incidence of HCC is 
1.02 [95% confidence interval (CI): 0.5–1.8] 
[25]. HCC is a relatively rare cancer in Lebanon. 
It ranks as the 14th most common cancer among 
both males and females (with an age- standardized 
rate of 3.5 and 2.2 per 100.000, respectively) 
[26]. Results of studies conducted in Lebanon 
showed that most HCC patients had HBV-related 
liver cirrhosis, accounting for nearly two-thirds 
of the subjects followed by HCV and alcohol 
abuse [27]. In Jordan, HCC was associated with 
hepatitis D (HDV) as the prevalence of HDV was 
23% in chronic liver disease patients and 67% in 
HCC patients. In contrast, none of HCC patients 
in Iran were positive for HDV infection [28].

In Turkey, the cancer incidence has been 
increasing over the years, and HBV infection was 
found to be the leading cause of HCC, followed 
by HCV infection and alcoholic liver disease 
[29]. HCC is the 11th most common type of can-
cer in males. It annually affects 2.1 per 100,000 
males, while in females it is the 15th most com-
mon type of cancer, affecting 1.3 per 100,000 
subjects. The rough rate of liver carcinoma in the 
Mediterranean region for males and females was 
2.5 per 100,000 and 2.1 per 100,000, respectively 
[30]. HBV, HCV, and excessive alcohol intake 
were detected in 56%, 23.2%, and 15.9% of 
Turkish HCC patients, respectively [29]. 
However, in general, HCC is less prevalent in the 
Middle East compared to developed countries. 
This may be due to low consumption of alcoholic 
beverages in Middle East, possibly due to reli-
gious beliefs [30–32].

These data suggest that HCC is an important 
global public health problem. In spite of vaccina-
tion programs against HBV in many countries, 
the incidence and mortality from HCC is increas-
ing, particularly in Western countries where the 
prevalence of HBV is low. Therefore, other than 
infections like HBV and HBC, environmental 
risk factors are contributing to the high incidence 
of HCC in many parts of the world, including the 
Middle East.

3  What Causes 
Hepatocarcinogenesis?

HCC is one of the few cancers with clearly 
defined major risk factors [26, 33–37]:

• Chronic viral hepatitis (HBV and HCV).
• Cirrhosis.
• Nonalcoholic fatty liver disease (NAFLD).
• Advanced hepatic fibrosis.
• Familial tendency to HCC.
• Certain inherited liver diseases (iron overload 

due to hemochromatosis and copper overload 
due to Wilson’s disease).

• Rare diseases (tyrosinemia, α1-antitrypsin 
deficiency, porphyria cutanea tarda, glycogen 
storage diseases).

• Diabetes.
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• Obesity.
• Environmental chemicals.

The population attributable risk estimates for 
liver cancer for each of these risk factors vary 
among countries. However, chronic infections 
with HBV and HCV are the most important rea-
sons for HCC development on a global scale, 
together accounting for over 80% of liver cancer 
cases worldwide [38].

4  Environmental 
Hepatocarcinogenesis

Environmental carcinogens are chemical, physical, 
or biological agents that may lead to carcinogene-
sis. They may be present in the food, air, or water. 
The majority of human cancers result from expo-
sure to different environmental carcinogens [39].

The mechanism of action of some of these 
agents is widely known, but the carcinogenic 
pathways or mechanisms of some of the agents 
present in our environment have yet to be fully 
defined. Toxicologists around the globe believe 
that current measures to mitigate our exposures 
are inadequate [39].

International Agency for Research on Cancer 
(IARC) classifies human carcinogens as [40]:

 1. Group 1: carcinogenic to humans.
 2. Group 2A: probably carcinogenic to humans.
 3. Group 2B: possibly carcinogenic to humans.
 4. Group 3: not classifiable as to its carcinoge-

nicity to humans.
 5. Group 4: probably not carcinogenic to 

humans.

An agent is classified by IARC based on sci-
entific evidence derived from human and experi-
mental animal studies and from mechanistic and 
other relevant data [41, 42].

Environmental hepatocarcinogenesis is an 
important issue that should be taken seriously by 
all of the countries, particularly by developing 
countries like countries of Middle East region. 
Agents that are known or suspected to cause liver 
cancer are given in Table 1.

5  Environmental 
Hepatocarcinogenesis 
in the Middle East

HCC in the Middle is rising due to high exposure 
to:

• Aflatoxins.
• Alcohol consumption.
• Smoking and exposure to cigarette smoke.
• Heavy metals, particularly arsenic.
• Vinyl chloride.
• Organic solvents.
• Dioxins.

Table 1 Chemical, physical, and biological agents 
known/suspected to induce HCC in humans in the Middle 
East and their IARC classifications [45]

Clear evidence for HCC IARC classification
Hepatitis B virus Group 1: carcinogenic to 

humans
Hepatitis C virus Group 1: carcinogenic to 

humans
Alcohol consumption Group 1: carcinogenic to 

humans
Aflatoxin ingestion Group 1: carcinogenic to 

humans
Tobacco smoke Group 1: carcinogenic to 

humans
Oral contraceptives Group 1: carcinogenic to 

humans
Thorium dioxide, 
thorium-232

Group 1: carcinogenic to 
humans

Plutonium Group 1: carcinogenic to 
humans

Vinyl chloride Group 1: carcinogenic to 
humans

Limited data for HCC
Anabolic steroids Group 2A: probably 

carcinogenic to humans
Arsenic and inorganic 
arsenic compounds

Group 1: carcinogenic to 
humans

Betel quid with tobacco Group 1: carcinogenic to 
humans

Polychlorinated biphenyls Group 2A: probably 
carcinogenic to humans

Trichloroethylene Group 1: carcinogenic to 
humans

X- and γ-radiation Group 1: carcinogenic to 
humans

HCC hepatocellular carcinoma, IARC International 
Agency for Research on Cancer
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5.1  Aflatoxins

Aflatoxins were first discovered in the 1960s. 
Although aflatoxins have a low profile in the gen-
eral population, they are well known by many 
scientists working in different branches of sci-
ence. Aflatoxins are secondary metabolites of dif-
ferent Aspergillus species (e.g., Aspergillus 
flavus, Aspergillus parasitius, Aspergillus 
nomius). They mainly contaminate food and can 
appear in food chain because of fungal infection 
of crops. Contamination with different kinds of 
mycotoxin-producing fungi is both inevitable 
and unpreventable as these toxins contaminate 
food during growth, harvest, and/or storage. 
Several foodstuff (maize, wheat, barley, ground-
nuts, peanuts, spices, nuts, teas, coffees, milk, 
beef, and chicken) may contain high levels of dif-
ferent mycotoxins. The most favorable condi-
tions for the production of mycotoxins are high 
humidity and high temperature [43–48]. The fac-
tors affecting aflatoxin production are given in 
Fig. 1. Human exposure to mycotoxins can be via 
three different ways: oral, dermal, and inhalation 
[49, 50]. Concentrations of AFs in final products 
can vary from <1 μg/kg (1 ppb) to >12.000 μg/kg 
(12 ppm) [51].

Aflatoxins can be categorized into four major 
types: aflatoxin B1 (AFB1), aflatoxin B2 
(AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 
(AFG2). B forms give blue florescence, while G 
forms give green florescence in the presence of 
ultraviolet light. Aspergillus flavus produces 
AFB1 and AFB2, while two other species pro-
duce AFG1 and AFG2 [13]. On the other hand, 
aflatoxin M1 (AFM1) and aflatoxin M2 (AFM2) 
are AFB1 and AFB2 that are metabolites in ani-
mal’s milk [45, 52–54]. These toxins have both 
acute and chronic effects, ranging from aflatoxi-
cosis to cancer. Aflatoxins have been shown to 
be potent carcinogens, mutagens, and teratogens 
[55–57].

5.1.1  Aflatoxin B1
The International Agency for Research on Cancer 
classifies AFB1 as “carcinogenic to humans 
(Group I).” AFB1 is a procarcinogen [45]. In 
humans, cytochrome P450 enzymes (CYP450s) 
are responsible for the biotransformation of 
AFB1 [58, 59]. This particular aflatoxin is first 
biotransformed to aflatoxin-8,9-exo-epoxide and 
aflatoxin-8,9-endo-epoxide by CYP1A2 and 
CYP3A4 [16, 17]. Aflatoxin-8,9-exo-epoxide 
binds to DNA, and it causes the formation of pre-

Species and sensitivity
Presence of other filamentous fungi

Presence of bacteria and viruses
Water content
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Mechanical damage (e.g. by bugs or birds)
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Water activity

Humidity
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pH
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CULTIVATION, STORAGE
Relative humidity

Temperature

HARVESTING
Relative humidity

Temperature
Oxygen supply
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AFLATOXIN

PRODUCTION

Fig. 1 Factors affecting aflatoxin production
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dominant 8,9-dihydro-8-(N7-guanyl)-9-hydroxy 
AFB1 adduct. Its pseudo-half-life is short. Later, 
a stable imidazole ring-opened AFB1- 
formamidopyrimidine adduct is formed. This 
adduct can accumulate in the body for several 
days [60]. Animal experiments showed that for-
mamidopyrimidine adduct could remain detect-
able for several weeks in rat liver [61, 62]. 
Individually or collectively, both of these adducts 
are genotoxic. They can both cause DNA single 
strand breaks (SSBs) and to a lesser amount of 
double strand breaks (DSBs). A weak and delayed 
accumulation of phosphorylated H2A histone 
family member X (phospho-H2AX) caused by 
AFB1 metabolites strongly suggests that AFB1- 
induced DNA damage triggers the activation of 
ataxia telangiectasia mutated serine/threonine 
kinase (ATM) [63–65]. The epoxides can also 
interact with DNA and form a promutagenic and 
unstable aflatoxin-N7-guanine adduct [66]. It 
usually undergoes depurination and is excreted in 
the urine. However, it can react with serum albu-
min to form long-lived lysine adducts [67]. 
Epidemiological studies on populations consum-
ing contaminated diets revealed that both rodents 
and humans form the same AFB1 metabolites as 
experimental animals. Subsequent dose-response 
studies as well as case studies performed on small 
groups of subjects in India, China, Malaysia, the 
Gambia, and Kenya evaluated both dietary AF 
intake and levels of urinary AF biomarkers [68–
74]. AF-albumin adducts or AF-lysine adducts 
were determined in most of the studies [75–78].

The DNA damage caused by AFB1 metabo-
lites is mainly repaired by nucleotide excision 
repair (NER) in mammalian cells [63, 79]. 
Other than DNA adducts, they also cause 
hepatic DNA base damage, particularly 
8- hydroxydeoxyguanosine (8-OHdG) lesions 
in rats [79–81].

The mechanisms underlying the DNA dam-
age checkpoint responses to AFB1 are poorly 
understood. It was suggested that mammalians 
are unable to give proper checkpoint responses 
to genotoxic and mutagenic doses of AFB1. The 
ATM response to AFB1 exposure is not accom-
panied by the phosphorylation of three key pro-
teins [Checkpoint kinase 1 (Chk1), Checkpoint 

kinase 2 (Chk2) or p53], which are involved in 
the DNA damage checkpoint response [63–65]. 
The lack of Chk1 phosphorylation indicates that 
the ataxia telangiectasia and Rad3-related pro-
tein (ATR)/Chk1 pathway response is not acti-
vated in response to AFB1 metabolites [66]. The 
lack of Chk1 phosphorylation indicates that the 
ataxia telangiectasia and Rad3 related protein 
(ATR)/Chk1 pathway response is not activated 
in response to AFB1 metabolites [66]. 
Experiments performed in different cell lines 
show that although DNA adducts are formed and 
DNA breaks accumulate, the activation of the 
tumor suppressor gene p53 fails and cell cycle 
arrest and apoptotic mechanisms are not acti-
vated [63].

Phase I metabolites of AFB1 are detoxified by 
conjugation with glutathione (GSH), a reaction 
catalyzed by glutathione S-transferases (GSTs) 
[48]. The GST activity in humans is lower than 
rodents, and it suggests that humans are less 
capable of detoxifying aflatoxin-8,9-epoxides. 
The biotransformation of AFB1 is given in Fig. 2.

The principal target organ of AFB1 is the liver. 
It is suggested that AFB1 causes 5–28% of HCCs, 
particularly in developing countries. This partic-
ular aflatoxin leads to hotspot mutation of p53 
gene at third base of codon 249. This mutation is 
caused by G… > T transversion, which in turn 
causes inactivation of p53 [63, 82, 83]. The detec-
tion of p53 mutation is used as a biomarker of 
both AFB1 exposure and HCC in humans [39, 
40]. Literature also shows that AFB1 exposure 
can lead to both G… > T transversion and A… > 
T transition in the adjacent codons. In addition, it 
is also suggested that exposure to AFB1 can alter 
the activation of p53  in CYP450-expressing 
human lung cell lines [41]. The different effects 
of wild-type p53 and mutant p53 are given in 
Fig. 3.

Other than the alterations in nuclear DNA, 
AFB1 also attacks mitochondrial DNA, and this 
effect is suggested to be another underlying fac-
tor for the development of HCC, although the 
impact of mitochondrial gene alterations in the 
carcinogenic process is not clear yet [84, 85]. 
Moreover, AFB1 affects oxidative phosphoryla-
tion leading to ultrastructural alterations of mito-
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chondria [43–45]. AFB1 and other aflatoxins can 
also lead to mitochondria-directed apoptosis 
[48]. Although humans are prone to the mito-
chondrial effects of AFB1, rodents are suggested 
to be more resistant. For example, mouse liver is 
protected because of the impermeability of mito-
chondrial membrane to the toxin. In hamsters, it 
is a more complex process including both a per-
meability barrier and a possible scavenging sys-
tem [47].

In humans, other than DNA adducts, antibod-
ies to AFB1 are used as indicators of exposure 
[86]. Studies also suggest that aflatoxins lead to 
higher levels of tumor necrosis factor alpha 
(TNF-α) production and serum lactate dehydro-
genase activity [50]. Moreover, AFB1 exposure 
leads to a Reye-like syndrome, with symptoms 
like rhinorrhea, vomiting, sore throat, fever, 
respiratory disturbances like coughing, earache, 
convulsions, changes in muscle tonus and 
reflexes, abnormal mitochondrial structure and 
increases in mitochondrial enzymes (glutamic- 
pyruvic transaminase and glutamicoxalacetic 
acid transaminase), structural alterations in the 
renal cortex, and liver enlargement [87–89].
• AFB1 is also suggested to cause suppression 

of the cell-mediated immune responses. AFB1 
has been shown to induce thymic aplasia, 
reduce T-lymphocyte function and number, 
suppress phagocytic activity, and reduce com-
plement activity [90–92].

6  AFB1-Related HCC 
in Middle East

As indicated above, environmental conditions 
such as temperature, humidity, and sunlight can 
favor the survival of mycotoxigenic fungi. The 
weather conditions in Middle East provide a 
good survival environment to Aspergillus flavus 
[93]. In the high-incidence countries of Asia and 
Africa, chronic HBV infection and AFB1 expo-
sure are the major risk factors for 
HCC.  Exceptionally, in Japan and Egypt, the 
most common risk factor for HCC is HCV infec-
tion [94]. However, other than HCV, the contami-
nation rate of food in Egypt is also very high, and 

therefore, aflatoxin exposure can be suggested as 
one of the underlying factors of the high preva-
lence of HCC in this country [93, 94].

Several studies have been performed on the 
aflatoxin content of different foodstuff in Egypt. 
Some of these studies observed high amounts of 
aflatoxin presence while some others did not. 
Agricultural products were investigated for the 
aflatoxin content by different researchers. For 
instance, 90% of hazelnuts (25.0–175.0  ppb), 
82% of watermelon and peanut seeds, 35% of 
soybean (5.0–35.0  ppb), 40% of spices 
(>0.250  ppb), and 75% of walnuts (15.0–
25.0  ppb) were found be positive for aflatoxin 
contamination [95–97]. A study conducted on 28 
samples of dried date palm fruits collected from 
different shops distributed in Asyut Governorate, 
Upper Egypt, in 2016 showed that only 1 sample 
was contaminated with AFB1 (14.4 μg/kg) and 
AFB2 (2.44 μg/kg) [98]. Another study investi-
gated the levels of AFB1 in corn, wheat, peanut, 
lupine “termis,” white rice, cowpea “lobiya,” fava 
bean, and brown rice. The results showed that 
AFB1 was present in 64.7%, 53%, 53%, 47%, 
47%, 41%, 29.4%, and 29.4% of the samples, 
respectively [99].

A study on corn samples from Egypt showed 
that 48.1% of the samples were contaminated 
with different aflatoxins and the concentration 
order was AFG1 > AFG2 > AFB1 > AFB2 [100]. 
A study on maize and rice samples from Egypt 
showed that total aflatoxin levels detected were 
9.75 μg/kg in maize and 5.15 μg/kg in rice [101]. 
Another study performed on coffee samples from 
Egypt showed that decaffeinated green coffee 
beans contained 24.29 μg/kg and roasted coffee 
beans contained 16.00  μg/kg of total aflatoxin 
[102]. A study conducted to investigate the natu-
ral co-occurrence of multiple toxic fungal and 
bacterial metabolites in sugarcane grass and juice 
showed that AFB1 was present in 48% of grass 
samples and in 58% of juice with a maximum 
concentration of 30.6  μg/kg and 2.10  μg/kg, 
respectively. Dietary exposure was assessed 
using a juice frequency questionnaire of adult 
inhabitants in Asyut City and revealed that males 
and females in winter and summer seasons had 
different levels of exposure to AFB1. The esti-
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mated seasonal exposure ranged from 0.20 to 
0.40 ng/kg body weight (bw)/day in winter and 
from 0.38 to 0.90 ng/kg bw/day in summer [103].

Although AFM1 is the major aflatoxin, other 
aflatoxins can also be present in milk and dairy 
products. A study conducted on multiple myco-
toxins [aflatoxins, ochratoxin A (OTA), and 
zearalenone] in 61 samples of maize and 17 com-
mercial animal feed samples and of aflatoxin M1 
(AFM1) in raw dairy milk samples (n = 20) col-
lected from Asyut City in Upper Egypt showed 
that AFB1 was detected in both maize (n = 15) 
and feed (n = 8), with only one maize sample pre-
senting a concentration above the maximum per-
missible level set by the Egyptian authorities. 
AFB2 was observed in six maize samples and in 
one feed sample, with a maximum value of 
0.5 μg/kg [104].

Meat and meat products marketed in Egypt 
were also investigated for their aflatoxin content 
by different research groups. A study on 215 
samples of fresh and processed meat products 
and 130 samples of spices used in the meat indus-
try collected from different local companies in 
Cairo, Egypt, showed that processed meat prod-
ucts (beefburger, hotdog, kubeba, sausage, lun-
cheon meat) had higher amounts of 
aflatoxin-producing fungi when compared with 
fresh and canned meat. Aspergillus flavus (24 iso-
lates) and Aspergillus parasiticus (16 isolates) 
were the predominant aflatoxin-producing fungi 
isolated from both processed meat products and 
spices. Out of 150 samples of meat products and 
100 samples of spices, AFB1 was detected in 5 
samples of beef burger (8 μg/kg), 4 samples of 
black pepper (35 μg/kg), and 4 samples of white 
pepper (22 μg/kg). AFB1 (150 μg/kg) and AFB2 
(25  μg/kg) were also found in one sample of 
kubeba. AFB1 and AFG1 were detected in two 
samples of turmeric and coriander [105]. A study 
on 50 meat products purchased from different 
supermarkets in Mansoura City, Egypt, showed 
that all the meat samples analyzed were contami-
nated with aflatoxins and OTA with mean values 
of 1.1  μg/kg. For beef luncheon and for beef 
burger, the total aflatoxin levels were 3.22 μg/kg 
and 4.55  μg/kg, respectively. None of the beef 
luncheon and burger samples exceeded the per-

missible limits set by the Food and Drug 
Administration (FDA) for total aflatoxin levels. 
However, 52% of beef luncheon and 36% beef 
burger samples had total aflatoxin levels above 
the Food and Agricultural Organization of the 
United Nations aflatoxin total (FAO AFT) per-
missible limit [106].

Other than studies on food, there are also a 
limited number of studies performing biological 
samples from Egypt. A pilot case-control study 
on limited number of sera samples of HCC 
patients from Egypt showed that aflatoxin- 
albumin adducts were detected in all of the con-
trols (n = 24, geometric mean 9.0 pg/mg; range: 
3.5–25.8 pg/mg) and in 7 HCC-positive individu-
als while 7  in 22 samples from HCC-positive 
cases had detectable aflatoxin-albumin adducts 
(geometric mean 2.6  pg/mg; range: non- 
detectable–32.8 pg/mg) [107].

It is well known than infants and young chil-
dren are the most susceptible population to the 
toxic effects of aflatoxins. A study investigated 
aflatoxin exposure in Egyptian children (n = 50, 
1–2.5 y) by assessing urinary AFM1, AFB1, 
AFB2, AFG1, and AFG2 levels. Total aflatoxins 
were present in the urinary samples of 38% of the 
Egyptian children [108]. A study performed in 
hepatitis B surface antigen (HBsAg) or anti-HCV 
seropositive subjects and subjects with fatty liver 
disease used the univariate logistic regression 
analysis to determine the odds ratios (ORs) 
between the diseases and aflatoxin exposure. For 
HBsAg seropositive subjects, AFB1 OR was 6.2 
while for anti-HCV antibodies seropositive sub-
jects, AFB1 OR was 2.5. Multivariate logistic 
regression analysis for fatty liver showed that 
only anti-HCV antibody seropositivity had statis-
tically significant OR in comparison with AFB1. 
The researchers concluded that AFB1 had a defi-
nite association with liver diseases [109].

A cross-sectional study conducted on sera 
from pregnant women showed that aflatoxin- 
albumin adducts were detected in 34 of 98 (35%) 
samples (geometric mean of positive sam-
ples = 4.9 pg AF-lys/mg albumin [95% CI = 4.1–
5.8 pg/mg]). Aflatoxin biomarkers were observed 
in 41% of the subjects. The frequency and level 
of these biomarkers in Egyptian women were 
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modest compared with known high-risk coun-
tries [110]. A study performed between January 
2005 and January 2006 on 80 cases with HCC 
(52.88 ± 7.27 y) diagnosed in the Gastroenterology 
Center, Mansoura University, Egypt, and 20 
healthy controls (53.17  ±  6.78 y, 82.5% male) 
showed that serum AFB1 levels were markedly 
higher in HCC patients vs. control (p < 0.0001). 
AFB1 levels were significantly higher in males 
when compared to females, and rural residents 
had higher AFB1 concentrations vs. urban resi-
dents (p  <  0.05). Moreover, farmers had the 
highest AFB1 levels vs. other workers (p < 0.05, 
for all). HCV antibody was positive in 70% of 
the patients. The serum level of AFB1 was mark-
edly higher in HCV-positive patients compared 
with HCV-negative patients. However, there was 
difference in the AFB1 levels of HBsAg-positive 
and HBsAg-negative patients. The serum level 
of AFB1 was significantly higher in patients 
with a tumor size >5  cm vs. with tumor size 
<5 cm. The serum level of AFB1 showed a statis-
tically significant positive correlation with serum 
alanine transaminase (ALT) and alpha-fetopro-
tein levels. The researchers concluded that AFB1 
exposure might have a crucial role in the occur-
rence of HCC in the north Nile Delta area and 
particularly among males, farmers, and rural 
residents and HCV, cirrhosis, and multifocal 
hepatoma patients [111].

A study that assessed the hepatic carcinoge-
nicity of AFB1  in wheat handlers in Egypt 
showed that AFB1-albumin adducts and α-l- 
fucosidase (AFU) levels were significantly 
higher among workers employed as bakers com-
pared to mill workers and controls. Mill workers 
had higher levels of AFB1-albumin adducts vs. 
controls. In HCC cases, the researchers found a 
significant correlation between AFU and AFB1-
albumin adducts in bakers and between 
α-fetoprotein and AFB1-albumin adducts. 
Arginase was negatively correlated with AFB1- 
albumin adducts in HCC cases, while AFB1- 
albumin adducts were significantly and markedly 
correlated with the duration of exposure in bak-
ers [112].

There are also several studies in Iran on the 
levels of AFB1 in different food. AFB1 and OTA 

levels were measured in five pistachio cultivars 
collected from four sites of Iran. The highest 
mean concentrations of AFB1 and OTA were 
found in Ahmad Aghaei (4.33 and 2.19  ng/g, 
respectively) and Akbari (4.08 and 1.943 ng/g, 
respectively) cultivars from Rafsanjan, Iran. 
Even in the highest concentrations of AFB1 and 
OTA in analyzed samples, the levels of these 
mycotoxins were lower than the correspond-
ing maximum limits set by the European Union 
(EU) authorities. The researchers suggested 
that consumption of pistachio cultivated in 
these regions did not pose any health risk con-
cerning their mycotoxin content [113]. A study 
on aflatoxigenic fungi and aflatoxin contamina-
tion of 40 walnut samples from the Hamedan 
province, Iran, showed that Aspergillus (partic-
ularly Aspergillus flavus) is the most frequent 
genus among other fungi. AFG1 and AFB1 lev-
els were 1.7–18.2 ng/g and 0–8.2 ng/g, respec-
tively. A significant difference of aflatoxin 
contamination was observed between shielded 
and unshielded walnuts. The AFB1 levels in 
most of the walnut samples were not above the 
maximum tolerable limit (MTL) given by EU 
standard (p > 0.05) [114].

In a study conducted on 3356 pistachio nut 
samples from Iran, AFB1 was detected in 36.7% 
of the samples (5.9 (±41.7 ng/g), while total afla-
toxins were detected in 28.3% of the samples 
(7.3 ± 53.2 ng/g). AFB1 levels in 11.8% of the 
samples were above the MTL levels (5  ng/g). 
Only 7.5% of samples had total aflatoxin levels 
above the MTL, and the mean total aflatoxin con-
tamination levels were lower than MTL sug-
gested by Iranian regulatory authorities and the 
proposed draft maximum level of Codex 
Committee on Food Additives and Contaminants 
for total aflatoxins (15 ng/g) [115].

The occurrence of total aflatoxin in 35 ran-
domly selected samples of raw walnuts from 
Iranian supermarkets in Tehran was examined in 
a study. Total aflatoxin concentrations in the 
samples ranged from 0 to 112.8 ng/g. Of all sam-
ples, 74.3% were contaminated with aflatoxins, 
and 20.0% of these exceeded the MTL of 15 ng/g 
set by the Iranian Food Codex [116]. A study 
conducted on 58 watermelon seeds from Iran 
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showed that AFB1 was present in 89.2% of the 
samples with an average level of 8.5 ng/g. The 
concentrations of AFB1 in 12 samples exceeded 
the MTL for AFB1 given by Iranian regulatory 
authorities (5 ng/g), and therefore 18.5% of all 
the samples was not suitable for human con-
sumption [117]. In another study, 30 bean sam-
ples were analyzed for AFB1 contamination. Of 
all the samples, 16.67% contained AFB1 
(>0.2 ng/g) [118]. A study performed in Iran on 
65 rice samples revealed that AFB1 was present 
in 21.5% of the samples and its levels were 
below than the MTL suggested by Iranian Food 
Codex [119]. A study on 30 dried apricots and 15 
prunes obtained from different parts of Iran 
showed that 30% of examined apricot samples 
and 13.33% of the prune samples contained 
AFB1 levels >0.2 ng/g [120].

A study on 48 commercial baby foods avail-
able in the Iranian market showed that 33 out of 
48 samples (68.7%) were contaminated with 
AFB1 (median: 0.11  μg/kg; min-max: 2.602–
15.15 μg/kg). The AFB1 levels in 39.6% of the 
samples were higher than the MTL established 
by the Iranian Food Codex for baby foods con-
taining milk (0.5  μg/kg). The incidence of 
AFB1 in rice, wheat, and multigrain infant cereal 
samples were 90%, 25%, and 100%, respectively, 
whereas rice-based baby foods contained the 
highest levels of AFB1 [124]. In another study, 
the presence of AFB1 was investigated in 150 
eggs and 50 chicken livers from the local market 
of Tabriz, Iran. In 72% of the liver and 58% of the 
egg samples, AFB1 contamination was observed 
ranging from 0.30 to 16.36 μg/kg [121].

Fewer studies on food and biological samples 
from other parts of Middle East are present in the 
literature. A study performed in Kuwait on milk 
samples showed that 6% of dairy milk was posi-
tive for AFM1, which is the main metabolite of 
AFB1 in milk [122]. A study from Qatar showed 
that 8.7% to 33% of the pistachios were contami-
nated with AFs (>20.0 ppb) [123]. A study per-
formed in Doha, Qatar, on different food samples 
showed that AFB1 was present in 22% of the 
baby food (n = 67) samples [124]. Another study 
performed on nuts and spices showed that total 
aflatoxin levels were 534.15 ng/g and 371.6 ng/g, 

respectively. The researchers calculated the esti-
mated daily intake (EDI) level using statistical 
data on average Qatari population. The results 
indicated Qatari population had high exposure to 
aflatoxins (with alarming values of margin of 
exposure) [125].

A study conducted in Saudi Arabia that 
included 90 bakers, 100 flour milling workers, 
and 100 controls with no exposure to flour dust 
found that both serum AFB1-albumin adducts 
and alkaline phosphatase (ALP) levels were sig-
nificantly higher in bakers compared to milling 
workers (p < 0.0001, p = 0.05). There was signifi-
cant positive correlation between serum AFB1 
and ALT and AST levels in bakers. The research-
ers suggested that chronic occupational exposure 
to high concentrations of Aspergillus species in 
occupational environment might cause elevations 
in serum levels of AFB1 and liver enzymes in 
workers exposed to flour dust [126]. A prospec-
tive study on aflatoxin levels in umbilical cord 
blood from 201 women living in the United Arab 
Emirates (UAE) showed that aflatoxins were 
detected in 110 (54.7%) samples, 27 of which 
were positive for AFB1, 106 for AFM1, and 31 
for AFM2. There was a significant negative 
 correlation (p < 0.001) between birth weight and 
aflatoxin concentrations [127].

Although there are limited number of studies 
in Arab countries concerning the aflatoxin levels 
in foodstuff and biological samples, there are 
several studies performed in Turkey that focused 
on the levels of different mycotoxins, including 
aflatoxins in both foods and different biological 
samples. A study performed on the retail ground 
samples of 12 different types of seed, pulses, 
cereal flours, and starches showed the levels of 
aflatoxins ranged between 0.03 to 3.16 ppb. The 
percentage of contaminated samples for AFB1, 
AFB2, AFG1, and AFG2 were 64%, 60%, 72%, 
and 76%, respectively [128]. A study on 47 sam-
ples of corn collected from various street bazaars 
and market outlets in different regions of Turkey 
showed that aflatoxins were present in 53% of the 
samples and total aflatoxin levels ranged between 
1.75 and 120.3  μg/kg. Total aflatoxin levels in 
these samples were above the acceptable limit of 
10 μg/kg in Turkey [47].
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Dried fruits, vegetables, and nuts are com-
monly consumed in Turkey. A study examined 
284 dried fig samples, collected from fields dur-
ing drying and from warehouse and processing 
units in the Aegean region of Turkey in 1986, for 
aflatoxin contamination. AFB1, AFB2, and 
AFG1 were detected in 4%, 2%, and 2% of the 
samples, respectively, particularly in the lower 
grade of figs taken from the drying stage. The 
average aflatoxin levels in positive samples were 
estimated to be 112.3 ng/g for AFB1, 50.6 ng/g 
for AFB2, and 61.4  ng/g for AFG1 [129]. In 
another study, 300 samples of hazelnuts and 
dried figs from Turkey were analyzed for the 
presence of aflatoxins. Aflatoxins were not 
detected in shells of the hazelnuts, while six raw 
hazelnut kernel samples (12%) and five roasted 
hazelnut kernel samples (8.3%) contained afla-
toxins ranging from 0.09 to 11.3 μg/kg and from 
0.17 to 11.2  μg/kg, respectively. Sixteen dried 
fig samples (12.3%) contained aflatoxins rang-
ing from 0.1 to 28.2 μg/kg with a mean value of 
3.8 μg/kg. Three hazelnuts and six dried fig sam-
ples exceeded the European maximum limits 
(MLs; 5  μg/kg for hazelnuts and 2  μg/kg for 
dried figs) [130]. A study on 62 food samples 
from Istanbul, Turkey, measured the total afla-
toxin and AFB1 levels. The total aflatoxin con-
tent in dried American cucumber, squash, 
tomato, okra, and saffron samples was found to 
be 1.7 μg/kg. AFB1 levels in five dried vegeta-
bles (red bell pepper, American cucumber, 
squash, tomato, and okra), two tea (linden and 
jasmine flower), and three spice samples (carda-
mom, galangal, and saffron) were found to be 
1 μg/kg. Of the tested samples, 76% exceeded 
legal limits of total aflatoxins set by the Turkish 
Food Codex. The highest levels were determined 
in chestnut (232.9 μg/kg), nutmeg (206.1 μg/kg), 
and sumac (182.5 μg/kg) [131].

Spices are also highly consumed in Turkey, 
particularly in east and southeast regions. A 
study on 33 red pepper samples sold in open and 
sealed packages on different markets of Turkey 
showed that AFB1 content in the samples, 
according to daily consumption data, exceeded 
the limits set by the European Commission (EC) 
by almost 150% [132]. A study conducted to 

determine aflatoxin levels in 138 tarhana powder 
samples collected from bazaars in Istanbul 
showed that 32 out of 138 tarhana samples 
(23.2%) were found to be contaminated with 
total aflatoxins in the range of 0.7–16.8 μg/kg, 
whereas 29 samples contained AFB1 ranging 
from 0.2 to 13.2 μg/kg [133].

A study analyzed 180 red chili peppers (RCP) 
and berry samples (dried under sunlight and 
grinded) obtained from two different croplands 
of Gaziantep and Kahramanmaraş, Turkey, in 
August, September, and October for total afla-
toxin and AFB1 contamination. AFB1 was pres-
ent in 37 samples, and in these samples, total 
aflatoxin levels were higher than legal limits. 
The lowest amounts of total aflatoxin and AFB1 
were obtained in August and the highest amounts 
in October. Statistical analysis showed that there 
were no significant differences (p  >  0.05) 
between aflatoxin content of red chili pepper and 
berry samples for August, September, and 
October [134].

A study on 93 organic spices and 37 organic 
herbs randomly selected from organic markets 
and organic shops in Turkey showed that AFB1 
was detected in 58 organic spice and 32 organic 
herb samples. Among organic spice samples, the 
maximum value was detected in cinnamon sam-
ples (53 μg/kg). AFB1 was not present in thyme 
samples. AFB1 levels of 41 organic spice sam-
ples were above the EU regulatory limit (5 μg/
kg). Among organic herb samples, the highest 
concentration of AFB1 (52.5 μg/kg) was detected 
in a rosehip sample. AFB1 levels of 21 organic 
herb samples were above the regulatory limits of 
the EU.  The researchers suggested that strict 
measures should be taken to reduce the aflatoxin 
content of spice and herb samples [135].

A study on unpacked and packed ground red 
pepper (GRP) and pistachio nut samples obtained 
from different markets in Turkey from September 
2008 to February 2009 showed that 17.1% 
(14/82) unpacked GRP samples had total afla-
toxin levels above the legal limits. Both total afla-
toxin and AFB1 were detected in 50.5% (48/95) 
of unpacked pistachio nuts with the contamina-
tion levels ranging from 0.007 to 7.72 ppb [136]. 
A study on 42 GRP samples that were randomly 
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collected from retail shops, supermarkets, open 
bazaars, and apiaries in Şanlıurfa, Turkey, exam-
ined the levels of AFB1, AFB2, AFG1, and 
AFG2. Total aflatoxin levels were <2.5 μg/kg in 
16 samples; 13 samples had total aflatoxin levels 
between 2.5 and 10 μg/kg, while 13 samples had 
total aflatoxin levels higher than the tolerable 
limit (10  μg/kg) given by the regulations of 
Turkish Food Codex and European Commission 
(EC) [137].

AFB1 levels were determined in 25 cacao 
hazelnut creams and 15 dried apricot samples 
randomly collected from traditional retail mar-
kets with insufficient chilling facilities in Bursa, 
Turkey. Mean AFB1 in the cacao hazelnut cream, 
dried apricot, and cheese were 1076.5 ± 194.4 ng/
kg, 1441.3 ± 331.9 ng/kg, and 142.2 ± 18.7 ng/
kg, respectively, and all were within the tolerable 
limits given in the Turkish Food Codex [138].

In a study performed on 63 infant formulas, 
follow-on formulas, and baby foods that were 
randomly collected from pharmacies and super-
markets in Ankara, Turkey, AFB1 and AFM1 
levels were found in 87% and 36.5% of the sam-
ples, respectively. The AFB1 levels ranged 
between 0.10 and 6.04  ppb [139]. In another 
study, 3345 commercial Turkish foodstuffs sup-
plied by producers for testing for their own pur-
poses or for export certification were analyzed in 
Turkey. Foods were categorized as follows: (1) 
high- sugar products with nuts; (2) nuts and 
seeds; (3) spices; (4) grain; (5) cocoa products; 
(6) dried fruit and vegetables; (7) processed 
cereal products; (8) tea; and (9) baby food and 
infant formula. Of the 3345 samples, 94% con-
tained AFB1 below the EU limit of 2 μg/kg for 
nuts, dried fruit, and cereals products. The 
researchers found that 6% of the 206 contami-
nated samples were mainly nuts and spices. For 
pistachios, 24%, 38%, and 42% of a total of 207, 
182, and 24 samples tested for years 2007, 2008 
and 2009, respectively, were above 2 μg/kg, with 
50 samples containing AFB1 at levels ranging 
from 10 to 477 μg/kg [140]. A study conducted 
in Turkey showed that 12.28% of the cheese 
were contaminated with aflatoxins, and hazel-
nuts and pistachios also had aflatoxin contami-
nation (>4.0 ppb) [141].

Other than foods, there are also studies in 
Turkey conducted on human milk and sera. In 
one study, Turkish researchers determined the 
levels of AFM1 and AFB1  in breast milk sam-
ples collected from 75 mothers in Ankara, 
Turkey. AFM1 levels were between 60.90 and 
299.99  ng/L, and AFB1 levels ranged between 
94.50 and 4123.80  ng/L [142]. A study per-
formed on serum samples from north and south 
regions of Turkey in different seasons showed 
that total aflatoxin concentrations in the Black 
Sea region was 1.33  ppb (min-max 0.15–
3.38 ppb) and 0.90 ppb (min-max 0.18–2.48 ppb) 
for summer and winter, respectively. In the 
Mediterranean region, the mean serum concen-
tration of total aflatoxin was determined as 
0.55 ppb (range 0.04–1.72 ppb) for summer and 
0.45 ppb (range 0.12–1.43 ppb) for winter. The 
total aflatoxin concentrations in serum samples 
were statistically higher in summer compared to 
winter for the two regions. The differences 
between the regions were statistically significant 
concerning all samples, with higher total afla-
toxin concentrations in the Black Sea region. 
The researchers suggested that the Turkish citi-
zens living in these two regions were continu-
ously exposed to  aflatoxins, particularly in the 
summer [143]. Another study performed by the 
same researchers in the Central Anatolia region 
of Turkey revealed that serum aflatoxin levels 
(n = 233) were 0.98 ± 0.10 and 0.94 ± 0.12 ng/ml 
and in males 1.35 0.17 and 0.93 ± 0.11 ng/ml in 
summer and winter, respectively. The serum 
aflatoxin levels of male subjects were markedly 
higher than females (~38%). There was no sig-
nificant seasonal change in AFG1, AFB1, and 
AFG2 concentrations in the whole population, 
except AFB2 [144].

A case-control study on chronic HBV-infected 
patients with or without cirrhosis and liver cancer 
determined the serum AFB1, AFB2, AFG1, and 
AFG2 concentrations in Balıkesir, Turkey. The 
mean AFB1 and total aflatoxin levels in patients 
without liver cancer and cirrhosis were markedly 
higher than control group. The mean AFB1 and 
total aflatoxin levels in patients with chronic hep-
atitis B and HCC were significantly higher than 
infected patients with or without cirrhosis. These 
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results suggested that patients with chronic HBV 
infection who were exposed to aflatoxins were at 
increased risk for developing HCC. The authors 
suggested that the risk of HCC might be pre-
vented by reducing consumption of contaminated 
foods [145].

7  How to Decrease and Control 
Aflatoxin Exposure 
in the Middle East

Several measures have been set to limit aflatoxin 
contamination in food. Throughout the world, 
over 100 nations have set MTLs as aflatoxins can 
lead to mutagenicity and carcinogenicity when 
populations are exposed to these mycotoxins. 
Many countries have also put import and export 
regulations [146–148]. In developed countries, 
these standards enable public health protection. 
However, whether these regulations are effi-
ciently applied or not in Middle East is still a 
debate. Therefore, the measures that should be 
taken in the Middle East are listed below:

 1. Subsistence farms should be put under more 
regulatory inspection, and their products 
should be monitored like in developed coun-
tries [149, 150].

 2. Maize, nuts, and spices are highly consumed 
in the Middle East countries. These products 
should be monitored closely. Governments 
should make spot investigations for the prod-
ucts, especially for those that are not sold 
without a package [151].

 3. Although the Middle East countries produce 
different foodstuff (particularly maize, dried 
fruit, dried nuts, and spices) and export these 
products, they usually find their export mar-
kets severely jeopardized by strict aflatoxin 
standards. Therefore, these countries export 
foodstuff that are not contaminated by aflatox-
ins and keep the contaminated domestically. 
This creates a risk for the development of 
severe conditions, particularly HCC [152]. 
FAO (2004) reported that only 60 countries 
(including 15 African countries) have set 
MTLs for AFB1 or AFM1 in 2003. The MTLs 

for AFB1 were 1–20 μg/kg (frequently 2 μg/
kg and 5 μg/kg). With regard to AFM1, of the 
60 countries, 22 had a limit of 0.5 μg/kg and 
34 a limit of 0.05 μg/kg. The differences on 
AFB1 MTLs suggested by different national 
and regional food safety regulatory bodies 
clearly affect the export of the foodstuff. As 
EU countries have set more strict limits (2 μg/
kg for AFB1 and 4 μg/kg for total aflatoxins), 
countries that have more stringent limits can 
export more easily, while the shipments of 
foodstuff from other countries are more sub-
ject to rejection along with additional costs 
[153]. Therefore, Middle East countries 
should set lower domestic limits for aflatox-
ins, particularly for AFB1.

 4. The Middle East countries should use more 
sophisticated, affordable, and appropriate 
methods to determine the aflatoxin content of 
their foodstuff. In order to achieve this, the 
governments should supply adequate funding 
for better and specific laboratories nationwide 
to determine the aflatoxin content of the food-
stuff that will be exported [153].

 5. HBV and HCV infections are important risk 
factors for HCC. Moreover, HDV is also a risk 
factor for liver cancer, particularly in Jordan. 
Aflatoxin exposure along with these infec-
tions worsens the situation in the Middle East. 
Therefore, vaccination programs should be 
more efficient, and serious measures to pre-
vent these diseases should be taken in the 
Middle East countries. Moreover, society 
should be informed for the transmission routes 
of hepatitis infections by education programs, 
and consciousness should be raised 
[154–156].

Figure 4 shows to how decrease and control 
HCC due to aflatoxin contamination in the 
Middle East.

A non-harmless level for aflatoxin exposure 
has not been identified yet. Due to climate change 
and increase in temperatures throughout the 
world, aflatoxins continue to be a health threat 
particularly for hot regions, like Middle East. 
Several regulations were imposed in Middle East 
countries. However, the prevalence of HCC is 
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still rising in the world and particularly in Middle 
East countries like Egypt, and there are no easy 
and inexpensive methods to remove aflatoxins 
from foodstuff. Studies must continue in order to 
understand the biochemical and toxicological 
mechanism/s altered by aflatoxin exposure. A 
number of approaches have been used to deter-
mine aflatoxin exposure in human populations, 
including analysis of aflatoxin metabolites and 
aflatoxin-DNA or aflatoxin-protein adducts. 
These studies must also go on in order to deter-
mine a direct association between aflatoxin expo-
sure and HCC.  In addition, epidemiological 
studies must be conducted to measure the afla-
toxin levels and aflatoxin adduct levels in HBV 
and HCV patients. Moreover, serious measures 
must be taken in the near future, in order to lower 
the aflatoxin exposure and HBV and HCV 
infections.

8  Alcohol Consumption

As shown in Table 1, alcohol is classified as a 
Group 1 carcinogen by IARC since 1988 [157]. 
Alcohol intake induces the development of HCC 

among other certain types of cancer. Excessive 
alcohol consumption may cause fatty liver, 
acute/chronic hepatitis, and cirrhosis and even-
tually HCC. Chronic alcohol abuse may lead to 
three- to tenfold increase in the risk of HCC and 
may be the underlying factor of 15–30% of 
HCC cases [158].

9  Biotransformation 
of Ethanol

Some of the orally ingested alcohol does not 
enter the systemic circulation. The oxidation of 
ethanol includes a three-step process [159, 160]:

 1. Firstly, ethanol is oxidized in the stomach by 
alcohol dehydrogenase (ADH) isoforms (i.e., 
σADH and class I and class III ADH). There is 
also first-pass metabolism (FPM) that modu-
lates alcohol toxicity. The efficiency of FPM 
determines the bioavailability of ethanol. 
When fasted, ethanol passes into the duode-
num from the stomach and this passage will 
minimize FPM.  This is suggested to play a 
role in the higher blood alcohol concentra-

Fig. 4 How to decrease and control HCC due to aflatoxin contamination in the Middle East
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tions seen in the fasted state versus full stom-
ach state. FPM is lower in alcoholics 
(particularly in females) vs. the whole popula-
tion. This leads to a high level of blood alco-
hol concentration in women compared to men 
after an equal oral dose of ethanol intake. 
However, the liver is the main organ and 
therefore the target organ for alcohol, and in 
the liver most of the biotransformation of eth-
anol takes place by different isoforms of 
ADHs in the presence of NAD+. The bio-
transformation of ethanol by ADHs takes 
place in the cytosol. In the liver, ethanol is 
oxidized to acetaldehyde. After this reaction, 
stable or unstable acetaldehyde adducts can be 
formed. CYP2E1 also metabolizes a certain 
amount of ethanol in the microsomes, in the 
presence of NADPH. This reaction causes an 
increase in reactive oxygen species (ROS) for-
mation. In alcoholics, CYP2E1 is induced 
leading to enhanced alcohol metabolism and 
metabolic tolerance which in turn causes pro-
motion of further alcohol consumption. 
Moreover, in the peroxisomes, ethanol is 
metabolized by catalase. While catalase is 
metabolizing alcohol, it also detoxifies hydro-
gen peroxide to water.

 2. After the oxidation takes place, acetaldehyde 
is oxidized to acetic acid by aldehyde dehy-
drogenases (ALDHs) in the mitochondria, and 
this reaction is irreversible. Again, NAD+ is 
the cofactor and is reduced to NADH.  This 
leads to an increase in the NADH/NAD+ 
ratio. Circulating levels of acetaldehyde are 
low under normal conditions.

 3. After acetic acid then leaves the liver, it circu-
lates to peripheral tissues where it is activated 
to acetyl-CoA, which is the key metabolite 
produced from all major nutrients (carbohy-
drates, fats, and excess proteins). Later, the 
carbon atoms from alcohol are used to produce 
the same products that are produced from the 
oxidation of the major nutrients. The products 
include carbon dioxide, fatty acids, ketone 
bodies, and cholesterol. Which one of these 
products to be formed is up to the energy state 

of the organism. In addition, the nutritional 
and hormonal conditions are also effective.

The oxidative biotransformation of ethanol is 
summarized in Fig. 5.

Other than the oxidative biotransformation 
of ethanol, it can also undergo non-oxidative 
metabolism. It is minimal compared to oxida-
tion. However, the by-products of non-oxida-
tive metabolism pose pathological and 
diagnostic importance. The non-oxidative 
metabolism is suggested to have two pathways 
at least [160]:

 1. One of these pathways includes from the reac-
tion of alcohol with fatty acids, and this reac-
tion causes the formation of molecules called 
“fatty acid ethyl esters (FAEEs).” FAEEs are 
weak organic acids, which may have func-
tional roles in humans. FAEEs can be detected 
in serum and in several other tissues after 
alcohol ingestion, and they can persist long 
after the elimination of alcohol. However, the 
roles of FAEEs in alcohol-induced tissue 
damage are still being investigated.

 2. The other pathway leads to the formation of a 
phospholipid molecule named as “phosphati-
dyl ethanol.”

The potential mechanisms of alcohol-induced 
liver carcinogenesis include [161–165]:

 1. Ethanol and its metabolite, acetaldehyde, 
can lead to increased intracellular ROS lev-
els. In addition, in the presence of iron, etha-
nol causes the formation of hydroxyethyl 
radical, which in turn causes lipid peroxida-
tion (particularly malondialdehyde and 
4- hydroxynonenal formation) and/or protein 
oxidation. Moreover, ROS can lead to DNA 
damage.

 2. Alcohol leads to the reduction of the levels of 
certain antioxidants, particularly mitochon-
drial and cytosolic glutathione.

 3. An increase in NADH/NAD+ ratio causes 
alterations in the rate of metabolic reactions.
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 4. Ethanol can also lead to decreases in DNA 
repair, which in turn leads to genotoxicity.

 5. Not all amino acids in all proteins are equally 
likely to interact with acetaldehyde, but the 
interaction of acetaldehyde with certain amino 
acids like lysine, cysteine, and some of a 
group of amino acids called “aromatic amino 
acids” causes the formation of acetaldehyde- 
protein adducts. Proteins found in the mem-
branes of erythrocytes, lipoproteins, tubulin, 
hemoglobin, albumin, and collagen are sug-
gested to be the target of acetaldehyde.

 6. Ethanol also causes damage in the 
mitochondria.

 7. Ethanol leads to hypoxia.
 8. Ingestion of alcohol causes the activation of 

Kupffer cells.

 9. The interruption of one-carbon metabolism by 
ethanol causes impaired methylation patterns 
and altered genetic expression.

The potential mechanisms of alcohol-
induced liver carcinogenesis are summarized in 
Fig. 6.

All these mechanisms one by one or additively 
may lead to liver injury, enhanced fibrogenesis, 
and later cirrhosis. The development of liver cir-
rhosis may result in liver cancer [166–169]. The 
interaction of with other environmental carcino-
gens, like cigarette smoke, can accelerate the car-
cinogenic process. Moreover, as alcohol is a 
cocarcinogen, it exaggerates liver damage caused 
by HBV and/or HCV infection and leads to tumor 
progression [170].
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Fig. 5 The oxidative biotransformation of ethanol. ADH alcohol dehydrogenase, ALDH aldehyde dehydrogenase, 
CYP2E1 cytochrome P450 2E1
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10  Alcohol-Related 
Hepatocarcinogenesis 
in the Middle East

Due to religious reasons, alcohol is banned or 
restricted in most of the Middle East countries, 
and alcohol consumption is lower than European 
countries (particularly compared to Russia) and 
the USA. In the Middle East, Turkey is suggested 
to have the highest alcohol consumption. In 
Turkey, the prevalence of heavy episodic drinking 
was 2.8% in males and 0.2% in females among 
general population (15+ years) according to WHO 
report published in 2016. In the same report, the 
prevalence of heavy episodic drinking was 25.9% 
in male drinkers and 6.9% in female drinkers. 
Total alcohol per capita was reported as 33.3 L for 
males and 11.9 L for females. Age- standardized 
death rate (ASDR) due to alcohol- related liver cir-
rhosis was 14.2 per 100,000 in males and 7.5 per 
100,000 in females. The prevalence of alcohol use 
disorders was 8.1% in males and 2.5% in females, 
while in the same year, WHO European region’s 
prevalence of alcohol use disorders was 8.8% in 
males and 3.7% in females [171]. In Turkey, beer 
is highly consumed (63.6%), followed by spirits 
(27.9%) and wine (8.6%) [172].

According to unofficial reports, the United 
Arab Emirates has the second most alcohol con-
sumption with an average of 4.3 L per year fol-
lowed by Sudan with an average of 2.7 L per year 
and Lebanon with an average of 2.4 L per year. 
These numbers are below the international aver-
age. However, when only drinkers from Middle 
East are taken into account, the average con-
sumption is significantly higher than the world. A 
drinker in UAE is estimated to consume 32.8 L of 
alcohol per year, while in Sudan it is estimated 
that drinkers consume 24.1 L alcohol, followed 
by Lebanon with an estimation for drinkers of 
23.9  L per year [173]. According to a WHO 
report published in 2016, the prevalence of heavy 
episodic drinking was 9.1% in males and 1.1% in 
females among general population (15+ years) in 
UAE. In the same report, the prevalence of heavy 
episodic drinking was 41.7% in male drinkers 
and 13.9% in female drinkers. Total alcohol per 
capita in drinkers was reported as 21.9  L for 
males and 11.9 L for females. ASDR concerning 
alcohol-related liver cirrhosis was 13.6 per 
100.000 in males and 9.5 per 100,000 in females 
[173]. In UAE, spirits are highly consumed 
(86.7%), followed by beer (10.3%) and wine 
(2.9%) [172].

Fig. 6 The potential mechanisms of alcohol-induced liver carcinogenesis
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In Lebanon, an average of 1.2 L alcohol con-
sumption in the general population is suggested 
by a WHO report in 2016. The prevalence of 
heavy episodic drinking was 2.3% in males and 
0.2% in females among general population (15+ 
years). In the same report, the prevalence of 
heavy episodic drinking was 24.5% in male 
drinkers and 6.8% in female drinkers. Total alco-
hol per capita in drinkers was reported as 29.6 L 
for males and 10.7 L for females. ASDR concern-
ing alcohol-related liver cirrhosis was 24.1 per 
100,000 in males and 13.9 per 100,000 in females 
[174]. In UAE, spirits are highly consumed 
(52.4%), followed by wine (29.1%) and beer 
(18.2%) [172].

In Sudan, an accurate information is not pres-
ent on the pattern of drinking. The recorded alco-
hol consumption was given as 1.56  L, while 
unrecorded alcohol consumption was suggested 
to be 1 L per year in a report by WHO in 2016. In 
the same report, alcohol use disorders was sug-
gested to affect 0.54% of the males and 0.06% of 
the females [175]. In Sudan, other than sprits, 
wine, and beer, the general population seems to 
choose different local alcohol drinks (78.5%) fol-
lowed by alcoholic spirits (13.5%) and beer 
(18.2%) [172].

In Israel, the prevalence of heavy episodic 
drinking was 29% in males and 5.7% in females 
among general population (15+ years) according 
to WHO report published in 2016. In the same 
report, the prevalence of heavy episodic drinking 
was 42.1% in male drinkers and 13.7% in female 
drinkers. Total alcohol per capita was reported as 
9.3  L for males and 3.3  L for females. Age- 
standardized death rate (ASDR) due to alcohol- 
related liver cirrhosis was 6.6 per 100,000  in 
males and 3.3 per 100,000 in females. The preva-
lence of alcohol use disorders was 9.8% in males 
and 2.1% in females while in the same year [176]. 
In Israel, alcoholic spirits a are highly consumed 
(49.5%), followed by beer (44%) and wine 
(6.2%) [172].

According to a WHO report in 2016, the prev-
alence of heavy episodic drinking was 0% in both 
males and females among general population 
(15+ years) in Kuwait. In the same report, the 
prevalence of heavy episodic drinking was 4.8% 

in male drinkers and 1.1% in female drinkers. 
Total alcohol per capita was reported as 1.1 L for 
males and 0.4  L for females. ASDR due to 
alcohol- related liver cirrhosis was 7.2 per 
100,000 in males and 7.8 per 100,000 in females. 
The prevalence of alcohol use disorders was 
0.6% in males and 0.1% in females while in the 
same year [177]. In Kuwait, beer is highly con-
sumed (58.1%), followed by spirits (30.7%) and 
wine (10.8%) [172].

The WHO report in 2016 gives the prevalence 
of heavy episodic drinking as 28.8% in males and 
5.3% in females among general population (15+ 
years) in Qatar. In the same report, the prevalence 
of heavy episodic drinking was 55.3% in male 
drinkers and 20.9% in female drinkers. Total 
alcohol per capita was reported as 4.8 L for males 
and 1.7  L for females. Age-standardized death 
rate (ASDR) due to alcohol-related liver cirrhosis 
was 19.4 per 100,000  in males and 4.9 per 
100,000  in females. The prevalence of alcohol 
use disorders was 0.4% in males and 0.1% in 
females while in the same year [178]. In Qatar, 
spirits are highly consumed (84.6%), followed by 
wine (13.9%) and beer (1.2%) [172].

In Libya, the prevalence of heavy episodic 
drinking was 0% in males and females among 
general population (15+ years) according to WHO 
report published in 2016. In the same report, the 
prevalence of heavy episodic drinking was 2.5% 
in male drinkers and 0.6% in female drinkers. 
Total alcohol per capita was reported as 9.3 L for 
males and 3.3 L for females. ASDR due to alco-
hol-related liver cirrhosis was 32.9 per 100,000 in 
males and 18.4 per 100,000 in females. The prev-
alence of alcohol use disorders was 0.5% in males 
and 0.1% in females while in the same year [179]. 
There is no data on which alcoholic beverage is 
consumed highly in Libya [172].

The WHO report in 2016 gives the prevalence 
of heavy episodic drinking a 3.3% in males and 
0.3% in females among general population (15+ 
years) in Oman. In the same report, the preva-
lence of heavy episodic drinking was 31.3% in 
male drinkers and 8.9% in female drinkers. Total 
alcohol per capita was reported as 9.9 L for males 
and 3.5  L for females. Age-standardized death 
rate (ASDR) due to alcohol-related liver cirrhosis 
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was 13.2 per 100,000  in males and 9.5 per 
100,000  in females. The prevalence of alcohol 
use disorders was 0.4% in males and 0.1% in 
females while in the same year [180]. In Oman, 
beer is highly consumed (54.6%), followed by 
spirits (42.2%) and wine (3.3%) [172].

In Egypt, the prevalence of heavy episodic 
drinking was 1% in males and 0.1% in females 
among the general population (15+ years) accord-
ing to WHO report published in 2016. In the 
same report, the prevalence of heavy episodic 
drinking was 22.6% in male drinkers and 5.9% in 
female drinkers. Total alcohol per capita was 
reported as 17 L for males and 6.2 L for females. 
ASDR due to alcohol-related liver cirrhosis was 
200.4 per 100,000  in males and 121.6 per 
100,000  in females. The prevalence of alcohol 
use disorders was 2.6% in males and 0.2% in 
females while in the same year [181]. In Egypt, 
beer is highly consumed (53.8%), followed by 
spirits (40.3%) and wine (5.4%) [172].

In Jordan, the prevalence of heavy episodic 
drinking was 1.1% in males and 0.1% in females 
among the general population (15+ years) accord-
ing to WHO report published in 2016. In the 
same report, the prevalence of heavy episodic 
drinking was 23.9% in male drinkers and 6.3% in 
female drinkers. Total alcohol per capita was 
reported as 28.9  L for males and 10.6  L for 
females. ASDR due to alcohol-related liver cir-
rhosis was 20.6 per 100,000  in males and 14.6 
per 100,000 in females. The prevalence of alco-
hol use disorders was 0.7% in males and 0.1% in 
females while in the same year [182]. In Jordan, 
spirits is highly consumed (75.4%), followed by 
beer (22.4%) and wine (2.1%) [172].

The WHO report in 2016 gives the prevalence 
of heavy episodic drinking as 0.3% in males and 
0% in females among the general population 
(15+ years) in Saudi Arabia. In the same report, 
the prevalence of heavy episodic drinking was 
3.6% in male drinkers and 0.8% in female drink-
ers. Total alcohol per capita was reported as 
4.5 L for males and 1.6 L for females. ASDR due 
to alcohol-related liver cirrhosis was 31.9 per 
100,000  in males and 21.8 per 100,000  in 
females. The prevalence of alcohol use disorders 
was 0.5% in males and 0.1% in females while in 

the same year [183]. In Saudi Arabia, spirits is 
highly consumed (97.9%), followed by wine 
(1.9%) [172].

In Afghanistan, the prevalence of heavy epi-
sodic drinking was 0% in males and females 
among the general population (15+ years) accord-
ing to WHO report published in 2016. In the 
same report, the prevalence of heavy episodic 
drinking was 2.3% in male drinkers and 0.5% in 
female drinkers. Total alcohol per capita was 
reported as 37.9  L for males and 14.3  L for 
females. ASDR due to alcohol-related liver cir-
rhosis was 28.2 per 100,000  in males and 19.6 
per 100,000 in females. The prevalence of alco-
hol use disorders was 0.6% in males and 0.1% in 
females while in the same year [184]. There is no 
data on which alcoholic beverage is consumed 
highly in Afghanistan [172].

The WHO report in 2016 gives the prevalence 
of heavy episodic drinking as 1.1% in males and 
0.1% in females among the general population 
(15+ years) in Iraq. In the same report, the preva-
lence of heavy episodic drinking was 24.5% in 
male drinkers and 6.5% in female drinkers. Total 
alcohol per capita was reported as 14.6  L for 
males and 5.4  L for females. ASDR due to 
alcohol- related liver cirrhosis was 9.5 per 
100,000 in males and 5.2 per 100,000 in females. 
The prevalence of alcohol use disorders was 
0.5% in males and 0.1% in females while in the 
same year [185]. In Iraq, beer is highly consumed 
(76.1%), followed by spirits (22.9%) and wine 
(1%) [172].

In Bahrain, the prevalence of heavy episodic 
drinking was 3.8% in males and 0.4% in females 
among the general population (15+ years) accord-
ing to WHO report published in 2016. In the 
same report, the prevalence of heavy episodic 
drinking was 33% in male drinkers and 9.4% in 
female drinkers. Total alcohol per capita was 
reported as 24.5  L for males and 8.7  L for 
females. ASDR due to alcohol-related liver cir-
rhosis was 15 per 100,000 in males and 9.1 per 
100,000  in females. The prevalence of alcohol 
use disorders was 2.3% in males and 0.3% in 
females while in the same year [186]. In Bahrain, 
spirits are highly consumed (57%), followed by 
beer (36.6%) and wine (5.3%) [172].
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In Syrian Arab Republic, the prevalence of 
heavy episodic drinking was 0.1% in males and 
0% in females among the general population 
(15+ years) according to WHO report published 
in 2016. In the same report, the prevalence of 
heavy episodic drinking was 2.3% in male drink-
ers and 0.5% in female drinkers. Total alcohol per 
capita was reported as 17.3 L for males and 6.4 L 
for females. ASDR due to alcohol-related liver 
cirrhosis was 17.8 per 100,000 in males and 12.8 
per 100,000 in females. The prevalence of alco-
hol use disorders was 1% in males and 0.1% in 
females while in the same year [187]. In Syria, 
spirits is highly consumed (63.5%), followed by 
wine (27.9%) and beer (8.5%) [172].

11  How to Decrease and Control 
Alcohol Intake 
in the Middle East

Although drinking also is forbidden or restricted 
due to the religious beliefs of most of the coun-
tries in the Middle East, alcohol consumption is 
not very low and can lead to serious health conse-
quences. Therefore, serious measures must be 
taken in the future:

• People should not keep alcohol at home in 
order to avoid the consumption.

• Routine traffic checks must be conducted in 
the countries of Middle East.

• Governments should implement education 
programs for public and explain the health 
risks of alcohol consumption. Experts must 
give detailed information in social media and 
televisions.

• Cigarette smoking and alcohol consumption 
together cause an increase in the mortality due 
to HCC and other cancers. Therefore, citizens 
should be educated and awareness must be 
raised in the societies.

12  Smoking

Cigarette smoking is suggested to be one of the 
main causes of cancer-related deaths worldwide. 
Although it particularly causes lung cancer, it is 

also suggested to be related to primary liver can-
cer. Cigarette smoke includes over 4000 chemi-
cal substances, which have hazardous effects. 
Chronic and heavy smoking causes the develop-
ment of pathogenesis of liver disease. It induces 
three major adverse effects on the liver [188]:

• Direct or indirect toxic effects.
• Immunological effects.
• Oncogenic effects.

Over 60 carcinogens have been identified in 
cigarette smoke, and smoking is suggested to be 
“carcinogenic to humans” by IARC [189]. 
Nitrosamines from smoke can cause gene muta-
tions and/or DNA and protein adducts. Nicotine 
directly promotes cancer progression through 
the activation of different signaling pathways. 
Both of these substances facilitate cancer cell 
growth, angiogenesis, migration, and invasion 
[190]. On the other hand, several chemicals in 
tobacco smoke, including 4-aminobiphenyl and 
polycyclic aromatic hydrocarbons (PAH), are 
metabolized into reactive carcinogens in the 
liver [191]. Smoking also increases the produc-
tion of pro- inflammatory cytokines [interleukin 
1 (IL-1), interleukin 6 (IL-6), and TNF-α] that 
may be further involved in liver cell injury. 
Because of smoking, it is possible to develop 
secondary polycythemia. In turn, increased red 
cell mass and turnover is observed. This phe-
nomenon might be a contributing factor to sec-
ondary iron overload disease that promotes 
oxidative stress of hepatocytes. As smoking-
based chemicals have an oncogenic potential, 
they can increase the risk of HCC in patients 
with viral hepatitis [188]. The mechanisms of 
cigarette smoke-induced carcinogenesis are 
summarized in Fig. 7.

The International Agency for Research on 
Cancer and the US Surgeon General have stated 
that studies show a link between tobacco smok-
ing and liver cancer. However, HCC (75% of all 
liver cancers) and intrahepatic cholangiocarci-
noma (ICC, 12%), two dominant types of liver 
cancer, have been widely studied by the research 
studies. Furthermore, it is not clear that smoking 
and alcohol consumption together increase the 
risk of HCC and ICC. The main causes of HCC 
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are hepatitis B or C virus, alcohol consumption, 
obesity, diabetes, and smoking-induced oxidative 
stress and inflammation [192–194]. ICC has the 
risk factors such as cirrhosis, HBV/HCV, alcohol 
consumption, obesity, and diabetes. Nevertheless, 
the association between smoking and ICC is still 
unclear. According to the Surgeon General’s 
report, the results are conflicting concerning the 
dose-response relationships between liver cancer 
and smoking intensity (number of cigarettes per 
day and duration) [192, 195].

Reviews of epidemiologic studies and meta- 
analysis studies on HCC suggested that smoking 
might be categorized as a risk factor for liver can-
cer; however, ORs were not very high [192, 195]. 
A meta-analysis has analyzed 38 cohort and 58 
case-control studies in order to evaluate associa-
tion between liver cancer and cigarette smoking. 
The increased risk among current smokers was 
consistent across different regions, study designs, 
study sample sizes, and publication periods. 
There was a positive correlation between dose- 
response and the number of daily consumed ciga-
rettes. Attributable risks for HCC associated with 
smoking were also determined. The attributable 
factors HBV and HCV infections were deter-
mined as 13% and 21%, respectively, whereas 
smoking carried an attributable risk of almost 
50%. Although smoking conveys only a small 
increase in relative risk compared to viral infec-

tions, its attributable risk was found to be higher 
[191, 192, 196].

13  Smoking and Liver Cancer 
in the Middle East

Throughout the globe, China has the most 
tobacco users (300.8 million), followed by India 
(205.9 million), Russia (60.2% among men), and 
Bangladesh (27.9%, overall) [197].

Throughout the Middle East and North Africa, 
one common denominator, namely, water pipe 
(also named as shisha, nargile, or rengila) use, is 
rising among children and young women as water 
pipe is seen as less harmful, even though one ses-
sion with the pipe can deliver many times the 
impact of a single cigarette. Some experts sug-
gest that smoking water pipe is becoming an epi-
demic and at least 60% of 16–19-year-olds in the 
Middle East have tried the water pipe [198].

When we have brief look on the smoking sta-
tus in different countries of the Middle East, 
Turkey is 1 of 15 countries worldwide with a 
heavy burden of tobacco-related diseases. 
WHO’s report in 2013 standardized estimate of 
smoking prevalence and suggested that 25.4% of 
Turkey’s adult population (35.7% of men and 
9.9% of women) are daily tobacco smokers 
[199]. In the UAE, Dubai Health Centers stated 

Fig. 7 The mechanisms of cigarette smoke-induced carcinogenesis. AP1 activator protein 1, AKT protein kinase B, 
BER base excision repair, HCC hepatocellular carcinoma, PKC protein kinase A, PKC protein kinase C
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that smoking among 12- to 16-year-olds was 
between 25% and 30%, considerably higher than 
the WHO estimate of 13.2% for boys between 13 
and 15 years [198]. A cross-sectional study per-
formed in the UAE on 6363 participants sug-
gested that 505 (8.9%) participants had smoked 
cigarettes, 355 (6.3%) had smoked midwakh, 
421 (7.4%) had smoked shisha, and 380 (6.4%) 
had smoked any other form of tobacco in the pre-
vious 30  days. The results showed that 818 
(14.0%) adolescents were current smokers 
(occasional or daily use of at least one form of 
tobacco). Tobacco use was higher in men com-
pared to women, regardless of age and form of 
tobacco. Cigarette smoking was popular among 
men, while shisha was the most smoked tobacco 
form in women [200].

Golestan Cohort Study has included 165 par-
ticipants from northeastern Iran: 60 individuals 
were never users of any tobacco, 35 were using 
exclusive cigarette, 40 were using exclusive (78% 
daily) water pipe, and 30 were smoking exclusive 
smokeless tobacco (nass). Thirty-nine biomark-
ers of exposure have been evaluated. The results 
showed that environmental exposure from nonto-
bacco sources also appeared to contribute to the 
presence of high levels of polycyclic aromatic 
hydrocarbon (PAH) metabolites, which had 
adverse effects, including cancer [201].

In another study, which was also a part of 
Golestan Cohort Study, 50,045 adults (40–
75 years) were recruited from northeastern Iran. 
This study intended to determine the association 
between different types of tobacco use and earlier 
deaths. According to the results, 17% of partici-
pants reported a history of cigarette smoking, 
7.5% chewing tobacco (nass), and 1.1% smoking 
water pipe. With age, the use of cigarette and dif-
ferent tobacco products showed a decline. The 
study concluded that regular use of cigarettes, 
smokeless tobacco, and water pipe was associ-
ated with the risk of earlier death, particularly 
from cancer [202].

In a study from Lebanon, the researchers 
aimed to estimate the percentage of cancer due to 
environmental exposures and lifestyle. The 
results showed that smoking caused most cancer 
cases, and it caused 1800 new cancer cases by 
2018. Percentage attributable risk factor was cal-

culated for liver cancer as 23% and 16% for 
males and females, respectively [203].

A study from Saudi Arabia explored that the 
changing trends and patterns of HCC at King 
Faisal Specialist Hospital and Research Center 
made a comparative analysis with local, regional, 
and global trends. Temporal trends indicated a ris-
ing incidence of HCC from 2001 to 2014 in Saudi 
Arabia. It was stated that there were 323 cases in 
2001 while 376 cases were diagnosed with HCC 
in 2015 as per Saudi Cancer Registry. The authors 
suggested that although there was an improve-
ment in preventive measures, incidence rates of 
HCC increased in 10 years with a marked regional 
variation. It was specified that chronic infection 
with HBV and/or HCV, heavy alcohol consump-
tion, obesity, diabetes, and tobacco smoking were 
the main factors for this escalation. The research-
ers concluded that early detection and diagnosis 
due to expanding healthcare delivery in the coun-
try could help to detect this increase [204].

14  How to Decrease and Control 
Tobacco Use 
in the Middle East

Smoking causes serious health problems in the 
Middle East countries. Although men are smok-
ing more than women, the smoking rates among 
women are rising possibly due to the belief that 
water pipe smoking is not as harmful as cigarette 
smoking. Therefore, serious measures must be 
taken in the future:

• Governments should implement education 
programs for public and explain the health 
risks of tobacco use.

• Detailed information in social media and tele-
visions must be given to the public.

• Adolescents must be warned against the seri-
ous health effects of smoking.

• Smoking in restaurants and cafes or in public 
transportation should be forbidden.

• Water pipes also cause serious health conse-
quences as cigarettes. Therefore, awareness 
should be raised in public on the diseases and 
pathologies that may arise from water pipe 
smoking.
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15  Rsenic

The metals in the environment are classified in 
three groups [205]:

• Essential (selenium, copper, and zinc).
• Probably essential (cobalt, nickel, and 

vanadium).
• Potentially toxic (arsenic, mercury, cadmium, 

lead, and aluminum).

Heavy metals (e.g., mercury, cadmium, arse-
nic, chromium, thallium, lead) are found exten-
sively in the environment with a density greater 
than 5 g/cm3 [205].

Arsenic is a natural element that is found in 
rocks and soil, water, and air and in plants and 
animals. It is one of the most toxic metals present 
in the natural environment. The major exposure 
of humans to arsenic is from contamination of 

drinking water from natural geological sources 
rather than from mining, smelting, or agricultural 
sources. Arsenic is present in a variety of indus-
trial products including cosmetics, paints, fungi-
cides, insecticides, pesticides, herbicides, wood 
preservatives, and cotton desiccants [206, 207].

The World Health Organization (WHO) con-
sidered exposure to arsenic (particularly from 
drinking water) carcinogenic to humans. Chronic 
arsenic exposure is known to cause various types 
of cancers including cancers of the skin, bladder, 
lung, liver, and stomach [208–210]. Long-term 
exposure to inorganic arsenic through inhalation 
or drinking water ingestion is causally related to 
increased risk of cancer in the lung, skin, and 
bladder. Inorganic arsenic can also increase the 
risk of kidney, liver, and prostate cancers depend-
ing on chronic exposures [211]. The underlying 
mechanisms of hepatocarcinogenesis caused by 
arsenic are summarized in Fig. 8.
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Fig. 8 The underlying mechanisms of hepatocarcinogenesis caused by arsenic. 5-hmC 5-hydroxymethylcytosine, 
miRNA microRNA, SAM S-adenosyl methionine, SCE sister chromatid exchange

Hepatocarcinogenesis Induced by Environmental Exposures in the Middle East



54

16  Arsenic and Liver Cancer 
in the Middle East

A study from Simav Plain, Turkey, aimed to com-
pare the deaths related to different arsenic levels 
in drinking water supplies during 2005–2010. 
Thus, a two-phase research was designed. Arsenic 
concentrations of groundwaters were determined 
in the range of 7.1–833.9 ppb. In the first phase 
research, public health surveys were conducted 
on 1003 villagers to determine the distribution of 
diseases. In the second phase, verbal autopsy sur-
veys and official death records were used to 
investigate the causes of death. In total, 402 death 
cases were reported, and cardiovascular system 
diseases (44%) and cancers (15.2%) were found 
to be major causes of death. Cancers of the lung 
(44.3%), prostate (9.8%), colon (9.8%), and 
stomach (8.2%) were comparably higher in vil-
lages with high arsenic levels in drinking water 
supplies. Furthermore, the majority of cases of 
liver, bladder, and stomach cancers were also 
observed in villages with high arsenic levels 
[208–210].

In a comprehensive review, the researchers 
investigated the available 221 articles reporting 
contamination levels of arsenic and mercury in 
commonly consumed foods in Iran. The results 
showed that the highest contamination rates of 
arsenic and mercury were in rice and fish, respec-
tively. It was stated that arsenic and mercury 
contents in Iranian foods could cause serious 
health concerns due to the consumption of high 
quantities of these heavy metals from the main 
foods [205].

In another meta-analysis on arsenic and lead 
in rice from many geographical areas in Iran, car-
cinogenic risk of these heavy metals was esti-
mated for the consumers. The results of 21 
carcinogenic risk assessment reports performed 
between 2008 and October 2017 suggested that 
the minimum and maximum incremental lifetime 
cancer risk (ILCR) of arsenic was higher in the 
45–54 (4.53  ×  10−2) and 15–24 (5.50  ×  10−2) 
years’ age group consumers while ILCR was 
higher in 45–54 (2.442  ×  10−3) and 15–24 
(2.96  ×  10−3) years’ age group consumers for 
lead. The overall carcinogenesis risk of arsenic 

(4.864 × 10−2) was 18.5 times higher than lead 
(2.623  ×  10−3). All age group consumers were 
suggested to be at considerable carcinogenesis 
risk (ILCR>10−3) due to the consumption of arse-
nic- and lead-contaminated rice [212].

Another study performed in Iran evaluated 
lead, cadmium, arsenic, and mercury contamina-
tion in cosmetic products in both legal and con-
traband products. The results showed that while 
lead, mercury, and cadmium contents in the prod-
ucts did not exceed the acceptable limit of the 
Federal Office of Consumer Protection and Food 
Safety of Germany (BVL), the arsenic contents 
of lipsticks, eye shadows, and eyebrow pencils 
were significantly higher than the BVL standard. 
The researchers concluded that the contents of 
arsenic in contraband eye shadows and eyebrow 
pencils should be taken into serious consider-
ation by the relevant authorities [213].

Studies on the arsenicosis cases in the Middle 
East and several studies in different developing 
countries showed that the endemic arsenicosis 
caused by high levels of arsenic in drinking water 
is the main reason for blackfoot disease. In a 
case-control study conducted to examine the 
clinical characteristics of HCC patients with 
blackfoot disease of southwestern Taiwan, 65 
HCC cases (54 men and 11 women) with black-
foot disease were examined and the clinicopatho-
logical features compared with 130 HCC control 
patients without blackfoot disease. Characteristics 
such as hepatitis viral infection status, liver func-
tion, histological findings, computed tomography 
scan characteristics, and patient survival were 
determined. The results showed no differences 
between HCC patients or their tumors, from 
study and control areas. However, the researchers 
observed that artesian well water contains high 
concentrations of arsenic in southwestern Taiwan 
and the mortality caused by HCC shows a dose- 
response increase by concentration of arsenic in 
the well water [214]. A study from Peru aimed to 
assess the extent of arsenic contamination of 
groundwater and surface water. For this purpose, 
151 water samples were collected from 12 dis-
tricts of Peru, and arsenic concentrations were 
measured in the laboratory using inductively cou-
pled plasma mass spectrometry (ICP-MS). In 
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86% (96/111) of the groundwater samples, arse-
nic concentrations were higher than 10  μg/L 
which is the concentration guideline given by the 
WHO for drinking water. In 56% (62/111) of the 
samples, the mean concentration was 54.5 μg/L 
(range: 0.1–93.1). In the Juliaca and Caracoto 
districts, in 96% (27/28) of groundwater samples, 
arsenic was above the WHO guideline. The arse-
nic concentrations in water samples from the 
Rímac River running through Lima were exceed-
ing the WHO limit [215].

In a study from Mashhad, Iran, drinking water 
samples were assessed for probable health risk 
(noncarcinogenic and carcinogenic risk) for 
adults and children. Arsenic and other toxic 
heavy metals (lead, nickel, chromium, and mer-
cury) were determined. The main heavy metal 
exposure routes for Mashhad residents were sug-
gested to be from drinking water and dermal con-
tact. The results of the study showed that the 
daily heavy metal intake via water consumption 
was four to ten times higher than dermal contact. 
The health risk assessment of heavy metals was 
evaluated based on daily intake and exposure 
through dermal absorption and ingestion of 
drinking water by using hazard quotient (HQ), 
hazard index (HI), and lifetime cancer risk (CR). 
The chemical analysis and testing were con-
ducted on 140 water samples. The results of the 
HQ values of arsenic and heavy metals for com-
bined routes were below the safety level (HQ < 1) 
for adults, while the HI for children were higher 
than the safety limit in some stations. Similarly, 
chromium levels had the highest average contri-
bution of HI of the total heavy metals (55–71.2%) 
for adult and children population. The average 
values of total carcinogenic risk (TCR) for the 
metals by exposure from drinking water for 
adults and children were 7.38  ×  10−5 and 
1.33  ×  10−4, respectively. For dermal exposure, 
the noncarcinogenic and carcinogenic risk level 
for arsenic and heavy metals were both higher 
than the American Environmental Protection 
Agency (US EPA) risk management criterion. On 
the other hand, the CR total for children and 
adults was at borderline or higher than the safety 
level of US EPA risk, and these results suggested 
that there was a probability of carcinogenic risk 

for the children and adults due to the intake of the 
carcinogenic heavy metals by via both ingestion 
and dermal route [216].

Arsenic distribution in well water has been 
investigated by a US Agency for International 
Development (USAID) Middle East Research 
Cooperation (MERC)-funded project. This study 
initiated a study that investigates the distribution 
of arsenic in toenails from arsenic-exposed resi-
dents through drinking water. Researchers also 
have collaborated with Duke Comprehensive 
Cancer Center and the University of California 
(UNC) School of Public Health for conducting 
interdisciplinary research in order to investigate 
the exposure of arsenic in Union County where 
the arsenic levels in private wells are very high. It 
has been specified by the continuous study group 
that the interface between inorganic isotope geo-
chemistry and traditional epidemiological 
research could provide a very unique methodol-
ogy for elucidating the impact of environmental 
hazards on human health. Preliminary results 
showed a significant correlation between arsenic 
in nails and drinking water [217].

A study conducted in Al-Kharj geothermal 
fields of Saudi Arabia aimed to evaluate the arse-
nic distribution and associated hydrogeochemical 
parameters in 27 randomly selected boreholes 
representing aquifers. Arsenic was detected at all 
sites, with 92.5% of boreholes yielding concen-
trations above the WHO permissible limit of 
10 μg/L. The maximum concentration was deter-
mined as 122 μg/L.  Sixty-seven percent of the 
total composition of the groundwater types were 
mainly Ca+2-Mg+2-Cl− and Na+-Cl−. The main 
source of arsenic release as geothermal in nature 
was evaluated by principal component analysis 
(PCA). The PCA yielded five components, which 
accounted for 44.1%, 17.0%, 10.1%, 08.4%, and 
06.5% of the total variance. The first component 
had positive loadings for arsenic and boron along 
with other hydrogeochemical parameters. The 
data indicated that the primary sources of arsenic 
mobilization were derived from regional geother-
mal systems and weathering of minerals. The rest 
of the principal components showed reductive 
dissolution of iron oxyhydroxides as a possible 
mechanism. Spatial evaluation of the PCA results 
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indicated that this secondary mechanism of arse-
nic mobilization might be active and correlated 
positively with total organic carbon. The aquifers 
were contaminated to a high degree with organic 
carbon ranging from 0.57 mg/L to 21.42 mg/L 
and showed high concentrations ranging from 
8.05 mg/L to 248.2 mg/L [218].

In a study from Pakistan, arsenic concentra-
tions were measured in drinking water samples. 
A total of 4547 drinking water samples were col-
lected from 11 different districts in Punjab prov-
ince of Pakistan. The variation in arsenic 
concentrations was very high. Average arsenic 
concentrations from all districts range from 6 to 
12  ng/ml, with an overall average value of 
8.5  ±  1.6  ng/ml which was found within the 
WHO recommended limit of 10 ng/ml [219].

As arsenic can cause several health problems, 
including cancers of the liver and skin, authori-
ties in the Middle East should highly be con-
cerned about the arsenic levels in Middle East. 
Although some studies suggest that arsenic con-
centration in water is not in the recommended 
limits given by local or global authorities, some 
suggest the opposite. It is known that in develop-
ing countries, well water is highly used in rural 
areas and arsenic or other heavy metals contami-
nate the water, which is also used as drinking 
water in these areas. Therefore, governments 
should routinely monitor the arsenic content of 
drinking water and should apply necessary 
restrictions.

17  Vinyl Chloride

Vinyl chloride monomer (VCM) is a synthetic 
gas mostly used in the manufacture of polyvinyl 
chloride (PVC). PVC is a widely used material in 
plastics. Occupational exposure to VCM is very 
common, especially in the VCM/PVC production 
and processing industry [220].

The results of a follow-up study on auto-
clave workers confirmed that the highest expo-
sures to VCM caused almost tenfold increased 
risk of HCC compared to workers with low or 
no exposure [220]. Since the mid-1970s, it is 
known that occupational exposure to VCM 

causes the development of angiosarcoma of the 
liver [221]. VCM is suggested to be a major risk 
factor for HCC, and in 2007, IARC listed VCM 
as human carcinogen [222]. The biotransforma-
tion and genotoxic effects of VCM are summa-
rized in Fig. 9.

18  Vinyl Chloride and Liver 
Cancer in the Middle East

There is very limited data on VCM exposure in 
Middle East although the exposure is suggested 
to be high, particularly in plastic manufacturing 
plants. A study performed in Iran evaluated 43 
VCM workers who had undergone regular medi-
cal evaluation in the last 3 years. No instance of 
liver dysfunction or angiosarcoma was discov-
ered. The Iranian Standards Institute reviewed 
the occupational health data and local conditions 
for VCM provisionally and later set a threshold 
limit value (TLV)-time weighed average (TWA) 
of 25 ppm for 8 h in 1976. However, the research-
ers suggested that such precautionary measures 
should be revised and improved according to 
available data as VCM could cause HCC and 
other liver-related disorders after long periods of 
workplace exposure [223].

In a study from Kuwait’s major power station 
(Doha West Power Station), spatial distribution 
of volatile organic compounds (VOCs) was 
assessed. The researcher collected 24-hour inte-
grated ambient air samples in canisters from ten 
locations of the stations. According to the results, 
VCM concentrations were the highest among the 
other halogenated compounds. It was concluded 
that halogenated VOC compounds were the dom-
inant group of air contaminants in Kuwait [224].

19  Other Chemicals

Exposure to organic solvents (halogenated, 
cyclic, aromatic, or aliphatic hydrocarbons, 
ketones, amines, esters, alcohols, aldehydes, and 
ethers) is also associated with biliary duct and 
liver cancers [225]. Persistent organic pollutants, 
including dioxins, are another group of chemicals 
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that are suggested to induce liver pathologies 
(e.g., fatty liver diseases, cancer) [226].

20  Conclusion

The population attributable risk estimates for 
liver cancer for each of these risk factors varies 
among countries in Middle East. Major risk fac-
tors of HCC mainly include chronic viral hepati-
tis, aflatoxin exposure, alcohol consumption, 
smoking, exposure to inorganic arsenic through 
drinking water, VCM exposure, and exposure to 
different organic solvents. On the other hand, oral 
contraceptives, iron overload, advanced hepatic 
fibrosis, chlorinated hydrocarbons, radioactive 
compounds, nitrosamines, oral contraceptives, 
endogenous hormones, male gender, and genet-
ics are also important risk factors [23, 191].

One or more causative agents can be identified 
in most HCC cases. Furthermore, HCC can gen-

erally be viewed as a complication of cirrhosis, 
and the incidence is highest when the factors 
causing liver injury and inflammation (hepatitis) 
continue to operate. Although chronic HBV 
infection and chronic HCV infection are the most 
important risk factors for HCC worldwide, envi-
ronmental exposures (i.e., high aflatoxin expo-
sure) can lead to HCC. Synergistic and/or additive 
effects between aflatoxins and viral hepatitis 
infections may enhance the risk of 
HCC.  Additional studies that show the interac-
tions between aflatoxins and HBV/HCV infec-
tions must be performed to predict possible 
in  vivo effects. In addition, it can also be sug-
gested that the possible presence of more than 
one mycotoxin in different foodstuff might also 
raise the risk of non-expected effects and possi-
bly HCC in humans.

Aflatoxin and viral hepatitis risk management 
strategies need to be taken into account as an 
option to find a solution for HCC in the Middle 
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East region. Scientific knowledge and improved 
techniques for harvesting, handling, and storage 
will reduce or help to eliminate the contamina-
tion problem of aflatoxins. Therefore, starting 
from the farmers, awareness should be raised. 
Foods and spices should be routinely monitored 
for the presence of aflatoxins before production 
and process and prior to consumption. 
Surveillance on food contaminants including 
aflatoxins should be conducted by related minis-
tries continuously. Governments must implement 
necessary measures to ensure that food not com-
plying with the maximum levels of aflatoxins is 
not marketed in the Middle East and that foods 
that are not compliable with the country’s stan-
dards should be eliminated. Governments and 
professional organizations should develop differ-
ent education programs on both aflatoxin expo-
sures. Such measures can also decrease the 
economic loss of the countries due to high afla-
toxin content of foods.

Smoking and alcohol are addictions that must 
be eliminated from the whole world. However, 
due to physiological and financial problems in 
Middle East, cigarette use and alcohol consump-
tion are increasing, particularly in the new gen-
eration. Due to the cigarette smoking, passive 
smoking, and ethanol consumption, the incidence 
of cancers of the lung and liver are rising in the 
Middle East. Children should be educated start-
ing from primary school for the unwanted health 
effects and consequences of these addictions. To 
solve this problem, Middle East countries must 
implement serious measures. For instance in 
Turkey, public intoxication and driving under the 
influence have very high fines. Smoking in cafes 
and restaurants in inner doors was restricted.

Arsenic contamination in water has been of 
concern of many governments for decades. 
Arsenic is one of the important causes of HCC 
and other types of cancer. However, this problem 
is still claiming the lives of many in the Middle 
East as water sources are scarce and serious 
cleaning procedures are not present in many 
countries of the region. Therefore, governments 
must convey financial sources to supply clean 
and drinkable water to their citizens, and regula-

tory authorities should investigate the water 
continuously.

Workplace exposures are always serious 
underlying causes of different types of cancers. 
VCM is a known human carcinogen that particu-
larly causes liver tumors and angiosarcomas. 
Workplace investigations, especially in 
 VCM- producing plants, should be performed fre-
quently and liver parameters should be checked 
routinely. Middle East countries should perform 
routine air pollution assessments and particularly 
check VCM levels in the ambient air.

In conclusion, Middle East countries should 
implement serious measures for the prevention of 
HCC-causing factors. The air, water, and food 
quality should be checked routinely, and citizens 
should be educated by different governmental 
and professional programs to avoid consuming 
food with high aflatoxin content, cigarette use, 
and alcohol consumption. Moreover, workplaces 
should be under serious inspection in order to 
prevent workplace exposures.
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1  Introduction

Noncommunicable diseases (NCDs) that include 
cardiovascular diseases, cancer, and diabetes 
mellitus are responsible for >70% of early deaths 
worldwide. NCD represents the leading cause of 
mortality and premature disability [1, 2]. The 
WHO considers obesity to be excessive fat accu-
mulation that causes many diseases. Obesity is 
diagnosed at a BMI >30 kg/m2 [1], and obesity 
has significant impact on a variety of tissues 
including the vascular bed [3]. However, the 
impact of obesity varies widely among subjects 
even with a similar degree of body mass index 
(BMI). Genetic and other factors including gen-
der, age, ethnicity, cardiorespiratory fitness, and 
the body fat distribution may play a role in the 
development of obesity [1]. Recent studies 
showed that the metabolic impact of obesity on 
nonalcoholic fatty liver disease (NAFLD) may 
also vary among patients with a similar BMI [1, 
4, 5]. Obesity is associated with decreased life 
expectancy. Depending on the severity of obesity 
and comorbid disorders, obesity may decrease 
life expectancy by 5–20 years [3, 6]. Obesity is 
also associated with an increased risk of type 2 
diabetes mellitus (T2DM), NAFLD, cardiovascu-
lar diseases (such as hypertension and myocar-
dial infarction), osteoarthritis, Alzheimer’s 
disease, and some cancers such as those of the 
breast, liver, and colon [1, 3, 6]. In addition, obe-
sity may decrease quality of life and promote 
unemployment, lower productivity, and encour-
age social disadvantages [1, 3]. For example, 
osteoarthritis, a common complication of obesity, 
often leads to disability and early retirement [1].

It is clear that the fundamental cause of obe-
sity is an energy imbalance between the caloric 
intake and energy expenditure [1, 3, 6]. Obesity 
develops as a result of low physical activity, sed-
entary lifestyle, and the overconsumption high- 
energy foods [1, 3]. Several factors including 
socioeconomic status, environment, personal 
behaviors, and genotype-phenotype interactions 
affect food intake, nutrient turnover, thermogen-
esis, and lipid utilization of fatty acid [1, 6]. The 
World Obesity Federation and other organiza-
tions including the American and Canadian 
Medical Associations have identified obesity to 
be a chronic progressive disease [7]. Reducing 
the obesity prevalence is among the primary 
goals of the WHO [7]. The WHO targets a halting 
of obesity prevalence to 2011 level [1]. The meet-
ing of UN General Assembly on the prevention 
and control of NCD which has been held on 
September 2011, highlighted the importance of 
reducing unhealthy diet and physical inactivity in 
the development and prevention of NCD [8].

To determine the obesity, different methods 
have been used including assessment based on 
anthropometry, bioelectrical impedance analysis, 
densitometry, and imaging-based methods. Body 
mass index (BMI) is the most commonly used 
tool to determine obesity [1, 3, 6]. BMI grossly 
estimates adiposity and identifies overweight and 
obesity based on the weight of the individual 
expressed in kilograms (kg) and divided by the 
square of the height in meters (m2) [3]. According 
to the WHO classification, undernutrition is 
defined as BMI <18.5 kg/m2, normal weight as 
BMI 18.5–24.9  kg/m2, overweight as BMI 
25–29.9 kg/m2, obesity as BMI >30 kg/m2, and 
morbid obesity as BMI >40 kg/m2 [3]. BMI could 
be complemented by measuring waist circumfer-
ence to discriminate between subcutaneous obe-
sity and visceral obesity [3]. It has been shown 
that low hip fat may protect against diseases; the 
ratio of waist-to-hip circumferences and the 
waist-to-height ratio have also been proposed to 
refine risk assessment. However, BMI is a most 
commonly used tool to determine the obesity 
worldwide [3].

Different approaches and treatments at the 
individual level have been developed over the last 
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two decades. Dietary education and control, 
physical activity programs, pharmacotherapy, 
and bariatric surgery have been recommended to 
patients. Bariatric surgery has been found to be 
associated with metabolic improvements includ-
ing halting or reversing the progression of T2DM 
independent of weight loss, but adverse effects 
have also been reported [9]. Currently, 39% of 
world population is obese or overweight despite 
efforts to halt the progress of the epidemy [1, 3]. 
The economic burden of obesity is approximately 
US 2 trillion. To halt the epidemic, individualized 
treatment modalities such as precision lifestyle 
modifications should be complemented with 
wider population-based approaches and solutions 
[1, 3]. Currently, researchers started genotype 
and phenotype analysis in approximately one 
million obese people in the UK and the USA. In 
addition, public health strategies have been 
applied such as taxation to reduce unhealthy fats 
and added sugar consumption and personalized 
precision nutrition approaches.

2  Epidemiology of Obesity

During the past 50 years, the prevalence of obe-
sity has increased dramatically worldwide and 
reached pandemic levels. Researchers from the 
NCD Risk Factors Collaboration have published 
a report that explains the causes of the obesity to 
reach pandemic levels in the past 50 years [1, 10].

The WHO reported that more than 2.1 billion 
adults were overweight or obese worldwide in 
2014. Among them, 1.5 billion were overweight 
and 640 million were obese [11]. The estimated 
age-standardized prevalence, of obesity in 2014 
was 10.8% among adult men and 14.9% among 
adult women [1, 10]. These data demonstrated 
that female gender has been associated with 
higher risk of obesity. Overweight is more fre-
quent among men [10]. However, according to 
the Global Burden of Disease Study 2013, the 
prevalence of obesity and overweight was similar 
to men and women, to be >36% in both genders 
[12]. Studies published in the USA have demon-
strated that African Americans have a higher 
prevalence of morbid obesity than other ethnici-
ties [13]. Asian populations have lower BMI than 

white individuals; however, they have been fre-
quently found to be associated with visceral fat 
deposition. These features make Asian popula-
tions more susceptible to developing type 2 dia-
betes mellitus at lower BMI levels than white 
individuals [3, 14].

Between 1980 and 2008, the global age- 
standardized mean for BMI increased by 0.4 (in 
men) and 0.5 kg/m2 (in women) per decade [15]. 
Between 1975 and 2014, the prevalence of obe-
sity increased from 3.2% to 10.8% in adult men 
and from 6.4% to 14.9% in adult women [12]. In 
2014, 0.64% of men and 1.6% of women had 
morbid obesity. Between 1975 and 2014, BMI 
has not changed in adults in North Korea;, how-
ever, some countries in sub-Saharan Africa had 
an obesity prevalence of >30% at the same period 
[16]. BMI and obesity prevalence dynamics 
change between countries. Like America and 
Europe, in many countries, the number of over-
weight or obese adults has been found to be 
greater than the number of normal-weight adults 
[16] (Fig. 1). The rate of BMI increase has been 
slowing down since 2000  in high-income and 
some middle-income countries both in children 
and in adult [1, 16]. It is considered that the 
adverse consequences of obesity will pose greater 
threats for public health than hunger or malnutri-
tion [3]. In 2013–2014, the worldwide number of 
children and adolescents (2–19 years of age) who 
are obese has been estimated to be 110 million. 
This number has increased exponentially since 
1980 [3]. Furthermore, estimated age- 
standardized prevalence of obesity in 2014 has 
been found to be 5% among children [12]. Cross- 
national analysis of trends in overweight and 
obesity for both boys and girls (11–15 years of 
age) in North America and in Europe from 2002 
to 2010 has demonstrated a stabilization in over-
weight prevalence;, however, overall rates of 
overweight in many countries have been found to 
be high [3]. Childhood obesity is associated with 
metabolic complications and chronic disease in 
adulthood [17].

The prevalence of NAFLD in the general 
population of North America has been esti-
mated to be approximately 24%. Conversely, 
the prevalence of NAFLD in South America is 
32% [4, 18].
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The prevalence of NAFLD varies among coun-
tries depending on obesity. The lowest prevalence 
of NAFLD has been reported from Peru where 
obesity prevalence has been found to be only 15% 
[4, 9]. Other factors such as genetic factors can 
contribute to the prevalence and outcomes of 
NAFLD. A study demonstrated that Hispanics of 
Mexican origin had higher prevalence of NAFLD 
(33%) than Hispanics of Dominican origin (16%) 
[9]. The prevalence of NAFLD has been estimated 
to be 20–30% in the European Union [18]. 
Approximately 3% of NAFLD patients have been 
found to be associated with NASH.  The preva-
lence of NAFLD varies among European coun-
tries. In Western Europe, the prevalence of 
NAFLD by ultrasound has been found to be 
higher (25–30%) than Eastern Europe (20–22%) 
[4, 8] (Fig. 2). Risk factors for NAFLD (obesity 
and T2DM) are increasing in Europe. NAFLD 
prevalence in Asia varies from 15% to 40% and 
NASH ranges from 2% to 3% [4]. The prevalence 
of NAFLD in India increased from 28% in 2015 
to 31% in 2016. The prevalence of NAFLD in 
China has been increasing from 3.8% in 1995 to 
43.65% in 2015 among Shanghai adults [4]. Lean 
NAFLD is more common in Asian countries than 

in western countries. The prevalence of NAFLD 
in adult population is increasing in the Middle 
East and in Turkey. A recent meta-analysis sug-
gested that prevalence of NAFLD in the Middle 
East is 31.79% [18]. Data from Iran suggest that 
33.9% of population have NAFLD [18]. A cross-
sectional population-based study including 352 
individuals from Israel suggests a prevalence of 
30% for NAFLD detected by ultrasound. Another 
cross-sectional study including 483 individuals 
from Iran demonstrated a 39.3% prevalence of 
NAFLD. In addition to data from Israel and Iran, 
NAFLD prevalence is increasing in Turkey. In a 
recent unpublished epidemiological study con-
ducted in 113,239 healthy individuals in Turkey, 
the overall prevalence of NAFLD has been found 
to be 48.3%. The prevalence was higher in those 
older than 50, in males, and in those with BMI 
>25  kg/m2. A rapidly increasing prevalence of 
NAFLD in Turkey has been found to be associ-
ated with the epidemic of obesity and T2DM in 
this region [4]. There is a significant paucity of 
data from the rest of the Middle East. However, 
the rates of obesity and T2DM in the Middle East 
are quickly increasing. There are few studies on 
the epidemiology of NAFLD from Africa. A 
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meta-analysis reported the prevalence of NAFLD 
in Africa to be 13.48% [18].

3  Risk Factors for Obesity

There have been two major drivers of obesity: 
overeating and sedentary lifestyle. A small daily 
positive energy balance may provide significant 
contribution to cumulative weight gain. However, 
the pathogenesis of obesity is considered to be 
more complex [3].

Relevant epidemiological approaches such as 
integrated bioinformatics system analysis, can be 
used to better understand the causes of obesity, 
including the intricate interplay between behav-
ioral, environmental, physiological, genetic, 
social, and economic factors [19]. Body size 
preference may lead to the development of obe-
sity [1]. Until the beginning of the last century, 

obesity has been thought to be a symbol of 
beauty, health, and wealth [1]. During periods of 
famine, being overweight was a protective factor. 
In some societies, being obese or overweight pro-
vides an advantage to a person for marriage. 
Obesity has been believed to make people more 
attractive. In some countries such as the Pacific 
Islands, a large body size is thought attractive [1]. 
Among Japanese, obesity develops more rapidly, 
where social norms favor a small body. The 
increase in the obesity prevalence started in 
developed countries in the 1970s, followed by 
developing countries and more recently by some 
low-income countries [20]. In Brazil and other 
developing countries, obesity prevalence typi-
cally increases first in people with higher eco-
nomic status in urban areas, and then the 
obesity  prevalence started increasing in groups 
of  lower socioeconomic status living in rural 
areas [1, 20].

Chronic
hepatitis B or C
Alcohol
NASH
Others

Cirrhotic liver Dysplastic nodules Very early
HCC (<2 cm)

HCC ( 2 cm)

Noncirrhotic liver Adenoma (HCA) HCC in HCA

15% CTNNB1 60% CTNNB1
44% TERT promoter

36% TERT promoter
23% TP53

11% CTNNB1

45−60% TERT promoter
48% TP53

37% CTNNB1

20% TERT promoter

TERT, MET,
FGF and/or CCND1

CDKL2, FOXE3, SEPT9

Chromosome 7 gain

6q loss

3–7% 1q, 8q gain

3–7% 8q,22p loss

APC
SOCS1 methylation

Mutations Copy number gains and focal amplifications Copy number losses and focal deletions DNA methylation alterations

29−47% 1q, 8q gain
6% MYC, VEGFA amplification

23−35% 4q, 8p, 16p, 17p loss
6% CDKN2A, AXIN1, IRF2 deletion

p16, COX2

PTEN
RPS6KA3

Fig. 2 Hepatocellular carcinoma in cirrhotic and noncir-
rhotic (adenoma-carcinoma sequence) livers. Most hepa-
tocellular carcinoma develop in cirrhotic liver. Molecular 
alterations can be detected in dysplastic nodules and early 
HCC. TERT promoter mutations are the first and most 
common genetic changes in the hepatocarcinogenesis. 
TP53 and CTNNB1 mutations develop relatively early in 

hepatocarcinogenesis. As the process progresses, addi-
tional molecular alterations are acquired, including focal 
DNA amplifications and deletions and DNA methylation 
of promoter regions. In hepatic adenoma, CTNNB1 muta-
tions are associated with an increased risk of malignant 
transformation. TERT promoter mutations occur later in 
hepatic adenoma-related HCC than in cirrhosis
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Since the early 2000s in some developed 
countries, including France, Norway, Denmark, 
Sweden, the USA, Japan, and Australia, the prev-
alence of childhood overweight and obesity has 
been slowing down [16]. The stable childhood 
obesity prevalence in developed countries could 
show that the incidence of new obesity cases con-
tinues to be at the same high level or less likely 
that the duration of obesity has been shortened 
[1]. However, the great heterogeneity in obesity 
prevalence between and within countries cannot 
be explained by only economic situation. Ethnic 
and other factors may play a role in the obesity 
prevalence. Obesity prevalence ranges from <5% 
in countries such as Vietnam, Bangladesh, Laos, 
and Japan to >50% in Polynesian and Micronesian 
Islands such as Nauru, Tonga, and Samoa. The 
significant differences of obesity prevalence 
between societies indicate the relevance of indi-
vidual genetic and environmental factors in the 
development of obesity [16].

As mentioned above, there have been relevant 
differences between countries in obesity preva-
lence. There are two key questions regarding 
obesity: even under same economic situation, 
why the frequency of obesity varies and how 
known factors affect certain groups of society 
differently [1]. Large regional differences in obe-
sity prevalence have been observed in Germany 
ranging from 29% in cities in northwestern 
Germany to >29% in Saxony-Anhalt [21]. These 
regional differences may be related to differences 
in socioeconomic status, high economic disparity 
between cities and rural areas, and differences in 
some measures of sedentary and eating behavior 
[1, 21]. Regional differences in obesity preva-
lence have also been reported from the 
USA. While the lowest rates are in countries of 
west and northeast, highest prevalence of obesity 
is observed in the south [22]. In this study, ethnic-
ity, physician density, poverty, unemployment, 
number of food restaurants per 1000 people and 
access to supermarket, living in small-town set-
tings, community characteristics such as cultural 
norm- and values-related diet, physical activity, 
and ideal weight and body image unique to par-
ticular regions or demographic groups have been 
shown to be associated with obesity outcomes 

[22]. Economic differences within the society 
may have a role in the heterogeneity in obesity 
prevalence and obesity burden [1, 22]. 
Paradoxically, in the USA, obesity is highly asso-
ciated with poor black Americans. They eat cheap 
highly calorific foods at the fast-food chains.

Local environment affects obesity prevalence. 
Even within a city, significant regional differ-
ences in obesity prevalence can occur. In the city 
of Kiel located in western Germany, obesity has 
been found to be more prevalent in neighbor-
hoods with increased frequency of overweight 
and obese parents, overweight siblings, parental 
smoking, single parenthood, low socioeconomic 
status, low physical activity in boys, and high 
media consumption in girls [1, 23]. The local 
environment may significantly modulate the risk 
of developing obesity at the individual level. 
Environment density of fast-food chains, food 
cultures, transport systems, walkability of the 
neighborhoods, and active recreation opportuni-
ties have been considered to be relevant obeso-
genic moderators that can have a great influence 
on obesity in the local and country context [1, 
10]. In China, rapid urbanization and increasing 
number of people using motorized forms of 
transportation can be some of the main causes of 
the obesity pandemic [24]. The role of the neigh-
borhood relationships in the development of obe-
sity was investigated in a social experiment [25]. 
The prevalence of morbid obesity can be reduced 
by migration of families from the environment 
with a high obesity prevalence and rich area to a 
wealthier area. This finding suggest that local 
microenvironment factors modulate the individ-
ual obesity risk [1, 25].

Food marketing including foods or beverages 
containing high fat and sugar modulates the 
behavior of children. During advertisements, chil-
dren consume more energy-dense foods and bev-
erages [26]. Increased food intake as a result of 
food advertisements may be related to genetic 
factor in children. Children carrying a high-risk 
single-nucleotide polymorphism in the fat mass 
and obesity-associated gene are more sensitive to 
food marketing than wild-type allele carriers [27]. 
Among genes that account for BMI variability, 
obesity-associated gene was the strongest genetic 
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factor associated with obesity [27]. Several stud-
ies have indicated that carriers with obesity-asso-
ciated gene risk alleles might have decreased 
satiety responsiveness and excess energy con-
sumption [27, 28]. These data also support a cen-
tral role of the brain in the modulation of food 
intake [29]. There have been several potential 
drivers of obesity pandemic. Unfortunately, we 
live in obesogenic environments that affect our 
behavior and lifestyle choices. The obesity preva-
lence has increased dramatically during the last 
50 years worldwide. The pandemic level of obe-
sity is the result of a reduction in home cooking, 
greater reliance on convenience foods, reduced 
physical activity, computer-based working, a 
growing habit of snack consumption, and more 
persuasive food marketing. In addition, the food 
industry targets to maximize profits and promotes 
large portions [30].

The westernization of lifestyle has been con-
sidered to be key driver of obesity. That lifestyles 
lead to obesity more rapidly and to increase in 
obesity prevalence in populations that do not 
have time to adapt to these changes. The obesity 
prevalence is much lower in Pima Indians living 
in Mexico than in those living in the USA 
(Arizona). This finding suggests that even in 
genetically related populations, environmental 
factors are major determinants in the develop-
ment of obesity [31]. Another example showing 
the relevance of environmental factors is, people 
from Nigeria living in the USA have 20–25% 
higher mean BMI than the average BMI of 
Nigerian men and women living in Nigeria [32]. 
The increase in obesity prevalence has been 
observed in middle-income countries in which 
changes in environment and behavior occurred 
particularly rapidly. For example, obesity preva-
lence in Jamaica increased more rapidly between 
1995 and 2005 than the USA and Nigeria [33]. 
The relevant difference in obesity prevalence 
between countries indicates an influence of the 
local environmental factors on key drivers of obe-
sity pandemic [34]. Changes in the global food 
system combined with sedentary behaviors are 
considered to be main factors causing the increase 
in the obesity prevalence worldwide over the past 
50 years [1, 3, 31–33].

Currently, people living in Pacific Islands such 
as Nauru and the Cook Islands have the highest 
obesity prevalence in the world [12, 16]. Obesity 
occurred rapidly in Nauru and Cook Islands in 
the second half of the past century [12, 16]. 
Several factors including genetic predisposition, 
their geographic location, and their lack of capac-
ity to produce sufficient food supplies for own 
market have been implicated to promote the high 
susceptibility to emerging obesity in these people 
[35]. In addition, small, closely networking 
island societies may be more susceptible to social 
changes, global markets, and food marketing 
which may have facilitated the rapid social 
changes. These changes have been clearly 
observed in Pacific Islands [36]. Studies con-
ducted on people living in Nauru and Cook 
Islands have demonstrated that obesity may 
develop when rapid social changes are introduced 
to populations with a high degree of interdepen-
dence. Obesity prevalence in Cuba declined dur-
ing the economic crisis that happened in the early 
1990s. This finding suggests that obesity is not 
primarily a product of individual choice and 
independence [37].

In developed countries, the technical revolu-
tion of the past century with mechanization, new 
modes of transportation, and computerization 
caused a decrease in energy demands [20]. 
However, these changes had already started at the 
beginning of 1900s, whereas the dramatic 
increase in obesity prevalence emerged from the 
1970s onward [1, 38]. Therefore, it was hypoth-
esized that in the most developed countries, 
energy balance at the population level is charac-
terized by an energy flipping point [20]. In devel-
oped countries, this flipping points emerged at 
the time when the food supply for refined carbo-
hydrates and fats markedly increased between the 
1960s and 1970s [39]. In the first half of the past 
century, decreasing energy expenditure was par-
alleled by decreasing energy intake despite stable 
or decreasing energy demands [20]. The avail-
ability of cheap and plentiful foods is also 
reflected by a progressive increase in food waste. 
However, food supply and food waste data may 
provide only indirect evidence for the hypothesis 
that the global system is the main driver of the 
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obesity pandemic [1]. Environmental and social 
mechanisms contributing to a continuous decline 
in energy demands might also contribute to a 
switch in a populations’ energy balance. Changes 
in body weight of children predicted from 
increased US food energy supply between the 
1970s and 2000s were identical to the measured 
individual weight gain during that period [1, 38].

Genetic and epigenetic factors may have an 
important role in the development of obesity. Up 
to 70% of the interindividual variation in body 
weight variability may be due to genetic differ-
ences between individuals [3]. Genes that deter-
mine the susceptibility to obesity can provide 
information on pathophysiological mechanisms 
that regulate body weight and fat distribution [3]. 
Study on monogenic obesity has provided rele-
vant information on biology of obesity in the 
general population [3]. The molecular mapping 
of mutations causing monogenic obesity in mice 
has been one of the first strategies to detect genes 
that control body weight [3]. The fiindings of 
these approaches are the finding of the genes- 
encoding leptin (Lep) and its receptor (Lepr), the 
melanocortin 4 receptor (Mc4r) and pro -opi-
omelanocortin (Pomc) affect body weight 
through in the central nerveous system [40]. 
Mutations in these genes lead to monogenic obe-
sity. Genome-wide association studies (GWAS) 
have identified >300 genetic loci for obesity trait. 
GWAS discovered a common noncoding variant 
in FTO locus that showed significant association 
with obesity risk [41]. Studies demonstrated that 
the FTO locus may regulate the expression of 
nearby RPGR1P11 or distant IRX3-IRX-5 to 
influence body weight by regulating appetite, 
thermogenesis, adipocyte browning, and epigen-
etic mechanisms related to obesity [42]. 
Additional GWAS have identified genetic loci 
associated with adiposity traits, BMI, and waist- 
to- hip ratio [3, 42].

Epigenetic mechanisms including DNA meth-
ylation, histone modification, and noncoding 
RNAs that modulate gene expression without 
changing the DNA sequence are sensitive to 
external factors such as diet and physical activity. 
Additionally, internal factors such as hormones 
and genetic factors may affect epigenetic mecha-

nisms [1, 3]. Epigenetic processes are cell, time, 
and tissue specific. Therefore, it is extremely dif-
ficult to study the role of epigenetic mechanisms 
in some disease. This situation is particularly true 
for obesity. The role of epigenetics in obesity has 
been studied mostly in biological models [43]. 
Sons born to women who were starved during the 
first half of pregnancy during the Dutch famine 
have been at a significantly higher risk of devel-
oping obesity than comparable subjects. This was 
later found to be related to epigenetic modifica-
tions [44]. Nutritional deprivation of pregnant 
mothers can have lasting nongenetic effects on 
body weight of the next generation. Although the 
methylation of the gene encoding hypoxia- 
inducible transcription factor 3A (HITF3A) has 
been considered to be associated with higher 
BMI, this association was found to be the conse-
quence and not the cause of higher BMI [45]. 
However, HIF system comprises a key part in 
energy expenditure and obesity [46]. Two epi-
genetic studies, involving 10,000 and 7800 indi-
viduals, respectively, identified large numbers of 
DNA methylation loci associated with BMI [47].

4  Adipose Tissue Dysfunction, 
Insulin Resistance, 
and Inflammation

Many factors such as adipocyte number, adipo-
cyte size, the overall hormonal microenviron-
ment, and cross talk with other cell types within 
the adipose tissue bed affect adipocyte function 
[6]. Fat cells derive from multipotent mesenchy-
mal stem cells that develop into adipoblasts and 
then to preadipose cells [6]. Maturation is directly 
related to a complex signal system. Upregulation 
by peroxisome proliferator-activated receptor 
gamma (PPAR-gamma) is essential. Other tran-
scription factors such as sterol regulatory element- 
binding protein 1c, CCAAT-enhancer binding 
proteins, and bone morphogenetic proteins con-
tribute to this process [6]. These transcription fac-
tors provide adipocytes significant plasticity and a 
relevant ability to adapt to overfeeding by means 
of hypertrophy and hyperplasia. Therefore, adi-
pose tissue might be considered primarily to be 

H. Akkiz



75

protective tissue that prevents excessive exposure 
of other organs to fatty acids [6].

The first adaptation in adults to prevent sys-
temic lipotoxicity from the excess calories is 
hypertrophy. The hypertrophy is followed by a 
longer-term compensatory mechanism involving 
fat cell replication (hyperplasia), the predomi-
nant mechanism in childhood obesity [48]. 
Hypertrophic adipocytes develop a gene expres-
sion pattern and produce adipokines in foam 
cells, the fat-loaded activated macrophages that 
are found in arterial plaques [6, 48, 49]. Protection 
from excess calories and triglyceride accumula-
tion in the liver, muscle, and pancreatic beta cells 
requires an extraordinary adaptation by adipo-
cytes that involves activation of several inflam-
matory pathways [6, 48–50]. The studies 
demonstrated that the most important pathways 
in obesity are the NFkB pathway in which free 
fatty acids (FFAs) activate Toll-like receptor 
(TLR)-4 in macrophages and adipocytes, the 
c-Jun N terminal kinase/activator protein 1 path-
way, where insulin signaling is inhibited in the 
presence of tumor necrosis factor (TNF)-alpha, 
the cyclic-adenosine monophosphate responsive 
element-binding protein H (CREB-H) pathway, 
which promotes the secretion of acute-phase pro-
teins such as C-reactive protein and generation of 
reactive oxygen species, and the Janus kinase 
(JAK)/signal transducer and activator of tran-
scription (STAT) pathway. Excess fatty acids, 
reactive oxygen species, endoplasmic reticulum 
stress, and lipid by-products such as diacylglyc-
erol and ceramide activate these pathways, and 
the pathways are inhibited by adiponectin and 
thiazolidinediones (TZDs) [51].

Many studies demonstrated that there is a 
close relationship between hypertrophic insulin 
resistance and lipotoxicity-induced steatohepati-
tis. Adipocytes represent only approximately 
70% of the total adipose mass [6, 52]. The other 
components of adipose tissue are endothelial 
cells, pericytes, fibroblasts, early mesenchymal 
cells, preadipocytes, and macrophages that play a 
relevant role in autocrine-paracrine regulation of 
fat metabolism [6, 52, 53]. Adipocytes and the 
stromal vascular fraction produce hormones, 
complement factors, cytokines such as TNF-a, 

interleukins (Ils), chemokines including mono-
cyte chemoattractant protein 1, enzymes, and 
peptides known collectively to be adipokines that 
were previously believed to be secreted only by 
macrophages [52, 53]. Adipokines include 
growth factors such as insulin-like growth factor 
I, transforming growth factor-B, bone morphoge-
netic proteins, and angiogenic hypoxia-inducible 
factor 1a and vascular epithelial growth factor [6, 
54]. Adipocytes also produce some hormones 
that regulate glucose and lipid metabolism 
including angiotensin II, estrogens, glucocorti-
coids, PPARs, leptin, visfatin, resistin, and 
retinol- binding protein [6, 54]. Decreased secre-
tion of adiponectin in obesity changes lipid 
metabolism and insulin sensitivity in the liver. 
Administration of recombinant adiponectin to 
adiponectin-deficient obese mice fed high-fat 
diet dramatically induces hepatomegaly, steato-
sis, and inflammation. However, ob/ob mice 
overexpressing adiponectin have been rescued 
from insulin resistance and diabetes despite a 
pathological expansion in adipose tissue [54]. In 
NASH, decreased secretion of adiponectin may 
promote steatohepatitis and fibrosis. Reducing 
insulin resistance in the adipose tissue and 
increasing plasma adiponectin level by TZDs 
improve lipotoxicity and steatohepatitis in NASH 
patients [55].

Macrophages have been demonstrated to be 
key cellular drivers in the onset and progression 
of NASH.  Macrophages are key players of the 
innate immune system and in the liver comprise 
Kupffer cells and recruited monocyte-derived 
macrophages. Liver-resident macrophages play a 
central role in NASH progression [6, 56].

Understanding the biological and environmen-
tal factors that drive the progression to NASH and 
HCC is fundamentally to the development of 
robust methods for diagnosis, risk stratification, 
and therapy. The recent epidemic of chronic liver 
disease is related to the burden of NAFLD, paral-
leling the worldwide increase of obesity. It is gen-
erally believed that adipose tissue insulin resistance 
plays a pivotal role in the onset and progression of 
NAFLD [6, 56]. Briefly, weight gain leads to 
expansion of adipose tissue and recruitment of 
macrophages through the secretion of various 
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chemo- and cytokines [6, 56]. Inflamed and dys-
functional adipose tissue actively releases free 
FFAs into the bloodstream;, promotes lipotoxicity 
in the liver, muscle, and pancreas; and contributes 
to systemic  inflammation [6, 56]. In normal liver, 
resident macrophages or Kupffer cells (KCs) play 
important roles through cross talk with the differ-
ent cell types and particularly with hepatocytes. 
The pro- inflammatory polarization of hepatic 
macrophages is considered a hallmark of progres-
sive disease in the liver of NASH patients and an 
attractive therapeutic target [6]. Hepatic lipid 
accumulation facilitates pro-inflammatory KC 
polarization possibly as a consequence of FFA 
excess or signals from surrounding steatotic hepa-
tocytes, such as histidine-rich glycoprotein extra-
cellular vesicles or damaged-associated molecular 
pattern [6]. More recently, data derived from ani-
mal models and in vitro studies suggest that both 
pro-inflammatory KCs and recruited hepatic mac-
rophages contribute to decreased hepatic insulin 
sensitivity by inhibiting insulin signaling and acti-
vating hepatic glucose production [56].

Macrophages are an important component of 
adipose tissue. Monocyte chemoattractant protein 
1, macrophage inhibitory factor, and necrotic fat 
cells are powerful stimulants for adipose tissue 
macrophage recruitment [6, 56]. Activation of adi-
pose tissue macrophages plays a pivotal role in 
adipocyte dysfunction, adipose tissue insulin resis-
tance, release of excess FFAs into the circulation, 
and ectopic fat deposition in the liver [6, 57]. There 
are two types of macrophages: M1 macrophages 
play a key role in humoral immunity and response 
to common pathogens that secrete large amounts 
of pro-inflammatory cytokines including TNF-a, 
nitric oxide synthase, C-C chemokine receptor 2 
and IL-12, M2 macrophages are considered to be 
tumor associated phynotype that have anti-inflam-
matory role in the adipose tissue [6, 57]. An 
increased number of M1 macrophages have been 
detected in animal fed a high-fat diet and human 
obesity. Kupffer cells are considered to be adipose 
tissue macrophages in the liver. Recent studies 
have identified the dual role of macrophages in the 
development HCC. In nonalcoholic steatohepatitis 
mouse model, in which endoplasmic reticulum 
stress was enhanced in hepatocytes, infiltrating 

macrophages not only produced TNFa which was 
associated with enhanced lipogenesis, but more 
importantly TNF receptor 1 signaling on hepato-
cytes was promoted and resulted in tumor growth 
[57]. M1 macrophages differentiate into M2 mac-
rophages in patients with chronic liver disease. 
Experimental depletion of Kupffer cells prevents 
high fat-induced and alcohol-induced hepatic ste-
atosis and inflammation in rodents [57]. Adipose 
tissue macrophage activation develops before 
Kupffer cell activation. When C57BL/6 mice are 
fed a high-fat diet, macrophage activation and 
gene expression of pro- inflammatory cytokines 
including IL-1B, IL-1R, TNF-a, and TGFB occur 
quickly in adipose tissue, and animals develop ste-
atohepatitis [57]. M1 macrophage liver infiltration 
and steatohepatitis develop weeks after adipose 
tissue dysregulation. Given together, M1/M2 
Kupffer cell imbalance is critical to the pathogen-
esis of NASH and HCC [57].

Adipose tissue consists of adipocytes, macro-
phages, and other immune cells that have a rele-
vant role in the autocrine-paracrine regulation of 
adipocytes. In obesity, activation of macrophages 
promotes the development of dysfunctional, insu-
lin-resistant adipocytes that release excessive 
amounts of FFAs and cause insulin resistance and 
lipoapoptosis in the liver, muscle, and pancreatic 
beta cells. Accumulation of triglyceride-derived 
toxic lipid metabolites activates inflammatory 
pathways within hepatocytes and Kupffer cells 
and other immune cells. Activation of hepatic stel-
late cells leads to cirrhosis. PPAR-gamma is 
detected in many cells including adipocytes, hepa-
tocytes, and hepatic stellate cells as well as macro-
phages and immune cells infiltrating adipose tissue 
and liver that may be targeted by PPAR-g agonist 
during TZD treatment in patients with NASH [6].

5  The Molecular Mechanisms 
of Obesity-Related 
Hepatocellular Carcinoma

HCC incidence has dramatically increased over 
the past two decades. The rising incidence of 
HCC has paralleled an increased prevalence of 
obesity. Obesity promotes the production of 
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 pro- inflammatory cytokines leading to accumu-
lation of free fatty acids in hepatocytes [58, 59]. 
This increase has mirrored worsening of the 
obesity epidemic that affected worldwide. As 
the rates of obesity continue to rise, NAFLD has 
become the most common form of chronic liver 
diseases. One meta-analysis, collecting data 
from 45 imaging studies, reported an estimated 
NAFLD prevalence in the global population at 
25.24% with a consistent rise in the past decade 
from 15% in 2005 to 25% in 2010 [58, 60]. 
NAFLD is strongly associated with metabolic 
syndrome (obesity, type 2 diabetes mellitus, 
dyslipidemia, and hypertension). The preva-
lence of NAFLD is, therefore, dramatically 
increased in these patient groups. NASH and 
HCC also increase with a number of metabolic 
risk factors a patient exhibits [18, 60]. Data 
highlighting that HCC develops on the NASH 
background came during the early 1990s. A 
study from the USA has demonstrated the yearly 
cumulative incidence of HCC to be 2.6% in 
patients with NASH-associated cirrhosis com-
pared with 4% in patients with HCV-related cir-
rhosis [60]. A large US healthcare study found 
NAFD or NASH to be the most common risk 
factor for HCC, and NAFLD-related HCC has 
been recognized to be an emerging indication 
for liver transplantation [60].

A retrospective study from Korea monitoring 
25,947 individuals over an period of 7.5  years 
reported that NAFLD patients showed a higher 
HCC incidence than patients without NAFLD 
(23.1 versus 0.9 per 100, 000 person years). A 
high NAFLD fibrosis has been associated with 
the development of HCC [61]. The annual inci-
dence rate of HCC in Japanese patients with 
NAFLD was similar to that previously reported 
for the USA, ranging from 0.043% to 0.0627%. 
In Europe, in countries with high HCV-related 
HCC incidence, such as Italy or Spain, the preva-
lence of NAFLD-related HCC has been found to 
be less noticeable [61]. Conversely, in the UK 
where the prevalence of viral hepatitis was low 
and consequently HCC incidence was histori-
cally low, a drastic increase in incidence has been 
noted. NAFLD-associated HCC was documented 
to be a year-on-year increase [61]. This pattern 

has also been observed in other studies with the 
prevalence of NAFLD-related HCC increasing 
from 2.6% to 19.5% in a French cohort of patients 
who underwent resection. Some studies reported 
that survival in patients with NAFLD-related 
HCC is lower (25.5 months) than that of patients 
with HCV-related HCC (33.7 months) [61]. Data 
suggest that precirrhotic NAFLD might confer an 
increased risk for HCC, independent of cirrhosis 
NAFLD-associated HCC may exhibit atypical 
clinical pattern. A large healthcare study sug-
gested that only 46% of patients with NAFLD-/
NASH-associated HCC have underlying cirrho-
sis. Piscaglia et al. have published a prospective 
multicenter prospective study including patients 
with NAFLD-related HCC and suggested that 
NAFLD-associated HCC is more often detected 
at a later tumor stage and could develop in the 
absence of cirrhosis but the patients have similar 
survival rate compared to HCV-related HCC 
patients [62]. The research group reported that 
46.2% of NAFLD-related HCC developed on a 
noncirrhotic background. Conversely, 97.2% of 
HCV-related HCC occur in cirrhotic liver. Similar 
findings have been reported in a German and a 
Japanese study in which 41.7% and 49% of 
NAFLD-related HCC patients developed in a 
noncirrhotic liver, respectively [61].

Several factors underlie the development of 
HCC.  Although currently viral hepatitis is the 
major risk factor for the development of HCC, 
they will soon be replaced by obesity and ethanol 
consumption, both of which cause hepatic steato-
sis. According to a recent Centers for Disease 
Control and Prevention report, the incidence of 
HCC continues to grow at an alarming yearly rate 
of 2–3%, in part due to the obesity epidemic. 
There have been considerable efforts to under-
stand how NAFLD and NASH drive HCC devel-
opment. NASH is unique as it includes chronic 
hepatitis, necroinflammation, and a metabolic 
disease. Hepatic lipid accumulation leads to met-
abolic reprogramming, which is characterized by 
a combination of cellular metabolic alterations 
and an accumulation of toxic metabolites that 
contribute the development of hepatocarcinogen-
esis. Moreover, NASH underlie a dramatically 
versatile and dynamic inflammatory microenvi-
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ronment. It is not clear how the inflammatory 
microenvironment, aberrant metabolism, and 
ongoing liver regeneration contribute to DNA 
instability and cancer.

NAFLD is a chronic liver disease associated 
with obesity, insulin resistance, type 2 diabetes 
mellitus, hypertension, hyperlipidemia, and meta-
bolic syndrome [4]. Race and ethnicity can also be 
considered a risk for NAFLD [18]. A highest prev-
alence of NAFLD was observed in Hispanics, fol-
lowed by non-Hispanic white individuals, and the 
lowest prevalence was observed in African 
American [18]. The prevalence of lean NAFLD in 
the USA was reported to be 7%, whereas the prev-
alence of lean NAFLD in rural areas of some 
Asian countries ranges from 25% to 30% [18]. 
NASH is the histological subtype of NAFLD that 
leads to liver fibrosis, cirrhosis, liver failure, and 
HCC.  The course of progression can take many 

years (Fig.  3). Researchers found that 30% of 
patients with NAFLD and NASH had progressive 
fibrosis [4, 18]. However, 20% with NASH showed 
regression over 2.2–13.8 years. These rates of pro-
gression and regression can be influenced by a 
number of genetic and environmental factors [4]. 
NAFLD is also associated with extrahepatic mani-
festations that can increase its burden [18]. Gold 
standard method for NASH diagnosis is histologi-
cal assessment of liver tissue. The Brunt system 
was the first histological assessment system pro-
posed to categorize the morphological features of 
NASH for grading and staging the disease [63]. 
Perisinusoidal/pericellular fibrosis was recognized 
as the earliest stage of fibrosis, with subsequent 
progression to periportal fibrosis, bridging fibro-
sis, and cirrhosis [63]. The new scoring system, 
developed and validated by the National Institute 
of Diabetes and Digestive and Kidney Disease 
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Fig. 3 The pathophysiological states of NAFLD and 
HCC. Sedentary lifestyle and high ccloric intak emay lead 
to the development nonalcoholic fatty liver disease 
(NAFLD), nonalcoholic steatohepatitis (NASH) and 

eventually hepatocellular carcinoma (HCC). Annual HCC 
incidence depending on the disease state (with or without 
cirrhosis) can vary from 2.4% to 12.8%.
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(NIDDK, sponsored NASH CRN Pathology 
Committee), is currently the most recognized sys-
tem for scoring NAFLD in clinical trials and 
experimental studies [63–65].

The studies demonstrated that HCC can develop 
in the noncirrhotic liver in patients with NAFLD or 
NASH. In a French cohort study, HCC patients with 
metabolic syndrome demonstrated mild or no fibro-
sis in most cases, and HCCs have been found to be 
well differentiated (28% vs. 64.5%) [66]. In 
Japanese studies, cirrhosis has not been detected in 
38% of 292 NASH-related HCC patients [67]. Prior 
studies have shown a relationship between obesity 
and HCC, but have not controlled consistently for 
well-known risk factors. The pathological process 
in HCC is hepatocyte death followed by compensa-
tory regeneration and then cell proliferation which 
may promote tumor growth. A pathophysiologic 
relationship between obesity, the presence of 
NASH, and HCC has also been suggested previ-
ously. Researchers published a case-control study 
investigating the impact of early-age obesity on the 
risk of developing HCC from a large, referral-based 
cancer center [68]. The researchers used question-
naires to identify common risk factors for the devel-
opment of HCC and to identify past obesity. 
Statistical analysis revealed a significant association 
between early- age obesity and the onset of 

HCC.  This study has investigated obesity as life-
long risk factor for eventual development of HCC, a 
challenging area with confounding variables. The 
study has the advantage of a large population and 
the ability to control for many risk factors for HCC, 
and the findings are consistent with a growing clini-
cal impression that obesity imparts a substantial risk 
of HCC. The major limitation regarding the study 
has been the limited data on the effect of occult cir-
rhosis on the outcome. This is a challenging issue, 
as cirrhosis, an established risk factor for HCC, may 
be present without overt manifestations, probably 
through silent progression of NASH for which 
obese patients are at substantial risk [69]. The key 
question is whether obesity can cause HCC without 
underlying NASH-related liver injury. Despite this 
limitation, this study is the first study of this size to 
control specifically for other known risk factors for 
HCC. The study is the first study to suggest a tem-
poral relationship between past obesity and the 
occurrence of future HCC.

Previous studies have implicated the presence 
of diabetes as a risk factor for development of 
HCC.  Increased insulin resistance has been 
shown to affect tumor growth in HCC. However, 
obesity and insulin resistance may not explain 
whole mechanisms playing a role in hepatocar-
cinogenesis (Fig. 4). High-sugar diet in mice has 
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been found to be more tumorigenic than high-fat 
diet. Another study showed that a combination of 
high-sugar and high-fat diet in mice led to pro-
gressive NASH and increased risk for developing 
HCC. One of the important findings of the study 
was lower adiponectin levels which have shown 
an inverse relationship to the development of 
HCC.  Inverse association between adiponectin 
levels and PNPLA3 gene polymorphism has also 
been reported. PNPLA3 gene polymorphism has 
been found to be associated with development of 
HCC. PNPLA3 gene polymorphisms are consid-
ered to inhibit the secretion of very-low-density 
lipoprotein of hepatocytes [69]. PAT proteins 
(perilipin, adipophilin, TIP47) are phospholipid 
membrane-associated proteins on intracellular 
lipid droplets that regulate insulin-mediated 
access to stored hydrophobic triglyceride, regu-
late movement of the droplet within cell, regulate 
autophagy, and are increased in steatotic hepato-
cytes. The PAT proteins have also changed 
expression in different tumor types, such as 
HCC. Genetic changes in the PAT proteins have 
been associated with type 2 diabetes and obesity 
and may inhibit the ability of the lipid droplet to 
be autophagocytozed [69]. Recently, a study 
demonstrated that alteration of intracellular lipid 
droplet metabolism through the GTPase, Rab7, 
may impact lipid droplet breakdown, a mecha-
nism that has similar implications in the patho-
genesis of fatty liver disease as well as 
hepatocarcinogenesis. These overlapping patho-
physiological mechanisms support the argument 
for increased risk of HCC in patients with obesity 
and insulin resistance [69].

Obesity drives STAT-1-dependent NASH and 
STAT-3-dependent HCC. Grohmannn et al. have 
shown that the oxidative hepatic microenviron-
ment in obesity activates the STAT-1 and STAT-3 
phosphatase T-cell protein tyrosine phosphatase 
(TCPTP) and increases STAT-1 and STAT-3 sig-
naling [70]. TCPTP deletion in hepatocytes pro-
moted T-cell recruitment and ensuing NASH and 
fibrosis as well as HCC in obese C57BL/6 mice 
that normally do not develop NASH or 
HCC. Attenuating the enhanced STAT-1 signaling 
prevented T-cell recruitment and NASH and fibro-
sis but did not prevent HCC. Conversely, correct-

ing STAT-3 signaling prevented HCC without 
affecting NASH and fibrosis. TCPTP deletion in 
hepatocytes also markedly accelerated HCC in 
mice treated with a chemical carcinogen that pro-
motes HCC without NASH and fibrosis [70].

Early mouse studies demonstrated that diet 
and genetic obesity enhance carcinogen-induced 
HCC through inflammation-related mechanisms. 
These studies have not replicated the pathophysi-
ology of NASH-driven HCC, most of which is 
not associated with carcinogen exposure. 
Traditionally, NASH-related mouse studies had 
been based on the use of a hepatotoxic diet 
including methionine- and choline-deficient 
(MCD) or choline-deficient and amino acid- 
defined (CDAA) diets, which cause fat accumu-
lation, hepatocyte death, and inflammation but 
result in substantial weight loss rather than obe-
sity [71, 72]. Different novel mouse models have 
been reported to explain the molecular mecha-
nisms that may have pivotal role in hepatocar-
cinogenesis. Although findings from these 
models contributed to our understanding of the 
pathophysiology of NAFLD- and NASH-related 
HCC, modeling NAFLD and NASH in mice has 
to be interpreted with care [61]. A recent improve-
ment in modeling NASH is to combine choline 
deficiency (CD) with a high-fat diet (HFD) lead-
ing to weight gain and NASH-like pathology but 
a rather low rate (25%) of HCC progression [73]. 
Much more efficient NASH-to-HCC progression 
(85%) has been achieved by feeding MUP-uPA 
transgenic mice, which exhibit elevated liver ER 
stress, with HFD [74].

The liver has vital metabolic secretory and 
excretory functions in order for whole-body 
homeostasis. Hepatocytes, the main cells of the 
liver, are substantially secretory cells responsible 
for the assembly and secretion of very-low- 
density lipoprotein (VLDL) and for the synthesis 
of plasma proteins including albumin, a-1 anti-
trypsin, apolipoproteins, and coagulation factors. 
Hepatocytes are responsible for lipogenesis, cho-
lesterol biosynthesis, and glucose and xenobiotic 
metabolism [5]. Endoplasmic reticulum (ER) in 
hepatocytes is the main cellular compartment 
that has critical functions in secretory and trans-
membrane protein folding, calcium homeostasis, 
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and lipid biogenesis. ER is involved in NAFLD 
pathogenesis through the activation of ER stress 
signaling. However, many factors including 
hyperlipidemia, inflammation, and viruses can 
contribute to the dysregulation of hepatic lipid 
metabolism and liver disease through impairing 
hepatocyte ER homeostasis. The ER engages 
unfolded protein response (UPR) pathway to 
control hepatic protein and lipid homeostasis. 
UPR decreases the secretory protein load, 
enhances ER protein folding, and increases clear-
ance capacity by promoting autophagy and 
ER-associated degradation [5].

Activation of endoplasmic reticulum (ER) 
stress has been clearly shown to contribute to 
liver steatosis and NASH [58]. However, the role 
of ER stress signaling in the development and 
progression of HCC is much less documented. 
NAFLD progresses to NASH in response to ele-
vated ER stress. Nakagawa et al. report a novel 
mechanism in carcinogenesis in which the activa-
tion of ER stress signals plays a synergistic role 
with high diet-induced steatohepatitis to promote 
the development of HCC [74]. The researchers 
used the major urinary protein-urokinase plas-
minogen activator (MUP-uPA) transgenic mouse 
model to investigate ER stress in hepatocytes. 
The MUP-uPA transgene induces overexpression 
of the UPA protein, which accumulates in the 
hepatocyte ER, leading to ER stress and liver 
lesions in mice. The researchers observed that the 
MUP-uPA mice fed with a HFD exhibited greater 
liver damage, inflammatory infiltration, and 
increased lipogenesis compared to their control 
low-fat diet counterparts [3, 74]. In addition, 
MUP-uPA mice on HFD quickly developed 
NASH that led to HCC over time. ER stress 
increases lipogenesis through SREBP activation, 
oxidative stress, and susceptibility to lipotoxic 
cell death. The role of ATF6, a major ER stress- 
activated transcription factor involved in HCC 
development, should be investigated.

Nakagawa et al. suggested that several mecha-
nisms related ER stress and hypernutrition could 
work together to develop HCC. These potential 
mechanisms are HFD-induced SREBP1 activa-
tion in MUP-uPA mice, probably enhancing lipo-
genesis and increasing the degree of hepatic 

steatosis and, increasing ROS production by ER 
and steatosis in hepatocytes, Er, and oxidative 
stress-mediated increase in hepatocyte sensitivity 
to lipotoxicity and cell death., Pro-inflammatory 
cytokine expression from activated macrophages 
which stimulate hepatocyte proliferation and 
expand HCC progenitors, changes in ER stress 
activation kinetics and intensities which could 
lead to hepatocyte transformation [3, 74].

Ma et  al. investigated the role of adaptive 
immunity in progression of NAFLD/NASH to 
HCC. These researchers used multiple NAFLD/
NASH models and human clinical samples, and 
most of the work has been conducted using 
Myc-ON transgenic mice in which Myc expres-
sion is selectively induced in hepatocytes. When 
given MCD, these mice exhibited steatohepatitis, 
fibrosis, and hepatic insulin resistance and devel-
oped liver cancer more readily than Myc-ON 
mice maintained on low-fat diet [75]. A caveat of 
this approach is that both MCD and CDAA diets 
cause weight loss and extensive liver damage and 
may not represent the most accurate NASH 
model. It was previously shown that CD4+ T cells 
inhibit initiation of oncogene-driven HCC, 
through immune surveillance of senescent hepa-
tocytes [75]. Ma et al. showed that release of lin-
oleic acid (LA) by fat-laden hepatocytes and its 
subsequent uptake by liver resident CD4+ T cells, 
which oxidize LA in their mitochondria, resulted 
in endogenous reactive oxygen species (ROS) 
production and self-inflicted cell death [75]. 
Incubation of CD8+ and CD4+ T cells with differ-
ent fatty acid confirmed that CD4+ cells are more 
susceptible to LA-induced cell deaths than CD8+ 
cells, but other than greater CD4+ mitochondrial 
mass, the basis for these differences is not com-
pletely clear. The researchers analyzed different 
CD4+ T-cell subsets and found that total Foxp3+ 
CD4+ regulatory T-cell (Treg) number had 
decreased but the frequency Rorgt+CD4+ T cells 
had increased, resulting in a remaining CD4+ 
population producing high amounts of IFNg and 
IL-17. Together with previous reports of HCC 
suppression by CD4+ T cells, the new findings 
suggest that hepatic steatosis drives liver tumori-
genesis through suppression of antitumor immu-
nity [71, 72].
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NAFLD progresses to NASH and HCC in 
response to elevated ER stress. The onset of simple 
steatosis requires elevated de novo lipogenesis, and 
accumulation of hepatocyte-free cholesterol triggers 
progression to NASH and HCC [76]. It has been 
shown that caspase-2, which is elevated in NASH, 
controls the buildup of hepatic-free cholesterol and 
triglycerides by activating sterol regulatory element-
binding proteins (SREBP) in a manner refractory to 
feedback inhibition. ER stress and TNF induce cas-
pase-2 that controls NASH development. Caspase-2 
exerts its pathogenic effect through proteolytic acti-
vation of S1P. Caspase-2 ablation or pharmacologi-
cal inhibition prevents diet- induced steatosis and 

NASH progression in ER stress mice. Caspase-2 
controls adipose tissue expansion and energy expen-
diture. Caspase-2 also drives SREB cleavage and 
lipogenic gene expression. The researchers showed 
that caspase- 2 inhibition prevents NASH and HCC 
in mice [76, 77] (Fig. 5).

NAFLD promotes hepatocellular carcinoma 
through direct and indirect effects on hepatocytes. 
The liver is the central organ controlling lipid 
metabolism and homeostasis. Fatty acids are the 
most commonly stored and circulating form of 
energy. Triglycerides, the most common form of 
fat in foods, are also the most common nontoxic 
form of fatty acids. The liver synthesizes triglycer-

a

b c

Fig. 5 ER stress in Steatohepatitis-Induced 
Hepatocarcinogenesis. (a) MUP-uPA mice although exhib-
iting ER stress in the liver, did not develop HCC. On high 
fat diet (HFD), C57BL/6 mice developed steatosis and 
HCC. Finally, HFD applied to MUP-uPA mice led to a 
more penetran HCC phenotype than in wild-type animals. 
(b) Qualitative representation of the intensity of ER stress 
observed in the models. MUP-uPA mice presented astrong 
basal Er stress. HFD in MUP-uPA mice led to prolonged 
and reinforced ER throughout the experimental pipeline, 

thus correalting ER stress intensity with HCC outcome. (c) 
Qualitative representation of the relevance of ER stress sig-
naling component upon HFD. The IRE arm of the UPR 
appears to play a significant role in steatosis-induced HCC, 
because the phosphorilation of IRE1 and the activation of 
JNK are incerased and 25% of RIDD targets impact lipid 
methobolism. The activation of SREBP1 also represents an 
important factor activated upon ER stress taht stimulates 
lipogenesis. and enhances the steatotic/steatohepatitic 
phenotype
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ides using FFAs and glycerol, which are often 
obtained from digestion of dietary fat and secrete 
them into circulation in the form of lipoproteins to 
provide lipids to other organs. Hepatocyte bal-
looning caused by accumulation of lipid droplets, 
is a hallmark of NAFLD. The majority of the accu-
mulated lipids in NAFLD liver are in the form of 
triglycerides, but triglycerides are generally con-
sidered as inert and do not directly cause cell dam-
age or inflammation.

Elevated levels of oxidative DNA damage and 
abnormal methylation of tumor suppressor genes 
in the livers of NAFLD patients have been reported. 
Oxidative DNA damage in the liver of NASH 
patients has been found to be higher than in patients 
with other liver diseases. Additionally, more severe 
oxidative DNA damage has been demonstrated in 
hepatocytes of patients with NASH and HCC than 
in those with NASH without HCC.

Oxidative stress is a relevant factor in develop-
ing HCC in patients with NASH. Oxidative stress 
develops as a result of either excessive production 
of ROS from dysfunctional mitochondria or 
reduced antioxidant defenses including superoxide 
dismutase (SOD) and glutathione peroxidase. The 
contribution of ROS to lipid accumulation and 
NASH progression in animal models has been 
described. RS has been suggested to be an indepen-
dent risk factor for NASH [78]. Impairment of anti-
oxidant cellular mechanisms can lead to an increase 
in differentiated metabolic pathways related to 
fatty acid metabolism. This process results in the 
accumulation of non-metabolized fatty acids and 
the general disruption of hepatic fatty acid homeo-
stasis that eventually leads to hepatic steatosis and 
metabolic stress. ROS generation in lipid-rich envi-
ronment causes lipid peroxidation and release of 
highly reactive aldehydic derivatives such as 
4-HNE and malondialdehyde (MDA) which can 
cause DNA damage and contribute to malign trans-
formation [79]. Additionally, increased ROS has 
been detected along as the diseases progress from 
NASH to HCC.  Although it has been suggested 
that ROS-induced DNA damage leads to HCC, 
there has not been sufficient evidence on this sub-
ject [80]. Excess fatty acid accumulation leads to 
de novo lipogenesis and b-oxidation that promotes 
ROS production. The combination of oxidative 
damage and a proliferative response may promote 
carcinogenesis. In mouse models, at the early stage 

of hepatocarcinogenesis, oncogene activation leads 
to DNA damage and to genomic instability. The 
Ras-MAPK pathway is dysregulated by multiple 
mechanisms in HCC [61].

Overexpression of unconventional prefoldin 
RBP5 interaction has been demonstrated to pro-
mote cancer cell survival. In human HCC cell lines 
or human HCC samples, increased hepatic URI 
expression causes DNA damage at early stages of 
hepatocarcinogenesis through the inhibition of 
enzymes involved in NAD metabolism. It has been 
shown that HFD-fed mice with hepatic overexpres-
sion of URI develop NASH and hepatic DNA dam-
age. In the same study, it was also reported that 
elevated URI expression in HCC samples corre-
lated with elevated IL-17A expression. Therefore, 
URI-IL-17A pathway has been suggested to affect 
NASH-induced HCC.  DNA damage in chronic 
liver disease has been found to be associated with 
elevated levels of apoptosis and replication which 
was triggered by caspase 8. Caspase 8 is a relevant 
protein to mediate efficient proliferation-associated 
and replication-associated DNA damage in chronic 
liver damage as found in NASH [81].

Tumor microenvironment plays a key role in 
the onset and progression of HCC.  NASH is a 
progressive, inflammatory form of NAFLD. HCC 
may develop in NASH with or without cirrhosis. 
The HCC tumor microenvironment (TME) is a 
dynamic ecosystem which includes cancer cells, 
the cytokines, extracellular matrix, and immune 
cell subsets.

The immune characteristics of HCC have been 
established to be a strong suppressor feature. Pro-
tumorigenic immune response which mediated 
through different immunosuppressive cell subsets, 
cytokines, and signaling plays a key role in the 
escape of HCC cell from the immune system. In 
addition, a weak antitumor immunity also contrib-
utes to tumor tolerance and progression. Myeloid-
derived suppressor cells (MDSC) are increased in 
pathological conditions and upregulate expression 
of immune suppressive factors such as arginase and 
inducible nitric oxide synthase (iNOS). Some tumor-
associated cytokines including G-CSF, GM-CSF, 
and VEGF were shown to induce MDSC infiltration 
[82]. In addition, local hypoxia plays a key role in in 
MDSC accumulation in HCC.  The MDSCs in 
fibrotic HCC tissue have been found to be  associated 
with reduced tumor infiltrating lymphocytes.
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Tumor-associated macrophages (TAMs) are 
significant components of the microenvironment 
in HCC and associated with a poor prognosis of 
patients with HCC. TAM expression and density 
can be determined by immunohistochemical. 
There is strong relationship between TAM den-
sity and clinicopathological features and clinical 
outcomes [83]. Low number of CD86+ TAMs and 
high number of CD206+ TAMs have been found 
to be significantly associated with invasive tumor 
phenotypes and with worse clinical outcomes. 
TAMs develop from monocytes to functional 
macrophages and acquire immunosuppressive 
functions at each stage of its differentiation to 
maintain tumor microenvironment. Yang et  al. 
demonstrated that tumor cell-derived Wnt ligand 
stimulates M2 to transduce the polarization of 
TAMs through Wnt/B-catenin pathway which 
results in immunosuppression in HCC.  Two 
polarizing phenotypes, M1 and M2, are extremely 
plastic in response to complex stimuli. M2 phe-
notype, to be considered as TAM, stimulates 
tumor onset, progression, and metastasis. HCC- 
derived cytokines, such as IL-4, IL-13, CSF-1, 
CCL2, and CXCL12, and connective tissue 
growth factor (CTGF) promote TAM differentia-
tion from CCR2+ inflammatory monocytes. 
Osteopontin (OPN) expressed by HCC cells has a 
positive association with PD-L1 expression in 
HCC. In addition, it facilitates alternative activa-
tion and migration of TAMs through CSF1-CSFR 
pathway [84]. TAMs can produce angiogenic fac-
tors, such as vascular endothelial growth factor 
(VEGF), platelet-derived growth factor (PDGF), 
and transforming growth factor beta (TGFB). 
TAMs also promote angiogenesis by expressing 
matrix metalloproteinase. Cross talk between 
TAMs and MDSCs leads to decreased production 
of IL-6 and, IL-12 and, downexpression of 
MHCII and elevated production of IL-10, a 
strong inhibitory mediator that impairs down-
stream CD8+ T-cell and NK-cell cytotoxicity. 
TAM-derived IL-10 increases intratumoral 
Foxp3+ Tregs. TAMs in peritumoral stroma of 
HCC may secrete multiple key pro-inflammatory 
cytokines such as Il-1B, IL-6, and IL-23 and con-
tribute to the expansion of CD4+ T helper 17 cells 
(Th17) which suppress antitumor immunity by 

overexpressing several activation markers such 
as PD-1, CTLA-4, and GITR [81].

Tumor-associated neutrophils (TANs) affect 
tumor biological behaviors depending on their 
polarization, either antitumoral (N1) and pro- 
tumoral (N2) phenotypes. In some solid tumors, 
it has been reported that TAN infiltration corre-
lated with tumor progression, which can be con-
sidered to be a predictor for monitoring patients 
receiving anti-PD-1/PD-L1 immunotherapy [81, 
84, 85]. TANs mainly suppress antitumor activity 
through interacting with CD8+ T cells including 
CD8+ T-cell apoptosis. Loss of hypoxia associ-
ated factors, such as HAF, results in inappropri-
ate HIF-1 activation and overproduction of 
downstream HIF-1 dependent chemokines, 
RANTES, HIF-1/RANTES upregulation accu-
mulates TANs infiltration, which is associated 
with NASH related HCC initiation and progres-
sion. Cancer- associated fibroblasts (CAFs) have 
pivotal roles both in HCC cell growth and metas-
tasis. CAFs promote the proliferation, invasion, 
and metastasis of tumors through secreting vari-
ous growth factors and cytokines. In 15 HCC 
patients who underwent hepatic resection, Mano 
et al. found that BMP4, a regulator of CAF func-
tions, activates hepatic fibroblasts to acquire the 
ability to secrete cytokines and enhance the inva-
siveness of cancer cells. CAFs inactivate NK 
cells and can recruit regulatory dendritic cells 
(DCs) through IL-6-mediated STAT3 activation 
and educate them to obtain a tolerogenic pheno-
type and upregulate Treg production. Briefly, 
CAFs play an important role in the development 
and progression of HCC cells [81, 84–86].

6  Modifiers of NAFLD and HCC

Single-nucleotide polymorphisms (SNPs) have 
been shown to be associated with NAFLD and 
HCC.  SNPs in the genes encoding patatin-like 
phospholipase domain containing 3 (PNPLA3; 
rs738409 c444C  >  G), p.I148M, and transmem-
brane 6 superfamily member 2 (TM6SF2; 
rs58542926 c.449 C  >  T, p.E167K) have been 
found to be significantly associated with the sever-
ity of NASH, cirrhosis, and HCC [61]. The 
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PNPLA3 polymorphism has been reported to 
impair mobilization of triglycerides from hepatic 
lipid droplets. TM6SF2 SNP blocks mobilization 
of pre-VLDL particles. Several studies have shown 
that patients carrying the PNPLA3 polymorphism 
have more than threefold increased risk for 
HCC. A high prevalence of PNPLA3 gene poly-
morphism in Hispanics has been proposed to con-
tribute to the high prevalence of NAFLD. PNPLA3 
rs738409 GG genotype is more common in Asian 
patients with NAFLD without metabolic syn-
drome. Because GG genotype is more common in 
Asians than Caucasians, this may explain why the 
two populations have similar prevalence of 
NAFLD although Asians have a lower metabolic 
burden [18]. In a retrospective Japanese study, 
both advanced fibrosis stage (F3 or F4) and 
PNPLA3 I148M polymorphism have been found 
to be strong predictors of NAFLD-associated 
HCC development (HR 24.4 and 6.36, respec-
tively) [87]. European studies including 100 
patients with NAFLD and HCC compared with 
275 patients with NAFLD who don’t have HCC, 
have shown that PNPLA3 is an independent risk 
factor for HCC development. Age, gender, BMI, 
T2DM, and the presence of advanced fibrosis or 
cirrhosis have been found to be other risk factor 
for HCC [88]. Whether TM6SF2 rs58542926 
polymorphism is independent risk factor for the 
development of HCC remains largely unknown 
[89]. Some studies found a weak association 
between TM6SF2 polymorphism and the risk of 
HCC. Studies that related patients with alcoholic 
liver disease demonstrated a relationship between 
TM6SF2 rs58542926 variant carriage and HCC 
risk [90]. More recently, MBOAT1 gene rs641738 
polymorphism has been shown to be associated 
with HCC risk in noncirrhotic UK-Italian cohort 
[91]. Mutations in telomerase reverse transcriptase 
(TERT) promoter are first and the most common 
mutations in hepatocarcinogenesis. TERT pro-
moter mutation can be detected in premalignant 
HCC lesions and in low- or high-grade dysplastic 
nodules. TERT promoter mutations have been 
considered to be earliest drivers of hepatocarcino-
genesis [92]. TERT promoter mutation is com-
monly associated with B-catenin mutation in 
HCC.

Dietary habits, alcohol, physical activity, and 
socioeconomic factors have been considered to 
be relevant environmental factors for NAFLD 
and HCC.  In a study including 13 individuals 
feeding with high-calorie fast food-based meals, 
elevated serum alanine aminotransferase (ALT) 
levels and increases in steatosis have been found 
within 4 weeks [93]. Several studies demonstrate 
that patients with NAFLD tend to adopt unhealthy 
eating habits, processed food, and food with high 
fructose levels and/or high fat content [94]. High 
intake of carbohydrates such as fructose, is con-
sidered to be related to NASH progression [95].

6.1  Intestinal Microbiota and Bile 
Acid Signaling

Dysbiosis, quantitative and qualitative changes of 
intestinal microbial composition, has a relevant 
impact on liver disease. Intestinal dysbiosis and 
increased intestinal permeability lead to translo-
cation of microorganisms, and the microbial 
products including cell wall components (endo-
toxin, B-glucan) and DNA together are referred 
to as microbial-associated molecular patterns 
(MAMPs) or pathogen-associated molecular pat-
terns (PAMPs) [96]. Immune receptors on liver 
cells (such as Kupffer cells and hepatic stellate 
cells) and intestinal lamina propria recognize 
these patterns which initiate and maintain inflam-
matory cascades that ultimately lead to liver 
damage and fibrosis. This damage can progress 
from cirrhosis to HCC [97]. Several studies sug-
gested the potential role of the gut microbiota in 
developing of NASH, but the clear relationship 
between gut microbiota and NASH was not able 
to indicate yet. Ponziani et  al. investigated the 
association between intestinal microbiota and 
HCC in 21 patients with NAFLD-related cirrho-
sis and HCC, 20 patients with NAFLD-related 
cirrhosis without HCC, and 20 healthy individu-
als [98].The researchers reported an increased 
intestine permeability in patients with cirrhosis 
and HCC compared with cirrhotic patients. The 
authors have revealed the difference between two 
groups through increases in lipopolysaccharides 
and zonulin-1 plasma level compared to healthy 
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control. Ponziani et  al. found that pro- 
inflammatory mediators such as IL-8, IL-13, che-
mokine (C-C motif), ligand 3 (CCL3), CCL4, 
and CCL5 have been significantly increased in 
the presence of HCC. The researchers also found 
a positive association between pro-inflammatory 
mediators and the levels of circulating myeloid- 
derived suppressor cells (MDSCs). MDSCs are 
bone morrow-derived cells that have diagnostic 
and prognostic significance in HCC patients. 
They found that patients with cirrhosis had a 
lower gut microbial diversity compared to con-
trol, independent of the presence of HCC [98].

A study showed that NASH patients have 
intestinal dysbiosis. In addition, the bacterial 
families Prevotella and Enterobacteriaceae were 
increased in patients with obesity and NASH 
when compared with healthy group [61]. In 
another study, NASH patients showed decreased 
counts of Bacteroidetes and of Clostridium lep-
tum when compared to healthy control. The gut 
microbiota has a role in controlling the composi-
tion of bile acids. Bile acids such as cholic acid 
and chenodeoxycholic acid (CDCA) are impor-
tant molecules and are synthesized from choles-
terol in hepatocytes. Their synthesis is regulated 
by the farnesoid X receptor (FXR). FXR, a bile 
acid-activated nuclear receptor, is a regulator of 
metabolism;, in addition to roles in bile acid 
homeostasis, it is involved in immune responses, 
lipid and glucose homeostasis, and insulin sig-
naling [99]. It has been shown that modulation of 
FXR signaling has beneficial effects on the devel-
opment of obesity. The gut microbiota has been 
shown to promote obesity with an increase liver 
steatosis through systemic FXR signaling.

An association between HCC and altered bile 
acid metabolism has been found in human and 
mouse studies. High levels of bile acids, such as 
deoxycholic acid (DCA) and lithocholic acid 
(LCA) in the liver, can induce hepatocyte DNA 
damage, cell death, and inflammation, promoting 
hepatocarcinogenesis [100]. A study that used 
immunohistochemical and mutational analysis in 
11 young children with HCC reported a potential 
link between progressive familial intrahepatic 
cholestasis and HCC.  A mutation in the gene 
encoding bile acid export pomp, ABCB11, has 

been found in 10 of 11 patients [101]. 
Understanding the role of FXR signaling in the 
context of a metabolic syndrome, NASH and 
NASH-related HCC will contribute to the man-
agement of the diseases.

6.2  Autophagy and HCC

Autophagy is the liposome-dependent catabolic 
process that regulates the degradation of cytoplas-
mic proteins and organelles [102]. This process is 
dependent on autophagy-related (ATG) proteins 
and can occur in a selective manner by tagging 
cargos with specific molecular markers such as 
ubiquitin [103]. In NAFLD, the excess accu-
mulate of triglyceride and FFAs suppresses the 
onset of autophagy via activation of mammalian 
target of rapamycin (mTOR) and the suppression 
of serine/threonine-protein kinase ULK1 activ-
ity, leading to increased hepatic oxidative stress 
[104]. Hepatocytes activate the p62- KEAP1- 
NRF2 pathway in which phosphorylated p62, 
an autophagy substrate and adaptor, disrupts the 
cytoplasmic binding of KEAP1 to NRF2 [105]. 
The process promotes the expression of pro-
survival genes such as glutathione S-transferase 
and thioredoxin reductase. When the antioxidant 
capacity of the hepatocytes is exceeded, DNA 
damage and oxidation develop due to excessive 
lipid accumulation or impaired autophagy, ulti-
mately resulting in cell death [106].

Previously, KEAP1-NRF2 pathway has been 
considered as tumor protective in mice. However, 
the mutations in NFE2L2 gene that encodes NRF2 
and KEAP1 are found in 3–6% and 2–8% of 
HCCs, respectively [107]. In the diethylnitrosa-
mine (DEN) and 2-acetylaminofluorene rat HCC 
model, Nrf2 or Keap1 mutations occur in 71% of 
premalignant lesions and in 78.6% of early HCCs. 
These data have demonstrated the importance of 
the KEAP1-NRF2 pathway in early-onset events 
in hepatocarcinogenesis [61]. NRF2 was shown to 
promote HCC cell  proliferation and the expression 
of biliary or hepatic progenitor marker cytokeratin 
19 [76]. Cytokeratin 19 has been found to be asso-
ciated with metastasis, microvascular invasion, 
early recurrence, poor overall survival, chemore-
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sistance, and cancer stem cell features [76]. p62 
plays key role in NRF2 activation and MYC onco-
gene stabilization which is a major regulator of 
stemness in cancer, and protects HCC-initiating 
cells from oxidative stress-induced death [108]. 
Activation of KEAP1-NRF2 pathway protects 
cancer cells from harmful effects of ROS and oxi-
dative stress, and disruption of ATG7 and beclin1 
helps cells to escape an apoptotic-independent cell 
death. Therefore, dysregulation of autophagy con-
tributes to the pathogenesis of HCC.

Inflammatory immune response may be asso-
ciated with ER stress-induced DNA damage and 
liver cancer in NAFLD patients. Under normal 
condition, steatosis is not a driver of HCC and 
needs chronic necroinflammation as a cofactor to 
drive hepatocarcinogenesis. This effect has been 
first shown in MUP-uPA mice in which hepato-
cyte ER stress is induced by plasminogen activa-
tor expression and combined with HFD [73]. 
TNF expressing from inflammatory macro-
phages, which accumulated in the livers of MUP- 
uPA mice in response to hepatocyte ER stress, 
results in NASH and HCC development. Liver 
samples obtained from NASH patients are char-
acterized by elevated phosphorylation of eukary-
otic initiation factor 2 (eIF2) [109].
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Hepatitis B (HBV) is one of the most common 
causes of liver cancer and liver cirrhosis. It is 
estimated that around 2 billion people are infected 
with HBV and nearly 300 million people have 
chronic hepatitis B (CHB). Approximately 
850,000 people die each year from complications 
of HBV infection such as liver cancer and liver 
failure. According to a 2016 report from the 
World Health Organization (WHO), 27 million 
people (10.5% of hepatitis B patients) were aware 
of their infection, and only 4.5 million (16.7%) of 
those diagnosed were receiving treatment [1–4]. 
HBV prevalence varies from country to country 
depending on geographical location.

Studies on prevalence and incidence of a dis-
ease may have important health-related implica-
tions for the countries or regions where such 

studies have been performed as based on those 
studies health strategies can be developed which 
at the end may benefit the patients in that country 
or region. A very good example is the successful 
campaign against hepatitis C in a low-income 
country such as Egypt which recently culminated 
in successfully screening 50 million people for 
HCV [5]. Once a country with the highest hepati-
tis C virus (HCV) prevalence in the world (esti-
mated as 10%), this prevalence has greatly 
decreased, thanks to a very effective collabora-
tion of physicians and epidemiologists with gov-
ernment officials [6, 7] leading to immensely 
successful negotiations with the biomedical 
industry with consequent drastic price cuts for 
Egyptian HCV patients, the aim of which is the 
eradication of HCV in Egypt [5] which appears 
now to be a realistic goal. A total of 2.2 million 
people (4.6%) were found seropositive for HCV, 
and out of whom close to 70% were further tested 
and more than one million people or 92% of vire-
mic patients (76% of the tested population) 
already underwent successful treatment with a 
sustained virologic response rate of 98% [5].

On the other hand, epidemiological studies in 
a particular region may have effects far beyond 
the region. Studies on HBV need to be approached 
as such. Some high endemic countries for HBV 
of the recent past have converted themselves to 
less endemic areas, thanks to the introduction of 
universal hepatitis B vaccination [8, 9]. China 
and Taiwan are good examples [8, 10]. Others, 
such as sub-Saharan African countries, continue 
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to be highly endemic. The reason for these local 
figures to have universal appeal is the increasing 
immigration of people. The route is mainly from 
low-income countries to rich countries such as 
European countries, the USA, Canada, and 
Australia (Table 1) [11, 12]. In this context, this 
review deals mostly with a politically unstable 
and troubled area which contributed to the migra-
tion crisis recently in Europe.

The Middle East is mostly made up of devel-
oping countries with suboptimal healthcare infra-
structure. Given the political instability and the 
horror of war affecting this area of the world 
directly or indirectly, reliable data on epidemiol-
ogy is in general difficult to obtain. In such areas, 
exploring HBV prevalence in blood donors is 
attractive because they are based on a large num-

ber of individuals and the numbers obtained are 
reliable. Data obtained from blood donor studies 
can be considered acceptable indicators of the 
HBV burden in these countries provided it is 
understood that these prevalence data may under-
estimate the real problem because at least in 
some areas high-risk groups for HBV are rejected 
from blood donation without pretransfusion 
blood screening for hepatitis B surface antigen 
(HBsAg) [13].

In this chapter, we have tried to provide the 
reader with available data from basically all 
Middle Eastern countries, and we will provide 
those data with a country-specific perspective.

1  Turkey

In 1998, the national vaccination program was 
launched in Turkey. With this program, risk 
groups and infants started to be vaccinated. 
Turkey before the vaccination program was con-
sidered a country with higher intermediate ende-
micity (5–8%) for HBV [8]. The Turkish Ministry 
of Health declared the incidence of hepatitis B 
infection to be 8.26 by 2002 and 4.2 by 2010 per 
100,000 people [14]. According to the study of 
22 blood centers, which included the results of 
6.24 million donors between 1989 and 2004, the 
prevalence of HBsAg among blood donors 
peaked in 1991 (5.2%) and then gradually and 
consistently declined to 2.1% in 2004 [15]. In a 
population-based, cross-sectional, national study 
using random sampling, conducted between 2009 
and 2010, HBsAg positivity was found to be 
4.0% [16]. This prevalence may have decreased 
further in recent years. However, the effect of 
international migration is not considered in this 
scenario. Migrants accounted for only 2% of the 
Turkish population in the year 2000. The Syrian 
war led to a surge in international immigration 
with close to five million refugees now located in 
Turkey. Migrants’ share in the population has 
therefore increased drastically and as of 2017 
accounts for 6% of the Turkish population [12]. 
In this context, an important study needs men-
tioning. In this study from 2017, Kose et  al. 
reported among Syrian refugee children aged 

Table 1 Estimated number of international migrants 
according to the UN as of 2017 and migrants as the per-
centage of the total population in industrialized countries

Major area, 
region, or 
country

Number of 
international 
migrants (thousands)

Migrants as 
percentage of 
total population

2000 2017 2000 2017
World 172.604 257.715 2.8 3.4
High-income 
countries

100.405 164.847 9.6 14.1

Middle- 
income 
countries

64.042 81.440 1.4 1.4

Low-income 
countries

7.733 10.915 1.8 1.6

West Europe
Sweden 1.004 1.748 11.3 17.6
UK 4.730 8.842 8.0 13.4
Germany 8.893 12.165 11.0 14.8
France 6.279 7.903 10.5 12.2
Spain 1.657 5.947 4.1 12.8
Italy 2.122 5.907 3.7 10.0
Netherlands 1.566 2.057 9.8 12.7
Switzerland 1.571 2.506 21.9 29.6
North 
America
USA 34.814 49.777 12.3 15.3
Canada 5.512 7.861 17.9 21.5
Oceania
Australia 4.386 7.036 23.0 28.8
Asia
China 508 1.000 0.0 0.1

Adapted from United Nations, International Migration 
Report 2017 [12]
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0–18 an alarming 4.2% HBsAg positivity rate 
[15]. The good news is that in the very same year, 
the Turkish Ministry of Health, with support 
from UNICEF, the WHO, and local nongovern-
mental organizations, conducted a mass country-
wide vaccination campaign, at which HBV 
vaccine was included, to more than 400,000 refu-
gees and migrant children [17, 18]. Turkey has 
been providing to each Syrian refugee the same 
health insurance opportunities as Turkish citi-
zens. The drugs used in the treatment of chronic 
HBV in Turkey are fully covered by public health 
insurance. HBV genotype in Turkey is exclu-
sively genotype D [19].

2  Saudi Arabia

Despite the national neonatal vaccination pro-
gram that started in 1989, HBV continues to be 
a major health problem in Saudi Arabia. Recent 
studies conducted in Saudi Arabia show that the 
HBV prevalence is approximately 1.3–3.5%. 
HBV genotype is mainly D. Due to the impact 
of the vaccination program, HBV prevalence in 
the younger population (<30  years of age) is 
lower than in the older population. It is esti-
mated that the prevalence of HBsAg in the Saudi 
population over the age of 40 is between 3% and 
6% [8, 20, 21].

Some studies on high-risk populations such as 
intravenous drug users and HIV-positive patients 
have shown a much higher rate of HBV infection 
[22, 23]. In a new study, it was reported that the 
number of CHB patients over 60  years old in 
Saudi Arabia in 2015 was higher than in 2010 
and 2012. More importantly, the rate of patients 
with comorbidities such as cirrhosis and HCC in 
the CHB population in 2015 was higher than in 
2010 and 2012. In Saudi Arabia, although the 
overall prevalence of HBV may have decreased 
significantly, CHB complications will increase 
significantly in the next 20 years due to the aging 
of individuals infected before the vaccination 
program [24]. According to a United Nations 
(UN) report, it is estimated that the proportion of 
the immigrant population in Saudi Arabia repre-
sents 37% of the total population as of 2017 

(Table 2). These immigrants are mainly workers 
from Asian or non-Asian countries. Data on this 
immigrant population is scarce. According to one 
study, only 43% had been vaccinated against 
HBV [25]. The antiviral agents commonly used 
as first-line treatment of CHB in Saudi Arabia are 
tenofovir disoproxil fumarate and entecavir [26].

3  Yemen

Yemen is a hyperendemic country for HBV. The 
prevalence of HBV in Yemen is reported to be 
12–18.5%, and most studies to determine preva-
lence have been conducted in tertiary healthcare 
centers and include hospitalized patients with 
acute or chronic hepatitis or blood donors. As 
these populations are known to be highly selected, 
such studies may not reflect the true prevalence in 
the population [27–32]. The mode of transmis-
sion of HBV in Yemen has not been adequately 
clarified but is likely to be horizontal. History of 
blood transfusion, advanced age, male gender, 
and healthcare personnel are stated as risk fac-
tors. In Yemen, vaccination against HBV was ini-

Table 2 Estimated number of international migrants 
according to the UN as of 2017 and migrants as the per-
centage of the total population in countries of the Middle 
East

Country

Number of 
international migrants 
(thousands)

Migrants as 
percentage of total 
population

2000 2017 2000 2017
Turkey 1.281 4.882 2.0 6.0
Saudi 
Arabia

5.263 12.185 25.3 37.0

Yemen 143 384 0.8 1.4
Iraq 211 367 0.9 1.0
Iran 2.804 2.699 4.2 3.3
Jordan 1.928 3.234 37.8 33.3
Israel 1.851 1.962 30.8 23.6
Lebanon 693 1.939 21.4 31.9
UAE 2.447 8.313 77.6 88.4
Kuwait 1.128 3.123 55.0 75.5
Oman 624 2.073 27.5 44.7
Bahrain 239 723 36.0 48.4
Qatar 360 1.721 60.7 65.2

Adapted from United Nations, International Migration 
Report 2017 [12]
UAE United Arab Emirates
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tiated in 1999, and its coverage reportedly 
increased to 87% in 2008 [33–37]. Recent politi-
cal unrest may have had a negative impact.

4  Iraq

HBV infection in Iraq has declined in the past 
few decades. Hepatitis B among blood donors 
was reported as 3.6% in 1973, 4.1% in 1984, and 
less than 1% in the 1990s. It has been suggested 
that this decrease is the result of prevention and 
control programs adopted by the state, such as 
safe blood transfusion and safe injections, in 
addition to the initiation of the vaccination pro-
gram [38]. In Baghdad, the prevalence of HBsAg 
in blood donors was 0.6%, higher in men (0.8%) 
than in women (0.5%). It has been reported to be 
0.7% among all blood donors in Babylon prov-
ince. In various studies, the prevalence of HBsAg 
in Najaf province was reported as 0.6% and in 
Karbala as 3.5%. HBV prevalence in the latter 
region has steadily increased since 2011, due to 
high migration to Karbala during attacks of the 
self-declared Islamic state of Iraq from some 
northern cities of Iraq [38, 39].

5  Syria

Hepatitis B vaccine was added to the national 
vaccination program in 1993 in Syria. Genotype 
D is common. Home births are still common in 
the country, and there are no estimates of children 
who received the first hepatitis B vaccine within 
24 hours of birth. In early 2002, HBsAg positiv-
ity was reported to be 5.3% and 10.8% in drug 
users and sex workers, respectively, in Syria. In 
2004, in a study involving 3168 people, the rate 
of HBsAg positivity was found to be 5.6%. In the 
same study, it was reported that there is a distinct 
regional difference, with hepatitis B seropreva-
lence being 10.5% and 10.6% in the north of the 
country (Aleppo) and in the east of the country 
(Hasshat), respectively. In a retrospective study 
involving 11,015 Syrian pregnant women with a 
mean age of 25 ± 6:02 between January 2012 and 
January 2018, 1.1% HBsAg seropositivity was 

reported [40, 41]. It has to be added that the war 
in Syria with its consequences has likely had its 
toll also on the health infrastructure with less 
compliance to routine childhood vaccinations as 
pointed out already in the study of Syrian refugee 
children in Turkey [15]. It would be not surpris-
ing to see the same trend in Syrian children who 
did not leave the country.

6  Lebanon

The current status of hepatitis B infection in 
Lebanon is not well known due to the lack of 
sufficient published studies on the subject. 
When the studies conducted since 1972 are 
examined, it is seen that most of these studies 
were carried out by the virology and biochemis-
try departments of some hospitals. These stud-
ies are related to certain areas and specific 
groups of individuals and cannot be generalized 
to the whole population. According to data in 
these studies, the prevalence of hepatitis B has 
been reported from less than 2% to more than 
3% in Lebanon [42–46]. Genotype D is com-
mon. HBV prevalence in the general population 
is estimated to have declined following the 
inclusion of the neonatal hepatitis B vaccination 
program in the Lebanese vaccination schedule 
in 1998. According to 2007 WHO data, the fre-
quency of hepatitis B was estimated between 
1.6 and 2.2%. In a study involving 6 Lebanese 
provinces and 31,147 people from January 2011 
to December 2012, 542 (1.74%) were identified 
with HBV.  HBV exposure was reported to be 
higher in South and Nabatiyeh (1.9%) compared 
to those from Beirut (0.73%). These results have 
been attributed to inadequate sanitation, low 
socioeconomic status, extended family size, and 
high migration rates from high endemic areas 
such as African countries. In 2016, HbsAg posi-
tivity was found to be 1.6% in a study involving 
3769 hemodialysis patients. [47–49]. Lebanon 
is another country hosting a large community of 
immigrants (32% of the general population). 
The HBsAg prevalence in this group is expected 
to be higher than in the native population, but 
data in this group is lacking.
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7  Israel

The HBV vaccination program in Israel has been 
carried out since 1992. In various studies con-
ducted in Israel, 1.5–7% Hbsag positivity has 
been reported in the adult population. It has been 
reported that the HBV incidence has decreased to 
0.5/100,000 in 2015. The HBV prevalence is esti-
mated to be 0.96% recently. A recent large study 
showed that 868,714 people (22.6%) were 
exposed to HBV, while 15,258 people were 
HBsAg positive (1.75%). In this study, the preva-
lence of HBV in the Arab population was higher 
than in the Jewish population (2.98% and 0.76%, 
respectively). Genotype D is common [50–54].

8  Iran

In Iran, the national vaccination program against 
HBV infection started in 1993. According to the 
reports of the WHO in 2001 and the Centers for 
Disease Control and Prevention (CDC) in 2005, 
prevalence of CHB infection among the people 
of Iran was between 2% and 7%. This wide range 
of prevalence was mainly due to variance in prev-
alence rates among different geographical regions 
in Iran as a consequence of different socioeco-
nomic level in addition to traditions and cultures. 
HBV infection prevalence in the general popula-
tion of Iran has been reported as 2.9% (95% CI: 
2.5–3.4%) before 2010 and as 1.3% (95% CI: 
0.9–1%) after 2010. The HBV vaccine has effec-
tively reduced the incidence of new cases in the 
country. In Iran, according to a recent meta- 
analysis, the prevalence of hepatitis B was 
reported to be 2%. The prevalence of hepatitis B 
in blood donors in Iran has been reported to be 
approximately 0.58% [8, 55–59].

9  Qatar

HBsAg screening in the State of Qatar started in 
1983. There are very few published studies that 
address the prevalence of hepatitis markers in 
blood donors or in the general population. In a 
retrospective cohort study covering the years 

2002–2006, it was reported that the HBV preva-
lence in Qatar was 4.7%. Another study in blood 
donors reported a HBsAg positivity of 0.9%. 
Qatar is home to a significant number of expatri-
ates that make up more than 80% of its residents, 
most of which come from countries suffering 
from poor health systems in Asia and Africa. In a 
study published between 2010 and 2014 on the 
epidemiology of hepatitis B in Qatar, most cases 
were reported in non-Qatarians (89.4%) over 
5 years [60–62].

10  Jordan

The prevalence of HBV before vaccination in 
Jordan has been reported as 9.9%. In 1995, the 
HBV vaccine was integrated into the childhood 
vaccination program. There has been a fourfold 
decrease in HBV prevalence over the last 
30 years, indicating the successful implementa-
tion of this program. In the Polaris study, the esti-
mated prevalence of HBV in Jordan in 2016 was 
reported to be 2.4%. In two separate studies, 
HBsAg positivity in hemodialysis patients was 
detected as 4% and 5.6% in 2003 and 2006, 
respectively [63–67]. These studies do not take 
into account the effect of migration which is an 
important problem of this country. According to 
the UN, Jordan is hosting some three million 
refugees and hence is home to the second largest 
refugee population. Overall, one-third of the pop-
ulation are immigrants.

11  UAE

To date, no prevalence estimates have been made 
for the general population of the United Arab 
Emirates. A previous report showed that the prev-
alence of HBsAg among young adults admitted to 
police college in Abu Dhabi was 0.3%. In addi-
tion, in a study of 2000 pregnant women aged 
15–45, the HBV prevalence was found to be 
1.5%. In a recent study, HBsAg positivity was 
detected in 2.15% of patients of a dental hospital 
[68–70]. The vast majority (88%) of people  living 
in the UAE are foreigners who came for work.
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12  Kuwait

Studies estimate the prevalence of HBV carriers 
to be 1% in the general population. However, this 
prevalence is higher (3.5%) among blood donors 
born abroad [8, 71]. It is important to add that 
Kuwait is one of the countries with a very large 
foreign-born population  – 75% of the general 
population consist of non-Kuwaitis [12].

13  Oman

Before the introduction of vaccination in Oman, 
the prevalence of CHB virus infection was esti-
mated at 2–7%. In a 2005 study, HBsAg serop-
revalence was 2.3% among students born before 
the national hepatitis B vaccination program and 
0.7% among students born after introduction of 
the vaccination program. A study evaluating the 
effect of vaccination efficiency and scope 
revealed that 15 years after the initiation of HBV 
vaccination in newborns, the prevalence of CHB 
in children fell from 2.3% to 0.5% [72, 73]. As in 
many countries in this area, nearly half of the 
population (45%) is foreign born.

14  Bahrain

The prevalence of HBV infection in Bahrain 
from 2000 to 2010 was 0.58%. However, the 
prevalence of infection has been reported to be 
significantly higher in patients who have under-
gone dental procedures and surgical operations 
and among citizens born abroad [73, 74]. HBV 
genotype has been reported as genotype D in 
61% to be followed by genotype A in 10% [75]. 
In Bahrain, similar to Oman, 48% are foreign 
born.

15  Conclusions

Epidemiology of HBV is a dynamic process 
everywhere, even more so in the Middle East for 
several reasons; the richer countries in the area 
such as the UAE, Qatar, Oman, Kuwait and 

Bahrain, Israel, and Saudi Arabia contain a large 
cohort of immigrants (Table  2). In the UAE, 
Qatar and Kuwait natives represent a minority in 
their own country, and in countries such as 
Bahrain and Oman, there is an even split between 
natives and foreigners. In these areas, the impact 
of foreign born on HBsAg prevalence in the 
country is obvious. This needs to be addressed in 
the respective countries, and health strategies 
including screening, vaccination, and treatment 
have to be implemented. Poorer countries such as 
Iraq, Syria, Lebanon, Jordan, and Yemen have to 
deal with direct and indirect consequences of 
political instability such as civil war and sudden 
surge of refugees. Effective preventive strategies 
such as infant vaccination may be interrupted 
under these circumstances. Data provided in this 
text based on scant available studies should be 
approached with caution as they may not hold 
true in the long run. The concern here is that the 
downward trend in HBV prevalence reported 
here (Table  3) also for the Middle East may 
change. For the rich countries of the West facing 
a continuous wave of immigrants, adaptation of 
health strategies accordingly is warranted. 
However, no country has so far adopted a policy 
of screening of immigrants or refugees for hepa-
titis viruses despite the recommendation of the 
Centers for Disease Control and Prevention in the 

Table 3 Estimated HBsAg prevalence rates in countries 
of the Middle East and the year universal vaccination had 
started in those countries

General 
population (%)

Year of the start of 
universal vaccination 
against HBV

Turkey 2–3 1998
Saudi Arabia 1.5–3 1989
Yemen >8 1999
Iraq 1 1993
Syria 3–4 1993
Iran 1–2 1993
Jordan 2–3 1995
Israel 1–2 1992
Lebanon 1 1998
UAE 2 1993
Kuwait 1–2 1990
Oman 1 1990
Bahrain <1 1993
Qatar 1–2 1989
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USA that all immigrants originating from coun-
tries with an HBV seroprevalence greater than 
2% should be screened for CHB infection and 
vaccinated if found to be susceptible [76]. 
Further, several studies suggest that screening 
individuals coming from a country with a HBV 
prevalence of 1% is cost-effective [77, 78].
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Hepatocellular Carcinoma 
in the United Arab Emirates

M. Jawad Hashim, S. Sadaf Rizvi, 
and Gulfaraz Khan

1  Demographics of UAE

The United Arab Emirates, often referred simply 
to as The Emirates, is a federation of seven states, 
namely, Abu Dhabi, Dubai, Sharjah, Ajman, 
Fujairah, Ras Al Khaimah, and Umm Al Quwain. 
Over the last 20 years, UAE has witnessed a pop-
ulation boom, increasing by over three times [1]. 
The current UAE population is estimated to be 
9.8 million, and approximately 70% of whom 
live in Dubai and Abu Dhabi. Expatriates account 
for more than 80% of the total population [2]. 
Due to the large proportion of single expatriate 
workforce, mostly from the Indian subcontinent, 
UAE has a very unusual gender and age distribu-
tion; males constitute over 70% of the popula-
tion, and more than 65% are in the 25–54-year 
age range [1]. This demographic group has ele-
vated rates of HCC risk factors such as obesity, 
chronic viral hepatitis, and alcohol intake.

2  Epidemiology of Liver 
Cancer in the UAE

Cancer is the third leading cause of death in the 
UAE, after cardiovascular diseases and traffic 
injuries [3]. Like many other countries around 
the world, the incidence of cancer is growing in 
the UAE.  Recognizing this health problem, the 
UAE government has included cancer as one of 
the key performance indicators in its National 
Health Agenda to assess the nation’s healthcare 
goals [4]. The UAE National Cancer Registry 
(NCR) reported a cumulative total of 3818 new 
cancer cases from January 1 to December 31, 
2014 [3]. More recent estimates indicate that this 
number has risen to 4707 new cases, with 56% 
occurring in females [5]. The top 5 most frequent 
cancers in UAE were breast, colorectal, thyroid, 
prostate, and leukemia [5].

In terms of hepatocellular carcinoma (HCC), 
the UAE has a small but rising burden of this 
malignancy (Fig.  1a, b). This trend may reflect 
the increasing rates of obesity, alcohol use, and 
population aging. Within the Middle East North 
Africa (MENA) region, UAE has moved up in 
ranks from 17th highest incidence rate three 
decades ago to the 13th position recently [6]. The 
gradually increasing number of cases of hepato-
cellular carcinoma will place additional demands 
on the healthcare system, especially for clinical 
oncology services. The UAE NCR recorded 68 
cases in 2014 [3]. Although the rise is concern-
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ing, the overall burden is low at about 220 new 
cases in 2019.

Age-standardized rates (which adjust for 
changes in underlying population) show a stabili-
zation of the number of cases (Fig. 1c, d). This 
implies that the apparent rise in the total number 
of cases is partly due to changes in population 
structure such as aging. The annual incidence of 

2.37 cases per 100,000 is lower than the global 
average (6.9 cases per 100,000) and markedly 
lower than Egypt (14 cases), Japan (36.5 cases), 
and South Korea (38 new cases annually per 
100,000 population). Moreover, the incidence in 
UAE is also lower than neighboring countries 
such as Saudi Arabia and Qatar. Overall, the bur-
den of HCC is relatively low in the UAE.

Fig. 1 Burden of liver cancer in the United Arab Emirates, 
1990 to 2019, based on Global Burden of Disease 2019 
data [6]. (a) Total number of new HCC cases per year in 
the UAE. (b) Total deaths due to HCC per year in the 

UAE. (c) Age-adjusted incidence rate (new cases per 
100,000 standardized population). (d) Age-adjusted mor-
tality rate (deaths per 100,000 standardized population)
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3  Risk Factors for 
Hepatocellular Carcinoma 
in the UAE

The main risk factors for HCC in the UAE have 
been chronic infections with hepatitis B and C 
viruses, accounting for 74% of all HCC cases 
(Fig. 2). Although both HBV and HCV target the 
liver, the two viruses are very different. HBV is a 
small, enveloped, partially double-stranded DNA 
(3.2  kb) virus belonging to the Hepadnaviridae 

family. HCV on the other hand is an enveloped 
single-stranded RNA (9.6 kb) virus belonging to 
the Flaviviridae family. Both viruses are primar-
ily transmitted via exposure to infected blood or 
body fluids through sexual contact and sharing 
contaminated needles. In terms of seroprevalence, 
certain regions appear to have higher burden com-
pared to others. For example, HBV is particularly 
prevalent in Africa and Western Pacific regions, 
while high prevalence of HCV has been noted in 
the European and Eastern Mediterranean regions 
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[7]. It is expected that the burden of viral-associ-
ated HCC will decrease in the future, as vaccina-
tion and antiviral treatments become standard 
practice. However, this reduction may well be 
overshadowed by the alarming increase in other 
HCC-associated risk factors, notably diabetes and 
obesity. Within the last 50 years, both of these risk 
factors have more than tripled [8, 9]. This has 

been particularly evident in the Gulf region. 
Although both diabetes and obesity are associated 
with cancer, the causal association is particularly 
strong for HCC. Indeed, it is estimated that these 
two risk factors independently contribute to 
approximately 25% of all HCC cases [10].

Rates of liver cancer attributable to hepatitis B 
virus in the UAE are lower than most western 
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countries such as Spain, Portugal, the UK, and 
the USA [6]. Vaccination at birth for hepatitis B 
is close to universal coverage due to a legislated 
mandate and federal funding. There is 98% cov-
erage for the third dose of hepatitis B vaccine 
among children in the UAE [11]. The effect of 
universal vaccination is likely to further decrease 
the role of this risk factor for HCC within the 
UAE.  All expatriate residents in the UAE are 
periodically screened for hepatitis B (along with 
other infectious diseases such as HIV) for their 
visa renewal. Among citizens, the rates are 
decreasing. For instance, about 1.5% of local 
pregnant women are positive for hepatitis B 
(HBsAg) [12].

Hepatitis C (anti-HCV) prevalence is also 
fairly low in the UAE at 0.1%, comparable to 
developed nations [13]. The rates are reported to 
be higher among resident expatriate workers 
from neighboring countries [14]. HCC attribut-
able to chronic hepatitis C is considerably lower 
in the UAE compared to western countries such 
as France, Germany, the UK, and the USA [6]. 
For example, the incidence of liver cancer due to 
hepatitis C in the UAE is 0.5 cases annually per 
100,000, while the corresponding rate is 6.2 cases 
in Spain. Screening for hepatitis C in the UAE 
meets international standards in clinical laborato-
ries and for blood transfusion. As most healthcare 
workers are internationally trained and experi-
enced, awareness of blood-borne transmission 
and infection control measures is well established 
and strictly implemented, thus minimizing the 
transmission of the virus by these routes. 
Similarly, transmission of HCV via injecting 
drugs does not appear to be a dominant contribu-
tor to HCV seroprevalence in this region [15].

Nonalcoholic fatty liver disease, which 
includes nonalcoholic steatohepatitis (NASH), is 
rising rapidly as a risk factor in the UAE [16]. 
The current prevalence of NASH (4.1% of adult 
population) is expected to more than double over 
the next decade [17]. This is likely due to rapid 
changes in social lifestyle from a nomadic exis-
tence and labor-intensive fishing to affluent 
world-class amenities. Sedentariness and a 
calorie- rich diet have led to rising rates of obesity 
and diabetes in both citizens and expatriates [18].

Alcohol is an important risk factor for HCC. In 
some countries, notably in the Eastern European 
region, alcohol is estimated to contribute to more 
than 50% of all HCC cases. Recent estimates for 
MENA region show that alcohol-associated HCC 
cases are on the rise in some of the countries, 
namely, Qatar, Turkey, and Egypt [19]. 
Unfortunately, no published data is available on 
the contribution of alcohol in the development of 
HCC in the UAE.  Similarly, aflatoxin is also a 
well-known causative risk factor for HCC [20, 
21]. Foods with high levels of aflatoxin have been 
reported from a number of countries [20]. 
However, once again little or no reliable data is 
available on the impact of aflatoxin on HCC in 
the UAE. A study published over 20 years ago 
reported that some foods in the UAE may contain 
aflatoxin [22], which could lead to exposure of 
neonates from maternal ingestion of aflatoxin- 
containing food [23].

4  Clinical Features of Liver 
Cancer in the UAE

Age of presentation in the UAE starts in the 40s 
and peaks in the 80- to 90-year-old age group 
(Fig. 3). Males are more commonly affected than 
females. In the UAE, the male to female ratio for 
HCC incidence is 2.7:1. This is higher than the 
global average of 2.3:1. At older ages (80+ years), 
the male to female ratio tends to be closer to 2:1. 
Furthermore, males have a markedly higher risk 
of dying from HCC than females [14].

High-income Middle Eastern countries, such 
as the UAE, have a greater proportion of hepatitis 
B- than hepatitis C-associated HCC. These coun-
tries have generally lower rates of liver cancer 
compared to low-income neighboring nations. 
There is a paucity of clinical research data on 
liver cancer from the Middle East region. Thus, it 
is difficult to compare HCC stage at diagnosis, 
treatment, and survival rates in the UAE with 
other countries. Regionally, HCC tends to be an 
aggressive malignancy that is often diagnosed at 
a late stage with associated poor survival [24]. 
Even with liver transplantation, recurrence rates 
can be 10% within 2 years [25].

Hepatocellular Carcinoma in the United Arab Emirates
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5  Health Issues Facing UAE 
and Its Healthcare System

It is pertinent to view HCC in the context of dis-
eases prevalent in the UAE and the challenges 
faced by its healthcare system. UAE is a rapidly 
developing country which is transitioning from 
reliance on petrochemicals to a more diverse, 
knowledge-based economy. Dubai and Abu 
Dhabi have become world centers for trade, 
finance, travel, and tourism. With rising affluence 
and lifestyle change, there is increasing con-
sumption of highly processed foods and hepato-
toxic substances such as alcohol, leading to 
metabolic steatohepatitis.

The leading causes of death in the UAE are 
ischemic heart disease, road injuries, stroke, 
chronic kidney disease, and diabetes. 
Malignancies are ranked lower, and among neo-
plasms, liver cancer ranks at 12th place [6]. This 
is much lower than global trends, where liver 
cancer consistently ranks amongst the top 5 lead-
ing causes of cancer death [26, 27]. According to 
the UAE official cancer registry, the top 5 leading 

causes of cancer death in the country are breast, 
lung, colorectal, leukemia, and stomach [3].

Cancer care in UAE, like all other aspects of the 
healthcare sector, has witnessed enormous trans-
formation over the last couple of decades. 
Developments have occurred throughout the entire 
spectrum of the specialty, including diagnosis, 
screening, early detection, prevention, palliative 
care, and management. Major cancer care centers 
are located in urban regions such as Abu Dhabi, 
Dubai, and Sharjah. These tertiary care hospitals 
provide advanced world-class clinical services 
including endoscopic retrograde cholangiopancre-
atography (ERCP), magnetic resonance imaging 
(MRI), trans-arterial chemoembolization (TACE), 
and minimally invasive and robotic hepatobiliary 
surgery. Systemic chemotherapy is available for 
advanced HCC. In 2018, the first liver transplanta-
tion in the UAE was performed at Cleveland Clinic 
Abu Dhabi [28]. Posttransplantation care and 
expertise is available for recipients travelling from 
abroad. Palliative care and visiting home nursing 
are increasing in capacity with growing demand as 
the population ages in the UAE.
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6  Policy Recommendations

Key public health messages for liver cancer pre-
vention may be potentially useful. Avoiding alco-
hol consumption, limiting processed foods that 
are rich in fat and simple sugars, increasing phys-
ical activity, vaccinating against hepatitis B, and 
avoiding reuse of medical sharps should be 
emphasized. Due to the diversity of people living 
in the UAE (more than 200 nationalities), cultur-
ally appropriate, multilingual approaches to 
health promotion are essential. Risk factors such 
as chronic hepatitis and alcoholism are higher 
among expatriate workers in the UAE [29].

More aggressive case finding for chronic hep-
atitis C may be useful toward reducing HCC. With 
the availability of effective oral antiviral regi-
mens for hepatitis C, universal access to this life-
saving treatment should be pursued.

Among healthcare workers, refresher training, 
systems processes, and strict enforcement of 
infection control measures may be useful. 
Recognition and accreditation may provide addi-
tional incentives. Exposure to hepatitis C virus 
occurs in high-risk groups, often linked to medi-
cal care. In particular, disinfection protocols are 
critical for medical instruments used in intrave-
nous access, vascular procedures, endoscopy, 
surgery, and dentistry. Immunity against hepatitis 
B among healthcare workers should be assessed 
as booster series may be needed [29]. Immunity 
from childhood hepatitis B vaccination wanes to 
50% among UAE medical students [30].

Finally, it is worth mentioning that the UAE 
government heavily subsidizes healthcare for 
both its citizens and expatriates. Many patients 
with HCC in the UAE receive advanced cancer 
care, including chemotherapy and oncologic sur-
gery, free of cost.

References

 1. United Arab Emirates Profile [Internet]. Our world 
in data. 2020 [cited 2020 Oct 28]. Available from: 
https://ourworldindata.org/search?q=united+arab+em
irates.

 2. Blair I, Sharif AA. Population structure and the burden 
of disease in the United Arab Emirates. J Epidemiol 
Glob Health. 2012;2(2):61–71.

 3. Cancer Incidence in United Arab Emirates Annual 
Report of the UAE - National Cancer Registry - 2014 
[Internet]. [cited 2020 Oct 29]. Available from: https://
www.mohap.gov.ae/Files/MOH_OpenData/520/
UAE%20Cancer%20Registry%20Report%20
2014_En.pdf.

 4. Al-Shamsi H, Darr H, Abu-Gheida I, Ansari J, 
McManus MC, Jaafar H, et  al. The state of can-
cer care in the United Arab Emirates in 2020: chal-
lenges and recommendations, a report by the United 
Arab Emirates oncology task force. Gulf J Oncolog. 
2020;1(32):71–87.

 5. Cancer today-IARC/WHO [Internet]. [cited 2020 Nov 
10]. Available from: http://gco.iarc.fr/today/home.

 6. Institute of Health Metrics and Evaluation, University 
of Washington, Seattle. Global burden of disease 
[Internet]. GBD Results. 2019. Available from: http://
ghdx.healthdata.org/gbd- results- tool

 7. WHO.  Global Hepatitis Programme. Global hepa-
titis report, 2017 [Internet]. 2017 [cited 2020 Nov 
10]. Available from: http://apps.who.int/iris/bitstr
eam/10665/255016/1/9789241565455- eng.pdf?ua=1.

 8. Ogurtsova K, da Rocha Fernandes JD, Huang Y, 
Linnenkamp U, Guariguata L, Cho NH, et  al. IDF 
diabetes atlas: global estimates for the prevalence of 
diabetes for 2015 and 2040. Diabetes Res Clin Pract. 
2017;128:40–50.

 9. WHO.  Obesity and overweight [Internet]. 
[cited 2020 Nov 11]. Available from: https://
www.who.int /news-  room/fact-  sheets /detai l /
obesity- and- overweight.

 10. Pearson-Stuttard J, Zhou B, Kontis V, Bentham J, 
Gunter MJ, Ezzati M.  Worldwide burden of cancer 
attributable to diabetes and high body-mass index: 
a comparative risk assessment. Lancet Diabetes 
Endocrinol. 2018;6(6):e6–15.

 11. United Arab Emirates Immunization Profile 
[Internet]. WHO vaccine-preventable diseases: moni-
toring system. 2020 global summary. World Health 
Organization; 2020. Available from: https://apps.who.
int/immunization_monitoring/globalsummary/countr
ies?countrycriteria[country][]=ARE.

 12. Al Awaidy S, Abu-Elyazeed R, Al Hosani H, Al 
Mulla A, Al Busaiedy S, Al Amiry A, et  al. Sero- 
epidemiology of hepatitis B infection in pregnant 
women in Oman, Qatar and the United Arab Emirates. 
J Infect. 2006;52(3):202–6.

 13. Chaabna K, Cheema S, Abraham A, Alrouh H, 
Lowenfels AB, Maisonneuve P, et  al. Systematic 
overview of hepatitis C infection in the Middle 
East and North Africa. World J Gastroenterol. 
2018;24(27):3038–54.

 14. Khan G, Hashim MJ. Burden of virus-associated liver 
cancer in the Arab world, 1990-2010. Asian Pac J 
Cancer Prev. 2015;16(1):265–70.

 15. Mohamoud YA, Riome S, Abu-Raddad 
LJ. Epidemiology of hepatitis C virus in the Arabian 
gulf countries: systematic review and meta-analysis 
of prevalence. Int J Infect Dis. 2016;46:116–25.

 16. Alswat K, Aljumah AA, Sanai FM, Abaalkhail F, 
Alghamdi M, Al Hamoudi WK, et  al. Nonalcoholic 

Hepatocellular Carcinoma in the United Arab Emirates

https://ourworldindata.org/search?q=united+arab+emirates
https://ourworldindata.org/search?q=united+arab+emirates
https://www.mohap.gov.ae/Files/MOH_OpenData/520/UAE Cancer Registry Report 2014_En.pdf
https://www.mohap.gov.ae/Files/MOH_OpenData/520/UAE Cancer Registry Report 2014_En.pdf
https://www.mohap.gov.ae/Files/MOH_OpenData/520/UAE Cancer Registry Report 2014_En.pdf
https://www.mohap.gov.ae/Files/MOH_OpenData/520/UAE Cancer Registry Report 2014_En.pdf
http://gco.iarc.fr/today/home
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://apps.who.int/iris/bitstream/10665/255016/1/9789241565455-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/255016/1/9789241565455-eng.pdf?ua=1
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria[country][]=ARE
https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria[country][]=ARE
https://apps.who.int/immunization_monitoring/globalsummary/countries?countrycriteria[country][]=ARE


108

fatty liver disease burden - Saudi Arabia and United 
Arab Emirates, 2017-2030. Saudi J Gastroenterol Off 
J Saudi Gastroenterol Assoc. 2018;24(4):211–9.

 17. Sanai FM, Abaalkhail F, Hasan F, Farooqi MH, 
Nahdi NA, Younossi ZM.  Management of nonalco-
holic fatty liver disease in the Middle East. World J 
Gastroenterol. 2020;26(25):3528–41.

 18. Shah SM, Loney T, Dhaheri SA, Vatanparast H, 
Elbarazi I, Agarwal M, et  al. Association between 
acculturation, obesity and cardiovascular risk fac-
tors among male south Asian migrants in the United 
Arab Emirates--a cross-sectional study. BMC Public 
Health. 2015;15:204.

 19. Sharafi H, Alavian SM. The rising threat of hepatocel-
lular carcinoma in the Middle East and North Africa 
region: results from global burden of disease study 
2017. Clin Liver Dis. 2020;14(6):219–23.

 20. Rushing BR, Selim MI.  Aflatoxin B1: a review on 
metabolism, toxicity, occurrence in food, occupa-
tional exposure, and detoxification methods. Food 
Chem Toxicol. 2019;124:81–100.

 21. Ross RK, Yu MC, Henderson BE, Yuan J-M, Qian 
G-S, Tu J-T, et  al. Urinary aflatoxin biomark-
ers and risk of hepatocellular carcinoma. Lancet. 
1992;339(8799):943–6.

 22. Osman N, Abdelgadir A, Moss M, Bener A. Aflatoxin 
contamination of rice in the United Arab Emirates. 
Mycotoxin Res. 1999;15(1):39–44.

 23. Abdulrazzaq YM, Osman N, Ibrahim A. Fetal expo-
sure to aflatoxins in the United Arab Emirates. Ann 
Trop Paediatr. 2002;22(1):3–9.

 24. Hafeez Bhatti AB, Dar FS, Waheed A, Shafique K, 
Sultan F, Shah NH.  Hepatocellular carcinoma in 

Pakistan: National trends and global perspective. 
Gastroenterol Res Pract. 2016;2016:5942306.

 25. Bhatti ABH, Dar FS, Qureshi AI, Khan NY, Zia HH, 
Haider S, et al. Living donor liver transplantation for 
hepatocellular carcinoma: a single-center experience 
from Pakistan. J Clin Exp Hepatol. 2019;9(6):704–9.

 26. Bray F, Ferlay J, Soerjomataram I, Siegel RL, 
Torre LA, Jemal A.  Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018;68(6):394–424.

 27. Fitzmaurice C, Abate D, Abbasi N, Abbastabar H, 
Abd-Allah F, Abdel-Rahman O, et al. Global, regional, 
and national cancer incidence, mortality, years of 
life lost, years lived with disability, and disability- 
adjusted life-years for 29 cancer groups, 1990 to 
2017: a systematic analysis for the global burden of 
disease study. JAMA Oncol. 2019;5(12):1749–68.

 28. Kumar S, Miller CM, Hashimoto K, Quintini C, Pinna 
A. Liver transplantation in the United Arab Emirates: 
initial two-year experience. Transplantation. 
2020;104(S3):S534.

 29. Al-Amad SH. Prevalence of hepatitis B, C, and HIV 
among patients attending a teaching dental hospital. 
A 7-year retrospective study from the United Arab 
Emirates. Saudi Med J. 2018;39(5):500–5.

 30. Sheek-Hussein M, Hashmey R, Alsuwaidi AR, Al 
Maskari F, Amiri L, Souid A-K.  Seroprevalence of 
measles, mumps, rubella, varicella-zoster and hepa-
titis A-C in Emirati medical students. BMC Public 
Health. 2012;12:1047.

M. J. Hashim et al.



Part II

Clinical Section



111© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 
B. I. Carr (ed.), Liver Cancer in the Middle East, https://doi.org/10.1007/978-3-030-78737-0_7

Overview of Clinical HCC and Its 
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1  Clinical Risk Factors

Risk factors for developing HCC in patients with 
cirrhosis include older age, male gender, and 
severity of compensated cirrhosis, independent 
of etiology or cause of the cirrhosis (most com-
monly from hepatitis B virus [HBV], hepatitis C 
virus [HCV], or alcoholism). Mixed infection 
with HBV and HCV, HCV and HIV, or HBV plus 
alcohol greatly increases the HCC risk as well.

Common clinical diseases associated with an 
increased risk for developing HCC:

• Cirrhosis from any cause.
• HBV or HCV chronic infection.
• Alcohol chronic consumption.
• NASH/NAFLD (nonalcoholic steatohepatitis, 

typically from obesity).
• Aflatoxin B1- or other mycotoxin- 

contaminated foods.

Less common diseases associated with an 
increased risk for developing HCC:

• Primary biliary cirrhosis.
• Hemochromatosis (increased iron).
• α1 Antitrypsin deficiency,
• Glycogen storage diseases (rare metabolic 

diseases).

• Citrullinemia (rare metabolic disease).
• Porphyria cutanea tarda (rare metabolic 

disease).
• Hereditary tyrosinemia (rare metabolic 

disease).
• Tyrosinemia type I (rare metabolic disease).
• Wilson’s disease (increased copper).
• Autoimmune hepatitis.
• Alagille syndrome of infants.

Patients with any of the diseases that predis-
pose them to HCC can be exposed to a variety of 
additional factors that increase their risk for 
HCC, including diet, alcohol, and possibly obe-
sity. In the Middle East, both HBV and HCV fea-
ture as prominent causes, with HBV high in 
Turkish HCC patients and HCV high in Egyptian 
HCC patients.

The leading cause of HCC in Asia and sub- 
Saharan Africa is hepatitis B infection. Patients 
have a higher risk of developing HCC if they 
have hepatitis B infection and are alcoholics or 
have hepatitis B infection and are exposed to fun-
gal toxins.

The leading cause of HCC in Japan, Western 
Europe, and the USA is cirrhosis that is caused 
by hepatitis C. People can get hepatitis C through 
contaminated blood transfusions, syringes, and 
needles or drug abuse. It is thought that the rate 
of HCC development is approximately 2% yearly 
for chronic HBV cirrhotic patients and 3–8% per 
year for chronic HCV cirrhotic patients.B. I. Carr (*) 
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Increasingly, a sedentary lifestyle and accom-
panying obesity, which has developed into epi-
demic proportions, is coming to be regarded as a 
major source of disease and mortality from its 
associated diseases, including HCC.  A chapter 
has been devoted to this increasingly important 
topic (H. Akkiz).

Cirrhosis can typically take 10–15  years to 
develop after hepatitis viral infection is estab-
lished, and HCC typically develops after an addi-
tional 10 years or more of cirrhosis. Cirrhosis is 
thus a premalignant disease. Many patients may 
die of liver failure from their cirrhosis without 
developing HCC. Conversely, many patients with 
cirrhosis can receive curative liver transplants 
without developing HCC. In general, HCC inci-
dence appears to track portal pressure (one mea-
sure of this is reflected in thrombocytopenia, a 
surrogate marker). Cirrhosis occurs in about 
10–15% of alcoholics, of whom about 15–20% 
develop HCC at a rate of 3–4% per  annum. 
Alcohol is not a direct carcinogen, but HCC 
likely develops as a consequence of alcohol- 
induced oxidative stress (reactive oxygen spe-
cies), which then affects downstream cellular 
lipids, proteins, DNA, and cell signaling path-
ways. Reactive oxygen species are also thought 
to be important in iron and copper accumulation 
disorders as well as in nonalcoholic steatohepati-
tis (NASH), resulting from fatty liver disease.

The current obesity epidemic is associated 
with nonalcoholic steatohepatitis (NASH), which 
requires liver biopsy for diagnosis and may also 
lead to a symptomless form of cirrhosis. NASH is 
distinct from the usually harmless fatty liver by 
being associated with liver inflammation. 
Nonalcoholic fatty liver disease  (NAFLD) may 
or may not be associated with NASH. NAFLD is 
associated with metabolic syndrome and diabetes 
mellitus type 2, which in turn can be associated 
with HCC.

2  Epidemiology

The major cause of HCC in Asia (where HCC 
is globally most prevalent) and sub-Saharan 
Africa is chronic HBV. There are over 300 mil-

lion HBV carriers worldwide who may develop 
HCC with or without the development of the 
intermediate step of cirrhosis, unlike HCV in 
Western countries, where cirrhosis is a neces-
sary intermediate step. The conversion rate for 
chronic HBV carriers to HCC is thought to 
be approximately 2–3% per annum. HBV is a 
DNA-binding virus and may directly influence 
gene function. The incidence of HCC is lower 
in alcoholic cirrhosis, NASH, and hereditary 
hemochromatosis. In China, Southeast Asia, 
and sub-Saharan Africa, aflatoxin B1 is the 
most potent naturally occurring liver chemi-
cal carcinogen known (a group 1 carcinogen) 
and is a fungal product that contaminates stored 
rice, peanuts, ground nuts, and maize and is 
an important cause of HCC. The carcinogen is 
produced by the carcinogenic fungi Aspergillus 
flavus and Aspergillus parasiticus. Concomitant 
HBV plus alcohol and HBV plus aflatoxin B1 
exposure are thought to substantially increase 
the HCC risk; less is known of aflatoxin  B1 
combinations with HCV.

The major risk factor for developing HCC in 
Japan, Western Europe, and the USA is HCV- 
mediated cirrhosis, mainly from transfusion with 
contaminated blood or use of contaminated 
syringes or needles through medical or recre-
ational drug use. The mechanism of HCV- 
mediated carcinogenesis is complex and it does 
not bind to DNA like HBV. It is thought that the 
risk for HCC development in HCV-based cirrho-
sis is approximately 3–5% per year. HCV seems 
to relate to HCC mainly via the development of 
cirrhosis, and the risk seems proportional to the 
severity and duration of the HCV-induced hepatic 
inflammation and fibrosis that are part of the 
resulting cirrhosis. Studies involving outbreaks 
of HCV from contaminated blood transfusions 
have indicated that it takes decades to develop 
HCC. However, now that donors and their blood 
in blood banks are screened for HCV, it is thought 
that HCV infections will sharply decrease over 
the next 30  years. Evidence of this trend is 
already clearly available in Japan.

Globally, HCC is now the fifth most common 
type of cancer and the third most common cause 
of death from cancer. The reason for this discrep-
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ancy is due to the fact that a high proportion of 
patients die from this disease (overall ratio of 
mortality to incidence is about 0.9). The number 
of new HCC cases varies from country to coun-
try. Asian and sub-Saharan African countries 
have more new cases of HCC than Western coun-
tries. This difference is probably due to how each 
population is exposed to different risk factors. 
Examples of these risk factors include having 
hepatitis or eating food that is contaminated by 
fungal toxins. Generally, men have a higher rate 
of HCC than women. This may be due to 
increased tobacco smoking and alcohol con-
sumption in males, which are both risk factors for 
developing HCC.

The cause of the gender discrepancy in HCC 
arising from cirrhosis (>80% of HCC cases) is 
unclear for viral causes. However, for chemical 
causes, such as aflatoxin B1 contamination of 
foods, animal studies have shown that male 
rodent livers are better able to metabolize the car-
cinogen to its DNA-reactive and thus 
carcinogenic form.

There are about 750,000 new global cases 
annually; it is the fifth most common cancer in 
males and the seventh most common in females. 
There is a male predominance in incidence, vary-
ing from 9:1 male/female to 2:1 male/female 
cases, depending on the country, except in low- 
cirrhosis Western countries where the ratio 
approaches 1:1.

Most HCC cases worldwide occur in develop-
ing countries. The world’s highest incidence rates 
are found in Eastern Asia, followed by Southeast 
Asia and then Central Africa. Southern Europe 
has moderately high rates, as do Central America 
and Polynesia. Low rates occur in Western 
Europe, the USA, and South America, with the 
lowest being in Northern Europe, Australia/New 
Zealand, and South-Central Asia. The large 
global variation is thought to be due to differ-
ences in exposure to causative factors, such as 
hepatitis virus or carcinogen contamination of 
foodstuffs, but not to ethnicity. Supporting this, 
studies of migrant populations, such as Japanese 
or Jews living in various locales, show changes in 
HCC incidence in the same ethnic group, but liv-
ing in different locations.

3  Prevention: Primary, 
Secondary, and Tertiary

Many risk factors for developing HCC can be 
prevented. There are three types of prevention: 
primary, secondary, and tertiary prevention.

• Primary prevention consists of reducing the 
chance of developing HCC.

Examples of primary prevention include 
destroying contaminated food, vaccinating 
neonates against hepatitis B, and screening 
blood at blood banks for hepatitis C. Currently, 
the most important is screening pregnant 
women for hepatitis B and vaccinating new-
borns against hepatitis B.

Destroying aflatoxin B1-contaminated, 
spoiled foodstuffs is simple in theory but can 
result in a major financial burden to farmers in 
impoverished regions in rural China or Africa 
where it is most common. Prevention of the 
Aspergillus mold from growing in the first 
place, by storing grains, such as peanuts in 
refrigerated silos, is likely the most effective 
preventive measure in these areas but requires 
capital outlay for refrigeration in these farm-
ing communities.

The near-universal neonatal vaccination 
against HBV is already showing dramatic 
decreases in both HBV and the resulting HCC 
in children and adolescents in those areas with 
a high incidence of HBV.  This approach is 
likely to cause a huge decrease in Asian HCC 
in the coming decades.

The elimination of HCV-contaminated 
blood in blood banks in Europe and Asia is 
expected to contribute to a major decrease in 
HCV infection, although recreational drug 
abuse remains a problem.

• Secondary prevention means that the patient 
has risk factors and attempts to prevent HCC 
from developing. Examples of secondary pre-
vention include treating patients who have 
chronic hepatitis B or C infections with antivi-
ral therapy and counseling to reduce alcohol 
consumption.

Once HBV infection has taken place, 
viral treatment strategies are needed and 
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have become increasingly effective in recent 
years in decreasing the blood-viral load 
(sustained virological response). It is 
expected that this will interfere with the 
development of cirrhosis and minimize the 
development of HCC. Although the data are 
preliminary, evidence has been published 
from meta-analyses of the effectiveness of 
HBV therapy. The treatment of chronic 
HCV infection, with resulting undetectable 
HCV blood levels, has recently been shown 
to greatly diminish HCC incidence rates. 
For both patients with chronic HBV or 
chronic HCV, a treatment-induced sustained 
virological response has been found in sev-
eral studies to reduce the HCC incidence 
rate by >50%. It remains to be determined if 
this will be true of patients with HCV who 
also have cirrhosis.

Since alcohol consumption is a lifestyle 
choice and a contributor to HCC develop-
ment, it would seem that alcohol counseling 
might be effective in either alcohol consum-
ers or for alcohol consumers who are also 
HBV or HCV carriers, but the effects of an 
intervention are likely to be greater when 
undertaken at younger age or at earlier phases 
of the hepatitis. Cigarette smoking is a sig-
nificant HCC cofactor, and the same princi-
ples apply here as for chronic alcohol 
overconsumption.

• Tertiary prevention involves the new and 
effective therapies that can suppress hepa-
titis in patients who have had their HCC 
surgically treated, but in whom the etiologi-
cal factors are still active (HBV, HCV, alco-
hol). Tertiary prevention became available 
in recent years and has resulted in major 
decreases in HCC recurrence rates in areas 
where HBV therapies have been introduced 
on a wide scale. This is a major recent public 
health advance. It is unclear that HCV thera-
pies can decrease HCC recurrences, as HBV 
therapies seem to do.

4  Surveillance

Screening for HCC is possible because there are 
several known risk factors and causes, and thus a 
large percent of patients who are at risk for HCC 
development can be identified. The earlier a can-
cer is detected by screening in general, the sooner 
and more effectively it can be treated. 
Furthermore, evidence is beginning to show that 
patients with HCC who are treated earlier, as a 
result of surveillance, have longer survival rates, 
at least for HBV-based HCC patients.

Screening for HCC usually involves an 
abdominal ultrasound scan. This can determine if 
there is a tumor, its size estimated, and possibly 
its growth after repeated scans. Abdominal ultra-
sound scans should be performed approximately 
every 6 months for patients at risk for developing 
HCC, such as those with cirrhosis from any cause 
or subsets of chronic HBV carriers. Screening 
can also include the cheap serum biomarker test 
for alpha-fetoprotein (AFP). Unfortunately, it is 
not elevated in over 50% of small HCCs – just 
when a serum biomarker screening test is most 
needed. Other serum biomarkers have also not 
yet been shown to be cost-effective in screening.

5  Diagnosis

An HCC diagnosis can be made with dynamic 
contrast-enhanced computed tomography (CT) 
or magnetic resonance imaging (MRI) or by 
contrast- enhanced abdominal ultrasound (US). If 
the lesion demonstrates specific imaging charac-
teristics of vascularity with washout, a diagnosis 
of HCC can be made radiographically, obviating 
the need for a biopsy.

6  Diagnostic Approach

Lesions  <1  cm are too small to be definitively 
diagnosed by further imaging or biopsy. They 
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should be monitored at short intervals of 
3–6 months for about 2 years. If the lesion disap-
pears or remains 1 cm, the patient may return to 
routine surveillance at 6-month intervals. If the 
lesion grows beyond 1  cm, or if a new ≥1  cm 
lesion develops, or if the AFP level is rising, a CT 
or MRI is obtained.

Lesions  ≥1  cm are evaluated by contrast- 
enhanced CT or MRI. Biopsy for histologic con-
firmation is not typically regarded as necessary if 
the lesion fulfills typical imaging criteria for HCC.

Typical HCC imaging features are defined as 
arterial phase hyperenhancement of the suspected 
nodule on scan, with washout in the portal 
venous, delayed, or hepatobiliary phases.

A resection or ablation procedure will anyway 
provide biopsy confirmation at the time of the 
procedure. When an initial imaging modality 
cannot provide a diagnosis with confidence, a dif-
ferent imaging modality seems reasonable as a 
follow-up.

Although the need for biopsy has become less 
compelling, based on recent guidelines, as prac-
ticing oncologists, we prefer core biopsy proof of 
HCC. Furthermore, as molecular testing for prog-
nostic and therapeutic subset identification 
becomes more accepted and useful, biopsy will be 
needed, just as it is for management of other solid 
tumors. Biopsy proof is certainly obtained for 
suspicious vascular liver masses without evidence 
of cirrhosis. Given the importance of the HCC-
surrounding liver for prognostic molecular signa-
tures (chapter “Biological Aspects of HCC”), we 
are also including biopsy of the non- HCC liver in 
our biobank collection for future studies.

All patients have a scan of the chest and abdo-
men, to identify the extent of the HCC and the 
HCC aggressiveness characteristics of maximum 
tumor dimension, number of tumor foci, and pres-
ence of PVT. Blood tests include hepatitis B and 
C markers, HCC serum biomarker, AFP and DCP 
levels, complete blood count and differential 

count and PT, liver function tests of total bilirubin, 
ALT, AST, ALKP, GGT, albumin, creatinine, as 
well as CRP and ESR levels. Calculation is made 
of BMI, NLR, PLR, and Glasgow Index.

7  Staging Systems for HCC

Staging is important both for prognosis and ther-
apy selection. Several systems are in use, but 
their common agenda is to take into account both 
liver disease severity and tumor aggressiveness 
factors of maximum tumor size, multifocality, 
and PVT.

The Barcelona Clinic Liver Cancer (BCLC) 
staging system includes factors for tumor stage, 
degree of liver function, and performance status 
of the patient and has been endorsed by EASL 
and AASLD. However, it includes fairly limited 
treatment recommendations. Korean, Japanese, 
and Chinese systems have been proposed, which 
may in part reflect there different HCC 
populations.

For all our patients, minimum workup 
includes a high-quality CT scan or MRI of the 
chest and abdomen with contrast liver images, 
together with tests for hepatitis B and C, com-
plete blood count, and liver function tests, to 
include GGT (especially helpful in that 50% of 
patients with low AFP levels), as well as serum 
AFP and DCP levels. BMI is also assessed and 
we routinely add inflammation markers CRP 
(together with albumin, for the Glasgow Index) 
and ESR and compute NLR and PLR for prog-
nosis evaluation.

Following diagnosis, a multidisciplinary set-
ting is usually considered appropriate for discuss-
ing the disease extent and treatment options. 
Especially in clinical trial settings, a psychologi-
cal evaluation is used for quality of life assess-
ment, as well as for liver transplant donors and 
recipients.
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Predictions of the BCLC classification:

 (a) Early-stage HCC patients (stage 0 and A) 
may benefit from potentially curative treat-
ments (liver transplant, resection, radio- 
frequency ablation).

 (b) Intermediate-stage (stage B) or advanced- 
stage (stage C) patients may benefit from 
TACE, RFA, or systemic TKI or ICI 
therapies.

 (c) End-stage disease (stage D) patients are 
offered supportive care and palliation.

8  HCC Clinical Biomarkers 
in Circulating Blood

Alpha-fetoprotein (AFP) is a glycoprotein pro-
duced in the embryonic liver and a form of fetal 
albumin, the synthesis of which is turned off at 
birth. Hence, an older name is oncofetal antigen, 
which, like CEA and glypican-3, is resynthesized 
in some tumors in adult life. It is frequently used 
and inexpensive and is a simple blood test to per-
form but is elevated in only 50% of patients with 
HCC. AFP is not a sensitive marker for screening 

A. Child-Pugh (CP) score for cirrhosis grade
Factor 1 point 2 points 3 points
Total bilirubin (μmolL) <35 35–50 >50
Serum albumin (g/L) >35 28–35 <28
PT INR <1.7 1.71–2.30 >2.30
Ascites None Mild Moderate/severe
Encephalopathy None Mild Severe
Scores: Class A Class B Class C

5–6 points 7–9 points 10–15 points
100%; 1-year survival 80%: 1-year survival 45%: 1-year survival

B. Some HCC staging systems
   (1) CLIP classification
Variables 0 points 1 point 2 points
(i) Tumor number Single Multiple −
Hepatic replacement by tumor <50% <50% >50%
(ii) Child-Pugh score A B C
(iii) a Fetoprotein (ng/nL) <400 ≥400 −
(iv) Portal vein thrombosis (PVT) No Yes −
   (2) Okuda classification
Tumor extenta Ascites Albumin (g/L) Bilirubin (mg/dL)
≥50% <50 + − ≤3 <3 ≥3 <3
(+) (−) (+) (−) (+) (−) (+) (−)

CLIP stages (sum of points): CLIP 0, 0 points; CLIP 1, one point; Clip 2, two points; CLIP 3, three points
Okuda stages: stage 1, all negative; stage 2, 1 or 2 (+); stage 3, 3 or 4 (+)
aExtent of liver occupied by tumor; CLIP Cancer of the Liver Italian Program

   (3) BCLC staging
Stage 0: very 
early

CP A; single nodule <2 cm; PS 0–1

Stage A: early CP A-B; 1 nodule or 2–3 nodules 
<3 cm; PS 0–1

Stage B: 
intermediate

CP A-B; multinodular; PS 0–1

Stage C: 
advanced

CP A-B; PVT or N1 or M1; PS 0–2

Stage D: terminal CP C; any T, N, or M; PS >2

CP Child-Pugh score, PS ECOG performance status, N1 lymph node involvement, T tumor size, M1 metastasis
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for small HCCs but is extremely useful if ele-
vated, when it can be used to follow the response 
of an individual patient to therapy or to see if 
therapy fails. It is also beneficial when used after 
surgery, resection, or ablation for tracking the 
possibility of recurrence, again, only in those 
patients in whom it was initially elevated at base-
line. However, its use as a screening tool in sur-
veillance is limited, when the search for small 
HCCs is the goal.

Recently, more HCC-specific tests have come 
into general clinical practice, such as a glycosyl-
ated form of AFP (itself, a fetal form of albumin) 
called AFP-L3.

Des-gamma carboxy prothrombin (DCP) or 
protein induced by vitamin K absence (PIVKA- 2) 
is an HCC-secreted biomarker, and US Food and 
Drug Administration (FDA)-approved kits for 
measuring both AFP-L3 and DCP are readily 
available to clinical labs. Several studies have 
shown that elevated DCP is common in the pres-
ence of portal vein thrombosis (PVT). The mol-
ecule is really interesting, as it is an immature 
form of the coagulation protein, prothrombin. 
The enzyme responsible for catalyzing the imma-
ture to the mature form of prothrombin has an 
absolute requirement for vitamin K.

A diagnostic model has been proposed that 
incorporates the levels of each of the three bio-
markers, AFP, AFP-L3%, and DCP, along with 
patient sex and age, into the Gender, Age, AFP- 
L3%, AFP, and DCP (GALAD) model, but awaits 
validation for screening.

Glypican-3 is another oncofetal glycoprotein 
that appears to have prognostic significance as an 
HCC serum biomarker and is being investigated 
both for use in imaging and as a potential target 
in HCC therapeutics.

None of these markers alone or together have 
yet been shown to be cost-effective for surveil-
lance though.

9  Therapies for HCC

The aims of therapy for HCC, as with other solid 
tumors of patients, is to firstly improve quality of 
life and secondly to improve lifespan or survival 

time. In all of oncology, the patient’s medical 
personnel must strike a balance between the 
objective of increasing survival as compared to 
untreated patients on the one hand and, on the 
other hand, to consider the availability, side 
effects (toxicities), risks, and costs of the intended 
approaches. In this section, a general overview of 
best treatments for the appropriate stage of the 
disease will be considered, but in chapter 
“Transarterial Radioembolization in 
Hepatocellular Carcinoma”, consideration will 
also be given to reasonable therapies to offer to 
HCC patients in less well-developed countries.

Overall, the complexities of patient decision- 
making, involving as they do, treatment of the 
underlying liver disease and how it affects both 
medical and surgical treatment choices, are best 
done in a multimodality setting. This normally 
requires the following specialities to be repre-
sented in the discussion: diagnostic radiology, 
interventional radiology, liver surgery, medical 
oncology, hepatology, and usually, pathology and 
psychosocial services. We have found that this 
provides an optimum environment for therapy 
decision-making and therapy sequencing, as well 
as identifying the personal needs of the individ-
ual patient to be able to cope with the needed 
treatments that are being suggested. Quite often, 
there is more than one reasonable approach to an 
individual’s HCC and associated liver patholo-
gies and comorbidities.

10  Therapies with Curative 
Intent: Injection, Ablation, 
Resection, and Liver 
Transplantation

Survival after the diagnosis of almost all solid 
tumors is typically best if the total identified 
tumor mass can be completely removed. This is 
most readily achieved for small HCCs (usually 
≤3 cm diameter in a minimally cirrhotic or non- 
cirrhotic liver). The tumor size constraints are 
typically due to the functional reserve of the 
underlying diseased liver, as well as the proxim-
ity of the tumor to major hepatic blood and bile 
vessels.
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Percutaneous injection of ethanol (PEI) or 
acetic acid is a time-honored, cheap, and easily 
performed procedure, requiring only a syringe 
and needle and an ultrasound machine to guide 
the needle placement, as well as the cheap agent 
to be injected. It has generally been supplanted 
by the other ablation techniques. However, it may 
be very useful for a resource-poor region. 
Typically, two to three small satellite lesions can 
also be treated this way, with repeat treatments 
every few months, as dictated by tumor growth or 
recurrence found on radiological follow-up. 
Patient tolerance is typically very good.

PEI has generally been superseded by radio- 
frequency ablation (RFA) or microwave ablation 
(MWA) procedures, which can be performed 
nonoperatively (percutaneously) or at open sur-
gery. Excellent tumor necrosis can be obtained 
for small tumors and with minimal patient toxici-
ties. Several studies have shown that even better 
tumor control can be achieved by combining 
RFA with TACE. Other forms of local ablation, 
such as hypothermia or hyperthermia, have fallen 
into disuse.

For all but minimal tumors, hepatic resection, 
involving various amounts of resected liver, 
depending on the size of the tumor and extent of 
the underlying liver disease, has been the standard 
of care for decades, where applicable. Multiple 
satellites can be removed at the same time, and 
often resection can be combined with RFA to dis-
tant liver nodules. Increasingly, hepatic resection 
is being done laparoscopically, by experienced 
surgeons. Major hepatic resections can be used 
only for patients with excellent liver function, 
Child-Pugh (CP) class A without portal hyperten-
sion or elevated bilirubin. The reason is that such 
resection depends on liver regeneration postsur-
gery, which is compromised by chronic liver dis-
ease. Limited resection can be used in the presence 
of CP A or B7 cirrhosis and sometimes even in the 
presence of tumor invasion of a bile duct or portal 
vein, though not the main trunk. Up to 50% 5-year 
recurrence rates are reported in large numbers of 
centers, with very low operative mortality (see 
chapter of Cost effective therapies B. Isik).

Liver transplantation differs from all the other 
HCC treatments in that it can cure two diseases 
simultaneously, namely, both the HCC and the 
underlying liver disease, usually cirrhosis. Using 

the well-established Milan criteria of a single 
HCC nodule not >5 cm or up to three nodules, 
not >3 cm, approximately 75% survival rates are 
typical, which is similar to transplantation sur-
vival rates for noncancerous liver diseases. 
Recently, several centers have shown similar sur-
vival rates for slightly larger HCCs. Regardless 
of size, the results are much poorer when macro-
scopic PVT is present that is observed radiologi-
cally. Many patients also have microscopic PVT 
that is usually found on pathological examination 
of the explanted liver. Survival rates are not as 
great for these patients but still much superior to 
the survival of patients with macroscopic 
PVT. More recently it has become apparent that 
patients with high pretransplant serum AFP lev-
els also have poorer survival and this has now 
become part of the selection process for patients 
awaiting liver transplantation. Exact AFP cutoff 
levels have not yet been agreed upon, although 
the range of 500–1000 ng of AFP/mL seems to 
offer useful cutoff guidance. Even with the most 
restrictive criteria for liver transplantation, 
between 10–15% of patients have HCC recur-
rence within 5 years, often in the lung and to a 
lesser extent in the new liver. Due to the persis-
tent loss of patients in the variable and sometimes 
long months of waiting for a cadaveric donor, 
some centers now offer live donor liver transplan-
tation (LDLT), which does not involve several 
months of waiting and therefore no loss of 
patients on the transplant list. As centers evaluate 
extending the Milan criteria to more advanced 
tumors, which then require downstaging for 
tumor control, even LDLT transplant recipients 
often require several months of waiting while 
their HCCs are brought under control 
(downstaged).

11  Management of HCC 
Patients with Tumors Not 
Suitable for PEI, Ablation, 
Resection, or Liver 
Transplantation

This group constitutes the majority of diagnosed 
HCC patients. Even the practitioners of trans-
plantation, resection and ablation (PEI, RFA, 
MWA) usually do not think of these therapies as 
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curative, although some use the phrase “curative 
intent.” The thinking is that if all visible tumors 
which have been seen on CAT scan are removed, 
then the patient (or a subset of patients) might be 
cured. Although theoretically possible, this is 
often unlikely. Considerations of tumor biology, 
explained earlier in this chapter, indicate the rea-
sons. HCC typically arises on a liver that is 
chronically diseased from HBV or HCV or alco-
holism or dietary aflatoxin consumption or, as 
recently recognized, from obesity/metabolic syn-
drome. Any of these etiologies lead in most 
patients to a degree of cirrhosis, which is regarded 
as a key intermediate step between cause and 
HCC development. This process usually takes 
upward of 10 years, although the degree of cir-
rhosis is clearly linked to the probability of sub-
sequent HCC development. Thus, in a cirrhotic 
liver, there may be millions of cirrhotic nodules, 
and many of them can be premalignant and even-
tually develop into HCC. Thus, it is only a matter 
of time before a patient with cirrhosis develops 
either liver failure, or HCC, or both. Therefore, 
after resection or ablation, there are multiple 
other residual cirrhotic liver nodules that are in 
the process of developing into HCC. This likely 
explains the high levels of recurrences postsurgi-
cal resection. This, however, does not explain 
recurrences post liver transplantation. For that, it 
is necessary to learn about how tumors of other 
organs spread, such as breast cancer to the liver, 
lung, and bone. The concept of circulating tumor 
cell micrometastasis was developed to explain 
this, which has received recent experimental sup-
port from evidence in patients with a variety of 
tumors, including HCC. In these patients, circu-
lating tumor cells (CTC) in the blood have been 
found, as well as circulating tumor DNA (ctDNA) 
fragments. Consistent with this is the observation 
that a proportion of HCC patients during the 
5  years after liver transplantation for HCC 
develop lung metastases. Their origins are 
thought to be from circulating tumor cells in the 
bloodstream.

As with any aspect of HCC therapy, consider-
ations of both tumor properties (maximum tumor 
diameter, number of tumor nodules, portal vein 
invasion and thrombosis [PVT], and serum levels 

of tumor markers, especially AFP) need to be 
taken into account, as each has prognostic implica-
tions. However, unlike most other tumors, patients 
with HCC usually have a second potentially life-
threatening disease, namely, hepatitis or cirrhosis, 
and the extent of the resulting liver damage has a 
major impact on the choice of which therapy might 
be safe. The indications and contraindications for 
liver transplantation, resection, or ablation are 
given in the chapters of S. Yilmaz and B. Ishik.

12  Trans-arterial 
Chemoembolization or TACE 
for HCC Confined to the Liver

The majority of HCCs are unsuitable for the 
above therapies at the time of diagnosis, because 
of the presence of portal hypertension, poor liver 
function, tumor multifocality, portal vein tumor 
thrombosis (PVT), extrahepatic tumor spread, 
old age, or comorbidities, and thus they are 
BCLC stages B, C, or D.

TACE has been the most commonly used non-
surgical treatment modality for these patients, if 
they are nonmetastatic, and has been the standard 
of care for intermediate stage HCC patients, 
BCLC B. The principle upon which it is based is 
that while the portal vein is the predominant sup-
plier of oxygenated blood to the liver, the hepatic 
artery supplies over 80% of the oxygenated blood 
to the HCC (but not to other tumor types in the 
liver). Any therapeutic agent that is injected into 
the hepatic arterial branch feeding the HCC will 
thus be relatively selective in targeting the HCC 
and will to a considerable extent spare the under-
lying liver parenchyma. Thus, through a needle 
placed percutaneously into the inguinal artery in 
the groin, a catheter is threaded into the arterial 
system and then into the liver (chapter by 
R. Kutlu) and to the hepatic arterial branch that 
feeds the tumor to be treated. High concentrations 
of cytotoxic cancer chemotherapy drug(s) can in 
this way be injected into the artery feeding the 
tumor. Usually, embolizing particles are also 
injected. This embolization has two purposes. By 
slowing down the hepatic arterial blood flow, it 
has been shown that increased amounts of cancer 
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chemotherapeutic agent are thereby taken up by 
the tumor. Additionally, some measure of tumor 
necrosis is achieved by injection of the emboliz-
ing particles. In addition to TACE, trans-arterial 
embolization, which uses only embolic materials, 
and hepatic arterial infusion chemotherapy 
(HAIC), which uses only antitumor chemothera-
peutic agents, has each been used as treatment 
modalities. The chemotherapy drugs most com-
monly used are doxorubicin, cisplatin, or a com-
bination of doxorubicin and cisplatin plus 
mitomycin C. However, there is little clinical trial 
evidence to support the choice of one of another 
nor the optimal dose of any of these drugs. This 
author prefers cisplatin over doxorubicin, due to 
its safety in cirrhosis, in which a high proportion 
of patients have portal hypertension-associated 
baseline thrombocytopenia. In recent years, doxo-
rubicin-based drug-eluting beads have been tried, 
but they do not seem to be superior to bland 
embolization. The procedure can be repeated on a 
schedule of every 6–12  weeks, or on demand, 
when there is evidence of residual vascular tumor, 
increasing tumor mass or new nodules, or rising 
serum AFP levels. The main toxicities are liver- 
related or transient abdominal pain from the 
embolization (post-embolization syndrome). A 
range of 30–70% response rates has been reported. 
However, modern evidence on survival advantage 
is largely lacking. The special case of presence of 
PVT deserves mention, as it is present in 30–40% 
of HCC patients. It was considered as a relative 
contraindication to TACE in the past, since TACE 
can damage the hepatic artery and PVT occludes 
the portal vein. However, in experienced hands, 
this still seems to be a moderately safe procedure, 
even in the presence of branch but not main stem 
PVT (see chapter of Trans-arterial chemotherapy 
and chemo-embolization T. Balli).

13  Trans-arterial Radio- 
Embolization or TARE 
for HCC Confined to the Liver

TARE has gained increased traction in recent 
years, due to its relative safety and effectiveness 
in patients who have PVT and its lesser toxicity 

profile compared to TACE. It consists of the intra-
hepatic arterial injection of glass or resin mic-
roparticles (Therasphere or SirSpheres) that have 
radioactive 90Ytrium as part of their structure (so 
it cannot be separated from the particle). It is a 
pure beta emitter, with a 64-hour half-life (back-
ground radiation levels are reached by 10 days; it 
decays to stable 90zirconium)) and a maximum 
path length of 1 cm (so the medical staff or patient 
family cannot get irradiated from it after injection 
into the patient). It seems to give higher tumor 
response rates compared to systemic sorafenib, 
but not to enhanced survival. Nor are there com-
parative head to head studies of the two commer-
cial products. Likewise, there are few phase III 
randomizations of TACE versus TARE results. 
However, some recent comparisons of TACE ver-
sus TARE show similar survival results and costs, 
on a 1-year perspective. Post TARE toxicity is 
mainly fatigue and post- embolization pain is gen-
erally absent. However, post-TARE liver toxicity, 
including increased levels of serum bilirubin, can 
occur in about 25% of patients, often non-tran-
siently. In some centers, TARE has become a 
standard for locoregional therapy in place of 
TACE (see chapter of Transarterial radio-emboli-
zation R.  Kutlu). Therasphere was approved by 
FDA in April 2021 for HCC therapy.

14  PVT Therapy

The presence of PVT is a major therapeutic chal-
lenge, especially since many patients have poor 
liver function. Several radiation approaches have 
been taken. TARE has been shown to be safe and 
can be effective in this setting, using either 
Therasphere or SirSpheres. However, external 
beam radiotherapy (EBRT) is looking increas-
ingly attractive, either with intensity-modulated 
radiotherapy (IMRT) or stereotactic body radio-
therapy (SBRT). Furthermore, TACE combined 
with EBRT has been shown to result in superior 
survival in patients with PVT.  Recently, PVT 
therapy with SBRT and downstaging of the pri-
mary tumor followed by liver transplantation 
have resulted in prolonged post liver transplant 
survivals.
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15  Treatment of Metastatic HCC 
or Patients Who Have 
Progressed on TACE or TARE: 
Systemic Therapies

First line This subject is rapidly changing, with 
new recommendations every 12 months or so at 
this moment. The discussion below and recom-
mendations must therefore be considered tenta-
tive and subject to change. The main nonsurgical 
treatments for advanced and nonmetastatic HCC 
confined to the liver are TACE and TARE.  For 
metastatic HCC or for patients who have already 
received and failed to respond to TACE or TARE 
or who have main branch PVT, systemic thera-
pies are the mainstay of treatment. At the time of 
writing, three therapies are considered as a first- 
line therapy after TACE or TARE or in TACE-/
TARE-ineligible patients and who have Child- 
Pugh class A cirrhosis as well as ECOG perfor-
mance status 0–1. They include the current first 
choice in first line, which is combination of 
atezolizumab (Tecentriq) plus bevacizumab 
(Avastin), which was approved in 2020, and then, 
for patients who are intolerant to the component 
drugs of this combination, either sorafenib 
(Nexavar, approved in 2007) or lenvatinib 
(Lenvima, approved in 2018). For patients who 
have failed/progressed on combination atezoli-
zumab plus bevacizumab, there are several TKI 
choices for second-line therapy. They include 
lenvatinib, sorafenib, regorafenib, or cabozan-
tinib or ramucirumab for patients with serum 
AFP levels ≥400 ng/mL. For those patients who 
received lenvatinib or sorafenib as first-line ther-
apy and then progressed, reasonable choices for 
the second line of therapy include atezolizumab 
plus bevacizumab, cabozantinib, regorafenib, or 
ramucirumab for those patients with serum AFP 
levels ≥400 ng/mL.

Multiple combinations of either immune 
checkpoint inhibitors (ICI) or ICIs plus TKIs are 
in progress and thus may supplant sorafenib or 
lenvatinib in the first line post TACE/
TARE.  Furthermore, as the response rates of 
these combinations continue to improve and 
approach the responses seen with either TACE or 

TARE therapy, these two locoregional therapies 
might even be supplanted in the future by the 
newer systemic therapies, using ICI or ICI/TKI 
combinations, which seem to have both higher 
responses and survival than sorafenib in compari-
son trials and higher survival than has been 
reported for TACE or TARE, without direct com-
parison trials. Current trials that appear promis-
ing include the combination of cabozantinib plus 
atezolizumab, as well as the combination of two 
ICIs, nivolumab and ipilimumab, durvalumab 
plus tremelimumab, as well as combination pem-
brolizumab plus lenvatinib.

There is a decades-long history of systemic 
chemotherapy for HCC, almost entirely without 
survival advantage, when tested in prospective, 
randomized clinical trials. This approach has 
therefore been mainly abandoned, especially 
since the approval of oral sorafenib, a tyrosine 
kinase inhibitor (TKI). That was the first FDA- 
approved drug that was not a cytotoxic agent but 
was developed as an inhibitor of the Raf-1 pro-
tein and thus of its downstream signaling media-
tors, MEK and ERK.  It also has multiple other 
targets, including vascular endothelial growth 
factor receptor-2 (VEGFR-2), platelet-derived 
growth factor receptor (PDGFR), and c-kit. It 
was FDA-approved based on the phase III 
SHARP trial (published in 2008), in which 
median overall survival for sorafenib was a statis-
tically significant 10.7 months versus 7.9 months 
for placebo. A confirmatory phase III trial in 
Asian patients also showed significant median 
overall survival advantage for sorafenib of 
6.5  months versus 4.2  months in the placebo 
group. Thus, in Asian patients, survival in the 
sorafenib arm of the trial was worse than in the 
western placebo arm of the SHARP trial. Several 
other findings were of note in the SHARP results. 
Partial responses were only 2%, while 70% of 
both sorafenib and placebo patients had stable 
disease. Furthermore, responses were higher in 
patients who had HCV as compared with those 
who had HBV. There was a dissociation between 
a significantly improved survival (if only10 
weeks) for sorafenib and extremely low response 
rates (compared to TACE and TARE). Perhaps 
this means that for TKIs, which do not function 

Overview of Clinical HCC and Its Management



122

primarily by killing HCC cells, unlike cytotoxic 
chemotherapy, but rather by modulating their 
growth, stable disease may be an important end 
point in its own right. If so, this requires a major 
shift in our thinking about end points for medical 
therapies for HCC.  Furthermore, the sorafenib 
toxicities were considerable, with a high percent-
age of patients having clinically meaningful 
tiredness and lethargy, as well as hand-foot syn-
drome, skin rash, hypertension, hoarseness, 
anorexia, weight loss, constipation, and alopecia. 
In addition, the SHARP trial did not demonstrate 
an improvement in quality of life for sorafenib 
versus placebo.

The REFLECT trial was a phase III noninferi-
ority study in previously untreated metastatic or 
unresectable HCC patients, comparing lenvatinib 
to sorafenib. The median overall survival was 
13.6 months for lenvatinib and 12.3 months for 
sorafenib. Based upon these results and its toxic-
ity profile, lenvatinib was preferred by many to 
sorafenib in the first line.

However, everything has changed again with 
the superior responses and survival results of the 
IMBrave150 phase III trial, in which previously 
untreated HCC patients were randomized to 
receive the combination of atezolizumab 
(Tecentriq, an ICI) plus bevacizumab (Avastin, a 
monoclonal antibody targeting angiogenesis) 
versus sorafenib (Nexavar). Objective response 
rates were 27.3% of patients in the combination 
arm versus 11.9% for the sorafenib arm. In addi-
tion, 5.5% of patients in the combination had 
complete responses (disappearance of HCC) 
compared to none for sorafenib. The overall sur-
vival was 19.2 months for the atezolizumab plus 
bevacizumab combination arm versus 
13.4 months for the sorafenib arm. Furthermore, 
the quality of life was also improved in the com-
bination arm, with many patients continuing to 
work. The FDA has just given a breakthrough 
therapy designation for the combination of lenva-
tinib (Lenvima, a TKI) plus pembrolizumab 
(Keytruda, an ICI), which gave an ORR of 46% 
and OS of 22 months. A phase III study is ongo-
ing. Multiple other TKI plus ICI combination tri-
als are underway.

16  Therapies for Patients Who 
Failed Sorafenib

Second line regorafenib, cabozantinib, ramuci-
rumab, nivolumab, pembrolizumab, nivolumab 
plus ipilimumab.

Until 2020, there were two approved first-line 
(or post TACE/TARE) therapies, namely, 
sorafenib and lenvatinib, and six second-line 
FDA-approved therapies for sorafenib intoler-
ance or failure. They were regorafenib (TKI), 
cabozantinib (TKI), ramucirumab (TKI), 
nivolumab (ICI), pembrolizumab (ICI), and 
nivolumab plus ipilimumab (ICIs) (Checkmate 
040 study). However, at the time of this writing 
(March 2021), combination atezolizumab plus 
bevacizumab has been approved in the first line 
and is so superior to the other agents that current 
standard of practice is to use it first in the first 
line. This has changed thinking about best choice 
in the second line – another first-line TKI or one 
of the second-line therapies? This so-called 
sequencing algorithm is currently being evalu-
ated, based upon multiple factors including indi-
vidual patient tolerance to TKIs, AFP level 
(ramucirumab was approved for patients with 
elevated AFP; REACH-2 trial).

Currently, multiple clinical trials are in prog-
ress, combining PD-1 and CTLA-4 inhibitors 
with various ICIs and/or TKIs, as well as combi-
nations of ICIs with TACE or TARE.

17  Combination Systemic or 
Regional Therapies 
Combined with Surgery: 
Bridge to Transplant, 
Downstaging for Transplant, 
and Adjuvant 
(Posttransplant or Resection)

Bridge to transplant The variable long waiting 
lists in some liver transplant centers mean that 
some patients who qualify for a cadaveric liver 
transplant (within Milan criteria) can neverthe-
less drop out of the transplant wait list if their 
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HCC grows sufficiently during the months of 
waiting. Considerable effort is currently expended 
on keeping the HCCs of these patients from 
growing and thus preventing a disqualification of 
the patient from receiving a cadaveric liver trans-
plant. Both locoregional therapies and systemic 
therapies appear to be suitable in this “bridge to 
transplant” context.

Downstaging Many patients have HCCs that 
are larger than permitted by the Milan criteria for 
cadaveric liver transplantation but who have good 
liver function and thus the possibility of therapy- 
mediated tumor shrinkage or downstaging, so 
that their tumors then might decrease to within 
transplant criteria. Due to a higher response rate, 
TACE or TARE are currently used in this situa-
tion, but as the newer ICI-containing combina-
tions induce responses above 30% of patients, 
they may in the future supplant locoregional ther-
apies in this setting. Furthermore, as various cen-
ters expand the size of tumors that they are 
willing to transplant, the combination of neoad-
juvant therapy plus transplantation may increase 
the posttransplant survival of these patients, by 
bringing the tumors under pretransplant control.

Adjuvant therapies postsurgery After poten-
tially curative hepatic resection, approximately 
50% or more of patients develop recurrences in the 
residual liver within 5 years of resection. This is 
unsurprising from knowledge of the biology, since 
the whole of a cirrhotic liver is potentially capable 
of generating new HCCs in the post- resection 
parenchyma or capable of being invaded by HCC 
cells via microscopic portal vein invasion from the 
resected primary HCC. This is an important unmet 
need in HCC therapy. Multiple trials using chemo-
therapy have failed to decrease recurrences, as did 
the sorafenib in the STORM trial. Nevertheless, at 
least two studies showed a post-resection survival 
benefit for hepatic arterial delivery of 131I-Lipiodol 
(gamma radiation emission) therapy.

PVT There have also been multiple publications 
on the treatment of PVT with various forms of 
radiation (external beam and SBRT, among oth-
ers) in the neoadjuvant setting, prior to resection 

or live donor liver transplantation (LDLT) for 
HCC, or as a means of shrinking a tumor suffi-
ciently away from a main vessel to enable safe 
surgery (see chapter of Radiotherapy for HCC 
A. Shamseddine).

18  Hepatitis Therapy and HCC

Neonatal vaccination against HBV is a great 
modern public health triumph in gradually elimi-
nating HBV-based HCC: primary HCC preven-
tion. There is no equivalent HCV vaccine. HCC 
incidence in untreated HCV patients is directly 
related to the stage of fibrosis and cirrhosis. 
Direct-acting antiviral agents (DAAs) can cause 
a >90% decrease in HCV viral load and a 
decrease, but not an elimination, in HCC inci-
dence rates, especially in patients without cirrho-
sis. This is an important example of secondary 
HCC prevention. There are several reports of a 
more aggressive HCC phenotype (increased AFP 
and PVT) in those DAA-treated patients who do 
develop HCC. Furthermore, the timing of DAA 
treatment in patients who already have HCC is 
controversial and should likely be deferred till 
after HCC treatment. Furthermore, the effects of 
DAA therapy on time to recurrence post HCC 
treatment and the aggressiveness of recurrences 
are currently unclear.

There has been a two decades-long decline in 
HBV-based cirrhosis and HCC incidence in HBV 
patients who were treated with nucleos(t)ide ana-
logs. However, it requires prolonged treatments 
and does not result in a cure, due to the persis-
tence of covalently closed circular HBV DNA. In 
contrast to HCV patients with HCC, patients with 
HBV-based HCC are advised to be treated with 
nucleoside analogs before their HCC treatments, 
to prevent further liver injury and reduce the risk 
of HCC recurrence after HCC treatments (ter-
tiary prevention). In addition, nucleos(t)ide ana-
log treatments seem to increase survival even in 
nonsurgically treatable HCC patients.

Conclusions HCC patients typically have two 
diseases, the tumor and the underlying liver, 
which likely have bidirectional influences. 
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Multiple factors impact the therapeutic approach 
in an individual patient, including the extent of 
the liver damage and the site and aggressiveness 
characteristics (maximum tumor size, number of 
tumor nodules, presence and extent of PVT). The 
most reasonable practical approach is the multi-
disciplinary tumor board that best includes inter-
acting surgeons, oncologists, diagnostic 
radiologists, interventional radiologists, radiation 
oncologists, hepatologists, nursing, palliative 
care team, and psychosocial support colleagues, 
as well as representatives from the tumor registry 
and clinical research.
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1  Liver Resection 
for Hepatocellular 
Carcinoma

Therapeutic approaches in the treatment of hepa-
tocellular carcinoma (HCC) involve tumor stage, 
liver function, tumor biology, and patient comor-
bidities. Decision of treatment option also 
depends on the capabilities of the center, famil-
iarity of the physicians to the liver diseases, and 
budget of the social security system.

Surgical resection can be performed safely in 
patients with non-cirrhotic livers. These patients 
account for 5–10% of HCC in Western countries 
[1]. This incidence is 30–50% in Eastern Asia 
and majority of Africa where HBV is endemic [2, 
3]. Major hepatic resection in these patients is 
associated with mortality and morbidity rates less 
than 4% and 33%, respectively, and 5-year over-
all survival of 50% [4–7]. Even re-resection of 
the recurrences in selected patients offers 5-year 
survival rate of 80% [8]. On the other hand, in 
one-third of patients with nonalcoholic fatty liver 
disease in whom HCC developed, there will be 
no sign of cirrhosis, and postoperative complica-
tion rates are high in these patients with impaired 
liver regeneration [9–11]. Perhaps a biopsy to 
evaluate the liver parenchyma in the preoperative 
period may be suitable when imaging studies 
suggest possible steatosis.

Resection is also suitable in patients without 
clinically significant portal hypertension and in 
Child A class patients. Resectability decision of a 
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tumor needs precise evaluation. Recently periop-
erative mortality after resection in cirrhotic 
patients is reported to be under 5% [12–14]. In 
fact, it is not possible to standardize a resectabil-
ity definition. Localization of the tumor and mul-
tinodularity are important anatomical points. 
AASLD guideline summarizes resectable HCC 
from variable references as those (i) minor hepa-
tectomy with one to three unilobar lesions, with 
an upper size limit of 5 cm for single lesions and 
3 cm for more than one lesion (some trials accept 
two lesions up to 4 cm), (ii) without radiographic 
evidence of extrahepatic disease or  macrovascular 
invasion, and (iii) occurring in the setting of min-
imal or no portal hypertension and in the absence 
of synthetic dysfunction (Barcelona Clinic Liver 
Cancer stage 0 or A) [15]. On the other hand, 
Roayaie et al. suggested that selection criteria for 
resection may be expanded with favorable out-
comes [16]. EASL guidelines included patients 
with portal hypertension for minor hepatectomy 
if MELD score is <9 [17]. They also emphasized 
on liver decompensation with a 9% risk of mor-
tality. Solitary tumor is associated with favorable 
prognosis where size is not a significant factor 
[18]. Major hepatectomy which is defined as 
resection of three or more Couinaud segments is 
achievable with no evidence of portal hyperten-
sion and with a MELD score  <9 [19, 20]. 
However, the most important aspect is leaving an 
adequate hepatic remnant after resection which 
depends on the functional reservoir of the liver. 
Mostly the postoperative course after resection in 
patients with resectable tumors and without por-
tal hypertension is uneventful, and 5-year sur-
vival rate is nearly 70% [1]. In patients with 
elevated bilirubin and portal hypertension with or 
without multifocal disease, 5-year survival rate is 
<30% whatever their Child-Pugh score is [21, 
22]. Postoperative decompensation characterized 
by persistent jaundice and/or ascites beyond 
3 months is seen in 10–12% of patients, and this 
condition is associated with mortality in the first 
year [19, 23–25]. The determinative factor for the 
dimension of tumor which can be resected is the 
functional capacity of the future remnant. As far 
as this capacity is enough, large resections, 
greater than three segments, can be performed 
safely. An indocyanine green clearance (ICG) 

test can estimate liver function. An ICG retention 
rate of 14% at 15 minutes is acceptable for major 
hepatectomy where 22% is enough for minor 
hepatectomy [18, 26]. Also more recently devel-
oped LiMAx® (Humedics, Berlin, Germany) test 
is a useful diagnostic test to predict postoperative 
failure risk [27].

The future liver remnant volume in patients 
without cirrhosis should be 25–30%, in patients 
after chemotherapy should be 30%, and in patients 
with evidence of cirrhosis should be 40% [28–
31]. Although currently portal vein embolization 
is the first-line choice for small liver remnant, in 
20–30% of the cases, resection cannot be per-
formed due to insufficient hypertrophy, disease 
progression, and complications [32, 33]. 
Associating liver partition and portal vein ligation 
for staged hepatectomy (ALPPS) was introduced 
by Schnitzbauer et  al. for future liver remnant 
hypertrophy in patients with advanced colorectal 
liver metastasis [34, 35]. Regenerative effect of 
ALPPS seems due to alterations in portal flow and 
systemic response to parenchymal transection 
inducing hepatocyte proliferation and remodeling 
[36]. How much regenerative response can be 
achieved in a fibrotic liver tissue may be question-
able, but an animal model revealed an attenuated 
but present ALPPS- derived regeneration [37]. 
Although there are concerns about the feasibility 
of the procedure, in a review by Zhang et al., it 
was concluded that ALPPS is a safe and feasible 
approach to treat selected patients with unresect-
able HCC [38]. However patients with a model of 
end-stage liver disease (MELD) score of more 
than 10 revealed increase in mortality [39]. 
Careful selection of the patients to avoid liver fail-
ure, small for size syndrome, and perioperative 
31% mortality rate are essential while patient is 
evaluated for ALPPS [29, 40, 41]. To induce the 
hypertrophy of future remnant liver, portal vein 
embolization has also been used [42]. Liver resec-
tion for HCC following portal vein embolization 
is a safe procedure with morbidity rates of 
19–55% and mortality rates of 0–12% [32, 43–
51]. The 5-year overall survival ranged from 44% 
to 72% in patients who underwent surgical resec-
tion for HCC after portal vein embolization. If 
portal vein embolization is combined with trans-
arterial chemoembolization, the hypertrophy of 
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the future remnant liver is greater because the 
arterial flow is also occluded [52].

Curative resection attempts for intermediate 
and advanced HCCs are controversial. Koh et al. 
reported a systematic review of 74 articles for 
intermediate and advanced Barcelona Clinic 
Liver Cancer (BCLC) stage HCC [53]. Current 
guidelines don’t propose surgical resection for 
these stages. However, Koh et al. revealed in this 
review that the median 5-year overall survival 
after resection for BCLC B is 38.9 (range: 10.0–
57.0%) which is better than other treatment 
choices. The same study also demonstrated that 
median 5-year overall survival after liver resec-
tion for BCLC C cases is 20% which is poor. 
Surgical resection also seems as a good choice in 
this report for multifocal HCC with the median 
5-year overall survival of 54.0% (range: 29.9–
75.5%). In a review by Kim et  al., the median 
5-year overall survival rate was 65% after resec-
tion for HCC within “Milan criteria” including 
multifocal HCC [54]. Kokudo et al. evaluated the 
survival benefit of resection in HCC patients with 
portal vein tumor thrombosis [55]. They reported 
that as long as the thrombus is limited to the first- 
order branch, resection is associated with longer 
survival than nonoperative approach. The sur-
vival benefit was not statistically significant in 
patients with thrombus invading the main trunk 
or contralateral branch.

Another group of patients are the ones with 
extrahepatic spread. Because the presence of 
extrahepatic disease is considered as a contrain-
dication for surgical therapy, most of the patients 
treated for metastatic disease are previously 

resected or transplanted ones. Encouraging 
results have been obtained from metachronous 
extrahepatic metastasectomy. Extrahepatic 
metastasectomy after initial treatment which is 
transplantation or resection is associated with 
20-month increase in median overall survival 
when compared to treatment of these patients 
with sorafenib alone [56]. Berger et al. reported 
1-, 2-, and 5-year overall survival rates for extra-
hepatic metastasectomy as 77.4, 53.1, and 25.1%, 
respectively. Patients who underwent lung resec-
tions had better median overall survival com-
pared to metastasectomy performed for other 
sites. In this same report, it was shown that 
patients with ≤2 metastases benefit from metas-
tasectomy [56]. In a recent study, Yoh et  al. 
reported their repeat surgery results for both 
intra- and extrahepatic recurrences [57]. They 
concluded that surgery for recurrent HCC may 
yield long-term survival for both intra- and extra-
hepatic recurrences in selected patients.

There is no consensus on the type of the 
resection to be performed. Anatomical or non-
anatomical resections may be preferred. 
Makuuchi who introduced anatomical liver 
resections suggests this procedure to minimize 
the volume of noncancerous but cirrhotic liver to 
be resected with optimal outcomes [58]. 
Intrahepatic metastases occur from tumor cells 
carried via portal venous branches. Anatomical 
resection defined by Makuuchi et al. is resecting 
one or more segments by mapping the correspond-
ing portal branch of the tumor [59]. Nonanatomical 
or limited resection is removal of the tumor 
with adequate tumor-free margins (Fig. 1). In a 

Fig. 1 Nonanatomic resection of two HCC nodules in the cirrhotic liver
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meta-analysis by Jiao et al., overall survival ben-
efit at 3 and 5 years was superior and statistically 
significant in anatomical resection group [60]. 
Again statistically significant disease-free sur-
vival benefit from anatomical resection was 
gained at 1, 3, and 5 years. On the other hand, 
this same study suggests a subgroup of patients 
with poor liver reserve function who can benefit 
from nonanatomical resection. Tumor located at 
the liver margin, tumor diameter >5 cm, or mul-
tiple tumors in different hepatic segments should 
be removed nonanatomically but with adequate 
surgical margins. This suggestion is made for 
preservation of more remnant liver volume.

The recurrence rate after resection is about 
70% at 5 years. The prognostic factors influenc-
ing this outcome are tumor differentiation, micro- 
and macrovascular invasion, and satellite nodules 
[18, 61]. Liver resection should be the treatment 
for resectable HCC with sufficient liver function 
in the regions where transplantation is not possi-
ble. The 5-year overall survival rates of 81.7%, 
77.2%, 44%, and 28.2% for TNM stages I, II, 
IIIA, and IVA patients after resection, respec-
tively, are reported by Fan et  al. [18]. There is 
also limited data in the literature about 10-year 
survival after resection for HCC. Recently Linn 
et al. reported their results for actual 10-year sur-
vivors and 10-year recurrence-free survivors 
after liver resection [62]. Their actual 10-year 
overall survival rate was 31.5%, and the actual 
10-year recurrence-free survival was 18.6%. 
They revealed that only age and absence of cir-
rhosis were the most important predictors of 
10-year survival. They also showed their results 
with patients with unfavorable prognostic  factors. 
They had patients who survived beyond 10 years 
with AFP >1000 ng/mL, ruptured HCC, and mar-
gins of <1 mm.

Liver resection is still an effective treatment 
option for HCC both in cirrhotic and non- 
cirrhotic livers. Although liver transplantation is 
the definitive treatment for HCC and the underly-
ing disease, the procedure needs a big teamwork 
and equipped hospital. Also the cost of the proce-
dure is not standard with many variables from 
comorbidities of the patient to posttransplant 
follow-ups and complications. The guidelines 

have disparities about the resection of HCC for 
both single and multiple lesions. Careful patient 
selection for resection offers comparable overall 
survivals with transplantation for HCC patients.

2  Local Ablative Treatments: 
Percutaneous Ethanol 
Injection, Radiofrequency 
Ablation, and Microwave 
Ablation

HCC is the most common primary liver cancer. 
When all liver cancers are considered, the 5-year 
survival rate is below 20% [63]. Traditional treat-
ment methods for HCC are surgical resection and 
liver transplantation. While the rates of local 
recurrence are reduced with surgical resection, 
liver transplantation may completely remove the 
tumor and also cure the underlying liver disease. 
For these reasons, the results of these treatments 
are better. However, a recent study showed that 
only less than 10% of HCC patients are eligible 
for surgical resection [16]. Patients who are not 
surgical candidates may benefit from locore-
gional treatments.

2.1  Percutaneous Ethanol 
Injection

Percutaneous ethanol injection (PEI) is one of the 
first described ablation therapy for hepatocellular 
carcinoma (HCC) [64]. It is inexpensive and 
well-tolerated with few complications. PEI is 
performed with the guidance of ultrasound (US). 
This allows to perform precise targeting of the 
lesion, to administer sufficient amount of ethanol 
and real-time manipulation of the needle, and to 
control the ethanol distribution within the tissue.

HCC is a hypervascular tumor that mostly 
develops in the cirrhotic liver. Its hypervascular-
ity helps homogeneous distribution of ethanol, 
and a relatively stiff cirrhotic liver keeps ethanol 
within the softer tumor. Ethanol causes cell dehy-
dration and coagulation necrosis and also induces 
endothelial cell necrosis which triggers thrombo-
sis of tumor vessels.
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All the features mentioned above make PEI an 
effective treatment option for HCC, especially in 
early stages. Best results for PEI can be achieved 
in single HCC lesions less than 3  cm in 
diameter.
PEI is used less frequently because of the wide-
spread use of RFA and its better results. However, 
it can be used safely in patients who cannot reach 
other treatment options.

2.2  Radiofrequency Ablation

Radiofrequency ablation (RFA) is a highly effec-
tive, safe, and most commonly used thermal abla-
tion therapy to date. It destroys tumor tissue with 
the heat generated by radiofrequency effect. This 
effect, which is achieved by using high-frequency 
(460–500  kHz) alternating current, is created 
with the help of a special needle inserted into the 
tumor tissue under US or CT guidance. When the 
tissue temperature reaches 60–100  °C, protein 
denaturation, sudden cell death, and coagulative 
necrosis of the tumor develop. In order to reduce 
local recurrence, 5–10 mm liver tissue around the 
tumor should be ablated as a safety margin to 
destroy possible adjacent micrometastases with 
the tumor tissue as well. This helps to reduce 
local recurrences.

Tumor size should be <4 cm to achieve com-
plete cure, but best results are obtained in BCLC 
stage 0 HCCs. EASL guidelines recommend 
RFA therapy as the first-line treatment for very 
early-stage HCC (single tumor <2  cm) rather 
than surgical resection [65]. RFA can be used for 
single tumor <5 m or up to three tumors <3 cm 
without extrahepatic metastasis. The main pur-
pose of using RFA in tumors larger than 5 cm is 
to reduce tumor size before chemotherapy or to 
relieve pain [66].
RFA treatment also has some limitations like 
charring around the electrodes which limits heat 
distribution and heat-sink effect if tumor is adja-
cent to vascular structures (>3  mm). Bile duct 
damage, liver failure, vascular damage, and liver 
abscess are the most common major complica-
tions of RFA [67, 68].

2.3  Microwave Ablation

Microwave ablation (MWA) uses needlelike 
probes that broadcast microwaves. These 
microwave- emitting needle probes are placed in 
the tumor tissue percutaneously, laparoscopi-
cally, or with open surgical technique. These 
microwaves (900–2400  MHZ) cause oscillation 
of water molecules in the soft tissue, and this 
vibration and molecular friction produce high 
amount of heat which causes coagulation necro-
sis and ablation of tumor. MWA provides higher 
intra-tumoral temperatures compared to 
RFA.  While RFA causes conductive heating, 
MWA provides active heating and is less prone to 
heat-sink effect. Since multiple probes can be 
activated at the same time, the treatment of large 
or multiple tumors can be performed more rap-
idly, and no grounding is required since no elec-
tric current is used. Also, MWA is less painful 
than RFA.

HCC differs from other types of cancer in that 
the two severe diseases, cirrhosis and cancer, 
coexist. Therefore, its staging should be sup-
ported by other parameters that show the severity 
of the liver disease which have direct impact on 
mortality in these patients. BCLC staging sys-
tem, which is most widely used, has been vali-
dated by different clinical studies and helps to 
determine treatment options according to stage of 
the cancer.

Basically, the main treatment options for HCC 
are liver transplantation and surgical resection. 
Best overall and disease-free survival rates are 
achieved with these treatments. However, the 
majority of HCC patients are not suitable for 
these treatments. While most patients are diag-
nosed in the advanced stages, some of the patients 
which are diagnosed in the early stages cannot be 
treated with these options for various reasons 
(comorbidities, portal hypertension, insufficient 
hepatic function, inability to tolerate general 
anesthesia, tumor location, etc.).

Patients with preserved liver function, excel-
lent performance (ECOG 0), and tumor size 
<2 cm and without vascular invasion are classi-
fied as BCLC stage 0 and single tumor or two to 
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three nodules ≤3 cm who are Child-Pugh score 
A or B are BCLC stage A.  According to the 
BCLC classification, ablation therapies can be 
used for curative purposes for these groups of 
patients who are not candidate for surgery. RFA, 
which has less complication rate and is more 
cost- effective compared to surgical resection, 
provides good results as surgical resection espe-
cially in patients with stage 0. In a recent meta-
analysis by Majumdar A et al., management of 
patients with very early- and early-stage HCC is 
analyzed. Although there was no significant dif-
ference in all-cause mortality between surgery 
and RFA, cancer-related mortality was lower in 
surgery group. Serious adverse events were 
higher in surgery group as expected. In patients 
not suitable for surgery, those treated with PEI 
had higher mortality rates at maximum follow-
up than those treated with RFA [69]. Another 
network meta- analysis by Gui-Qi Zhu et al. eval-
uated 14 randomized controlled trials. Compared 
to surgical resection, PEI was associated with a 
significantly increased proportion of dead 
patients with small HCC, whereas RFA showed 
no significant effect on proportion of dead of 
these patients. Surgical resection was superior 
for overall and recurrence- free survival com-
pared to ablative therapies but with more adverse 
events [70].

In a recent population-based study from 
Taiwan, Yun-Jau Chang et  al. analyzed 4496 
patients treated with either RFA or PEI. Patients 
treated with RFA had better overall survival, 
disease- free survival, and local recurrence-free 
survival at 3, 5, and 9 years than patients treated 
with PEI. Median overall survival and recurrence- 
free survival were 72.1 and 45.2  months in the 
RFA group, while 61.5 and 41.9 months in the 
PEI group, respectively [71].

In a study conducted in China, HCC patients 
with solitary tumor (2.1–5.0  cm) were divided 
into two groups. While resection was applied to 
one group, RFA and PEI combination (RFA was 
performed 3–5 min after PEI in the same session) 
was applied to the other group, and these patients 
were analyzed in terms of overall survival and 
disease-free survival. PEI-RFA combination 
therapy was found to be superior to resection in 

terms of overall survival, disease-free survival, 
complication rates, length of hospital stay, and 
cost [72].

RFA can also be used in combination with 
transarterial chemoembolization (TACE). A 
meta-analysis of seven randomized controlled 
trials showed that RFA plus TACE significantly 
improved the survival rates of patients with HCC 
at 1 and 3 years compared to RFA alone. When 
subgroup analysis was performed according to 
tumor size, it was seen that this difference was 
more pronounced in HCCs larger than 3 cm for 
survival rates at 1, 3, and 5 years, and there was 
no significant difference between the two groups 
in tumors smaller than 3 cm [73]. This combina-
tion can be applied in two ways. When RFA is 
applied first, thermal damage is inflicted on the 
tissue in sublethal doses, and this increases the 
effect of chemotherapeutic agents by reducing 
the cellular resistance. When TACE is applied 
first, as the arterial flow of the parenchyma 
decreases, the heat-sink effect is reduced and 
RFA provides a more effective ablation in a larger 
area [74].

One of the important factors that make abla-
tion treatments challenging is tumor localization. 
Especially, tumors close to the liver capsule, 
large vascular structures, intraabdominal organs, 
and diaphragm make application difficult which 
often leads to unsatisfactory ablation. To prevent 
this, different methods such as RFA application 
with laparoscopic or open surgical technique 
instead of percutaneous technique or creating 
artificial ascites have been tried. Zachary 
Makovich et  al. analyzed HCC patients with 
tumors adjacent to large vascular structures or the 
diaphragm treated with MWA. When compared 
to the control group, it was found that the rates of 
local recurrence in these patients were statisti-
cally higher. Although the procedure-related 
complication rates were detected as 20.9% in the 
risky group and 10.9% in the control group, it 
was stated that those were not statistically signifi-
cant. Median survival rates were also similar for 
both groups [75].

Microvascular invasion (MVI) is one of the 
prognostic factors for HCC but can only be 
detected by biopsy. Sunyoung Lee et al. investi-
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gated the effect of MVI on early recurrence after 
surgery or RFA treatment in patients with HCC 
smaller than 3  cm. Using laboratory and radio-
logical data, they developed an MVI scoring for-
mula and validated it. Early recurrence rates were 
found to be significantly higher in patients with 
high MVI risk scores and those treated with 
RFA.  However, early recurrence was observed 
less frequently in high-risk patients treated with 
surgery [76].

One of the most important factors affecting 
overall survival in HCC patients is recurrence. 
Tumor recurrence may occur early (<2 years) or 
late (>2  years). Early recurrence is generally 
related to the biological features of the tumor. 
Late recurrence is considered to occur due to de 
novo carcinogenesis and likely emerging in 
another focus rather than the primary tumor. 
After RFA, early recurrence is usually encoun-
tered after inadequate ablation of the primary 
tumor or surrounding satellite foci. Studies about 
late recurrence after RFA are lacking. In a recent 
study by Yi Yang et  al., the risk factors of late 
recurrence after RFA were investigated. Male 
gender, multiple tumors, and cirrhosis were 
found to be independent risk factors [77].

Ablation treatments are also an important 
option in patients with recurrence HCC.  These 
treatments are good alternatives, especially when 
recurrence occurs in patients with reduced liver 
volume after surgical resection. Although there 
are studies in the literature that report that repeti-
tive surgical resections give better results in these 
patients, there are also studies stating that there is 
no difference in comparisons with RFA.  In a 
recent meta-analysis conducted by Junjie Liu 
et al., it was observed that there was no signifi-
cant difference between RFA and recurrent surgi-
cal resection in patients with recurrent tumors 
within Milan criteria when 1-, 3-, and 5-year sur-
vival rates were compared. Surgical resection 
provides survival advantage when tumor size 
exceeds 5 cm [78].
There are certain treatment options for HCC that 
have been defined and standardized according to 
the stage of the disease. However, not every cen-
ter or country has the chance to reach the most 
ideal treatment. This may be due to economic 

reasons or lack of qualified personnel. Ablation 
treatments provide overall survival rates close to 
surgical resection, with lower cost and less com-
plication rates, especially in early-stage 
HCC. The severity of the underlying disease and 
the characteristics of the tumor are the most 
important factors affecting the success rate. 
These techniques can be used safely in selected 
patients.
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Transarterial Radioembolization 
in Hepatocellular Carcinoma
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1  Introduction

Hepatocellular carcinoma (HCC) is one of the 
deadliest cancers. It is the most common primary 
liver cancer, sixth most commonly diagnosed, 
and fourth cause of cancer-related mortality 
worldwide and represents about 75–85% of pri-
mary cancers [1, 2].

There are mainly three modes of treatment: 
(1) surgical treatments, e.g., resection and trans-
plantation; (2) interventional oncologic liver- 
directed therapies (ablation, bland embolization, 
chemoembolization, radioembolization, etc.); 
and (3) systemic chemotherapy which is indi-
cated for advanced stages [3]. Interventional 
oncology (IO) has a spectrum of treatment 
options for the treatment of HCC. In addition to 
the widely used and well-established IO proce-
dures like radiofrequency ablation and transarte-
rial chemoembolization (TACE), transarterial 
radioembolization (TARE) with Yttrium-90 (90Y) 
is becoming an indispensable part of HCC man-
agement [4]. Despite these options, the prognosis 
is poor especially for advanced-stage patients 
that only one-third of them might benefit from 

curative therapies, in addition to the fact that 
underlying liver diseases predispose to new 
tumor formation [5].

Although majority of the patients are in inter-
mediate or advanced stages at the time of presen-
tation, therapeutic options are limited, but 
radioembolization with 90Y, which is a form of 
localized brachytherapy, has an important role in 
all stages of HCC with curative intent to pallia-
tion [3, 6–8].

2  Radioembolization

The Liver has a dual blood supply, and about 
95% of the tumoral blood supply is provided by 
hepatic artery which makes it possible to embo-
lize the tumor and deliver higher concentration of 
chemotherapeutics or radiotherapeutics selec-
tively to the liver tumors by avoiding systemic 
effects [5]. Due to the hypervascularity of hepatic 
tumors, radioembolization, which could be 
regarded as a form of brachytherapy, allows 
localized radiotherapy to liver tumors limiting 
the dose to the normal parenchyma (Fig.  1) [9, 
10]. The isotope 90Y, loaded to glass or resin 
microspheres, is the most commonly used iso-
tope in TARE [11]. Downstaging the tumor for 
resection and transplantation; bridging to trans-
plantation, palliation, and maximizing the sur-
vival; and intention to treat are the main goals of 
TARE [12].
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Fig. 1 Axial arterial (a), portal (b), and venous (c) phase 
CT images show 7  ×  4  cm HCC lesion in segment 8. 
Proper hepatic artery DSA images (d, e) show a hypervas-
cular tumor that has a dual supply from right anterior and 
posterior sectorial hepatic artery branches. Selective 
injection DSA images (f, i) and corresponding coronal (g, 
j) and axial (h, k) cone-beam CT images demonstrate dual 

supply of the tumor. PET CT image (l) after administra-
tion of two vials of 90Y embedded glass microspheres 
separately from each feeding artery shows total coverage 
of the lesion. Corresponding control axial CT images in 
all phases obtained 3  months after TARE show total 
necrosis of tumor
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Hepatic arterial variations, flow dynamics, 
parenchymal reserve, tumoral arterial supply, 
device-related properties, and activity principles 
are among the main limiting factors from the 
point of optimal use of TARE [4]. Ionizing radi-
ation causes unrepairable DNA breaks through 
prolonged exposure that in turn leads to cellular 
decompensation and apoptosis. The continuous 
brachytherapy exposure will also damage the 
cells in different phases of mitosis. TARE also 
may decrease the intratumoral pressure that 
helps to improve reoxygenation [4]. TARE has 
many advantages over other intra-arterial locore-
gional liver-directed therapies. It is usually an 
outpatient procedure and could be performed 
in cases with portal vein thrombosis or compro-
mised portal vein blood flow, and postemboli-
zation symptoms are usually minimal. When 

compared to TACE, TARE has improved time to 
progression though no significant difference in 
mortality [10, 13].

3  Radionuclides 
and Microspheres for TARE

The type of microspheres can be grouped based 
on the embedded radioactive isotope (90Y or 
166Ho) or microsphere material (resin, glass, or 
poly-l-lactic acid). These microspheres all have 
different production processes, physical charac-
teristics, and methods of use. The most important 
characteristics of the different microsphere types 
are summarized in Table  1. The comparative 
properties of the four radionuclides in use in 
microsphere labeling are given in Table 2.

l m

n o

Fig. 1 (continued)
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3.1  90Y Microspheres

Radioactive 90Y can be produced by neutron irra-
diation of stable Yttrium-89 (89Y) or by chemical 
separation from the parent isotope Strontium-90 
(90Sr), a fusion product of uranium. 90Y is a suit-
able radionuclide to treat cancer with an appro-
priate safety profile. It is a nearly pure (99.99%) 
β-emitter with a half-life of 64.1 hours and decays 
to stable Zirconium-90 (90Zn). Maximum beta 
particle (β–) energy of 2.28  MeV results in an 
energy release of 49.67  J/GBq and penetration 

range in water or soft tissue of 2.5 mm (mean) 
and 11 mm maximum [10]. Imaging of the radia-
tion emission from 90Y is a challenge due to the 
absence of γ-radiation emission. SPECT images 
can only be acquired by the detection of brems-
strahlung, secondary γ-radiation produced by 
slowing of the beta particles in tissue, a modality 
with very limited spatial resolution. Actually, 90Y 
has a minor branch to the first excited state of 
90Zn at 1.76 MeV (0+ −0+ transition). As a result, 
once in every 32 million (31.86 × 106) decays, an 
electron-positron (β– / β+) pair is created. This 

Table 1 90Y and 166Ho loaded microsphere characteristics

Isotope Yttrium-90 (90Y) Holmium-166(166Ho)
Half-life 64.1 h 26.8 h
Decay product Zirconium-90 (90Zn) Erbium-166 (166Er)
Radiation emission β (max 2.28 MeV) β (max 1.74 and 1.85 MeV)

γ (max 81 and 1.38 keV)
Energy per activity 49.67 J/GBq 15.87 J/GBq
Tissue penetration 2.5 mm mean, 11 mm max 2.5 mm mean, 8.4 mm max
Imaging PET (internal-pair production)

SPECT (bremsstrahlung)
SPECT (γ-imaging)
MRI

Material Glass (ceramic) Resin PLLA
Product name TheraSphere® SIR-Sphere® QuiremSphere®
Size 20–30 μm 32.5 ± 5 μm 20–50 μm
Density 3.3 g/cc 1.6 g/cc 1.4 g/cc
Spheres per vial 1.2 – 8 × 106 40 – 80 × 106 33 × 106

Specific activity per sphere 2500 Bq 40–70 Bq 450 Bq
Max activity per dose 20 GBq 3 GBq 15 GBq
Number of microspheres (for 3 GBq activity) 1.2–8 million 40 million 8–12.5 million
Surrogate particle/scout dose 99mTc-MAA 99mTc-MAA 99mTc-MAA/166Ho microspheres
Dosimetry method recommended by manufacturer MIRD based BSA method MIRD based
Handling for dispensing Not required Required Not required
Splitting one vial for two or more patients Not possible Possible Not possible
Specific gravity High Low Low
Embolic effect Low Moderate Moderate

Table 2 Radionuclides used for TARE

Radionuclide
Half-life
(hours)

Form and 
probability of decay

Average/maximum
beta emission (MeV)

Average/max range in 
tissue (mm)

Type of 
imaging

Y-90 64.2 β+

positron
0.94/2.20 2.5/12 Bremsstrahlung

Planar/SPECT
PET

Re-188 17 β
γ (155 keV)

0.76/2.12 3.8/11 Planar/SPECT

Ho-166 26.8 β
γ (81 keV)

0.66/1.85 2.2/10.2 Planar/SPECT
MRG

I-131 482.4 h
(8.04 day)

β
γ(364 keV)

0.192/0.61 0.8/3 Planar/SPECT
MRG
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process is called internal-pair production and 
enables positron-emission detection with PET at 
high 90Y activities [14].

3.1.1  Glass Microspheres
Glass 90Y-microspheres (Therasphere®, Boston 
Scientific, Marlborough, MA, USA) are pro-
duced by incorporating 89Y oxide into the glass 
matrix of the microsphere and subsequent acti-
vation by neutron bombardment in a nuclear 
reactor facility [15]. Glass 90Y-microspheres 
have a relatively high density and a high specific 
activity per sphere (2500 Bq/sphere) compared 
with the other microsphere types. Therefore, 
to administer the same treatment activity, less 
glass microspheres need to be injected than resin 
microspheres. As a consequence, the embolic 
effect is much smaller during injection, so the 
entire treatment dose can be injected at once 
with a lower risk of stasis and particle reflux. 
The microembolic effect of glass microspheres 
is reported as a significant decrease in tumor 
enhancement in the cone-beam CT delayed 
phase images [16]. Main advantages of glass 
microspheres are no physical manipulation 
required and due to relatively low number of 
microspheres given, embolic effects are lim-
ited. Therefore, glass microspheres can be also 
used in patients with portal vein thrombosis; 
oxygenation is maintained in tumors, and objec-
tive responses induced by the irradiation are 
theoretically improved; and in nearly all cases, 
the target tissues receive more than 95% of the 
planned absorbed dose without reaching flow 
stasis. The specific gravity of glass microspheres 
is high compared to resin microspheres and may 
theoretically limit microsphere distribution. The 
difference in specific gravity is not reported to 
have a proven effect on clinical outcome [4, 10]. 
Specific activity is the approximate activity of 
each microsphere (glass 2500  Bq, resin 75  Bq 
per microsphere) and is an important factor for 
dose administration [4]. Moreover, to improve 
the uniformity of dose distribution within a 
lesion, the same activity can be injected choosing 
among different numbers of spheres (i.e., differ-
ent initial activity) administered after different 
decay intervals. With crossfire effect, multiple 

microspheres create lethal radiation exposure 
[10]. The low number of spheres may result in 
inadequate tumor coverage for very large tumors, 
although the number of spheres can be tailored 
to the needs by selecting a higher activity vial 
and by using it later after some degree of decay. 
With extended shelf-life method, it is possible 
to allow an increased number of glass micro-
spheres (decayed to the second week of their 
allowable shelf-life) to be administered for the 
same planned absorbed dose, therefore allowing 
better tumoral distribution of the microspheres 
without causing additional adverse radiation-
related events [17]. So, increased embolic load 
and lowered activity per microsphere theo-
retically resulted in better tumor coverage and, 
hence, improved response rates [18].

3.1.2  Resin Microspheres
The production process of resin 90Y-microspheres 
(SIR-Spheres®, Sirtex Medical Limited, North 
Sydney, Australia) is different; in this type of 
microsphere, 90Y cations in solution are chemi-
cally incorporated onto the bland microsphere 
surface by binding to the carboxylic group of the 
acrylic polymer matrix [19, 20]. Resin micro-
spheres have a much lower density than glass 
microspheres, which could potentially result in a 
more distal distribution in the tumor vasculature 
[21]. Furthermore, the relatively low specific 
activity requires injection of a higher number of 
microspheres, approximately 20–80 million. 
Since this involves a greater embolic effect, stasis 
of blood flow may occur during administration. 
Therefore, resin 90Y-microspheres must be 
administered carefully by hand injection in 
smaller aliquots, with intervening angiography to 
reevaluate pace of flow and degree of stasis. 
Glass and resin microspheres may be used in dif-
ferent or similar tumor types and disease extents, 
but it remains controversial how the differences 
in distribution patterns impact treatment 
efficacy.

The activity vial can be tailored for the patient 
in the nuclear medicine radiopharmacy if needed. 
Resin microsphere injection system allows direct 
monitoring of the treatment because the infusion 
is performed with alternating injections of sterile 
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water and contrast medium. In theory, the lower 
specific gravity is in favor of a better suspension. 
Main limitation of resin microsphere is the 
24  hours of shelf life of the device which is 
restricting clinical flexibility and patient schedul-
ing. The need for human technical manipulation 
may result in methodological errors. Resin 
microspheres are more embolic which might lead 
to whole-dose delivery failure and transient 
hypoxia, limiting the effect of radiation.

The main difference between glass spheres 
and resin spheres is shown in Table 1. Major dif-
ference is the activity per sphere; in a glass 
sphere, activity is about 2500 Bq per sphere with 
respect to 50 Bq in resin sphere. Glass spheres 
offer vials between 3 and 20  GBq while resin 
spheres offer standard 3 GBq vials. Finally, for 
the same chosen activity, the higher number of 
resin spheres could provide more uniform dose 
distribution, with a higher biological effect (tox-
icity and efficacy). The influence of gravity of 
glass microsphere can quoted but never demon-
strated on biodistribution [4, 22–26].

3.2  166Ho (Holmium-166) 
Microspheres

The isotope 166Ho emits both high-energy 
β-radiation and low-energy γ-radiation. It has a 
shorter half-life than 90Y (26.8 h) and decays with 
a relatively high dose rate to the stable element 
Erbium-166 (166Er). 166Ho emits β-radiation at 
two energy levels, maximum 1.74 MeV (48.7%) 
and 1.85  MeV (50%), with a maximum soft- 
tissue range of 8.4  mm. The resulting energy 
release is much lower (15.87  J/GBq) than with 
90Y; therefore, a larger administered treatment 
activity is required to achieve the same radiation- 
absorbed dose in liver tissue [27]. The biodistri-
bution of 166Ho microspheres can be visualized 
on SPECT, using the low-energy γ-radiation 
(81 keV, 6.2%; 1.38 keV, 0.93%), and with mag-
netic resonance imaging, utilizing the paramag-
netic properties of 166Ho [28]. Holmium 
microspheres that come with a special manage-
ment system, unique dosing, and imaging possi-
bilities have become available as well. 

Additionally, a scout dose of 166Ho microspheres 
can be used instead of 99mTc-macroaggragated 
albumin during the preparatory angiography pro-
cedure. Thus far, two prospective phase I and 
phase II clinical studies have been performed on 
166Ho radioembolization in a population of liver 
metastases from mixed origins. These studies 
showed that a mean whole-liver dose of 60 Gy is 
safe and induces tumor response [29, 30].

3.3  188Re-Lipiodol (Rhenium-188)

As a generator product, 188Re has good availabil-
ity. Unlike the 90Y produced in the reactor, it can 
be obtained from the generator, providing a great 
advantage for 188Re, and permits preparation of 
the 188Re radiopharmaceutical “on demand” in 
any hospital radiopharmacy housing the genera-
tor. Since it is possible to obtain enough 188Re 
from a generator for about 6 months, the produc-
tion cost is lower when compared to 90Y [31]. The 
physical characteristic is useful for clinical use: a 
short physical half-life of 16.9 h, high maximal 
beta energy of 2.1  MeV, and soft-tissue range 
around 10  mm maximum, similar to 90Y.  The 
gamma-emission of 155  keV (15% abundance) 
allowed pre- and post-therapeutic scans for bio-
distribution studies and dosimetry [32]. Nowicki 
et  al. investigated the feasibility of 188Re treat-
ment in patients with primary and metastatic liver 
tumors, and the median overall survival was 
7.1 months; calculated progression-free survival 
is 5.1  months [33]. Although there are studies 
similar to this in the literature [34–36], 188Re 
microsphere has not yet found widespread use as 
90Y microsphere.

3.4  131I-Lipiodol (Iodine-131 
Lipiodol)

131I is a beta emitting radionuclide with a physical 
half-life of 8.04 days. The maximum and mean 
beta particle energies are 0.61  MeV and 
0.192 MeV, respectively. Additionally, 131I emits 
a principal gamma photon of 364  keV (81% 
abundance) [37]. The beta radiation of 131I is 
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responsible for its therapeutic effects, while 
gamma radiation makes the distribution of the 
radiopharmaceutical visible.

Lipiodol is an ester of fatty acids derived from 
poppy seed oil which is used to diagnose and 
treat HCC. It was initially used as a radiological 
contrast medium and was found to have higher 
uptake in HCC, relative to normal liver tissue 
[38]. This compound contains an iodine127 moi-
ety, which can be exchanged for iodine131 (I131), to 
create a compound that delivers targeted, inter-
nal, beta, and gamma radiation. Early studies 
showed that I131 lipiodol could induce tumor 
necrosis and significantly prolong survival in 
inoperable patients [39]. Treatment with I131 lipi-
odol has been used since the 1990s as palliation 
for HCC, as it is well-tolerated with few compli-
cations or side effects [40, 41].

According to biodistribution data, more than 
75% of the 131I-lipiodol stays following the arte-
rial administration in the liver, and the remainder 
reaches the lungs. 131I-Lipiodol treatment was at 
least found effective as chemoembolization and 
is tolerated much better in the treatment of HCC 
with portal thrombosis and also as an adjuvant to 
surgery after the resection of HCCs. In the cases 
that severe liver dysfunction represents theoretic 
contraindication for radioembolization as well 
as for TACE, 131I-Lipiodol is an alternative ther-
apy option especially in tumors smaller than 
6 cm [42].

Although 131I-lipiodol therapy provides an 
economically viable alternative, long half-life 
(t1/2  =  8.04  days), low β-energy 
[Eβmax = 0.61 MeV (89.3%), 0.33 MeV (7.3%), 
0.25  MeV (2.1%)], need for the isolation of 
patient post-therapy, and high nonspecific lung 
uptake, which drastically limits the administered 
dose, make it a less preferred clinical choice [32].

4  Dose and Activity

Dose and activity are two components related to 
the topic of dosimetry in microsphere therapy. 
Dose refers to the amount of energy of radiation 
that is taken up by the tissue within the body and 
is measured in gray (Gy). Activity refers to the 

amount of ionizing radiation and is measured in 
either curie (Ci) or becquerel (Bq). In micro-
sphere treatment, the term dose (Gy) is used for 
desired radiation to be delivered to the tumor tis-
sue in the liver, and the term activity (GBq) is 
used for radiation that is delivered to the target 
organ (i.e. liver) [43].

TARE naturally targets most tumors as a func-
tion of increased vascular density. Since the radi-
ation source is attached to each microsphere, the 
radiation effects depend on the pattern of their 
accumulation within the tumor vasculature. This 
concept requires the distinction between the 
applied radioactivity and the final tissue exposure 
when planning a treatment dose as: The dose is 
the biological effect of radiation measured in 
gray (Gy) and depends on four factors [4]:

 1. Activity: Radioactive decay per unit of time is 
usually expressed as decrease per second or 
becquerel (Bq). Most TARE activities are 
implemented in the range of billions of decays 
per second or gigabecquerel (GBq).

 2. Volume: the amount of tissue in which activity 
is located.

 3. Distribution: Variations in vascular compart-
ments that affect the geographic accumulation 
of microspheres result in nonuniform irradia-
tion patterns.

 4. Radiation susceptibility: radiosensitivity and 
repair abilities of both tumor and normal 
parenchyma.

Therefore, activity (GBq) is only one factor in 
determining the dose (Gy), and the biological 
effects of TARE should not be overly simplified 
by assuming uniform distribution of activity 
within a target volume [44–46].

4.1  Determining Treatment 
Activity

After the patient is found suitable for treat-
ment in the 90Y microsphere treatment, the 
stage of determining the appropriate treatment 
activity is started. There are different methods 
that differ according to the type of radiomicro-
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sphere used for the treatment dose. To date, 
different methods for the calculation of the 
amount of radioactivity to be administered 
have been applied, namely, empirical and 
dosimetric ones.

There are two commonly used methods to 
estimate the amount of activity delivered by 
90Y microspheres to patients using resin micro-
spheres: a BSA model and a (two-compart-
ment) partition model. An activity detection 
method generally used for glass microspheres 
and medical internal radiation dose (MIRD) is 
referred to as single partition model. Much 
confusion has arisen as the terms partition 
model (refers to a two-compartment partition 
in the use of resin microspheres) and MIRD 
partition (refers to a single-compartment model 
used with glass microspheres) have both been 
abbreviated to the partition model. It is impor-
tant to notice that the partition model and 
MIRD partition represent distinct and different 
methods with significant differences in calcu-
lated activity [47, 48].

4.1.1  Empirical Methods
Empirical methods have been tested for resin 
spheres and are based on a broad estimate of 
tumor involvement (T) in the liver [tumor vol-
ume/(tumor + liver volumes)]. The first empirical 
method proposed for SIR-Spheres® is based 
only on T: The larger the tumor burden, the higher 
the recommended activity in increments of 
0.5 GBq per 25% tumor burden.

Empiric Method Calculation
• Tumor <25% of the total mass of the liver by 

CT scan = use 2 GBq whole-liver delivery.
• Tumor >25% but <50% of liver mass by CT 

scan = use 2.5 GBq whole-liver delivery.
• Tumor >50% of liver mass by CT scan = 3 GBq 

for whole-liver delivery.

BSA
The second empirical method proposed for SIR- 
Spheres® incorporates body surface area (BSA, 
measured in square meters). Therefore, the activ-
ity to be administered is:

A GBq BSA , Tumor volume Total liver volume( ) = ( ) +– / .0 2

 
BSA m Height m Weight kg2 0 725 0 425

0 20247( ) = × ( ) × ( ). .
. .

Empirical methods are in use with reported 
objective responses and low incidence of toxicity. 
Nevertheless, this approach may intrinsically 
expose patients to the risk of unnecessary toxicity 
or tumor underdosage. It must be noted that these 
methods do not take into account the degree of 
tumor uptake. Therefore, dosimetric methods 
should be generally recommended.

The BSA method, to date, has been the most 
prospectively studied model due to its implemen-
tation in several randomized clinical trials [49]. It 
is also the most frequent method used in dosing 
resin microspheres. The BSA method generates a 
hypothetical volume of liver based on the body 
surface area with dose modulations for tumor 
burden, large lung shunt percentage, and poor 
liver function. The main benefit to the BSA 
method is a generally well-tolerated toxicity pro-
file. The BSA method is otherwise limited by its 

lack of anatomic accuracy, disregard of preferen-
tial distribution, inability to calculate segmental 
administrations, and inflexibility to angiosomal 
demands. As such, some contemporary practices 
have abandoned the BSA method due to its afore-
mentioned limitations.

The BSA model assumes a relationship 
between the physical size of the patient and abil-
ity to tolerate increasing dosage. The concept that 
larger patients (not necessarily with larger livers) 
are more tolerant to increased dosages of 90Y has 
been shown in the literature [50].

The BSA model was also found to have a 
lower risk of liver toxicity than the empiric model 
in the aforementioned cohort of 680 patients 
treated with resin microspheres, where 21 of 28 
cases of radiation-induced liver disease (RILD) 
occurred from a single center using the empirical 
model [51].
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4.1.2  Partition Method
The purpose of the partition method is to give the 
maximum dose to the tumor, while the lowest 
possible dose is given to the liver parenchyma 
excluding the tumor. This method is based on 
MIRD theoretical foundations and takes into 
account tumor and nontumor liver tissue sepa-
rately. The partition model equation uses patient- 
specific tumor and liver volumes, along with 
predetermined T:N from pretreatment 99mTc- 
MAA SPECT/CT and/or cone-beam CT (CBCT). 
Thus, this method represents the most tailored 
treatment planning algorithm, allowing for accu-
rate estimation of absorbed dose to the tumor, 
nontarget liver tissue, and lungs. Prior research 
has shown that treatment planning with the parti-
tion model based on 99mTcMAA SPECT/CT 
can improve clinical outcomes [52].

Partition Model (Two-Compartment): With 
this method, SIRT activity calculations are based 
on the two-compartment model, which allows the 
amount of radiation delivered to the tumor to be 
more accurately optimized with an optimum dose 
of >120 Gy. A higher degree of compatibility is 
required to arrive at the derivation of equations 
for activity (and dose) for the lung, normal liver, 
and tumor. As a result, although this method is 
theoretically more robust, it has not been widely 
adopted.

A higher degree of complexity is required to 
arrive at the derivation of the equations relating 
to the activity (and dose) to the lung, normal 
liver, and tumor. As a result, this method, although 
theoretically more sound, has not been widely 
adopted [10, 53].

Clinical studies have shown that the back-
ground liver parenchyma in cirrhotic patients 
can tolerate up to 70  Gy of radiation without 
evidence of radiation-induced hepatitis. Based 
on this information, the two-compartment par-
tition model was able to optimize the amount of 
transmitted activity to ensure that tumors 
receive the minimum amount of radiation 
needed to cause cellular destruction while pro-
tecting the background liver from exposure to 
excess radiation to minimize the risk of induc-
ing radioembolization- induced liver disease 
(REILD) [10].

TARE treatment with glass microspheres 
(Thera-Sphere) uses a simplified single- 
compartment MIRD model based on the size of 
the entire liver regardless of the amount of tumor 
burden with the following formula:

 
ActivityGBq = ×( )D m / .50

 

D is the dose administered in grays, and m is 
the mass in kilograms. Using this formula, it can 
be said that a dose of 50 Gy will be administered 
to 1 kg of tissue if 1 GBq of 90Y is given. The 
dose given to the treated mass also depends on 
the percent residual activity (R) in the vial after 
treatment and the LSF, which is calculated 
beforehand. These factors are accounted for in 
the following formula:

 
D A R m= × × −( )× −( )50 1 1LSF / .

 

The MIRD method is a common model 
adopted for glass microsphere administration. It 
requires volumetric calculation of the targeted 
hepatic tissue and incorrectly assumes a uniform 
distribution of activity within the volume. Like 
BSA, the MIRD method does not differentiate 
the amount of radiation distributed into the tumor 
and liver parenchyma. While there is abundant 
safety data to support MIRD utilization with 
glass microspheres, the specific activity range of 
this product can vary by orders of magnitude by 
demand, and the authorized user should be aware 
of this potential [54].

A practical method based on the hepatopul-
monary shunt ratio and liver lobe and/or segment 
volume and based on a simple internal dosimetric 
approach is widely used in routine practice to 
determine therapeutic activity in 90Y glass micro-
spheres. With the software developed to facilitate 
the calculation in determining the treatment dose, 
the treatment dose can be calculated practically 
by using the liver lobe volume where the patient 
will be treated and the hepatopulmonary shunt 
ratio obtained from the hepatic artery perfusion 
scintigraphy data. This software provides the 
capability to visualize prospective dose distribu-
tion and assess the absorbed dose delivered to the 
target lobe or the tumor and normal tissue. By 
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allowing for pre- and posttreatment dosimetry, 
this software can help determine the effective-
ness of a patient’s 90Y SIRT with confidence. It 
can be used to interactively tailor the absorbed 
dose per perfused volume by adjusting the 
injected activity. The software tools can be 
 customized to a patient’s specific tumor presenta-
tion and anatomy (personalized dosimetry) 
(TheraSphere 90Y glass microspheres user’s 
manual).

5  Posttreatment 
Bremsstrahlung and PET/CT 
Imaging

Imaging to assess microsphere distribution to the 
planned liver parenchyma to be sure that there is 
no nontarget distribution of them after TARE is 
necessary. Unintended activity leaks could lead 
to the development of severe complications 
[55–57].

Post-procedure imaging with bremsstrahlung 
SPECT and PET/CT can measure defining treat-
ment response and nontarget site embolization. 
Since 90Y is pure beta emitter, after being admin-
istered to the patient, the X-rays created by the 
Bremsstrahlung effect can be viewed under 
gamma camera. It is recommended that imaging 
be done within the first 24 hours after treatment. 
The 90Y bremsstrahlung SPECT/CT is difficult to 
measure due to a photopic, collimator detector 
scattering and lack of septal penetration caused 
by high-energy bremsstrahlung photons. To 
quantify, it requires additional compensation that 
is not readily available in most commercial sys-
tems [58–60]. However, the image is still useful 
in qualitative comparison between delivered and 
planned deliveries and in controlling extrahepatic 
uptake [61].

90Y PET/CT is another option for post-therapy 
imaging. Lhommel et al. [62] showed that imag-
ing 90Y microspheres with PET/CT was feasible, 
even with the low positron yield of 32 ppm per 
decay [63]. Studies have shown that time-of- 
flight (TOF) information helps with quantifying 
the noisy 90Y PET images [64, 65]. Thus, 90Y 
post-therapy imaging is capable of providing the 

delivered activity distributions with a spatial res-
olution of a few mm. These can then be converted 
to absorbed doses, preferably using the voxel- 
level methods.

Finally, 90Y PET/CT is the most promising 
modality to replace bremsstrahlung SPECT/CT 
due to its superior qualitative and quantitative 
capability. It will play an important role in reor-
ganizing the safety and efficiency profile of 
radioembolization.

5.1  Anatomy

Variant anatomy is common and reported to be 
seen in about 40% of population [12]. In order to 
avoid or at least minimize nontarget embolization 
of nontumor bearing liver tissue and extrahepatic 
organs during the TARE, proper knowledge of 
relevant anatomy is essential [10]. Therefore, a 
thorough understanding of normal liver anatomy 
and in particular arterial anatomy together with 
variations is essential for a successful radioem-
bolization procedure. These variations could be 
determined before angiography by a properly 
performed CT examination. A special attention is 
required for replaced and accessory arteries. 
They could be the part of dual supply of a tumoral 
lesion.

In addition to hepatic arterial variations, there 
are also variations inside the tumor that alter the 
effectiveness of intra-arterial therapies. Contrast 
enhancement patterns and Tc-MAA deposition 
should be evaluated in order to predict intrale-
sional radiation watershed areas that could be 
managed by increasing either the number of par-
ticles or activity [4].

Hepatic tumors are hypervascular and receive 
supply primarily from hepatic arteries and could 
also receive parasitic arterial supply from adja-
cent segments and neighboring organs. Inferior 
phrenic (Fig.  2), internal mammary (Fig.  3), 
intercostal, omental, cystic, and adrenal arteries 
should be evaluated as a potential route of blood 
supply to the tumors especially in the ones 
located near the surface of the liver or after intra- 
arterial therapies [66]. Bare area of the liver is 
also a frequent site of parasitic supply from 
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extrahepatic arteries. Hepatic hilar peribiliary 
plexus could include numerous small vessels 
that could be unrecognizable during angiogra-
phy and due to the progressive increase in intra-
hepatic arterial resistance which could reverse 
the hepatopetal flow to the hepatofugal flow 
resulting in  nontarget embolization [67]. 
Therefore, measures for eliminating this hepa-
tofugal flow should be taken.

In most of the cases, the cystic artery arises 
from right hepatic artery, and radioembolization 
could cause radiation-induced necrosis; there-
fore, whenever possible, microspheres should be 

given distal to the cystic artery origin, and if it is 
not possible, cystic artery could be embolized 
with Gelfoam on the day of radioembolization 
(Fig. 4) [68].

Although right gastric artery usually arises 
from proper hepatic artery, it has a high degree of 
variation. If microspheres pass through this 
artery, gastric necrosis, ulceration, and perfora-
tion could be seen. Therefore, embolization could 
be necessary (Fig. 5) [69]. Catheterization could 
be difficult for embolization, and sometimes 
embolization of this artery could be done through 
the left gastric artery [10].

a

c d

b

Fig. 2 Selective right renal artery DSA image (a) shows 
right phrenic artery arising from right renal artery and 
tumoral supply to the right superior lateral part of tumor. 
Cone-beam CT coronal (b) and axial (c) images demon-

strate this supply. Control celiac injection DSA image (d) 
after embolization of right phrenic and also right gastric 
artery coil embolizations
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In every mapping angiography pancreatico-
duodenal arcade should be examined in order to 
prevent inadvertent pancreatitis, duodenal 
ulceration, or perforation [10]. When perform-
ing embolization in this arcade with a rich col-
lateral vascular network, the possibility of 
collateralization and recanalization should be 
considered.

Falciform artery usually arise from the left 
hepatic artery and could lead to the development 
of localized, midabdominal wall burning sensa-
tion that can last for days or weeks following 
inadvertent radioembolization. When necessary, 
it could be embolized or an ice pack could be 

placed on the abdomen in order to cause vaso-
constriction [70].

Intrahepatic communications between seg-
ments provide collateral flow in cases where 
there is occlusion or compromise of branch 
hepatic arteries. This feature is used for redistri-
bution and consolidation of flow to tumors, 
thereby reducing the number of catheter position-
ing [66]. Embolizations are performed to alter the 
flow hemodynamics to optimize the administra-
tion point of microspheres. It is usually per-
formed during the mapping angiography, and it is 
better to check them at the day of radioemboliza-
tion due to the possibility of collateral develop-

a b c

Fig. 3 Selective right internal mammary artery injection 
(a) and coronal maximum intensity projection cone-beam 
CT image (b) shows tumoral blood supply to the left 

medial superior part of the tumor. Control DSA image 
after superselective embolization with PVA particles 
shows cessation of blood supply to the tumor

a b c

Fig. 4 Selective right hepatic artery injection (a) shows 
multiple hypervascular tumors and cystic artery originating 
from the right posterior artery. For right lobar therapy, cys-

tic artery selectively catheterized (b) and embolized with 
Gelfoam just before infusion of 90Y. Control right hepatic 
artery injection (c) shows embolization of cystic artery
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ment and redistribution. If that is the case, 
additional embolizations might be required [10].

6  Mapping Angiography

Mapping angiography is performed to asses arte-
rial supply of the tumor to be treated, to deter-
mine variant anatomy which could lead to 
nontarget embolization and embolize them, to 
consolidate and redistribute arterial supply of 
tumor to be treated which can also be done dur-
ing radioembolization, and to calculate lung 
shunt fraction (LSF) and to simulate radioembo-

lization by administering Tc MAA [4, 12]. The 
goal of radioembolization is to administer 
planned required dose to the tumor without dam-
aging normal parenchyma and avoid nontargeted 
deposition of microspheres into important extra-
hepatic organs. In order to achieve these goals, 
hemodynamics of flow to the tumor can be modi-
fied by embolization of arteries to redistribute the 
intrahepatic collaterals to the tumor and to con-
solidate arteries to administer microspheres by 
simpler and safer route (Fig. 6) [10, 66, 71]. The 
assessment of preferential flow is important since 
it is the primary mechanism of microsphere dis-
tribution [4]. Preferential blood flow phenome-

a

c

b

d

Fig. 5 Selective proper hepatic artery injection DSA 
image (a) shows bilobar disease. For truncal infusion, gas-
troduodenal artery coil embolized (b). Right gastric artery 

arising from proximal left hepatic artery superselectively 
catheterized (c) and embolized with coils (d)
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non that generates nonuniform deposition, or 
compartmentalization, of an embolic substance, 
allows delivery of 90Y carrying microspheres 
through the hepatic artery to the tumor [72]. 
Therefore, one of the reasons of performing map-
ping angiography is to asses flow dynamics and 
plan interventions (like embolizations, etc.) to 
change the dynamics to properly administer and 
distribute the required dose to the tumors.

In order to optimize vascular dynamics, various 
permanent and temporary embolization materials, 
like coils, microplugs, balloons, and Gelfoam, 
could be used with an intention to decrease nontar-
get embolization of microspheres and facilitate 
antegrade flow to the target arteries [10, 12].

MAA is used to asses splanchnic and pulmo-
nary shunting [73]. The size of the albumin 
microspheres is between 30 and 50 μm which is 
similar to that of glass or resin microspheres. Due 
to the density of MAA particles which is almost 
similar to that of resin microspheres, simulation 
is better for resin microspheres [74].

Systemic chemotherapies might affect the 
result of MAA study and eventually biodistribu-
tion of 90Y microspheres. Also, they could 
increase the risk of liver toxicity [75]. Due to 
hypoxic effects of antiangiogenic drugs, they 
lead to poor uptake of 99 m Tc-MAA and in turn 
poor tumor targeting, and therefore they should 
be discontinued 8 weeks before mapping angiog-
raphy [75, 76].

6.1  Shunt Reduction

HCC causes the development of functional arte-
riovenous shunts which is due to the vascular 
growth factors, neovascularity, complex process 

of angiogenesis, and the ongoing autonecrosis/
remodeling occurring within tumor microvascu-
lature. Depending on the magnitude of these 
shunts, microspheres could enter the pulmonary 
circulation through these shunts causing pneu-
monitis and fibrosis [7, 10]. Hypervascularity, 
tumor thrombus in portal and hepatic veins, CT 
or angiographic findings of shunting to portal or 
hepatic veins, large tumor burden, and infiltrative 
disease are among the main risk factors for shunt-
ing [7].

If the lung shunt fraction is greater than 20%, 
there is the possibility of nontarget pulmonary 
radiation deposition and radiation pneumonitis. 
The dose of 30  Gy to the lungs is generally 
accepted as the upper limit of single session of 
TARE, and 50  Gy is the total upper limit of 
cumulative absorbed lung radiation dose of 
repeated TARE [75]. If the hepatopulmonary 
shunt fraction ratio (HPSFR) is in 10–15% and 
15–20%, the activity is decreased by 20% and 
40%, respectively. TARE is not performed if the 
HPSFR is greater than 20% [7, 77].

Shunt reduction procedures, like low-dose 
TARE, bland embolization, TACE with beads 
larger than 300  μm, sorafenib administration, 
chemotherapy, hepatic vein balloon occlusion, 
variceal embolization, and segmental TARE, are 
employed in cases with elevated LSF [7, 77].

6.2  Patient Selection

The decision to select patients for radioemboliza-
tion should be based on a multidisciplinary team 
that includes nuclear medicine specialists, hepa-
tologists, medical oncologists, radiation 
 oncologists, surgeons (experienced in liver trans-

a b c

Fig. 6 Selective left hepatic artery injection (a) shows collaterals to the left diaphragm and stomach. These collaterals 
are embolized with coils to prevent nontarget embolization (b) for truncal infusion (c)
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plantation), and interventional radiologists [3]. 
Choosing the treatment modality for HCC 
depends on some factors such as tumor size, loca-
tion, morphology (e.g., presence of portal venous 
invasion, etc.), accompanying comorbidities 
(e.g., underlying liver disease), and the presence 
or absence of extrahepatic disease [10]. Selection 
criteria for radioembolization procedure are sum-
marized in Table 3.

6.3  Indications 
and Contraindications

The main indications for radioembolization ther-
apy are reduction of size of intrahepatic tumors 
(downsizing), increasing future liver remnant 
(FLR) volume, bridging to liver transplantation 
for HCC, controlling the size of tumor and pro-
viding hypertrophy of FLR by radiation lobec-
tomy before resection, delaying progression of 
advanced HCC (Fig. 7), palliation, and intent to 

cure [61]. Applicability in the setting of portal 
vein thrombosis or invasion, capacity for down-
staging or bridging for liver transplantation, 
facilitation of liver resection by providing hyper-
trophy of FLR, and the lower incidence of 
postembolization syndrome are among the 
advantages of radioembolization [3, 78].

Contraindications of radioembolization are 
poor liver function (high bilirubin levels and ele-
vated liver function tests, low serum albumin 
level), renal dysfunction, high lung shunt in map-
ping angiography, and extrahepatic disease 
except lymph nodes. Although the serum biliru-
bin level is required to be below 2 mg/dl, if the 
tumors can be treated superselectively, radioem-
bolization could be applied to the patients with 
serum bilirubin levels up to 3 mg/dl. The indica-
tions and contraindications of radioembolization 
are shown in Table 4.

Care should be taken while performing TARE 
treatment to the patients with poor hepatic func-
tion. Total bilirubin is the most widely defined 
indicator of liver function, and the level of it is 
desired to be less than 2 mg/dl in patients receiv-
ing radioembolization treatment. In patients who 
undergo bilobar radioembolization therapy, less 
elevation of bilirubin levels should be a warning 
about the potential fulminant liver failure. 
However, patients with moderate hepatic failure 
can be treated if they are suitable for segmental 
therapy. Sudden changes from a chronic stable 
total bilirubin levels may cause sudden decom-
pensation. At this situation, lab values should be 
rechecked within 10–14 days to assess whether 
this change is a normal fluctuation or represents a 
greater hazard [56]. Serum albumin levels pro-
vide valuable information for the hepatic func-
tion as well. Albumin will often reduce before the 
increase in total bilirubin, indicating worsening 
liver reserve and potential loss of liver function 
[12].

Not all of the HCC patients are eligible for 
resection or transplantation. Most of the patients 
are outside the established criteria for liver trans-
plantation. Downstaging means making the 
patients eligible for resection or transplantation 
by reducing the size and the number of tumors 
and tumor marker levels. By this way, patient is 
brought within the established or expanded crite-

Table 3 Selection criteria for TARE

Performance Eastern Cooperative Oncology Group 
(ECOG) status ≤2

Life expectancy Greater than 3 months
Purpose of 
procedure

Definitive, bridge to transplantation, 
palliative

Tumor biology 
or stage

Advanced-stage or aggressive tumor 
can be associated with poor 
prognoses

Liver reserve Loss of functional liver reserve is 
associated with the prognosis and 
benefit of procedure

Hematological 
parameters

Granulocyte count ≥1.5 × 109/L, 
platelet ≥60 × 109/L

Renal function Serum creatinine level <2.0 mg/dl
Liver function Serum bilirubin level <2.0 mg/dl, 

liver function tests (aspartate 
aminotransferase, alanine 
aminotransferase, alkaline 
phosphatase) should not be above five 
times of normal level

Tumor size Tumor involving more than 70% of 
the liver or 50% of the liver with 
<3 mg/dl serum albumin level may 
have poor prognoses

Pulmonary 
function

Respiratory function tests should be 
normal

History of 
EBRT

Cumulative toxic dose should be 
regarded

Modified from [4, 74]
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Fig. 7 Consecutive contrast-enhanced axial CT images 
(a–d) show huge tumor extending to the inferior vena 
cava. Selective right phrenic artery injection DSA image 
(e) shows significant tumoral blood supply. 90Y infusion 
was performed from selectively catheterized replaced 

right hepatic artery after embolization of right phrenic 
artery for consolidation (f). Post-TARE PET images (g–i) 
show 90Y deposition in tumor. Corresponding control 
contrast- enhanced axial CT images (j–m) show signifi-
cant necrosis and decrease in the dimensions of tumor
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ria (Fig. 8). Downstaging by itself is not the only 
determinant factor for transplantation. In order to 
understand the tumor biology, there is a need for 
“test of time” to assess the recurrence or progres-
sion of tumor or development of distant metasta-
sis (Fig.  9). Therefore, there should be a 
“bridging” period until the transplantation 
whether from cadaveric or live donor [5]. UNOS 
(United Network for Organ Sharing) and OPTN 
(Organ Procurement and Transplantation 
Network) require a progression-free period of at 
least 6 months from the date of listing [79]. TARE 
has an important role in both downstaging and 
bridging. Prolonged response to 90Y might be 
considered having favorable tumor biology and 
lower recurrence rates [2].

TARE with “curative intent” is usually used 
for BCLC A patients and solitary tumors with 
diameters less than 5 cm in unresectable HCC by 
radiation segmentectomy using higher doses of 
radiation focally to induce complete pathologic 
necrosis (Fig. 10) [80].

Radiation lobectomy is another concept for 
ipsilateral tumor treatment and causing contralat-
eral future liver remnant volume hypertrophy and 
function similar to portal vein embolization but at 
a slower rate [81, 82].

Same-day procedure can be applied to some 
patients with difficult arterial access (such as ste-
nosis, tortuosity, or dissection), with allergy to 
the contrast, or requiring general anesthesia. This 
procedure should not be applied to the patients 
with a low GFR number, vascular invasion, infil-
trative tumors, and/or tumor burden more than 
50%. Especially patients with macrovascular 
invasion are more likely to have high degree of 
lung shunts, so same-day procedure should be 
strongly avoided [3].

In the presence of recurrence after liver resec-
tion, radioembolization is a good alternative 
treatment option for many patients. However, 
prior resection may reduce the functional capac-
ity of the liver and can increase the risk of toxic-
ity. It is known that small total liver volume is an 
independent risk factor of REILD [83, 84]. 
Decreasing liver volume will cause the absorbed 
radiation dose to increase relatively and further 
increase the risk of REILD, too [85]. In spite of 
all these, in the published series, there is no 
clearly defined increase of risk for REILD. But in 
these studies, empiric dose reduction and subtotal 
liver remnant treatments were applied. In this 
situation, there is no consensus that the standard 
90Y dose and therapy may need to be changed 
after liver resection [86]. So, a conservative treat-
ment strategy should be applied whenever possi-
ble. In this condition, postoperative liver volume 
changes should be taken into account when cal-
culating the patient dose. The aim of the treat-
ment should be keeping the dose of normal liver 
parenchyma lower than 50 Gy while delivering a 
therapeutic dose to the tumor [83].

Lobar therapy is more appropriate for multifo-
cal large tumors. Peripherally located solitary 
tumors are best treated with segmental approach. 
Tumors in central segments could have dual 
blood supply from segmental branches from both 
hepatic arteries.

Portal vein thrombosis is generally accepted 
as a contraindication for TACE since it is a sign 

Table 4 Indications and contraindications for TARE

Indications for radioembolization
Downsizing For reducing the tumor size
Increasing FLR Before liver resection, for increasing 

the volume of contralateral lobe
Control of 
tumors

To prevent the increasing of tumor 
size

Bridging to 
transplantation

Make suitable the lesions to 
transplant which are not suitable

To delay 
progression or 
palliation

For advanced-stage tumors

Patients with 
macrovascular 
invasion

Minimal embolic effect of 
microspheres

Contraindications for radioembolization
Poor laboratory 
values

Serum bilirubin level >2 mg/dl, 
serum albumin level <2 mg/dl, liver 
function tests (aspartate 
aminotransferase, alanine 
aminotransferase, alkaline 
phosphatase) above five times of 
normal level

Renal 
dysfunction

Serum creatinine level >2 mg/dl

High lung shunt >30 Gy in single session or >50 Gy 
in total

Extrahepatic 
metastasis

Except lymph nodes
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Fig. 8 Axial T1W (a), T2W (b), and T1W contrast- 
enhanced (c) and liver-specific contrast-enhanced (d) 
MRI images show an 8 cm HCC lesion in segment 7, 8, 
and 4. Celiac injection DSA image (e) shows tumoral 
blood supply from S4 and right hepatic artery. Selective 
S4 (f) and right hepatic (g) artery injection DSA images 
and cone-beam CT images (h, i) demonstrate blood sup-
ply from S4, S8, and S7 branches. Fusion Tc-MAA CT 
image (j) shows tumoral coverage. Planar image (k) 
shows the hepatopulmonary shunt ratio obtained from the 
hepatic artery perfusion scintigraphy data. Traces are 
drawn on radiological images to define the liver lobe vol-
ume, target volume of the lobe or segment, and tumor 

where the patient will be treated (l). The absorbed dose 
delivered to the target lobe (m) and the absorbed dose 
delivered to the tumor (n) are calculated. Just before the 
radioembolization, S4 (o), S5, and S6 arteries (p, q) were 
embolized with Gelfoam selectively to redistribute and 
consolidate flow to the tumor. Post-TARE PET CT image 
(r) demonstrates complete coverage of tumor. Control 
coronal CT images (s–u) complete necrosis and decrease 
in diameter of the lesion over 6-month period. After 
downstaging, patient had live donor liver transplantation. 
Explant pictures (v, y) show cirrhotic liver and protruding 
necrotic tumor

a

c d

e f

b

R. Kutlu et al.



155

g h

i j

k l

Fig. 8 (continued)

Transarterial Radioembolization in Hepatocellular Carcinoma



156

m

o p q

r s

n

Fig. 8 (continued)

R. Kutlu et al.



157

t u

v w

Fig. 8 (continued)

Transarterial Radioembolization in Hepatocellular Carcinoma



158

a

c

e f

d

b

Fig. 9 Axial contrast-enhanced images (a, b) show mul-
tifocal HCC in the right lobe. Corresponding axial 
contrast- enhanced CT images (c, d) 3 months after TARE 
demonstrate necrosis of lesions. Although the patient is 

downstaged, metastatic lung nodules in both lungs (e, f) 
developed 5 months after TARE, and the patient was del-
isted from transplantation waiting list
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Fig. 10 Axial arterial (a, d), portal (b, e), and venous (c, 
f) phase CT images at two different levels show an HCC 
lesion of 4  cm in diameter located in segment 8 with 
hypervascular nodular part and necrosis. There is also 
extension to the middle hepatic vein. Superselective injec-
tion into the tumoral feeding artery DSA image (g) and 
axial cone-beam CT image (h) demonstrate wedge-shaped 
perfusion of the tumor. Post 90Y TARE with glass particle 

PET CT image (i) shows complete coverage of tumor. 
Three months after TARE, corresponding axial CT images 
(j–o) at the same levels demonstrate complete necrosis of 
the tumor and regression of hepatic vein thrombosis. 
Coronal reformatted CT images before (p) and after (q) 
TARE show necrosis of the lesion and regression of the 
middle hepatic vein thrombus
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j k l

h i

e f

Transarterial Radioembolization in Hepatocellular Carcinoma



160

of progressive disease of extensive tumor growth, 
extrahepatic spread, or progressive functional 
impairment [6]. Although TACE could be per-
formed by multiple segmental therapies in 
selected patients, TARE, which has a minimal 
embolic effect and shown to have favorable 
response, is a safe alternative in portal vein 
thrombosis cases, and regression of portal vein 
thrombus is possible (Fig. 11) [9, 12, 81].

While repeat treatments in unilobar disease 
appears to be safe, for the bilobar repeat treatments, 
alternating therapies could be employed [12].

6.4  External Radiotherapy 
and SBRT

As the liver has low irradiation tolerance, con-
ventional external radiotherapy has a limited 
place in the treatment of hepatocellular carci-
noma. Purpose of the use of external radiation 
therapy in HCC is mostly palliation of metastasis 

such as lymph node, bone, or soft tissue [87–89]. 
With the developments in technology and the use 
of three-dimensional conformal radiotherapy 
(3D-CRT), the use of radiation therapy especially 
in patients with unresectable HCC has increased. 
But, although using 3D-CRT, REILD is still a 
major complication. Especially, in specific loca-
tions such as dome of liver (due to radiation 
pneumonitis) or porta hepatis (due to the risk of 
major biliary and vascular damage), external 
beam radiotherapy has limitations [74].

While calculating the dose delivery, nontu-
moral tissue complications are an important 
parameter. To minimize the normal tissue com-
plications, respiratory movement must be con-
sidered. Delivering the dose in fractions to the 
tumor may be useful in targeting the radioresis-
tant and radiosensitive malignant cells at differ-
ent  sessions. But, more than one treatment is 
needed [90].

Due to the technological advances in imaging 
methods and planning of radiotherapy, stereotac-

m
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Fig. 10 (continued)
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tic body radiation therapy (SBRT) which delivers 
highly conformal radiation therapy with geomet-
ric precision has become possible. SBRT has 
become an effective treatment alternative for 
early and locally advanced HCC [91–93].

SBRT has recently been recognized as an 
effective treatment option for nonsurgical local-
ized intrahepatic HCC and included in the 2019 
National Comprehensive Cancer Network 
Guidelines and the practice guideline statement 
of the American Liver Disease Studies 
Association [94, 95].

SBRT is used for stabilization and regression 
in HCC patients as a primary treatment with 
increasing the median survivals from 11 to 
25 months [96–98]. SBRT seems to be safe and 
efficacious local bridging therapy for patients 
with local or advanced HCC who are on the wait-
ing list for LT. Also, it can be applied as a pri-
mary treatment and can be combined with other 
locoregional treatment modalities.

In these new techniques, toxic dose is deliv-
ered to the tumors while normal liver parenchyma 
is saved [99]. But, although these advanced tar-
geting techniques are used, liver toxicity after 

treatment is still a major problem. So, radioem-
bolization therapy after external radiotherapy 
should be performed carefully [100].

7  Complications of TARE

TARE is a relatively safe treatment procedure. 
While a small proportion of patients have experi-
enced mild side effects such as self-limited 
exhaustion or abdominal pain, TARE is associ-
ated with low rates of serious complications. The 
complications associated with TARE can be 
divided into three major groups: extrahepatic, 
intrahepatic, and vascular complications.

7.1  Extrahepatic Complications

Extrahepatic complications of TARE (such as 
pulmonary, gastrointestinal, esophageal, or pan-
creatic complications) usually occur because of 
nontarget embolization and lung shunts which 
cause radiation-induced pneumonitis due to the 
high radiation dose to the lungs [101]. Collaterals 

a

d e f

b c

Fig. 11 Contrast-enhanced axial (a), coronal (b), and 
oblique reformat (c) images show right lobe tumor com-
pressing and invading the right portal vein. Corresponding 

control contrast-enhanced images (d–f) show decrease in 
the size of the tumor and relive of right portal vein com-
pression and improvement in invasion
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between hepatic artery and extrahepatic organs 
should be identified during mapping angiography 
and should be embolized prophylactically before 
TARE in order not to cause nontarget 
embolization.

7.1.1  Radiation-Induced Lung 
Disease

There is limited information about radiation- 
induced lung disease after radioembolization 
treatment. In a review of 515 patients by Kennedy 
et al., the incidence of RILD was found to be 4%. 
Of these, 75% was treated single session whole- 
liver therapy by using empirical dosimetry. In 
current practice, empirical dosimetry method is 
no longer used [51]. The effect of the micro-
spheres on the lung parenchyma is due to arterio-
venous shunts, which are commonly seen in HCC 
[102]. During radioembolization, some of the 90Y 
passes to the lung because of these intratumoral 
arteriovenous shunts. Mapping angiography with 
99mTechnetium MAA minimizes the risk of 
RILD by evaluating lung shunts and calculating 
treatment dose. The cases in the literature 
describe life-threatening disease which includes 
pathologically acute-subacute interstitial pneu-
monitis. In these patients, increasing dyspnea and 
restrictive lung disease developed in 1–6 months 
after radioembolization [103]. It is important to 
exclude the other reasons of dyspnea in patients 
who present with shortness of breath. There is no 
evidence-based treatment for RILD.  Supportive 
treatment with oxygen supplementation and 
intravenous steroid can be performed [8].

7.1.2  Gastrointestinal Complications
Nontarget infusion of microspheres to the gastro-
intestinal organs might cause ulceration or perfo-
ration in these organs. In a review with 39 studies 
by Naymagon et  al., mean incidence of gastric 
ulceration after radioembolization was found to 
be 4.8% [104]. Approximately 5  weeks after 
radioembolization, these patients experience 
abdominal pain, nausea, anorexia, and vomiting 
[105]. Ulceration of the stomach or duodenum 
which is induced by Yttrium-90 may not respond 
to medical therapy. So, surgery may be needed. 
To prevent radioembolization-associated ulcer-

ation, mapping angiography should be performed 
carefully and coil embolization should be done if 
necessary.

If the microspheres spread into the pancreatic 
vessels, radiation-induced pancreatitis may 
occur. This type of pancreatitis usually affects the 
head of the pancreas. This complication can be 
very painful for the patient and leads to a pro-
longed hospitalization, food restriction, and i.v. 
treatment.

Although it is theoretical, damage of attenu-
ated radiation to the organs adjacent to the liver 
(such as the colon, duodenum, or stomach) may 
be possible as gastritis or enteritis. Another side 
effect of attenuated radiation may occur in the 
right hemithorax as pleural effusion [101].

7.1.3  Radiation-Induced Cholecystitis
Although it is rare, 90Y carrying microspheres 
could enter into the cystic artery and perforators 
from the hepatic parenchyma or into the gastro-
duodenal artery branches that supply gallbladder 
and then cause mucosal injury and ischemia. In 
order to prevent radiation-induced cholecystitis, 
infusion distal to the cystic artery is advised. In 
cases where this is not possible due to necessary 
flow dynamics or anatomic location, prophylactic 
embolization, usually with temporary agents, 
could be employed. If radiation cholecystitis 
develops, most cases are followed conservatively. 
However, if there is perforation or emphysema-
tous cholecystitis, then cholecystectomy or per-
cutaneous cholecystostomy may be needed 
(Fig. 12) [101, 106, 107].

7.1.4  Bile Duct Complications
Intra- and extrahepatic biliary complications 
after TARE are associated with the embolic effect 
and necrosis of the biliary ducts due to radiation. 
Unlike normal liver parenchyma, the intrahepatic 
bile ducts have only single feeding artery which 
arises from the hepatic arterial branches as a vas-
cular plexus (peribiliary capillary plexus) around 
the bile ducts. The diameter of the vessels in this 
plexus is the same as 90Y embedded micro-
spheres; therefore, after TARE, ischemia may 
develop in the bile ducts [108]. In a study with 
327 patients who underwent TARE by Atassi 
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et  al., the rate of biliary sequelae was approxi-
mately 10%. Less than 2% of patients needed 
biliary interventions. The most common biliary 
complications were biliary stricture and necrosis. 
Most of biliary interventions employed for these 
complications are drainage of bilomas and 
abscesses and percutaneous cholecystostomy for 
radiation cholecystitis. Biliary necrosis was less 
common in patients with primary HCC than in 
patients with metastatic liver lesions. This may 
be due to the hypertrophy of the peribiliary vas-
cular plexus and history of chemotherapy of 
patients with metastatic tumors [109]. Damage in 
the bile ducts can take several forms such as 
biloma cavities or dilatation of the bile ducts. The 
reason of the biloma cavities can be the necrosis 
of the peripheral bile ducts with leakage due to 
the damage of vascular plexus which supplies 
bile ducts [110, 111]. Treatment of biliary dam-
age after radioembolization is usually conserva-
tive. Percutaneous drainage for bilomas or 
abscesses, balloon dilation, or stents for strictures 
can be applied. Surgery may be necessary in very 
rare cases.

7.1.5  Radioembolization-Induced 
Liver Disease (REILD)

Sangro et al. [50] first used the term of REILD 
which refers to a collection of symptoms result-
ing from progressive liver decompensation 
related to radioembolization. Findings of the 
REILD are jaundice, ascites, high serum biliru-

bin levels, and low serum albumin level, and inci-
dence of it is nearly 5% [85]. REILD typically 
presents with patterns of sinusoidal obstruction 
as veno-occlusive disease. Supportive treatment 
is applied to these patients. While the syndrome 
can be self-limited, liver failure and death can be 
seen in serious cases [50].

All transarterial embolic therapies could 
cause liver toxicity that its degree of damage 
depends on many factors like dose, particle size, 
baseline liver reserve, and tumor to liver perfu-
sion. The calculation of actual dose of normal 
liver parenchyma is difficult since microspheres 
distribute inhomogeneously. Functional liver 
reserve and regenerative function are the two 
main determinants of liver toxicity. Cirrhosis, 
previous chemotherapies and locoregional ther-
apies, resection, etc. all affect the functional 
reserve and regenerative capacity. In almost all 
the patients that underwent radioembolization 
treatment with 90Y, some degree of liver toxicity 
is seen.

Liver-dependent factors such as infiltrative 
type of HCC (volume of the tumor 50% of total 
liver volume), serum liver transaminases levels 
greater than five times the normal value, serum 
albumin level <3 g/dl, and total serum bilirubin 
level >2 mg/dl strongly associated with a 3-month 
mortality. The bilirubin level is the best indicator 
for REILD [10].

Although serious liver toxicity associated 
with radioembolization is rare, if it develops, it 

a b c

Fig. 12 Contrast-enhanced axial CT image (a) after 
TARE shows ascites and air in the gallbladder wall 
(emphysematous cholecystitis). Spot image (b) obtained 
after placement of percutaneous cholecystostomy shows 

the drainage catheter and embolization coils in right 
phrenic artery. Control contrast-enhanced axial CT image 
(c) after removal of drainage catheter shows resolution of 
cholecystitis and ascites
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can be divided into early and late stages. Acute 
liver toxicity occurs in 2–16 weeks after treat-
ment with no tumor progression or biliary 
obstruction [112].

Chronic toxicity can be seen in months or 
years after treatment. So, the rate of chronic tox-
icity is not known well yet. The mechanism of 
chronic toxicity is thought to be associated with 
radiation-induced fibrosis. It presents with atro-
phy of the liver and findings of portal hyperten-
sion [113, 114].

REILD is so rare after the first TARE ther-
apy. If there is no lesion in the contralateral 
lobe, the second session can be tolerated as 
well. But the cumulative dose of the liver 
increases the risk, so prior whole-liver therapy 
is an important risk factor for REILD.  If the 
tumoral lesions could be catheterized selec-
tively, patients with large tumors can be treated 
safely even when they have other risk factors 
for toxicity [85]. Instead of whole-liver ther-
apy, sequential lobar treatment can be per-
formed to allow the contralateral lobe for 
regeneration with an interval of 4–6  weeks. 
However, caution should be exercised when 
considering sequential treatments because 
REILD may occur in 16 weeks after first pro-
cedure. So, the absence of clinical deteriora-
tion in 4–6 weeks after treatment should not be 
seen as conclusive evidence that additional 
therapy is safe [115].

For the mild cases, current standard of treat-
ment includes diuretics and long-term high-dose 
steroids. For more serious and acute cases, long- 
term low-dose heparin, ursodeoxycholic acid, and 
pentoxifylline can be added to treatment [10].

7.1.6  Post Radioembolization 
Syndrome

In post radioembolization syndrome, symptoms 
such as fever, fatigue, nausea, vomiting, and 
anorexia are seen. The incidence of it has been 
defined as significantly less than the postemboli-
zation syndrome encountered after TACE. Post 
radioembolization syndrome is usually self- 
limited. Some patients may need symptomatic 
treatment and hospitalization. Single-dose ste-
roids can be given preprocedurally [8].

7.2  Vascular Complications

TARE treatment has the same risks of vascular 
complications with other intra-arterial proce-
dures. Hematoma or pseudoaneurysm at the 
access site or arterial dissections can be seen dur-
ing therapy. The risk of vascular injury increases 
in patients who have previously received chemo-
therapy [18].

8  Radiologic Follow-Up

The aim of the follow up is the evaluation of the 
response or disease progression. Four-phase 
dynamic contrast-enhanced CT or multiphasic 
dynamic contrast-enhanced MRI is performed 
after 4–8  weeks following TARE procedure to 
evaluate the response to the therapy. To avoid the 
misinterpretation of reversible or transient find-
ings, intervals of follow-up imaging is not per-
formed earlier [56, 116]. The most common 
transient finding on follow-up CT images is 
reduced density at the site where microspheres 
accumulate. These findings are thought to be due 
to edema, congestion, or microinfarction in the 
treated areas [56]. After the first radiological study, 
patients are followed with scans every 3 months.

According to the guidelines of the World 
Health Organization (WHO) and the Response 
Evaluation Criteria in Solid Tumors (RECIST) 
group, the most important indicator of a success-
ful treatment response is reduction in tumor size 
[117]. However, necrosis, cystic degeneration, 
hemorrhage, or edema can cause the increasing 
in tumor size. The European Association for the 
Study of the Liver (EASL) necrosis criteria are 
also used to evaluate necrosis that develops in 
tumors [118]. According to a recent study, use of 
combined size and necrosis criteria is more accu-
rate than the use of size criteria alone in evaluat-
ing the response to 90Y treatment [119]. Therefore, 
the indicators which can show tumor necrosis 
such as tumor vascularity, 18- fluorodeoxyglucose 
uptake on PET-CT, volume of tumor (viable 
tumor burden), diffusion weighted MRI, and 
serum tumor markers (serum AFP level) should 
be evaluated for tumor response. Functional MRI 
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may play a role in detecting tumor response ear-
lier [120]. It may take 6–9  months to achieve 
maximum response (totally devascularization 
with no recurrence). Serial imaging together with 
laboratory examinations allows proper follow-up 
of treated patients for the response assessment. 
Follow-up imaging also helps to evaluate patients 
who were downstaged or in bridging period for 
the possible recurrences.

9  Conclusion

Interventional oncologic approaches broaden the 
treatment options for HCC. TARE is a safe and 
effective option for selected group of patients 
who are not suitable for surgery or other locore-
gional interventional treatments or patients with 
failed interventions. It has a proven effect in 
downstaging and bridging. TARE has an impor-
tant role in every stage of HCC, and the technical 
developments and improvements in dose-related 
issues will positively affect the outcomes of 
patients with HCC.
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1  Introduction

Transcatheter intra-arterial therapies are image- 
guided locoregional therapies mostly used in the 
interventional radiology for the treatment of 
patients with primary and metastatic tumours, most 
commonly localized in the liver [1]. These thera-
pies include intra-arterial chemotherapy (IAC), 
transarterial embolization (TAE), transarterial che-
moembolization (TACE) with or without drug-
eluting beads (DEBs), and radioembolization using 
embolic particles loaded with a radioisotope, most 
commonly Yttrium-90. The main goal of these 
therapies is to cause an ischemic/hypoxic environ-
ment and, consequently, coagulative necrosis in the 
tumour by delivering selectively chemotherapeutic 
drugs to the tumour-feeding arteries. The antican-
cer effect of all embolization procedures is based 
on terminal arterial blockade and subsequent 
tumour ischemia. IAC consists of intra-arterial 
infusion of the chemotherapeutic drugs by selec-
tive catheterization of the hepatic artery targeting 
the delivery of high concentrations of chemo-
therapeutic drugs directly to the tumour. TACE 
(with or without drug-eluting beads) combines 
targeted chemotherapeutic drug delivery with 
simultaneous embolization of the tumour-feed-
ing artery. Transarterial radioembolization inte-
grates delivery of internal radiation to the tumour 

with minimal embolic effect unlike other embo-
lization treatments. These therapies are accepted 
treatment modalities for providing survival ben-
efit in selected patient populations. In this chap-
ter, we describe the rationale behind of IAC, 
TAE, conventional transarterial chemoemboliza-
tion (cTACE), and transarterial chemoemboliza-
tion (TACE) with drug-eluting beads (DEBs) 
and provide a review of the existing medical lit-
erature. Transarterial radioembolization is 
beyond the scope of this chapter.

2  Intra-arterial Chemotherapy: 
Rationale and Overview

IAC is a minimally invasive percutaneous image- 
guided radiologic procedure with employing 
angiographic catheter as a conduit to achieve a 
higher local concentration of chemotherapeutic 
agents to the targeted unresectable tumour with 
fewer significant systemic side effects [2]. The 
rationale for regional chemotherapy is to maxi-
mize drug concentrations and tumour drug uptake 
in the target organ and minimize systemic toxicity 
[3]. For successful IAC, several important princi-
ples regarding tumour biology, drug pharmacol-
ogy, and delivery systems must be fulfilled [4]. 
These concepts are that (1) locoregional delivery 
of chemotherapeutic agent leads to increased 
local concentration of the drug, (2) increased 
locoregional concentration of the drug leads to 
increased therapeutic response, and (3) locore-
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gional drug delivery leads to decreased systemic 
exposure of the used drug. Several variations of 
this technique are available, and no standard pro-
tocol has been uniformly adopted. Many centres 
have differed in the choice and/or dose of the anti-
cancer agents used, treatment end points, and the 
schedule and/or interval of retreatment.

3  Intra-arterial Chemotherapy: 
Clinical Evidence of Safety 
and Efficacy

The results of IAC have been studied most exten-
sively in patients with colorectal cancer and unre-
sectable liver metastases. The role of TAC outside 
of metastatic colorectal cancer has been less 
researched. Okusaka et al. [3] published findings 
of the randomized phase III trial comparing TAC 
and TACE for the treatment of patients with unre-
sectable HCC.  In this prospective 161-patient 
study, there was no significant difference when 
the median overall survival time was compared 
between these two therapies. IAC produced less 
tumour necrosis than TACE, particularly in 
tumours more than 3 cm. The important thing is 
that the Barcelona Clinic Liver Cancer staging 
classification and treatment schedule [5], a 
worldwide used staging system for HCC man-
agement, does not include IAC in its algorithm of 
the treatment options for HCC.  Also, the 
American Association for the Study of Liver 
Disease practice guidelines [6] did not recom-
mend systemic or selective intra-arterial chemo-
therapy and warn not to use these treatment 
methods as standard of care. However, in Japan, 
TAC has traditionally been used to treat patients 
with advanced HCC with vascular invasion or 
multiple intrahepatic lesions or both [7].

4  Transarterial Embolization: 
An Overview

TAE (also known as bland embolization) is a 
minimally invasive image-guided procedure 
performed with the aim to restrict the tumour’s 

blood supply by delivering particles which do 
not contain a chemotherapeutic or radioactive 
agent. In the context of treating an HCC tumour 
with TAE, polyvinyl alcohol particles or gela-
tin-based microspheres are used most com-
monly, although alcohol with ethiodized oil and 
gelatin sponge has also been described [8]. 
Deficiency of arterial flow results in an isch-
emic/hypoxic environment and, consequently, 
coagulative necrosis in the tumour. The embolic 
agent can also potentially incite a localized 
inflammatory reaction and focal angionecrosis 
[9]. The therapeutic end point of TAE is the sta-
sis of flow in the arteries supplying the tumour 
with pruning of the distal branches of the treated 
artery. The targeted tumoral arterial supply is 
interrupted with an embolic agent, most com-
monly microparticles ranging from 40 to 
120 μm in size [10]. Depending on the disease 
distribution within the liver, the treatment 
approach can vary including lobar treatment for 
multifocal disease or targeted segmental treat-
ment for unifocal disease [8]. The most com-
mon associated risk is that of postembolization 
syndrome, the severity and duration of which 
might be correlated with the degree of healthy 
tissue ischemia and underlying liver function 
[11]. The use of novel intraprocedural technol-
ogies such as cone-beam CT is utilized to 
ensure complete tumoral coverage while avoid-
ing nontarget embolization [12]. TAE is 
reserved for nonsurgical candidates with liver-
dominant disease. Studies have demonstrated 
that HCC patients in stage B of the Barcelona 
Clinic Liver Cancer staging classification sys-
tem derive the most benefit from this procedure 
followed by stage C [13]. Patients in BCLC 
stage A may undergo TAE to maintain eligibil-
ity for transplantation per the Milan and 
University of California, San Francisco criteria 
[14]. The contraindications for TAE include 
decompensated cirrhosis (Child-Pugh B8 or 
higher), significantly reduced portal venous 
flow, creatinine clearance <30  mL/min, high 
tumour burden, severe comorbidities, untreated 
oesophageal varices, and elevated liver func-
tion markers [15].
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5  Transarterial Embolization: 
Clinical Evidence of Safety 
and Efficacy

Llovet et al. [13] reported that TAE confers sig-
nificant survival benefit compared to best sup-
portive care. Tsochatzis et  al. [14] published 
results from a meta-analysis of six randomized 
controlled trials comparing TACE with TAE, and 
none of them revealed significant differences in 
overall survival. Lee et al. [15] summarized evi-
dence from three studies revealing no significant 
differences in 3-year survival rates, adverse 
events, or RECIST responses. Kluger et al. [16] 
found that TAE patients were significantly less 
likely to require retreatment before transplanta-
tion than TACE patients. Malagari et al. [17], in 
the prospective randomized comparison of che-
moembolization with doxorubicin-eluting beads 
and bland embolization with Bead Block (Boston 
Scientific, Marlborough, MA) for HCC, found 
significant improvement in time-to-progression 
in the DEB-TACE group, but no change in over-
all survival.

Since induced ischemia from embolotherapy 
could be the dominant contributor to tumour cell 
death and bland embolization does spare the cost 
of chemotherapy and its toxicity profile, TAE 
should continue to be offered to appropriately 
selected patients.

6  Transarterial 
Chemoembolizations: 
An Overview

TACE is a minimally invasive image-guided pro-
cedure performed with the aim to restrict a 
tumour’s blood supply. According to the Society 
of Interventional Radiology guidelines [18], che-
moembolization is currently defined as the infu-
sion of a mixture of chemotherapeutic agents 
with or without iodized oil, followed by emboli-
zation with particles. During TACE, embolic par-
ticles with or without chemotherapeutic drugs are 
injected through an angiographic catheter directly 
into a tumour-feeding artery. There are two main 
mechanisms enabling TACE in patients with 

HCC. The carcinogenesis of HCC is a multistep 
process that leads to a gradual shift in tumour 
blood supply from predominantly portal to pre-
dominantly arterial circulation. Due to the pre-
dominately arterial feeding of HCC, transarterial 
embolization interrupts the tumour’s blood sup-
ply and slows down or stops the growth of the 
tumour [19]. Additionally, targeted administra-
tion of chemotherapeutic agents allows delivery 
of a higher dose to the tumour’s tissue while 
simultaneously reducing exposure for the liver 
parenchyma. After transarterial embolization, 
chemotherapeutic drugs are not washed out from 
the occluded tumour’s vessels that results in a 
higher concentration of drugs within the tumour 
with a longer period of the exposure to the cyto-
toxic effect. An ischemic necrosis induced by 
embolization causes a failure of the transmem-
brane pump, resulting in a greater absorption of 
tumoricidal agents by the tumour cells. Thus, the 
concentration of the agents within the tumour can 
be 40 times greater than that of the surrounding 
normal liver parenchyma [20]. As a consequence 
of the above, TACE selectively targets the tumour 
while normal liver is relatively preserved. 
According to the Barcelona Clinic Liver Cancer 
(BCLC) staging system [5], TACE is the first-line 
treatment for intermediate-stage disease, which 
includes asymptomatic patients with well- 
preserved liver function and limited to liver large 
or multifocal tumours and without macrovascular 
invasion or extrahepatic spread. For these 
patients, TACE is recognized as a treatment with 
proven survival effect on survival [13, 21, 22]. 
The BCLC system also recommends a treatment 
migration concept in that TACE should be used in 
patients with early-stage HCC in whom the rec-
ommended treatments are not feasible or have 
failed [5]. The use of TACE was also supported 
by other staging systems such as the Chinese 
University Prognostic Index [23], the Hong Kong 
Liver Cancer staging system [24], and the 
Japanese Integrated Staging scoring system [25]. 
There are two TACE techniques [1, 26], namely 
conventional TACE (cTACE), which uses a mix-
ture of a chemotherapeutic agent with Lipiodol, 
and TACE with DEBs (DEB-TACE) which will 
be reviewed further separately.
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7  Critical Appraisal of Patient 
Selection for TACE

Patient selection is crucial for the success of 
TACE [26]. The exclusion of absolute contraindi-
cations should always be the first step in the 
assessment of patient suitability for 
TACE.  Absolute and relative contraindications 
include features of decompensated liver disease, 
extensive bilobar tumour load and impaired 
integrity of the portal vein, as well as untreated 
large varices, huge tumour size, and severe 
comorbidities [27, 28]. However, patients with 
moderate to severe hepatic insufficiency can still 
be treated with TACE if embolization is per-
formed segmentally or sub-segmentally, target-
ing a small volume of the liver. The presence of 
segmental or sub-segmental portal vein invasion 
is acceptable for cTACE if only injection of the 
drug/Lipiodol emulsion without particulate 
embolization is performed in the portion of the 
liver parenchyma deprived of portal venous flow 
and particulate embolization is delivered only 
into the tumour-feeding arteries. This approach 
ensures that non-tumoural liver tissue can still 
rely on adequate arterial flow [29].

Accepted absolute contraindications for TACE 
are summarized as follows [19, 26–28]:

• Eastern Cooperative Oncology Group [30] 
Patient Performance Status >1

• Decompensated liver cirrhosis (Child-Pugh 
class B, score >8) with jaundice, clinically 
significant hepatic encephalopathy, refractory 
to treatment ascites, and/or hepatorenal 
syndrome

• Impaired portal venous circulation due to por-
tal vein thrombosis or high portal hyperten-
sion with hepatofugal blood flow

• Extensive tumour involving both lobes of the 
liver

• Main portal vein tumour thrombosis
• Untreatable intrahepatic arteriovenous fistula
• Impaired renal function
• Active systemic infection
• Uncorrectable bleeding disorder
• Previous shock related to contrast media

Accepted relative contraindications for TACE 
are summarized as follows [19, 26–28]:

• Presence of oesophageal varices with high 
risk of bleeding

• Tumour larger than 10 cm
• Severe comorbidities
• Incompetent papilla with aerobilia
• Biliary dilatation

8  Conventional Transarterial 
Chemotherapy: An Overview

cTACE involves the imaging-guided intra- 
arterial injection of a cytotoxic drug, such as 
cisplatin, doxorubicin, epirubicin, idarubicin, 
or mitomycin C, which is emulsified in the 
Lipiodol, into tumour-feeding artery thorough 
angiographic catheter. Lipiodol, also known as 
ethiodized oil, is a poppy-seed oil used by 
injection as a radiopaque contrast agent 
(Lipiodol® Ultra-Fluid; Guerbet, Villepinte, 
France). Intra-arterial injection of cytotoxic 
drug is followed by intra-arterial injection of an 
embolic agent, such as Gelfoam, polyvinyl 
alcohol, or acrylic copolymer gelatin particles 
[31]. During cTACE, Lipiodol carries and 
delivers chemotherapeutic agents to the tumour 
and causes embolization of the tumour micro-
circulation [32, 33]. cTACE is the current stan-
dard of care for large or multinodular tumours 
isolated to the liver for patients with preserved 
liver function and absence of portal vein inva-
sion [34]. cTACE use has been reported in 
patients with more advanced HCC, such as 
microvascular or macrovascular invasion, or 
limited extrahepatic disease with adequately 
preserved hepatic function [35]. cTACE is also 
used in patients with early-stage HCC as a 
bridge to liver transplantation or for patients 
not eligible for liver transplantation, hepatic 
resection, and ablation [5]. cTACE is the rec-
ommended standard of care for the treatment of 
intermediate-stage HCC in most current inter-
national guidelines [34, 36]. A recent system-
atic review of cTACE efficacy that comprised a 
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total of 10,108 HCC patients found that the 
median overall survival was 19.4  months and 
that the 5-year survival rate was 32.4% [37]. 
Despite these facts, some important limitations 
remain. One of the issues of cTACE is the huge 
heterogeneity of the techniques and schedules 
used in clinical practice. Further differences 
exist with regard to the selectivity of TACE 
(lobar versus segmental versus super-selective), 
which has been reported to be an important 
determinant of procedure tolerance and efficacy 
[38]. To deal with these limitations, a world-
wide expert panel published consensus techni-
cal recommendations in order to encourage 
cTACE standardization [29].

The most important recommendations of the 
worldwide expert panel [18] are summarized 
below:

• Eastern European Oncology Group [30] 
Patient Performance Status to be 0

• Multiphasic computed tomography (CT) or 
dynamic contrast-enhanced magnetic reso-
nance imaging (MRI) of the liver as the pre-
ferred modalities for the treatment allocation

• Cone-beam CT use for the tumour visualiza-
tion, targeting, and assessment of treatment 
completion

• Doxorubicin (50–75 mg/m2) or cisplatin (50–
100 mg/m2) as the most proven chemothera-
peutic agent

• Preparing water-in-oil emulsion (aqueous 
chemotherapy droplets in internal phase and 
Lipiodol in continuous external phase) to 
improve tumour deposition

• Gelatine sponge use with 100–300 microns- 
sized calibrated microspheres with the aim to 
occlude distal vessels with preservation of 
feeding segmental arteries

• Super-selective approach with microcatheter 
for treating a single tumour or small number 
of tumours

• Lipiodol opacification of the small arteriopor-
tal sinusoids as a predictive factor for tumour 
response and local recurrence [39]

• Assessing tumour viability using the mRE-
CIST criteria [40]

• At least two cTACE procedures 2–8  weeks 
apart in order to ensure a presence or absence 
of the tumour response

9  Conventional TACE: Clinical 
Evidence of Safety 
and Efficacy

cTACE has been established as the standard treat-
ment for intermediate-stage HCC without portal 
vein invasion in consequences of two randomized 
controlled trial studies, which used either doxo-
rubicin [13] or cisplatin [21] mixed with Lipiodol. 
These studies represent the only level 1 evidence 
for intra-arterial therapies for HCC demonstrat-
ing the superiority of cTACE over best supportive 
care. Regarding the safety of cTACE, symptoms 
related to postembolization syndrome (fever, 
nausea, and abdominal pain) may be observed in 
up to 80% of patients and were generally mild, 
transient, and manageable. The most common 
complications included liver failure, cholecysti-
tis, gastrointestinal bleeding, ascites, and enceph-
alopathy. Treatment-related death rates varied 
between 0% and 6% [41]. It is less likely to see 
deteriorated quality of life after TACE [42]. A 
multicentre prospective Asian cooperative study 
on intermediate-stage HCC patients treated with 
cTACE reported a median survival time and 1- 
and 2-year survival rates of 3.1 year and 89.6 and 
75.0%, respectively [43]. cTACE has been 
reported in patients with more advanced HCC, 
such as macrovascular invasion or limited extra-
hepatic disease with adequately preserved hepatic 
function. In the prospective non-randomized 
study, HCC patients with segmental or sub- 
segmental portal vein invasion were treated with 
cTACE or conservative care according to the 
patient’s preference. The 12- and 24-month OS 
rates for the cTACE and conservative groups 
were 30.9%, 9.2%, and 3.8%, 0%, respectively 
(p < 0.001) [35]. In the USA, cTACE is also used 
in patients with early-stage HCC as a bridge to 
liver transplantation or when liver transplanta-
tion, hepatic resection, and image-guided abla-
tion are not possible [44].
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10  Transarterial 
Chemoembolization 
with Drug-Eluting Beads: 
An Overview

DEB-TACE, a different transarterial drug delivery 
technique, involves the intra-arterial injection of 
DEBs loaded with various types of chemothera-
peutic agents [45]. DEBs are non-resorbable 
embolic microspheres loaded with a chemothera-
peutic agent with the ability of slow drug release, 
which should ensure high local and low systemic 
drug concentrations. DEB-TACE was primarily 
developed to enhance the delivery of the chemo-
therapeutic agent while minimizing systemic tox-
icity and to provide a standardized embolizing 
effect. Commercialized DEBs are composed of 
various hydrophilic ionic polymers that can bind 
to anthracycline drugs via an ion exchange mech-
anism. Several microsphere diameters are avail-
able, ranging from 40 to 900  μm. The unique 
properties of these beads, and therefore of this 
transarterial drug delivery system, allow the fix-
ing drug doses and the ability to release the che-
motherapeutic agents in a sustained and controlled 
manner. Different microspheres are available for 
DEB-TACE. DC Bead (BTG International, 
London, UK) is a relatively new drug delivery 
embolization system comprising a range of hydro-
gel microspheres that are biocompatible, hydro-
philic, non-resorbable, and precisely calibrated. 
DC Beads are available in four different ranges – 

70–150 μm, 100–300 μm, 300–500 μm, and 500–
700 μm – with drug loadings varying from 5 to 
45  mg/mL hydrated beads. HepaSphere 
(MeritMedical, MA) is a biocompatible, non-
resorbable, expandable, and loadable micro-
sphere. The HepaSphere beads are available in a 
range of sizes: 30–60  μm, 50–100  μm, 100–
150  μm, and 150–200  μm. TANDEM micro-
spheres (CeloNova Biosciences/Boston Scientific, 
MA) (Fig. 1a–c) are non- resorbable polymethac-
rylate hydrogel that are available in three sizes: 
40  ±  10  μm, 75  ±  15  μm, and 100  ±  25  μm. 
LifePearl (Terumo Corporation, Tokyo, Japan) 
are polyethylene glycol embolization micro-
spheres that can be loaded with chemotherapeutic 
agents (such as doxorubicin, irinotecan, idarubi-
cin, and epirubicin). LifePearl microspheres offer 
a wide range of drug loading options, enhanced 
suspension characteristics, and tight calibration. 
LifePearl microspheres are available in three 
sizes: 100 ± 25 μm, 200 ± 50 μm, and 400 ± 50 μm. 
DC Bead LUMI (BTG International, London, 
UK) (Fig.  2a–e) is radiopaque, biocompatible, 
non-resorbable hydrogel beads, produced from 
polyvinyl alcohol-like conventional DC Bead, but 
incorporating a tri- iodobenzyl radiopaque moiety 
with a covalent bond. DC Bead LUMI is designed 
to be inherently radiopaque and thus perfectly vis-
ible under X-ray-based imaging modalities, such 
as CT, cone-beam CT, and fluoroscopy. DC Bead 
LUMI is available in three size ranges: 70–150 μm, 
100–300 μm, and 300–500 μm.

a b c

Fig. 1 (a) T2-weighted magnetic resonance imaging 
demonstrated histologically proven hepatocellular carci-
noma in the right lobe of the liver in 73-year-old female 
patient later treated with DEB-TACE using TANDEM 
40  μm microspheres loaded with doxorubicin. (b) 
Contrast-enhanced magnetic resonance imaging demon-

strated hypervascular hepatocellular carcinoma in the 
same patient before treatment. (c) Contrast-enhanced 
magnetic resonance imaging demonstrated avascular and 
shrunken tumour in the same patient 3  years after the 
treatment. These findings were evaluated as complete 
response according to mRECIST criteria
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11  Transarterial 
Chemoembolization 
with Drug-Eluting Beads: 
Clinical Evidence of Safety 
and Efficacy

Safety and efficacy of DEB-TACE have become 
the object of a number of studies. Generally, 
safety and efficacy of DEB-TACE were evaluated 
by the randomized European Precision V phase II 
trial in 212 patients with predominately 
intermediate- stage HCC [28], and a post hoc 
comparison showed a significant reduction in 
drug-related systemic and liver toxicity. Grosso 
et al. [46] published initial results of a multicen-
tre trial that employed HepaSphere microspheres 
loaded with doxorubicin or epirubicin to treat 50 
patients with unresectable HCC.  The technical 
success was achieved in all cases, and no major 

complications were experienced. The authors 
evaluated tumour response 1 and 6 months after 
the procedure, observing an objective response 
rate of 84 and 77.4%, respectively, at the first and 
second follow-up time points. Therefore, they 
concluded that DEB-TACE using HepaSphere is 
a feasible, effective, and safe procedure. Malagari 
et  al. [47] reported similar promising midterm 
outcomes using doxorubicin-loaded DC beads as 
treatment of 3–10  cm HCCs in 71 patients. 
Overall survival at 12, 18, 24, and 30 months was 
97.05%, 94.1%, 91.1%, and 88.2%, respectively. 
Sustained overall survival was seen in 66.2% of 
patients. Despite postembolization syndrome 
being observed in all patients, the rate of severe 
procedure-related complications was just 4.2%. 
Therefore, authors stated that DEB-TACE with 
DC Bead is an effective and safe procedure in the 
treatment of HCC with high rates of response and 

a

d e

b c

Fig. 2 (a) T2-weighted fat saturated magnetic resonance 
imaging demonstrated hepatocellular carcinoma in the 
right lobe of the liver in a 69-year-old male patient later 
treated with DEB-TACE using DC Bead LUMI 
70–150  μm microspheres loaded with doxorubicin. (b) 
Contrast-enhanced magnetic resonance imaging demon-
strated hypervascular hepatocellular carcinoma in the 
same patient before treatment. (c) Non-contrast computed 
tomography performed the day after the treatment with 
DC Bead LUMI demonstrated distribution of the radi-

opaque microspheres within the tumour in the same 
patient. (d) Non-contrast computed tomography per-
formed 1 week after the treatment with DC Bead LUMI 
demonstrated distribution of the radiopaque microspheres 
within the tumour in the same patient. (e) Control contrast- 
enhanced magnetic resonance imaging demonstrated 
avascular and shrunken tumour in the same patient 
19 months after the treatment. These findings were evalu-
ated as complete response according to mRECIST 
criteria
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midterm survival. Spreafico et al. [48] reported a 
study with the aim to evaluate the short-term 
safety and efficacy of the 70–150 μm DC BeadM1 
loaded with doxorubicin in 45 patients with HCC 
undergoing DEB-TACE as a primary therapy or 
as a bridge to liver transplantation. The authors 
reported an OR rate of 77.7% and a grade 3/4 
adverse event rate as low as 1.5%. Moreover, 
pathology demonstrated that 35% of the treated 
nodules presented a coagulative necrosis area 
larger than 90% of their volume. Thus, the 
authors concluded that DEB-TACE with DC 
BeadM1 is an effective and safe procedure, pro-
viding either tumour downstaging or necrosis. 
Two different prospective studies that investi-
gated the potential role of DEB-TACE, experi-
encing the use of both HepaSphere 30–60  μm 
[49] and TANDEM [50], reported good response 
rates in both cases: the OR was 68.9% in the 
HepaSphere study and 61.3% in the TANDEM 
study. Recently, Greco et  al. [51] achieved 
encouraging results in terms of tumour response 
using 40 μm Embozene TANDEM particles with 
overall response of 72.6%. Richter et al. [52] in 
the MIRACLE I prospective multicentre study 
reported similar results using 75 μm Embozene 
TANDEM particles with a higher overall response 
as 95%. Balli et al. [53] demonstrated that super- 
selective DEB-TACE with doxorubicin-loaded 
beads sized 40–75 μm was an effective and safe 
treatment method with prolonged time-to- 
progression and progression-free survival in 
early and intermediate stages of HCC. An analy-
sis concerning the particles size was performed 
by Prajapati et al. [54] who retrospectively com-
pared the overall survival, efficacy, and safety of 
small (100–300  μm) and large (300–500 and 
500–700 μm) DEB-TACE beads in two groups of 
patients with unresectable HCC.  The authors 
found that the use of 100–300-μm-sized particles 
was linked with significantly higher survival rate 
and lower complications than the employment of 
300–500 and 500–700-μm-sized DEBs. In 
another retrospective comparative study, Balli 
et al. [55] reported a higher response rates, pro-
longed overall survival, and progression-free sur-
vival after DEB-TACE performed with 

doxorubicin-loaded microspheres sized below 
100 μm than in above 100 μm patient group. In 
conclusion, these findings underline that imple-
mentation of DEB-TACE may be further 
increased by the adoption of small particle sizes.

12  Comparison of Conventional 
Transarterial 
Chemoembolization 
and Transarterial 
Chemoembolization 
with Drug-Eluting Beads

Both cTACE and DEB-TACE have been consid-
ered as the standard treatment for unresectable 
HCC. DEB-TACE ensures the loaded chemother-
apeutic agent slowly releases to achieve a lower 
systemic drug peak compared to cTACE [56]. 
DEB-TACE was expected to improve the perfor-
mance of conventional cTACE.  Two retrospec-
tive studies [57, 58] have suggested the superiority 
of DEB-TACE, whereas other comparative stud-
ies have not confirmed this superiority. Idilman 
et al. [59] reported that no differences in survival 
or side effects were observed between the cTACE 
and DEB-TACE in their retrospective study. In a 
large comparative study of Western HCC patients, 
Facciorusso et  al. [60] demonstrated that drug- 
eluting bead chemoembolization with 100–
300 μm particles did not seem to improve survival 
in comparison with conventional chemoemboli-
zation, which in turn provided better tumour 
responses and time-to-progression. Moreover, 
the randomized controlled trial of DEB-TACE 
versus cTACE for HCC performed by 
PRECISION Italia Study Group [61] showed that 
adverse effect incidence and severity did not dif-
fer between the arms, except for post-procedural 
pain, more frequent and severe after cTACE 
(P < 0.001). The 1- and 2-year survival rates were 
86.2% and 56.8% after DEB-TACE and 83.5% 
and 55.4% after cTACE (P  = 0.949). Thus, the 
authors stated that DEB-TACE and the cTACE 
are equally effective and safe, with the only 
advantage of DEB-TACE being less post- 
procedural abdominal pain. Additionally, Karalli 
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et al. [62], in their retrospective real-life analysis, 
reported that DEB-TACE had better tolerability 
compared to cTACE, but overall survival did not 
differ between the two treatments. Zhang et  al. 
[63] also demonstrated that compared to cTACE, 
DEB-TACE offered slightly better disease con-
trol rate and tolerability for HCC patients. 
However, DEB-TACE does not provide higher 
progression-free survival than cTACE.

Two meta-analyses [64, 65] and one system-
atic review [66] regarding comparability or supe-
riority of cTACE and DEB-TACE were recently 
published. In the first meta-analysis performed 
by Facciorusso et  al. [64], 4 randomized con-
trolled trials and 8 observational studies with 
1449 patients were evaluated. Non-significant 
trends in favour of DEB-TACE were observed as 
for 1-year (odds ratio: 0.76, 0.48–1.21, p = 0.25), 
2-year (odds ratio: 0.68, 0.42–1.12, p  =  0.13), 
and 3-year survival (odds ratio: 0.57, 0.32–1.01, 
p = 0.06). Meta-analysis of plotted hazard ratios 
confirmed this trend (hazard ratio: 0.86, 0.71–
1.03, p = 0.10). Pooled data of objective response 
showed no significant difference between cTACE 
and DEB-TACE (odds ratio: 1.21, 0.69–2.12, 
p = 0.51). No statistically significant difference in 
adverse events was registered (odds ratio: 0.85, 
0.60–1.20, p = 0.36). Based on these results, the 
authors stated that results of performed meta- 
analysis stand for a non-superiority of DEB- 
TACE with respect to cTACE in HCC patients. In 
the second meta-analysis regarding comparabil-
ity of cTACE and DEB-TACE [65], no significant 
difference was found in overall response at 3, 6, 
9, and 12  months, complete response, partial 
response, disease control rate, stable disease, 
overall survival, and complications between 
cTACE and DEB-TACE. The authors stated that 
DEB-TACE had similar therapeutic effects to 
those of cTACE. Furthermore, major complica-
tions in both therapies were similar; thus, the 
authors concluded that superiority of DEB-TACE 
over cTACE remains unclear, and further research 
with high-quality evidence is needed. However, 
in the recently published systematic review, Yang 
et  al. [66] evaluated the effects of DEB-TACE, 
TARE, and cTACE in terms of overall survival, 

tumour response, and complications. The authors 
found that DEB-TACE had a better overall sur-
vival at 1 year (p = 0.006), 2 years (p = 0.046), 
and 3  years (p  =  0.035) when compared with 
cTACE.

In conclusion, despite the theoretical advan-
tages of DEB-TACE over cTACE, it is still con-
troversial as to whether DEB-TACE is superior to 
cTACE in terms of efficacy. However, it seems 
that DEB-TACE shows at least similar clinical 
outcomes and less adverse events than 
cTACE.  Further organized prospective studies 
are required to identify combination strategies 
and to develop better treatment approaches for 
patients with HCC.

13  Future Directions: 
Transarterial 
Chemoembolization 
and Systemic Therapy 
Combination

TACE has been established as the most widely 
used therapeutic intervention for patients with 
intermediate-stage HCC.  Despite level 1 evi-
dence of survival benefit for TACE in BCLC 
stage B, it remains a palliative treatment. This 
may be explained by the hypoxic environment 
created by the TACE procedure, which can 
induce neoangiogenesis by stimulating vascular 
endothelial growth factor and other angiogenic 
pathways, promoting revascularization and 
growth of residual viable tumour [5, 67]. In an 
effort to address this problem, many studies have 
been conducted combining TACE with systemic 
anti-angiogenic agents, most commonly 
sorafenib (Nexavar; Bayer AG, Leverkusen, 
Germany), based on its proven activity against 
advanced HCC. The GIDEON trial [68] was an 
observational registry of 3202 patients with HCC 
of BCLC A, B, and C stages treated with sorafenib 
alone or in combination with TACE.  Adverse 
events were reported in 2732 (85.3%) patients 
overall, with no notable differences in the inci-
dence of adverse events, regardless of TACE 
treatment history. Overall survival was 
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12.7 months in prior TACE patients, 9.2 months 
in non-prior TACE patients, 21.6 months in con-
comitant TACE patients, and 9.7 months in non- 
concomitant TACE patients. The authors stated 
that the combination of TACE with sorafenib 
appears to be a well-tolerated and viable thera-
peutic approach. The SPACE trial [69], a pro-
spective randomized phase II trial in patients 
with BCLC stage B HCC, included 307 patients 
allocated randomly to DEB-TACE with sorafenib 
and DEB-TACE with placebo. There was no dif-
ference in TTP between the two arms (169 vs. 
166  days in the sorafenib and placebo arms, 
respectively, p  = 0.072). Overall the trial had a 
negative outcome with no impact on overall sur-
vival (p  =  0.29). A further subgroup analysis 
from the SPACE trial suggested that patients with 
more advanced disease could benefit more than 
those with intermediate-stage disease [70]. In a 
phase III trial of TACE with sorafenib (TACE-2) 
[71], 313 patients were randomized to sorafenib 
or placebo with DEB-TACE 2–5 weeks later and 
additional TACE on demand. This trial reported 
no significant difference regarding a median 
progression- free survival (7.9 vs. 7.8 months in 
the sorafenib and placebo arms, respectively, 
p = 0.94) and median overall survival (21.1 and 
19.7 months in the sorafenib and placebo groups, 
respectively, p  =  0.57). In the phase III STAH 
trial [72], 169 patients were randomized to 
sorafenib alone or sorafenib combined with 
cTACE within 7–21  days of randomization. 
Compared with sorafenib alone, sorafenib com-
bined with cTACE did not improve overall sur-
vival in patients with advanced HCC. However, 
sorafenib combined with cTACE significantly 
improved time-to-progression, progression-free 
survival, and tumour response rate. For combined 
treatment and sorafenib alone, median time-to- 
progression was 5.3 and 3.5 months, respectively 
(p  =  0.003); median progression-free survival 
was 5.2 and 3.6 months, respectively (p = 0.01); 
and median overall survival was 12.8 and 
10.8  months, respectively (p  =  0.290). The 
authors stated that sorafenib alone remains the 
first-line standard of care for patients with 
advanced HCC. Kudo et al. [73], in the random-
ized, multicentre prospective TACTICS trial, 

compared the efficacy and safety of TACE plus 
sorafenib with TACE alone using a newly estab-
lished TACE-specific end point and pretreatment 
of sorafenib before initial TACE. Patients in the 
combination group received sorafenib 400  mg 
once daily for 2–3 weeks before TACE, followed 
by 800 mg once daily during on-demand cTACE 
sessions until time to untreatable progression, 
defined as untreatable tumour progression, tran-
sient deterioration to Child-Pugh C, or appear-
ance of vascular invasion/extrahepatic spread. 
Median progression-free survival was signifi-
cantly longer in the TACE plus sorafenib than in 
the TACE alone group (25.2 vs. 13.5  months; 
p  =  0.006). Overall survival was not analysed 
because only 73.6% of overall survival events 
were reached. Median time to untreatable pro-
gression (26.7 vs. 20.6  months; p  =  0.02) was 
also significantly longer in the TACE plus 
sorafenib group. Overall survival at 1  year and 
2 years in TACE plus sorafenib group and TACE 
alone group were 96.2% and 82.7% and 77.2% 
and 64.6%, respectively. The authors stated that 
TACE plus sorafenib significantly improved 
progression- free survival over TACE alone in 
patients with unresectable HCC.  Meta-analyses 
[74, 75] of TACE in combination with sorafenib 
have reported improved time-to-progression in 
patients with a combination; however, the addi-
tion of sorafenib failed to improve significantly 
in overall survival compared to TACE alone. In 
conclusion, a number of clinical trials inquiring 
addition of sorafenib to TACE did not demon-
strate any significant improvement of overall sur-
vival due to addition of sorafenib to TACE for 
patients with intermediate-stage HCC.

Another systemic agent (bevacizumab; Roche 
Diagnostics GmbH, Mannheim, Germany) was 
tested in combination with TACE. Pinter et  al. 
[76], in a randomized phase II study investigating 
the addition of bevacizumab to TACE, reported 
no evidence of increased efficacy assessed by 
radiological response rate. Smolka et al. [77], in 
the study comparing TACE + bevacizumab to 
TACE alone, reported that bevacizumab did not 
change quantitative tumour response to 
TACE.  Briefly, the combination of TACE with 
anti-angiogenic drugs has been disappointing in 
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terms of survival outcomes; however, due to 
potential safety, further studies are warranted in 
patients with advanced HCC.

14  Future Directions: 
Transarterial 
Chemoembolization 
and Immunotherapy 
Combination

A substantial body of evidence supports the 
development of immunotherapy to treat HCC. It 
is logical to combine TACE therapy with check-
point inhibitors because the tumour burden will 
be less than in patients with advanced disease; 
checkpoint inhibitors will be administered in a 
immunogenic environment with probability of 
overcoming local tumour-mediated immune sup-
pression; and both TACE and checkpoint inhibi-
tors have been shown to stimulate immune 
responses against HCC [78]. Experiments in 
immunotherapy such immune checkpoint inhibi-
tors are also underway. Several combination 
strategies of immunotherapies with thermal abla-
tions and cryoablation were investigated in vitro 
and in animal models of HCC [79]. Recently, 
Marinelli et  al. [80] investigated the safety of 
locoregional treatment (transarterial chemoem-
bolization or Yttrium-90 transarterial radioembo-
lization) combined with nivolumab for 
intermediate and advanced hepatocellular carci-
noma (HCC). The authors reported that during a 
median follow-up of 11.5  months (range, 1.8–
35.1), no grade III/IV adverse events attributable 
to nivolumab were observed. In addition, there 
were no nivolumab-related deaths, and 30-day 
mortality after LRT was 0%. Thus, the authors 
demonstrate that locoregional treatment per-
formed concomitantly with nivolumab immuno-
therapy had an acceptable safety profile in 
patients with intermediate and advanced HCC. In 
conclusion, current evidences suggest that the 
combination of systemic treatments and TACE 
seems to be a relatively safe option for treating 
patients with advanced disease. More studies are 
necessary to produce solid data over a longer 
follow-up period.

15  Current Implementation 
of Transarterial 
Chemoembolization 
in the Middle East Countries

We aimed to report a brief summary about the 
TACE implementation in the Middle East coun-
tries based on literature screening from PubMed. 
Indeed, it is not possible to describe all articles; 
thus, only newest investigations from the last 
5  years were included into this brief literature 
review. Zaky et al. [81] evaluated the short-term 
outcome of the decision, taken by the multidisci-
plinary tumour board for the treatment of HCC 
patients with surgical resection, local ablative 
therapy, cTACE, and palliative supportive care. 
The authors found that the management of HCC 
was better performed through a multidisciplinary 
team decision, and cTACE has a success rate of 
33.3%. El Sherbiny et  al. [82] investigated 
changes in Doppler parameters of portal pressure 
after interventional management of HCC, includ-
ing TACE, and reported improved portal hyper-
tension parameters after TACE.  The authors 
recommended Doppler ultrasound use as a reli-
able and effective method of evaluation of portal 
hypertension after TACE for HCC. Abdelmaksoud 
et  al. [83] evaluated the prognostic factors and 
management in patients with HCC with portal 
vein thrombosis. The authors reported a signifi-
cantly worse prognosis in patients with more than 
two tumours, abdominal lymphadenopathy, and 
serum bilirubin >2 mg/dL. Additionally, specific 
treatment significantly increased survival com-
pared to patients left untreated (p = 0.027). Thus, 
TACE was considered as a promising procedure 
for unresectable portal vein thrombosis- 
associated HCCs. Abdelaziz et al. [84] studied a 
combined ablation techniques and assess survival 
benefit comparing TACE with radiofrequency 
versus TACE with microwave ablation tech-
niques. A higher tendency to provide complete 
response rates after TACE with microwave abla-
tion comparing with TACE with radiofrequency 
ablation was reported (p = 0.06). This was par-
ticularly evident with lesions sized 3–5  cm 
(p  =  0.01). Rates of complications showed no 
significant difference between the groups. The 
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authors concluded that TACE with microwave 
ablation led to better response rates with tumours 
3–5  cm, with no difference in survival rates. 
Moustafa et  al. [85] reviewed the factors influ-
encing the development of an extrahepatic col-
lateral arterial blood supply to HCC and described 
a systematic approach to enhance the ability to 
predict the presence of extrahepatic collateral 
arteries. They also describe the proper technique 
for TACE of each extrahepatic collateral artery 
and how to avoid potential technique-related 
complications. Abdella et  al. [86] assessed the 
outcomes after TACE in patients with segmental 
portal vein thrombosis regarding Child-Pugh 
classification, radiological response, and 1-year 
survival. TACE succeeded to achieve disease 
control in 93.3%, 86.3%, 57.7%, and 44.4% of 
patients after 1, 3, 6, and 12 months, respectively. 
Post-TACE liver decompensation occurred in the 
form of ascites in 30%, jaundice in 10%, and 
hepatic encephalopathy in 3.3% within 1 month 
of TACE.  One-month survival after TACE was 
100%, 3  months was 96.6%, 6  months was 
86.6%, and 1 year was 60%. Mean overall sur-
vival of the included patients was 17 months (s.e. 
= 1.59). The authors concluded that TACE seems 
an alternative option for unrespectable HCC with 
portal vein thrombosis in patients with preserved 
liver function. Hassan et  al. [87] evaluated the 
frequency of regulatory T cells and serum levels 
of IL-6 and IL-10 before and after TACE. HCC 
patients had a significantly higher level of IL-6 
and IL-10 when compared to the control group 
(p = 0.0002, p < 0.0001), respectively. However, 
after treatment, there was an elevation in the lev-
els of IL-6 and IL10 followed by a decrease to the 
baseline levels. Patients with large tumours 
(≥5 cm) showed higher levels of both IL-6 and 
IL-10 than those with smaller tumours. Moreover, 
HCC patients showed a higher frequency of regu-
latory T cells in comparison with the controls 
(p  =  0.002). No significant correlation was 
observed between the frequency of regulatory T 
cells and IL-10 before and after treatment 
(r = 0.38, p = 0.30). The authors concluded that 
HCC patients have significantly higher levels of 
IL-6 and IL-10 and a higher percentage of regula-
tory T cells than controls; the regulatory T-cell 

levels were altered after chemoembolization; and 
IL-6 have a potential in reflecting the patient’s 
condition after treatment, thus helping in moni-
toring therapy. Khalid et al. [88] investigated the 
prognostic value of the albumin-bilirubin grade 
in patients undergoing TACE for unresectable 
HCC. The mean duration of survival at the last 
follow-up was of 12.1  ±  12.14  months (range 
1–49). Univariate analysis showed serum albu-
min (p  =  0.003), serum bilirubin (p  =  0.018), 
Child- Pugh score (p = 0.019), albumin-bilirubin 
grade (p  =  0.001), and presence of varices 
(p = 0.04) to be the main predictors of 6-month 
survival after TACE. On Cox analysis, only ALBI 
score (p  =  0.038) showed statistical significant 
association. The authors concluded that albumin- 
bilirubin grade may serve as a surrogate marker 
in predicting the prognosis of HCC patients 
undergoing TACE.  Hassan et  al. [89] evaluated 
the role of diffusion-weighted magnetic reso-
nance imaging in the detection of residual HCC 
after DEB-TACE.  Diffusion-weighted magnetic 
resonance imaging had a sensitivity of 77.1%, a 
specificity of 60.7%, a positive predictive value 
of 71.05%, and a negative predictive value of 
68%. The difference between the malignant and 
benign groups’ ADC variables was statistically 
significant (p < 0.003). The ROC curve showed 
that the area under the curve is C = 0.718 with 
SE  =  0.069 and 95% confidence interval from 
0.548 to 0.852. The authors concluded that 
diffusion- weighted magnetic resonance imaging 
has limited diagnostic value in the assessment of 
viable tumour tissue after DEB-TACE in cases of 
HCC. Balli et al. [53] evaluated the effectiveness 
and safety of super-selective TACE with 
doxorubicin- loaded DEB sized 40–75  μm for 
HCC in early and intermediate stages according 
to BCLC staging system. Median follow-up was 
22  months (range, 13–31), and 42 (93.3%) 
patients were followed up for more than 1 year. 
Overall complete response, partial response, and 
progressive disease rates were 53.3%, 33.3%, 
and 13.4% at 1  year and 22.2%, 26.7%, and 
13.3% at 3 years, respectively. For target lesions, 
these rates were 60.0%, 26.7%, and 13.3% at 
1  year and 28.9%, 6.7%, and 4.4% at 3  years, 
respectively. Median overall survival duration 
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was 24 months (95% CI, 20.9–31.9 months). At 
1  year and 3  years, overall survival rates were 
71.0% and 44.4%, respectively. The only statisti-
cally significant relationship with overall survival 
was presence of chronic liver disease, which 
worsened the overall survival rate (p  =  0.031). 
Time-to-progression was 23  months (95% CI, 
15.1–40.0), and progression-free survival was 
28 months (95% CI, 6.2–39.8). Postembolization 
syndrome occurred in ten patients (22.2%). 
Transient grade I/II bilirubin and aminotransfer-
ase elevation was observed in 26 (57.7%) and 18 
(40%) patients, respectively. The authors stated 
that super-selective DEB-TACE with 
doxorubicin- loaded beads sized 40–75 μm is an 
effective and safe treatment method with pro-
longed time-to-progression and progression-free 
survival in early and intermediate stages of 
HCC.  Presence of chronic liver disease is the 
only significant factor that worsened overall sur-
vival ratios after DEB-TACE.  Balli et  al. [55] 
compared the efficacy and safety of super- 
selective DEB-TACE with doxorubicin-loaded 
microspheres sized below and above 100 microns 
for treatment of HCC.  Although statistically 
insignificant, median overall survival (19 months 
vs. 32 months, p = 0.190) and median progression- 
free survival (13 months vs. 20 months (p = 0.574) 
were longer, and 1–3-year objective response 
rates (7.40% vs. 23.33%, p = 0.330) were higher 
in above-100-microns group than in below- 100- 
microns group, respectively. No mortality or 
major complications were observed. Grade I/II 
adverse events were detected in all patients. 
Transient elevations in liver function tests 
(grade III adverse events) were similar in both 
groups (3.57% vs. 3.33%; p  =  0.980). The 
authors concluded that super-selective DEB-
TACE with doxorubicin-loaded microspheres 
sized <100 microns is an effective and safe 
method for the HCC treatment. Objective 
response rates are higher and survival durations 
are longer after DEB-TACE is performed with 
doxorubicin- loaded microspheres sized below 
100 microns. Farid et al. [90] measured serum 
vascular endothelial growth factor levels before 
and after cTACE versus DEB-TACE and evalu-
ated its efficacy in predicting response to ther-

apy and tumour recurrence. Vascular endothelial 
growth factor level was higher than baseline 
after cTACE (p  <  0.001) and DEB-TACE 
(p = 0.004). It was also significantly higher in 
patients with progressive disease (p  <  0.001). 
Vascular endothelial growth factor level at cut-
off values of 97.3, 149.8, and 104.1  pg/mL 
could discriminate disease progression from 
treatment success with area under ROC curves 
of 0.806, 0.775, and 0.771, respectively. The 
sensitivity was 88.9%, 88.9%, and 77.8% and 
specificity was 62.5%, 64.6%, and 66.7%, 
respectively. However, no relation to tumour 
recurrence in complete response group could be 
detected after 1 year. The authors concluded that 
vascular endothelial growth factor serum levels 
may predict response to therapy in patients 
treated by DEB-TACE or cTACE, but it has no 
relation to tumour recurrence.

This brief literature review demonstrates that 
various technical, methodological, clinical, and 
prognostic aspects regarding TACE in HCC are 
under investigation in the Middle East countries.
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Abbreviations

3D-CRT Three-dimensional conformal radi-
ation therapy

ALD Alcoholic liver disease
BED10 Biologically equivalent dose, alpha/

beta = 10
CGE Cobalt Gray Equivalent
CP Child- Pugh
CR Complete response
cRILD Classical radiation-induced liver 

disease
CTLA-4 Cytotoxic T-lymphocyte-associated 

protein 4
FFLP Freedom from local progression
GBD Global Burden of Disease
HBV Hepatitis B virus
HCC  Hepatocellular carcinoma
HCV Hepatitis C virus
ICPI Immune checkpoint inhibitor
IL-6 Interleukin 6
IMRT Intensity-modulated radiation 

therapy
LC Local control

mRECIST Modified Response Evaluation 
Criteria in Solid Tumors

NASH Nonalcoholic steatohepatitis
ncRILD Nonclassical radiation-induced 

liver disease
NTCP Normal tissue complication 

probability
ORR Overall response rate
OS Overall survival
PD-1 Programmed cell death protein-1
PD-L1 Programmed Cell Death-Ligand 1
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RILD Radiation-induced liver disease
RTOG Radiation Therapy Oncology Group
SBRT Stereotactic body radiation therapy
TACE Transcatheter arterial chemoem - 

bolization
TKIs Tyrosine kinase inhibitors
TRST Treatment-related severe toxicity
VMAT Volumetric modulated arc therapy

1  Epidemiology and Risk 
Factors for Hepatocellular 
Carcinoma 

1.1  Epidemiology

Liver cancer is the sixth most common cancer 
worldwide (reaching 4.7% of all cancers). It is 
the third most common cancer in Eastern 
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Mediterranean countries and the most com-
mon cancer in Egypt (reaching 19.7%) [1–3]. 
Primary liver malignancies are the fourth most 
common cause of cancer deaths worldwide, 
the third most common cause of cancer deaths 
in Eastern Mediterranean countries, and the 
most common cause of cancer deaths in Egypt 
[1, 2].

The most common type of primary liver 
malignancies is hepatocellular carcinoma (HCC) 
(75–80%) followed by cholangiocarcinoma (15–
20%) [4]. HCC is three times more common in 
males than in females [5]. This difference can be 
attributed to differences in exposures to toxins 
and viral infections, as well as a possible protec-
tive effect of estrogen-mediated inhibition of 
IL-6 production that is more important in females 
[6].

1.2  Risk Factors for HCC

HCC is a result of chronic liver diseases. Chronic 
hepatitis B viral infection (HBV) and hepatitis C 
virus (HCV) infection are the most common 
causes, followed by nonalcoholic steatohepatitis 
(NASH), alcoholic liver disease (ALD), and 
exposure to dietary toxins such as aflatoxins and 
aristolochic acid.

Worldwide, HCV is the primary cause of HCC 
in North America, Europe, Japan, parts of Central 
Asia and northern Africa, and the Middle East, 
particularly Egypt [7, 8].

In the Middle East, a systematic review 
showed that HCC in cases from Iran, Lebanon, 
Turkey, and Yemen was mainly caused by HBV 
infection, while those of North African nations 
(Egypt, Tunisia, Morocco, Algeria, and 
Somalia), as well as Saudi Arabia, were mostly 
related to HCV infection. Egypt showed the 
highest rate of HCV infection among HCC 
cases, reaching 80% [9].

Data from the Global Burden of Disease 
(GBD) showed an increase in the incidence of 
HCV-related HCC by 16.1% in the Middle East 
and North Africa from 1990 to 2017, where 
Egypt showed the highest rate reaching 47.1% 
[10].

2  Management of HCC

The selection of the optimal treatment is complex 
and depends on multiple factors, including the 
location and extent of liver disease, the underly-
ing liver function, and the physical status of the 
patient. Surgical management has shown the best 
survival outcomes, either by partial resection or 
via total hepatectomy with liver transplant.

2.1  Surgical Candidates

Partial hepatectomy is the treatment of choice in 
patients with good liver function, where lesions can 
be resected with negative margins, in the absence 
of portal hypertension or major vascular invasion, 
and acceptable remnant liver function. Patient with 
Child-Pugh (CP) score class A and selective cases 
of CP class B can be candidates for surgical resec-
tions, whereas CP class C is a contraindication. The 
5-year overall survival (OS) is 61%, and the 5-year 
disease-free survival is 21% [11].

Liver transplant is the optimal treatment modal-
ity for patients who are candidates for surgery, pre-
senting with unresectable tumors. Different 
selection criteria have been adopted and validated 
for the proper selection of patients who will undergo 
liver transplant. One of which is the Milan criteria 
(solitary lesion ≤5 cm or ≤3 lesions, all ≤3 cm), 
with 4-year OS after liver transplant reaching 85% 
[12]. An expansion of the Milan criteria has been 
conceived “Shanghai criteria” which includes the 
following parameters: solitary lesion ≤9 cm or ≤3 
lesions with the largest ≤5 cm, a total tumor diam-
eter ≤9 cm without macrovascular invasion, lymph 
node invasion, or extrahepatic metastasis. The use 
of Shanghai criteria yields a similar OS to the Milan 
criteria [13]. The adoption of liver transplant as a 
definitive treatment is not widely used in third- 
world countries (e.g., Middle East countries) mainly 
because of the paucity of donors.

2.2  Nonsurgical Candidates

In nonsurgical candidates, other local or systemic 
treatment modalities are utilized, taking into con-
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sideration the liver function, the size and distribu-
tion of intrahepatic tumors, the vascular supply, 
and the patient’s overall performance status. The 
choice of locoregional treatment falls into one of 
three categories: percutaneous ablation, transar-
terial embolization, or radiotherapy.

2.2.1  Locoregional Therapy
Percutaneous ablation uses high-energy electrical 
current or microwaves conducted into the tumor 
leading to tissue necrosis. Optimal outcomes are 
achieved in tumors <3  cm, that is  distant from 
the major blood vessels, bile ducts, and abdomi-
nal organs, with a 5-year OS of 60.8% [14].

Transcatheter arterial chemoembolization 
(TACE) works through catheter based  intra- 
arterial injection of chemotherapeutic agents  in 
the tumor followed by obstruction of a  prese-
lected hepatic artery branch that feeds the 
tumor    inducing ischemic tumor necrosis. The 
stimulation of vascular endothelial growth factor 
(VEGF) secretion increases vascular permeability 
and thus triggers higher intrahepatic chemother-
apy deposition. TACE is ideal for patients with 
good performance status, normal liver function, 
and tumors smaller than 10 cm and in the absence 
of portal vein thrombosis (PVT). Prospective 
studies showed better survival with TACE when 
compared to best supportive care [15, 16].

2.2.2  Systemic Therapies
Historically, the use of the systemic chemother-
apy treatment for HCC was limited because most 
patients who are not eligible for surgery or local 
therapy are also medically unfit to receive che-
motherapy, and as such these patients were 
offered best supportive care.

Sorafenib Over the past few years, novel sys-
temic treatments emerged including tyrosine 
kinase inhibitors (TKIs) and immune checkpoint 
inhibitor (ICPI). In 2008, sorafenib, an oral mul-
tikinase inhibitor, was approved as a first-line 
systemic treatment for advanced HCC, which 
was defined as no previous or disease progression 
after surgical or local therapy. Sorafenib improved 
median survival time from 8.9  months to 
10.7 months [17].

Sorafenib and Chemotherapy The addition of 
chemotherapy [two chemotherapy protocols used 
(GEMOX or doxorubicin)] to sorafenib added no 
to minimal benefit with worse toxicity profile, 
and as such combination of sorafenib and chemo-
therapy is not recommended for treatment of 
HCC [18, 19].

Lenvatinib An oral multikinase inhibitor, was 
compared with sorafenib in a phase III non- 
inferiority trial for patients with advanced HCC 
who didn’t receive any previous treatment. 
Patients who received lenvatinib had a median 
survival of 13.6  months compared to  12.3 
months in patients who received sorafenib, with 
similar side effect profile [20].

Regorafenib An oral multikinase inase inhibi-
tor, was approved as a second-line treatment 
option for patients with HCC who progressed 
while receiving sorafenib. Regorafenib 
improved median survival from 7.8 to 
10.6 months when compared to placebo in the 
RESORCE trial [21].

Atezolizumab and Bevacizumab Atezolizumab 
[an ICPI that targets programmed cell death 
protein- ligand 1 (PD-L1)] and bevacizumab [a 
vascular endothelial growth factor-A inhibi-
tor (VEGF-A)] combination was compared 
with sorafenib for the treatment of advanced 
HCC. The combination showed improved median 
progression- free survival (PFS) (6.8 months vs. 
4.3 months) and improved 12-months OS (from 
54.6 to 67.2%). According to the hepatocellular 
carcinoma-specific mRECIST criteria, objective 
response rate was 33.2% for patients who received 
atezolizumab and bevacizumab compared with 
13.3% for patients who received sorafenib, and 
also 18 (5.5%) of the patients who received the 
combination of atezolizumab and bevacizumab 
achieved complete response (CR) compared with 
none of the patients who received sorafenib [22]. 
As such, this combination has been approved as 
first-line treatment for advanced HCC.

Nivolumab [an ICPI that targets PD-1] mono-
therapy has been studied in a the phase II check-
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mate 040  trial that included patients with 
unresectable HCC  who  progressed on or were 
intolerant to sorafenib, with CP score A. Patients 
who didn’t receive sorafenib and had no viral 
etiology  had a 6-month OS of 89%, while 
patients who received or progressed on sorafenib 
had a 6-month OS of 75% and a median survival 
of 13.2  months. Based on these results, 
nivolumab (240  mg every 2  weeks) was 
approved as a second line of systemic treatment 
for HCC in 2017 [23].

Nivolumab and Ipilimumab The efficacy and 
safety of nivolumab and ipilimumab [an ICPI 
that targets cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4)] were investigated in another 
cohort of the checkmate 040 trial. The trial inves-
tigated three dosing protocols. Protocol A, in 
which patients received nivolumab 1 mg/kg plus 
ipilimumab 3 mg/kg, administered every 3 weeks 
for four doses followed by nivolumab 240  mg 
every 2  weeks achieved a 32% investigator- 
assessed objective response rate compared with 
15% for nivolumab alone [24]. Combination of 
nivolumab and ipilimumab was approved by 
FDA as second-line treatment in 2020.

3  Radiotherapy 
for the Management of HCC

The utilization of radiotherapy as a treatment 
option for HCC has evolved over the last decades. 
Initially, external beam radiation therapy was 
used as a palliative treatment for patients with 
multiple liver metastases, where the whole liver 
was treated with low doses of radiation that 
offered local control (LC) only. A prospective 
RTOG study published in 1993, comparing whole 
liver doses of 27, 30, and 33  Gy, showed high 
rates of late radiation-induced liver disease 
(RILD) with the 33 Gy arm [25]. With the utiliza-
tion of newer radiotherapy techniques (three- 
dimensional conformal radiotherapy (3D-CRT) 
and intensity-modulated radiotherapy (IMRT)), 
partial liver treatment has emerged as these tech-
niques allow for the delivery of higher doses of 
radiation to targets within the liver while mini-

mizing radiation dose delivered to normal sur-
rounding liver tissue.

3.1  Radiotherapy Techniques

3.1.1  3D-CRT and IMRT
3D-CRT and IMRT utilize 3D images obtained 
by computed tomography to allow for target 
localization, target delineation, and avoidance of 
surrounding normal structures, such as the nor-
mal liver tissue. IMRT is more advanced than 
3DCRT as it uses modulated beams that allow for 
more improved target coverage, more conformal 
radiation dose distribution, and better radiation 
dose sparing of critical normal structures. A study 
by Yoon et  al. compared doses delivered by 
3D-CRT and IMRT in addition to patient out-
comes. Higher doses were delivered utilizing 
IMRT compared with 3D-CRT (62.5 vs. 53.1 Gy). 
IMRT also provided significantly higher 3-year 
OS (33.4 vs. 13.5%) and PFS (11.1 vs. 6.0%) as 
compared to 3D-CRT.  The authors concluded 
that IMRT is associated with better outcomes and 
less toxicity as it allows for higher doses to be 
delivered to the target while meeting liver and 
other surrounding normal tissue constraints [26].

3.1.2  Stereotactic Body 
Radiation therapy (SBRT)

The use of SBRT for the treatment of unresect-
able HCC emerged over the last few years as it 
can safely deliver high conformal ablative doses 
in fewer fractions of radiation with minimal liver 
toxicity. SBRT uses multiple radiation beams to 
concentrate the converging beams on the target 
lesion, and as such minimal dose is delivered to 
the surrounding normal liver tissue. The use of 
SBRT requires advanced tumor tracking, image 
guidance, and breath monitoring while delivering 
the treatment to achieve the best outcomes and to 
minimize morbidity [27].

A wide range of doses and fractionations has 
been used. Yoon et  al. published a retrospective 
study of 93 patients with small HCC lesions who 
received definitive radiotherapy using SBRT with 
doses ranging from 30 to 60 Gy in three to four 
fractions. Results showed a 1- and 3-year OS of 
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86% and 53.8%, respectively, size-dependent 
3-year LC reaching 100% in ≤2 cm tumors, 93.3% 
in 2.1–3 cm lesions, and 76.3% in larger lesions 
[28]. Another study published in 2013 by Jang 
et  al. that used a median dose of 51  Gy (range, 
24–60  Gy) in three fractions showed a dose-
dependent response relation for LC and OS. The 
2-year LC and OS reached 100% and 71%, respec-
tively, for patients treated with doses higher than 
54 Gy, and outcomes dropped to 64% and 30%, 
respectively, when doses less than 45  Gy were 
used [29]. Data from Michigan showed same out-
comes after using SBRT or radiofrequency abla-
tion (RFA) for primary liver cancer with freedom 
from local progression reaching >80% at 2 years 
for both, although the use of SBRT yielded better 
outcomes for lesions ≥2 cm [30].

One retrospective study compared SBRT to 
TACE in 188 patients. Infield control (IFC) and OS 
were higher in the SBRT group (77.5% vs. 55.6%; 
P = 0.007, and 55.0% vs. 13.0%; P < 0.001, respec-
tively). The benefit was seen in recurrent cases 
only, with no difference in newly diagnosed cases 
[31]. A systemic review of 16 studies, which 
included 973 patients with 1034 lesions, treated 
with SBRT with a median biologic effective dose 
(BED10) of 100 Gy (range 59.5–180 Gy), with a 
median tumor size of 2.3 cm, showed a LC of 94%, 
92%, and 93% at 1, 2, and 3 years, respectively, and 
median OS of 90.9%, 67.5%, and 73.4% at 1, 2, 
and 3 years, respectively. Grade 3 and above were 
low (5.3%), with no associated treatment-related 
mortality [32]. Table  1 below summarizes some 
published trials of SBRT in HCC. A randomized 
phase III trial of radiofrequency ablation (RFA) 
versus SBRT (36–54 Gy in three fractions) in small 
HCC (<5 cm) is currently ongoing (NCT03898921).

3.1.3  Combination of TACE 
and Radiotherapy

TACE has been the most commonly used modal-
ity in treating unresectable HCC.  SBRT has 
recently emerged as a new effective modality 
with encouraging outcomes. Local recurrence 
rates are still high, thus the idea of combining the 
two modalities together to increase LC. In 2018, 
Buckstein et al. published a retrospective study of 
103 patients with unresectable HCC treated with 

TACE and SBRT, where almost half of the 
patients had planned SBRT after TACE, while the 
others received salvage SBRT within 2  years 
after TACE. On follow-up imaging, 62.1% had a 
CR and 26.3% had a partial response (PR). 
Higher rates of CR were achieved with planned 
TACE + SBRT (79.6% vs. 43.5%, P  =  0.006). 
One-year OS was 70.8% for planned TACE- 
SBRT vs. 61.5% for salvage (P = 0.052) [35].

A meta-analysis compared combined TACE- 
SBRT to SBRT alone as first-line treatment for 
unresectable HCC and found better 5y OS (95% 
CI 1.01–2.04, p = 0.04) and disease control (95% 
CI 1.02–1.16, p  =  0.02) rates in the combined 
group [36]. Another systematic review of 25 trials 
showed better survival in patients treated with 
combined modalities compared to patients treated 
with TACE alone, with a median survival of 
13.5 months and 22.7 months, respectively [37]. 
In this review, combined treatment was associated 
with significant increase in incidence of gastro-
duodenal ulcers, as well as an increase in alanine 
aminotransferase level and total bilirubin levels.

A phase III trial compared radiotherapy plus 
TACE to sorafenib alone. The trial showed 
improved PFS rate at 24 weeks in the TACE-RT 
group (55.6% vs. 7.4%) and significantly better 
OS (55 vs. 43 weeks). Eleven percent of patients 
in the TACE-RT group underwent curative resec-
tion due to downstaging [38].

There is an ongoing phase III trial (USA) that 
is comparing LC at 1 year using TACE vs. TACE 
+ SBRT (five fractions) as a bridge for liver trans-
plant eligible patients (NCT03895359).

3.1.4  Proton Therapy
Proton therapy is characterized by a sharp rise 
and fall in energy absorption, known as the Bragg 
peak. It is appealing in HCC, since it allows to 
treat liver tumors with higher doses while limit-
ing the dose to the healthy liver. Proton 
 radiotherapy is also associated with a decreased 
risk of nonclassic radiation-induced liver disease. 
Studies investigating proton therapy for HCC are 
summarized in Table  2. An ongoing phase III 
study (USA) is comparing photon to proton ther-
apy in  locally recurrent or unresectable HCC 
with OS as primary outcome (NCT03186898). 
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Another phase III study (Taiwan) is comparing 
LC at 3  years using proton therapy vs. RFA in 
treatment-naïve, medium- to large-sized HCC 
(3–7 cm) (NCT02640924).

3.1.5  Radiotherapy and the Immune 
Response

Radiotherapy affects the tumor and its microen-
vironment, as well as the immune cells. 
Lymphocytes are the most radiosensitive cells, 
followed by myeloid cells. Tumor cells escape 
the immune system by changing the expression 

in MHC molecules. When cells are irradiated, 
even with sublethal doses, the phenotype of 
tumor cells changes as well as the gene expres-
sion, and cells are more susceptible for T-cell- 
mediated immune response. New peptides are 
produced by the protein degradation triggered by 
radiation leading to an increased peptide pool. 
These peptides can be recognized by the resting 
T cells, leading to an antitumor immune attack 
[43]. Therefore, radiation is able to stimulate the 
innate and adaptive immune responses, thus 
improving local and distant tumor control [44].

Table 1 Select published studies of SBRT in HCC

Study 
(author 
et.al) Study design

Population and 
size of lesions Intervention

Median 
follow-up

Primary 
outcomes Results

Takeda 
et al. 
2016 
[33]

Phase II 101 patients
Solitary HCC 
<4 cm, not 
candidate for 
surgery or RFA
Median size: 
2.3 cm

SBRT 
35–40 Gy in 
five fractions

41.7 months LC 3-year LC: 
96.3%
3-year liver- 
related cause- 
specific survival 
rate was 72.5%, 
OS: 66.7%

Shen 
et al. 
2019 
[31]

Retrospective 188 patients
Medium-sized 
(3–8 cm)

SBRT vs. 
TACE

26.6 months IFC and OS 3y IFC higher 
with SBRT 
(77.5% vs. 
55.6%; 
P = 0.007)
3y OS higher 
with SBRT 
(55.0% vs. 
13.0%; 
P < 0.001)

Wahl 
et al. 
2016 
[30]

Retrospective Inoperable, 
nonmetastatic 
HCC, small 
lesions.
Total of 224 
patients
Median tumor size 
in SBRT was 
2.2 cm and 1.8 cm 
in RFA group

63 had SBRT 
(83 tumors)
Median dose 
30–50 Gy 
(four to five 
fractions)
161 had RFA 
(249 tumors)

13 months for 
SBRT and 
20 months for 
RFA

Freedom from 
local 
progression 
(FFLP)

1 and 2y FFLP:
RFA: 83.6% and 
80.2%, 
respectively
SBRT: 97.4% 
and 83.8%, 
respectively

Jang 
et al. 
2020 
[34]

Prospective, 
phase II

65 patients
Unresectable 
HCC, <10 cm
Median tumor 
size: 2.4 cm

45 to 60 Gy in 
three fractions

41 months Treatment- 
related severe 
toxicity (TRST) 
at 1 year after 
SBRT

1y TRST was 
3%
One patient 
developed RILD 
at 1 month
LC: 97% at 
2 years and 95% 
at 3 years
OS: 84% at 
2 years and 76% 
at 3 years
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3.1.6  Radiation and Immunotherapy
Multiple preclinical studies showed synergistic 
effects when combining radiotherapy with immune 
checkpoint inhibitors (ICI) (e.g., PD-1 and PD-L1 
inhibitors) because of pro- immunogenic proper-
ties of radiotherapy as well as the role of ICPI in 
overcoming radiation resistance [45–50]. These 
preclinical study results show strong evidence of 
the benefit of adding radiotherapy to immunother-
apy in addition to multiple ongoing clinical trials 
evaluating the effect of combined treatments.

In the clinical settings, the role of combined 
immunotherapy with radiotherapy in liver cancer 
was shown in multiple retrospective studies. 
Chiang et  al. published a case series of five 
patients with unresectable HCC treated with 
SBRT followed by anti-PD1 antibodies; two 
patients had CR, while three others had PR, with 
a median reduction of tumor diameter of 38.7% 
(range: 30.5–84.4%) and a 1-year control rate 
and OS of 100% each [44].

There is a phase II ongoing trial studying the 
effect of treating unresectable HCC with dur-
valumab, tremelimumab, and SBRT (24  Gy in 
three fractions), with overall response rate (ORR) 

as primary outcome (NCT03482102). Another 
ongoing phase I trial is studying the effect of 
SBRT followed by nivolumab or ipilimumab 
with nivolumab in unresectable HCC 
(NCT03203304). Several other prospective clini-
cal trials are currently ongoing to evaluate the 
combined approach of radiotherapy and immu-
notherapy in HCC (Table 3).

3.1.7  Radiation Toxicity and Adverse 
Events

Radiotherapy has been proven to be an effective 
modality in treating primary liver cancers, but 
careful patient selection is essential in order to 
decrease potential side effects. The majority of 
patients presenting with HCC have cirrhosis, 
with a small, dysfunctional liver, whereby adding 
radiotherapy could risk further liver injury.

The most common acute side effects are 
fatigue and nausea.

RILD is the most paramount complication of 
radiotherapy to the liver, with a potential of pro-
gression to fibrosis, cirrhosis, and liver failure. It 
typically occurs 2–8  weeks after completion of 
RT, with nonspecific clinical manifestations.

Table 2 Select studies of proton therapy for HCC

Study (author 
et.al) Study design and population Intervention Results
Nakayama 
et al. 2009 
[39]

Retrospective study
318 patients with HCC (CP 
class A and B, ≤3 tumor 
nodules)

Proton therapy
Dose:55–79.2 cobalt Gy 
equivalent (CGE) in 10–35 
fractions

1-year and 5-year OS rates were 90% 
and 45%, respectively
Only 1.6% of patients experienced 
grade ≥ 3 toxicity

Sanford et al. 
2019 [40]

Retrospective
133 patients, nonmetastatic, 
unresectable HCC, 
radiation-naïve

Proton vs. photon therapy Median OS higher in proton arm (31 
vs 14 months)
2-year OS: 59.1% in the proton arm 
and 28.6% with photons, related to 
decreased post-treatment liver 
decompensation

Hata et al. 
2006 [41]

Retrospective, 19 patients, 
CP class C

Proton therapy
Total doses of 50–84 Gy 
(median dose 72 Gy) in 10 
to 24 fractions (median 
16 fractions)

1-year OS and PFS rates were 53% and 
47% at 1 year, respectively.
2-year OS and PFS rates were 42% 
each.

Bush et al. 
2016 [42]

Prospective, randomized 69 
patients, met Milan or San 
Francisco transplant criteria

TACE vs. proton (70.2 Gy in 
15 daily fractions)

Pathologic CR after TACE/proton was 
10%/25%
Similar median survival of 30 months
Trend for better 2-year LC (88% vs. 
45%, P = 0.06) and PFS (48% vs. 31%, 
P = 0.06) favoring the proton beam 
treatment group

Radiotherapy for Hepatocellular Carcinoma
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There are two types of RILD, classic RILD 
(cRILD) and nonclassic RILD (ncRILD). cRILD 
occurs in patients without underlying liver dis-
ease, commonly presenting with fatigue, abdomi-
nal tenderness, increased abdominal girth, 
hepatomegaly, anicteric ascites, and an elevation 
of alkaline phosphatase out of proportion to other 
liver enzymes. cRILD is a result of a veno- 
occlusive disease with central vein thrombosis at 
the lobular level, causing retrograde congestion. 
This complication was more frequent in the era 
of old delivery techniques where a large volume 
of the liver was treated. With the development of 
the new delivery techniques with CT-guided 
images; conformal treatments such as SBRT, 
IMRT, and volumetric modulated arc therapy 
(VMAT); and respiratory control, the incidence 
of cRILD has decreased dramatically.

ncRILD is the most common type of RILD in 
the current era, affecting patients with underlying 
liver disease such as cirrhosis or chronic HBV 
infection. Patients present with jaundice, elevated 
serum transaminase (>5 upper limit of normal), 
or decompensated liver function. The pathophys-
iology is not clear, but it is believed to be a reac-
tivation of hepatitis or altered regeneration of 
liver cells.

RILD is a diagnosis of exclusion after ruling 
out other viral causes of hepatitis. Imaging (mag-
netic resonance or computer tomography) might 
show changes in attenuation in a nonanatomic 
distribution. Liver biopsy is diagnostic.

The incidence of RILD has been correlated to 
baseline liver dysfunction or cirrhosis, hypofrac-
tionated treatment, concurrent chemotherapy, 
stage, and size of the treated lesion [51–53].

Partial liver tolerance to radiation has been 
described using the Lyman normal tissue compli-
cation probability (NTCP) model. The threshold 
for RILD is a mean liver dose of 30 Gy (2Gy/frac-
tion), with a risk of 5% with dose of 32 Gy [52].

3.1.8  Liver Constraints for Primary 
Liver Cancer to Avoid RILD

Initial assessment of the liver function is essential 
before deciding on radiotherapy treatment espe-

cially that patients with primary liver malignan-
cies most commonly have small cirrhotic livers, 
with large lesions. It is essential to deduct the 
tumor volume (nonfunctional cells) from the 
total liver volume.

Multiple dose constraints have been suggested 
in order to decrease the risk of adverse events. If 
the liver is treated with standard fractionation 
(2 Gy per fractions), it is important to keep the 
mean liver dose (liver minus gross tumor vol-
ume) below 28 Gy.

When using hypofractionated regimen, SBRT, 
in three or six fractions, mean liver dose should 
be kept below 13 Gy and 18 Gy, respectively [54, 
55].

The most commonly used dose tolerance 
model for liver, when treating with three frac-
tions of SBRT, is to have at least 700 mL of nor-
mal liver receiving ≤15 Gy. This was extracted 
from a phase I study, where liver metastasis was 
treated with SBRT, with escalating doses from 36 
to 60 Gy, in three fractions, and showed no grade 
3 or higher hepatotoxicity [56].

Few studies evaluated the outcomes of 
RILD. A retrospective study showed that patients 
who developed early RILD (within 2 weeks from 
completing radiotherapy) had a high mortality 
rate reaching 61%.

4  Conclusion

With the improvement in radiation technology, 
including image guidance, breath control, dose 
escalation, and partial liver treatments, high LC 
rates were achieved with minimal toxicity to the 
intact liver and organs at risk. Current evidences 
support the use of SBRT as a curative modality 
for unresectable HCC.

The combination of radiotherapy and ICPI in 
HCC is promising, although the data is limited to 
preclinical trials and small case series. More ran-
domized clinical trials are needed in the future that 
would define the best schemes of dose fraction-
ation, the optimal timing for radiotherapy, as well 
as the best systemic treatment combinations.
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Abbreviations

DDLT Deceased donor liver transplantation
HBV Hepatitis B virus
HCC Hepatocellular carcinoma
HCV Hepatitis C virus
LDLT Living donor liver transplantation
LT Liver transplantation
MELD Model for End-Stage Liver Disease
MESOT Middle East Society of Organ 

Transplantation
SCOT Saudi Center of Organ Transplantation
UAE The United Arab Emirates

1  Liver Transplantation 
in the Middle East

Solid organ transplantation has been on a long 
rough road until the procedure was accepted as 
routine practice. It caused great exhaustion to the 
pioneers for they had to take down many obsta-
cles before perfecting both the surgical technique 
and the postoperative immunosuppressive treat-
ment protocols. From the beginning of the 1950s, 
the experimental models for transplantation have 
been established and successful. Although there 

were seven unsuccessful attempt of clinical trials 
for liver transplantation (LT) from various cen-
ters, the first successful LT was performed by 
Starzl et al. in summer of 1967 with a 13-month 
survival in the posttransplant period [1].

There is no doubt that western countries pio-
neered this novel therapeutic modality, but cur-
rently 100,000 solid organ transplantations are 
being performed in many centers around the 
world, and currently, solid organ transplantation 
is the gold standard treatment especially for end- 
stage liver and kidney failure. There are standard-
ized organ allocation and immunosuppressive 
protocols in North America and many European 
and Asian countries (such as Japan and Korea). In 
the present chapter, I examine the effort of coun-
tries of the Middle East for solid organ transplan-
tation. Some of these countries started solid organ 
transplantation programs as early as the western 
countries. However, the social and cultural struc-
ture of these societies somewhat limited the pro-
gression of this complex therapeutic modality. We 
will try to summarize evolution of LT in some of 
the countries that are a hallmark in the region.

1.1  Definition of the Middle East 
and Its Implications 
from a Historical Perspective

Middle East is defined as the land that is located 
in the southern and eastern border of the 
Mediterranean Sea which also includes some 
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North African countries (i.e., Tunisia, Algeria, 
and Morocco), the Arabian Peninsula, Cyprus, 
Iran, and the countries like Afghanistan and 
Pakistan. It is the region consisting of neighbor-
ing countries and covering the places where the 
Middle East, Asia, Europe, and Africa come very 
close to each other. The concept of the Middle 
East is based on the Eurocentric approach and is 
a concept that Britons began to use in the 
 nineteenth century. In this definition, England 
and European countries are considered as the 
center; concepts such as East, Far East, Near 
East, and Middle East have been determined 
accordingly. From another point of view, Middle 
East is an arbitrary term used to describe a region 
in West Asia that extends to Egypt in North 
Africa. Currently the Middle East is considered 
to cover 18 countries (Fig.  1). Majority of the 
Middle Eastern countries (13 out of 18) are part 
of the Arab world. The most populous countries 
in the region are Egypt, Iran, and Turkey, while 
Saudi Arabia is the largest Middle Eastern coun-
try by area [2, 3].

It has been the center of civilization in the 
beginning of the century and once had been the 
leader in medicine, theoretical physics, mathe-
matics, and nature sciences. Furthermore, this 
region was a pioneer in literature and arts as well 
[2, 3]. The Arabian Peninsula, after evolution of 
Islam until the Mongolian raid, was the center of 

most advanced medicine in the world. During 
this time, Europe had succumbed to the dark ages 
and there were very few, if any, attempts for med-
ical research. The first medical center in the 
Middle East started in Jundi Shapur (Ahvaz) in 
Iran before the advent of Islam. The most influen-
tial physician at the time was Al-Harith ibn 
Kaladah, who was Arabic in origin and was 
trained in Jundi Shapur. The teachings of this 
center were further influenced by the Greek phi-
losophy of medicine due to the conquest of 
Alexander the Great [2–4]. In the Abbasid era 
Jundi Shapur continued to be the greatest center 
of medicine. Baghdad was the next city that 
evolved as the center of excellence in the medical 
sciences. Baghdad contributed to the training of 
physicians such as Rhazes and Avicenna (ibn 
Sina) who are considered to be the founders of 
modern pharmacy and medicine that have been 
thought for centuries in European medical train-
ing [2–4].

After the dissolution of the Abbasid empire, 
scientific advancements in the Arabic world came 
to a halt. Nevertheless, there were many Arab 
physicians that were scattered throughout Europe 
who contributed to modern medical teaching in 
European centers. One example is in Salerno pio-
neered by Constantine from Carthage who was 
an Arabic slave at the time and led the school of 
medicine in Italy. In addition, Spanish Arabs 

Fig. 1 The middle east 
map
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forced out of Andalusia that escaped to 
Montpellier in France also practiced and thought 
about medicine in Europe. All these scientists 
knew Arabic, Greek, and Latin and translated the 
works of Avicenna, Hippocrates, and many other 
influential scientists and contributed to medicine 
in Europe. The Renaissance came and resulted in 
the flourishing of modern science and the arts in 
Europe. Meanwhile, in the Arabic world, the first 
modern Middle Eastern medical school was 
established in 1827  in Cairo, Egypt, which was 
followed by Lebanon and Syria [2–4]. Therefore, 
the Middle East was the world leader in art and 
sciences for nearly a thousand years before the 
industrial revolution in Europe, which in turn 
caused a great leap in medicine in western coun-
tries built on the foundations formed by Greek, 
Persian, and Arabic scientists.

Currently, there are many scientists that are 
occupied in the western countries but have 
Lebanese and Arabic ancestry. One of these 
prominent scientists is Michael Ellis De Bakey, 
born in Louisiana from Lebanese American par-
ents and who became one of the famous cardio-
vascular surgeons. Another influential scientist 
famous in the transplant community is Sir Peter 
Medawar, known for his studies on skin grafts 
and who is the first scientist to determine the 
rejection phenomenon in skin grafts transplanted 
between different subjects and was nominated for 
Nobel Prize in Medicine in 1960. He was also 
born to a British family of Lebanese origin [2–4]. 
These historical and prominent examples show 
us the potential of the region and the inclination 
of the people to achieve great advancements in 
the field of science.

1.2  Facts About Organ Donation 
in the Middle East

The estimated population is about 400 million. 
Furthermore, nearly 60% of the population in the 
Middle Eastern countries are younger than 
25 years of age. It is a multinational (also racially 
very diverse) geographic location that harbors 
many religions. The Middle East has a diverse 
ethnicity and religious background. Islam is the 

main religion in the Middle East. There are con-
tradictory views among Islamic scholars and law-
makers on the legitimacy of organ donation from 
deceased donors. There are common features 
affecting organ transplantation in the Middle 
Eastern countries that include inadequate preven-
tive medicine, uneven health infrastructure, poor 
awareness within medical community and lay 
public regarding the importance of organ dona-
tion and transplantation, and poor government 
support for organ transplantation. In addition, 
there is lack of team spirit among physician deal-
ing with transplantation, lack of planning for 
organ procurement and transplant centers, and 
lack of effective health insurance [5–8]. In addi-
tion to all these factors, we should not forget reli-
gious factors that influence the necessary 
organizations in transplantation. The Amman 
declaration in 1986 was the first collective action 
to recognize brain death in Muslim countries [9]. 
This declaration paved the way for donation from 
deceased donors in the region. Following the dec-
laration, LT, both from living liver donors and 
deceased liver donors, was started in several 
countries in the late 1980s. Turkey, Egypt, Iran, 
and the Kingdom of Saudi Arabia are pioneers of 
LT in the Middle East. Their collaboration in the 
Middle East Society of Organ Transplantation 
(MESOT), despite political conflicts, has devel-
oped a platform for promotion of transplantation 
and specifically LT in the Middle East.

Majority of the grafts required for LT in devel-
oped western countries are obtained from cadav-
eric donors. However, in Asian and Middle 
Eastern countries, grafts obtained from living 
liver donors are abundantly used. According to 
2018 data, organ donation rates per million peo-
ple are listed as follows (Fig.  2): 1.1  in United 
Arab Emirates, 2.9 in Qatar, 3.7 in Saudi Arabia, 
6.7 in Kuwait, 7 in Turkey, 11.4 in South Korea, 
14.3  in Iran, 20.3  in Sweden, 21.2  in England, 
30.7  in America, 32.6  in Portugal, and 43.6  in 
Spain. These results clearly show the perspective 
regarding organ donation of the countries.

There are many reasons behind these differ-
ences between West and East. Among these rea-
sons, the most striking ones are the differences in 
religious beliefs, cultural values,   and education 
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system. Also, insufficient state funds and defi-
ciencies in the legislation on brain death also 
contribute to this difference. In western coun-

tries, effective organ donation campaigns are 
organized at the national level, religious beliefs 
are not very effective on individuals’ lifestyles, 

Fig. 2 Worldwide 
actual deceased organ 
donation rates in 2018
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and awareness regarding organ donation that is a 
direct result of the education system are the major 
factors for higher deceased organ donation. On 
the other hand, in Asian countries, religious and 
cultural values   are very influential on individu-
als’ lives and decision-making process, and reli-
gious philosophies such as Buddhism, Taoism, 
Confucianism, Shintoism, Muslims, and 
Hinduism usually contradict cadaveric organ 
donation. The first modern fatwa on organ dona-
tion in the Muslim Middle Eastern countries was 
issued in 1966 by the Egyptian chief mufti. Later, 
in Malaysia (1969), Algeria (1972), Jordan 
(1977), Kuwait (1979), and Saudi Arabia (1982), 
the muftis issued fatwas on organ donation. The 
Islamic Fiqh Council of the Organization of the 
Islamic Council made decisions pointing out the 
importance of both live and cadaveric organ 
transplantation in its 1986 meeting. The first 
fatwa on organ transplantation and donation was 
published in 1980  in Turkey. In 1979, article 
2238 entitled “Organ and Tissue Removal, 
Storage, Grafting, and Transplantation” was 
enacted. A while after the first law, in 1982, arti-
cle 2594 was enacted on the use of organs and 
tissues of people who were irreversibly injured or 
died during accidents or natural disasters [10].

In a majority of the Muslim countries in the 
Middle East, fatwas that paved the way for organ 
donation were enacted more than half a century 
ago. The reason why these fatwas were not suc-
cessful in increasing deceased organ donation in 
these countries where most of the people live 
according to religious rituals is still unclear. In 
our opinion, there are contradictions between the 
views reflected on the public and the official 
views of the muftis and other clergy or other pos-
sibility is due to the fact that there are ambigui-
ties in the sociocultural structure of the people 
that are far beyond religious rituals.

Using a population estimate of around 83 mil-
lion people, representing 95% of the sample size 
in Turkey, we have made two different national 
surveys. In the study conducted on religious offi-
cials, only 0.3% of 2350 clergymen stated that 
while they donated organs, 75.4% stated that they 
would not donate organs in the future. While 
22% of the clergy stated that they would not 

donate organs due to their religious beliefs, 
45.3% stated that there was no specific reason for 
not donating organs [11]. In a survey conducted 
on 3000 people representing the general popula-
tion in Turkey, while 0.7% of the people viewed 
organ donation positively, 88.3% of them stated 
that they would not donate organs. While 28.5% 
of the general population stated that it was too 
early for organ donation, 17.9% were afraid of 
deterioration of body integrity, 11.5% were wor-
ried that their organs could be removed before 
death, and only 8.6% stated that they did not 
donate organs due to their religious beliefs [12]. 
In fact, when the responses of the participants in 
both studies are examined in detail and cross-
wise, it is clear that the most serious reason for 
not donating an organ is the individual’s percep-
tion of the religious beliefs and sociocultural 
reasons.

2  Arab World 
and Commercial LT

The Arab world is composed of 22 countries in 
the League of Arab States founded in 1945. 
Thirteen of these countries are within the Middle 
East region. The first deceased donor liver trans-
plantation (DDLT) in the Arab world was per-
formed in 1990 at Riyadh Military Hospital in 
Saudi Arabia [13]. The first living donor liver 
transplantation (LDLT) was performed in 1991 at 
the National Liver Institute in Egypt [14]. 
Between 1990 and August 2013, 3804 LTs were 
performed in 11 Arab countries. Ninety-eight 
percent of these LTs were performed in Middle 
Eastern countries [15]. Unfortunately, five living 
donor deaths were reported in Egypt [16–20]. 
Only 20% of the transplants were DDLT.  First 
meeting of the Pan Arab LT Society was held in 
Cairo in 2006. One of the main goals of the Pan 
Arab LT Society has been the creation and estab-
lishment of a Pan Arab LT Registry. It has held 
seven scientific congresses so far. However, up- 
to- date information is still not available.

Patients who need LT in Middle East usually 
seek commercial transplantation. Patients from 
Arab countries are still traveling to foreign desti-
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nations to undergo LT with higher costs and inad-
equate postoperative care resulting in poor 
outcomes, which are known to be associated with 
commercial LT [21]. Liver donation from unre-
lated living donors is prohibited in some counties 
in the Middle East. However, unrelated living 
donors are major source of organ procurement in 
Middle Eastern countries. This has raised major 
ethical concerns based on informal reports on sell-
ing of livers from young health donors to elderly 
recipients. Relationship of living donor to recipi-
ent is an important concern throughout the region 
but especially in Egypt, considering the high pov-
erty rates in the country and the fact that the largest 
percentage of LDLT is being performed by trans-
plant centers in Egypt [22]. Consequently, the 
Egyptian parliament has recently enacted a law 
banning the sale of human organs and imposing 
restrictions on transplant operations for foreigners 
and stipulating jail sentences and fines for viola-
tion of the law. The absence of deceased organ 
donation in Egypt is troublesome but not from the 
perspective of the cultural barriers and the current 
political unrest [23].

In fact, patients from all over the world have 
begun to travel to China for organ transplanta-
tion. A combination of many factors, including 
easy accessibility, relatively low cost, short wait-
ing time, and more liberal transplantation indica-
tions, has led a growing number of Saudi and 
Egyptian patients to seek LT in China. Only 
approximately 60 LTs are performed annually 
across all centers in Saudi Arabia. Suitable organ 
availability is significantly overwhelmed by the 
high number of patients on the waiting list which 
results in an increasing number of Saudi patients 
seeking LT abroad. In Egypt the situation is even 
more difficult, because transplants can only be 
performed from living donors. It is commonly 
stated that LT in China is quite affordable in com-
parison with the high cost of treatment in the 
USA and Europe. It is also possible to procure an 
organ in a relatively short time. Despite these 
attractive factors, the main growing concern is 
the uncertainty regarding the outcome. Between 
2003 and 2007, 74 Middle Eastern patients had 
LT in China. Forty-six of them were Saudi and 28 
were Egyptian. The waiting time in China prior 

to receiving liver transplant ranged from 5 to 
20 days, with a median of 14 days. Average wait-
ing time in Saudi Arabia ranges from 1 to 
1164 days, with a median of 15 weeks. Duration 
of stay in China in the posttransplant period 
ranged from 10 to 70  days, with a median of 
50 days. In patients who underwent LT in China, 
diffuse biliary strictures complicated the post-
transplant clinical course. Diffuse biliary stric-
tures can be a result of ischemia from hepatic 
artery thrombosis or extended warm ischemia 
times during graft preservation. However, the 
likely cause of these diffuse strictures was pro-
longed warm ischemia injury to the donor liver 
during procurement since the hepatic arteries of 
almost all of these patients were patent. Therefore, 
these strictures were likely due to suboptimal 
procurement of organs [24–26].

3  LT in Kingdom of Saudi 
Arabia

The Kingdom of Saudi Arabia is geographically 
the fifth largest state in Asia. It has a population 
of 32,775,000; age of most of the population is 
young (60% are below the age of 35 years), and 
approximately ten million resident are non-Saudi 
(mostly Middle Eastern and Asian). The per cap-
ita income is 20,812 US dollar, making the Saudi 
Arabia 38th in the world.

In Saudi Arabia, solid organ transplantation 
started in Riyadh Armed Forces Hospital in 1979. 
It was restricted to renal transplantation, and the 
foundations came from the establishment of the 
hemodialysis units or the patients with end-stage 
renal disease in 1971. After the transplant activi-
ties that started in the Riyadh Armed Forces 
Hospital, the National Kidney Foundation was 
established as a nonprofit organization to coordi-
nate and register the hemodialysis activities and 
also organ allocation. Only after the approval 
statement of the Jurisprudence of Islamic Ulema 
did the transplant activities gained momentum, 
and in 1993, the National Kidney Foundation was 
reestablished as the Saudi Center of Organ 
Transplantation (SCOT). Responsibilities of 
SCOT are coordination of hemodialysis units and 
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coordination of organ donation from deceased 
donor (mainly donation after brain death) [27, 28].

There is a high demand for LT in the Saudi 
Arabia because of the high burden of liver disease 
in the country. In the early 1980s, hepatitis B virus 
(HBV) was epidemic, with a prevalence rate of 
approximately 8.3%. This high prevalence rate 
led to an increase in the number of patients requir-
ing LT for end-stage liver disease and hepatocel-
lular carcinoma (HCC) in subsequent decades. In 
1989, the HBV vaccine was integrated into the 
expanded immunization program through which 
all newborn children throughout the country were 
vaccinated. This resulted in a significant reduction 
in the prevalence of the infection in the younger 
Saudi population which we expect will decrease 
the need for HBV-related LT.  In addition, this 
decline was associated with a changing trend in 
the indication for LT from hepatic decompensa-
tion to HCC. The rate of LT for other indications 
including autoimmune and metabolic liver dis-
ease has been stable throughout the years. 
Progressive familial intrahepatic cholestasis and 
biliary atresia are the most common indications 
for LT among pediatric patients [27].

In the mid-2010s, the prevalence of hepatitis 
C virus (HCV) is approximately 1–2% with a 
predominance of genotype 4 infection, and HCV 
is currently the leading indication for LT.  The 
indications for LT in Saudi Arabia are shifting 
from viral-induced liver disease to metabolic 
causes of end-stage liver diseases including obe-
sity and hyperlipidemia which are extremely 
common in Saudi Arabia [29].

The need for LT in Saudi Arabia is estimated 
to be between 50 and 75 patients per million. 
Only 5–10% of the need is met by both LDLT 
and DDLT. Although transplantation from a non-
relative is allowed, it comprises less than 2% of 
the transplants that are performed, annually. Each 
LT center has its own LT waiting list. Waitlist pri-
orities are based on Model for End-Stage Liver 
Disease (MELD) scores, and more recently, the 
MELD-Na scoring system was adopted as the 
prioritization tool. The cadaveric donation is low 
(approximately three per million people), though 
the potential to increase this number seems to be 
high. The SCOT is a well- recognized national 

organ donation agency that oversees the donation 
process in the Saudi Arabia; it collaborates with 
the LT programs and the donating hospitals in 
expanding deceased organ donation [15]. The 
deceased donors are primarily expatriates (who 
compromise 30% of the Saudi population) resid-
ing temporarily in Saudi Arabia. The government 
offers financial compensation as an expression of 
gratitude for families who donate. According to 
SCOT, this is an expression of gratitude for the 
altruistic donation [27]. There have been ethical 
concerns that the cash payment to next of kin of 
the donors provided by the Saudi government 
and administered through SCOT may result in 
coercion to donate. The healthcare system in 
Saudi Arabia is funded by the government. The 
transplant is free for Saudi citizens, including the 
subsequent medical care and immunosuppressive 
medication. All patients are cared for in the 
respective transplant centers for life, without any 
charge. Saudi Arabia also accepts patients from 
Gulf countries (viz., Kuwait, Bahrain, and the 
United Arab Emirates) and occasionally takes 
cadaveric donors. Non-Saudis living in Saudi 
Arabia are not eligible for LT unless they have a 
living related donor as a financial sponsor.

The liver discard rate has been unacceptably 
high. Fifty percent of the livers were rejected due 
to suboptimal donor management. The same is 
true for documentation; the brain death protocol 
is completed in only 60% of the cases. In Saudi 
Arabia, where 212 liver transplants were per-
formed in 2016, approximately one-fourth of the 
transplants are from deceased donors [27]. 
Despite all efforts by SCOT, the Ministry of 
Health, and transplant centers, the donation rate 
and the procedures are far from optimal. Further 
efforts can be made to support donation logistics 
and to improve the quality of donated organs.

4  LT in Egypt

HCV prevalence among the 15–59  years age 
group in Egyptian population is estimated to be 
14.7%. Accordingly, Egypt has the highest HCV 
prevalence in the world [30]. In Egypt, the sole 
source of liver grafts is from living donors up to 
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fourth degree, as currently no legislation for 
deceased donor donation exists. DDLT is not yet 
implemented [31].

In Egypt, LDLT was performed in 1991 for 
the first time by the surgical team at the National 
Liver Institute, Menoufia University, with the 
help of Prof. Habib. The longest recipient sur-
vival was 11  months. This pioneer work led to 
efforts to pass a law legalizing cadaveric organ 
donation, culminating in the 1992 decree permit-
ting cadaveric organs that were harvested from 
prisoners who had been sentenced to death. The 
surgical team at the National Cancer Institute, 
Cairo University, in 1992 performed two DDLT 
procedures, but unfortunately recipients died in 
the early postoperative period [32].

The regulations were enacted by the Egyptian 
Medical Syndicate. The programs started with the 
assistance and under-supervision of foreign (i.e., 
western) teams. The breakthrough was made in 
Dar Al-Fouad Hospital by initiating the LDLT 
program (August 2001), with the contributions of 
Prof. Tanaka, Kyoto University, Japan. This was 
followed by WadiEleneel Hospital (October 
2001), National Liver Institute, Menoufia 
University (April 2003), and Maadi Armed Forces 
Hospital (September 2003). By that time, the 
number of centers performing LDLT (13 centers) 
increased, and altogether, 2500 procedures were 
performed and with associated improved results. 
Currently, there are 13 LDLT centers in Egypt, 
including 6 university centers, 2 military centers, 
3 private centers, and 2 centers that belong to the 
Ministry of Health. The 93% of the patients who 
underwent liver transplant are adult and 7% are in 
the pediatric age group [32].

By the time LDLT developed and the number 
of cases increased, the Egyptian transplant sur-
geons start to face the problem of donor morbid-
ity and mortality which leads to discussion about 
the law to accept the concept of brain death as a 
step to develop liver transplant from deceased 
donors. The law was raised in the Egyptian 
Parliament in an effort to pass the law, but it was 
very difficult at that time because there were 
many factors that influenced this concept. After 
the Declaration of Istanbul in 2008, the Egyptian 
Parliament approved the law in 2010. The main 

problem, from religious point of view, was the 
acceptance of the brain death concept. Many of 
Egyptian population believe that death occurs 
when the heart stops beating. So in case of clini-
cal death with the heart still beating, they consid-
ered this victim still alive. In addition, it is 
believed that the humans are the product of God; 
therefore, how can you donate a part of your 
liver, which is not yours in the first place?

The potential number of donors for LDLT in 
Egypt is small, and this is mainly due to the high 
prevalence of HCV and schistosomiasis infection 
in seemingly healthy family members who are 
the potential donors for patients with end-stage 
liver disease. The law permits donation of the 
organs from up to third-degree relatives. 
Nonrelated living donation was accepted only 
when an independent ethical and legal committee 
approves that none of the patient’s relatives are 
suitable as a right liver lobe donor. The legal age 
of consent for donation in Egypt is 18 years when 
the recipient is a parent, son, or daughter; other-
wise, the lower age limit is raised up to 21 years.

Donor mortality rate is 1.66 per 1000 donors. 
This consisted of four donors [16–20]. The first one 
died 3 months after hepatectomy due to biliary leak 
followed by infection, septicemia, and multi-organ 
failure. The second one died 12 days after donation 
due to portal vein thrombosis. The third one was 
due to right subclavian artery injury during central 
line insertion, leading to massive right hemothorax. 
The fourth one died 1 month after donation due to 
hepatic insufficiency and hepatic failure. A major 
morbidity was also recorded due to hepatic insuf-
ficiency, and the donor needed LDLT that was per-
formed 4 weeks after donation [32].

However, it is remarkably commendable that 
Prof. Kamel et al. at the University of El Shams 
in Cairo defined new criteria related to LT in 
HCC, with 5-year survival of more than 60% 
after LT in patients with HCC [33].

5  LT in Israel

The number of patients listed for LT has grown, 
but the number of deceased donors has remained 
constant, causing a lack of organs for LT in the 
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world. This situation is especially true in Israel, 
which has a population of 6.5 million and is not a 
member of the European pool.

Organ transplantation is widely accepted as 
the best therapeutic and often lifesaving option 
for many patients with end-stage organ failure. 
However, in Israel as in many parts of the world, 
the number of patients awaiting transplantation 
continues to increase, far exceeding the number 
of organ donors. A significant number of patients 
die every year while on the waiting list. This first 
survey of its kind in Israel, summarizing trends in 
the demographic characteristics of deceased 
organ donors, revealed an aging donor pool with 
fewer male donors and fewer dying from head 
trauma. This resulted in changes in organ utiliza-
tion, in particular increased utilization of organs 
from older liver and lung donors, stable utiliza-
tion rates for kidneys, and a marked decrease in 
heart utilization [34].

The Israeli Parliament passed the regulatory 
law on organ transplant and brain death in 2008, 
and it was fully implemented in 2010. It was 
developed in order to aid three major challenges 
to organ procurement and transplantation in 
Israel: (1) confusion regarding determination of 
death, (2) organ trafficking and unethical/illegal 
transplant tourism, and (3) the critical dearth of 
transplantable organs [35–37].

The major objective of the law was to attempt 
to strengthen brain death diagnosis to satisfy both 
medical and religious needs. Unfortunately, brain 
death as a medical criterion for death is not uni-
formly accepted within the Israeli population, 
particularly among the ultraorthodox community. 
A second objective was to prevent transplant 
tourism as both an illegal and unethical means of 
patients seeking solid organ transplantation. This 
has proven to have been successful, as demon-
strated by the marked decrease in transplant tour-
ism over the last 10  years. This was partly 
accomplished by the reduction in financial disin-
centives to living organ donors. The state now 
reimburses the expenses associated with being a 
living donor. In fact, over the last decade, live 
donation rates have doubled [38].

Perhaps the most controversial part of the 
law was a priority structure, favoring access to 

transplantation based on a point system. The 
highest priority was given to those whose first-
degree relatives were deceased organ donors or 
those who themselves had been a previous liv-
ing donor. The next level of priority was given 
to those who choose to register as a donor. The 
last priority level is for individuals with first-
degree family members who have registered as 
donors. This is in the context of an opt-in sys-
tem whereby donor families must still provide 
consent in order to proceed with the organ dona-
tion, regardless of registration status. Transplant 
surgeons argue that medical need alone should 
be the highest priority and that access to trans-
plantation must not be based on a predetermined 
hierarchy [37, 38].

In the general population, the likelihood of 
requiring a lifesaving organ transplant is fivefold 
greater than the chance of being a deceased organ 
donor. This imbalance between supply and 
demand means that transplantation is highly 
dependent upon an adequate supply of both 
deceased and living organ donors [38]. In the 
studies conducted in Israel, the 1-year survival 
rate after liver transplants was reported as less 
than 75% [39–41]. There are efforts to improve 
these low survival rates.

6  LT in the United Arab 
Emirates

The United Arab Emirates (UAE) is an Arabian 
Gulf country located at the southeast end of the 
Arabian Peninsula with a population of about 
9.3 million. It has made great strides in health-
care over the past several years and has among 
the highest life expectancy in the region. 
However, one of the key lacking areas of medi-
cal care in the country was the availability of 
solid organ transplantation. Collaborative 
efforts began a few years ago aiming to establish 
thoracic and abdominal solid organ transplanta-
tion from deceased donors in addition to contin-
ued development of the existing program on 
kidney transplantation from living donors. The 
UAE played an important role in efforts leading 
up to the declaration of Istanbul on organ traf-

Liver Transplantation in the Middle East



210

ficking and transplant tourism in 2008, the 
groundwork for which was laid in a steering 
committee meeting organized by the 
Transplantation Society and the International 
Society of Nephrology in Dubai in December 
2007. This landmark declaration helped estab-
lish a framework of ethical principles to guide 
the practice of transplantation worldwide. The 
legal definition of brain death in the UAE was 
confirmed in May 2017, paving the way for 
deceased donor organ transplantation [42].

The Cleveland Clinic Foundation was instru-
mental in the accelerated path to establishment of 
a multi-organ transplant center at Cleveland 
Clinic Abu Dhabi. Cleveland Clinic Abu Dhabi, 
which began clinical operations in early 2015, 
was established as a partnership between 
Mubadala Healthcare, Abu Dhabi, and Cleveland 
Clinic Foundation in Cleveland, Ohio. A meticu-
lous and thoughtful collaborative approach, 
which began with identifying key operational 
needs, resulted in the establishment of transplant 
services within 2.5 years with the establishment 
of Cleveland Clinic Abu Dhabi. The first multi- 
organ procurement and transplant from a brain- 
dead donor in the UAE occurred at Al Qassimi 
Hospital in Sharjah on July 15, 2017 [42]. Also 
noteworthy was a regional organ sharing agree-
ment with SCOT that enabled the utilization of 
deceased donor grafts for potential recipients in 
Saudi Arabia while awaiting full operational 
readiness for thoracic and LT at Cleveland Clinic 
Abu Dhabi. The overall organ donation rate 
remains low in terms of the number of organs 
recovered (3.66) and transplanted (3.57) per 
donor.

Shortage of deceased donors remains one of 
the primary challenges facing the transplant com-
munity in the UAE. This mandated establishment 
of LDLT to complement ongoing efforts to 
improve DDLT. An extensive collaborative effort, 
with Cleveland Clinic’s main campus in 
Cleveland, Ohio, resulted in the first successful 
LDLT in the UAE on July 29, 2018. Since that 
time, an additional 13 LDLTs were performed 
(overall: four right lobe and ten left lobe grafts) 
over the past year and a half [42].

7  LT in Lebanon

From 1998 to 2014, 21 LTs were performed at 
the American University of Beirut Medical 
Center. Of these, 15 were in adults and 6 in chil-
dren. Of the 21 transplants, 5 were LDLT, 4 chil-
dren, and 1 adult. Five deaths occurred after 
transplant at a median of 9  days. Most of the 
deaths occurred in the first years of the program. 
This may be due to the numerous initial difficul-
ties related to structuring, organization, and post-
operative management [43].

In Lebanon, LDLT program was started as an 
alternative source of organs for transplant. 
However, LDLT is particularly complex because 
of the associated financial and social issues. 
Political insecurity and periodic conflicts have 
had a major impact on organ transplant, includ-
ing LT.  Cultural and religious factors are also 
major obstacles, as countries in the Middle East 
issue laws that have to agree with Islamic teach-
ings. Many religious edicts (fatwas) have been 
issued stating that it is permissible by Islamic 
teaching to perform deceased organ donations. 
These statements have had a significant positive 
impact on the number of transplants performed. 
However, the Arab cultures are still sensitive 
toward the issue of possible loss of dignity of the 
dying process in the process of organ procure-
ment. This obstacle continues to hinder the prog-
ress in transplants in the region. Hence, more 
work needs to be done to improve the rate of 
deceased donor organ donation. A problem we 
face related to the organ shortage is the inability 
to obtain another organ quickly in the event of 
major postoperative complications. In other parts 
of the world, urgently listed patients receive a 
liver transplant in a very short period, whereas in 
our country such patients sometimes die awaiting 
an organ. The political and security instability in 
the region is a major contributing factor to the 
shortage of donated organs. Up until 2013, the 
donation rate was quite good and improving; 
however, the Syrian political conflict has led to a 
vast number of Syrian refugees to be displaced to 
Lebanon, many of them wounded and requiring 
immediate hospitalization. Moreover, security in 
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Lebanon was also compromised during that same 
period. All of this resulted in an increase in hos-
pital occupancy, and more attention was given to 
the trauma cases; hence, the focus on organ 
donors and organ transplant was decreased. Other 
problems are the lack of coordination in the 
region, limited support from governments and 
insurance companies, and public mistrust in the 
concept of organ transplantation [44, 45].

8  LT in Syria

By the beginning of 2011, the government of 
Syria was taking steps to initiate LT. For this pur-
pose, efforts had included cooperation with well- 
known Brazilian and Iranian liver transplant 
centers, where specialized teams were sent for 
training. However, the trainers from those coun-
tries could no longer visit Syria because of the 
war. Since 2011, the Syrian conflict has destroyed 
much of the country’s infrastructure. A project to 
initiate liver transplant came to a halt because of 
complex reasons but mainly because foreign 
trainers could not visit Syria. The Syrian conflict 
has affected all aspects of organ transplant, para-
lyzing new projects and negatively affecting 
existing programs.

Despite these adverse conditions, recently, a 
few LTs have been performed from living related 
donors. Additionally, need for LT of the Syrians 
living in the north of Syria and Syrian refugees in 
Turkey is provided for by the Turkish govern-
ment, free of charge [46, 47].

9  LT in Jordan

With the scarcity of DDLT in Jordan, LDLT 
remains the only viable option for patients with 
ESLD.  The first liver transplantation in Jordan 
has been performed in June 2004 at King Hussein 
Medical Center (KHMC) in corporation with a 
Turkish team. In July 2009, the first LDLT was 
performed by Jordanian team without assistance. 
Since then and until 2018, 98 LDLTs and 13 
DDLTs have been performed in Jordan [48].

10  LT in Qatar

There was a significant increase in the number of 
cases where patients had opted to have their 
transplant surgery abroad and returned with seri-
ous complications. These factors combined to 
play a key role in the need for a strategic plan to 
promote organ donation and further develop 
transplant services in Qatar. The plan addressed 
the problem of lack of organ donation. In order to 
promote organ donation in Qatar, it was devel-
oped as a unique model that later on became to be 
known as the Doha Donation Accord and gained 
international recognition as the best representa-
tion of international guidelines as well as in 
accord with Qatari laws and regulations. The 
Accord is a model that subscribes to the legisla-
tive, human, and religious aspects of donation.

In Qatar, the transplant activity started with 
renal transplantation 1986, but it did not flourish 
until 2009 when the Doha Donation Accord 
(DDA) was developed. The Doha Donation 
Accord was the first milestone in the develop-
ment of Qatar transplant services. Hamad 
Medical Corporation, under the leadership of our 
Managing Director and through effective team-
work across all departments, has created and 
developed a transplant center that is a very attrac-
tive option for many patients who previously 
would have to go abroad for treatment.

The launch of the Qatar Center for Organ 
Transplantation (QCOT) was on November 27, 
2011. During the ceremony, the United Network 
for Organ Sharing (UNOS/USA) raised their flag 
in acknowledgment of the standard of excellence 
achieved by the Qatar center. Ten days after the 
launch of QCOT, HMC announced successful 
completion of the first liver transplant surgery in 
Qatar, with an excellent outcome for the recipi-
ent. Until 2019, four LDLTs and seven DDLTs 
have been performed in Qatar. The vision of 
QCOT is to become a regional center of excel-
lence in multi-organ transplantation that brings to 
life HMC’s vision of providing the highest stan-
dards of patient care, research, and education, 
supported by a wide international collaborative 
network [49, 50].
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11  LT in Kuwait

Kuwait performed very limited number LT, but 
they were subsequently suspended because of 
logistical and technical reasons [15].

12  LT in Iraq

A program for LDLT has recently been devel-
oped in Iraq with a potential of performing 15 
LDLTs per year [15].

13  LT in Oman

The LT program is in its beginning stages in 
Oman. The majority of the ESLD is due to con-
genital disorders such as familial intrahepatic 
cholestasis and cystic disease of the liver. This is 
due to the fact that consanguineous marriage rate 
is nearly 80% in Oman [51]. First LT (LDLT) is 
performed recently in October 2017  in an adult 
female with hepatocellular carcinoma; it was per-
formed in Royal Hospital in Muscat [52]. There 
are many obstacles to be overcome by the Omani 
government in terms of organization and infra-
structure that should precede before solid organ 
transplantation accelerates.

14  LT in Cyprus

There are two distinct races that occupy the 
Island of Cyprus. The Turkish Cyproid residents 
occupy the northern part of the island, and The 
Turkish Republic of Northern Cyprus has shown 
great progress in education and has concentrated 
well-trained personnel to this region. The Greek- 
occupied area has very scarce centers that have 
an intent to perform organ transplantation, but the 
activities are very few and currently very 
negligible.

In the Turkish Republic of Northern Cyprus, 
great effort is being made especially in the field 
of renal transplantation. The Human Cell, Tissue 
and Organ Transplant Related Rules Regulating 
Act was passed by the republic senate in 2014 

[53], and many research is being performed to 
delineate the causes of end-stage renal disease 
among the Turkish population [54, 55]. Since the 
approval of Human Cell, Tissue and Organ 
Transplant Related Rules Regulating Act was 
approved, 25 renal transplantations have been 
performed. Eleven of the organs were procured 
from deceased donors, and 14 were living related 
renal transplantations. LT program has not started 
yet, but the procured organs such as the liver and 
heart were sent to the Republic of Turkey for suc-
cessful transplantation [56, 57].

15  LT in Iran

In Iran, solid organ transplantation started in 
1967 with renal transplantation. It was the first 
solid organ transplantation among countries of 
the Middle East [58]. Although this was the case, 
organ procurement and transplantation act was 
not established until 2000 [58]. A great progress 
in organ transplantation was obtained after the 
Supreme Religious Leader’s recognition of the 
concept of brain death and organ donation from 
deceased donors (i.e., the fatwa or approval of the 
religious leadership). Transplantation of organs 
from the deceased donors increased exponen-
tially [58–62]. The most controversial law that 
was adopted by the Iranian government to reduce 
the transplantations performed abroad was the 
approval of the compensated and regulated living 
unrelated donor renal transplant program 
approved in 1988. In this program, the living 
unrelated donors were compensated, and also the 
health insurance coverage was extended by the 
government and the third-party charity funds 
before and after the donation procedure [62]. 
Although it has been suggested that this approach 
eliminated the renal transplant waiting list, it may 
raise the concern of commercial organ transplan-
tation despite the statement of the officials that 
every counter measure is taken [58, 60, 62]. 
Nevertheless, we believe the concept of altruistic 
donation both for deceased and living donors in 
organ and tissue transplantation and any form of 
compensation raises the ethical concerns in any 
scenario including the Iranian model.
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Until this date, there is no established organ 
allocation system in Iran. There are seven zones 
in Iran and the organ procurement is strictly regu-
lated; however, the allocation system of the pro-
cure organs is not very clear. The review by 
Malek-Hosseini et  al. suggests that there is a 
steady supply of deceased donor organs to Shiraz 
Organ Transplant Center, but the activity of other 
centers in Iran is not very clear [62].

In the last 11 years, the etiology of end-stage 
liver disease has changed in Iran. Although HBV- 
related liver disease is the most common etiology 
of liver failure (nearly 20%), it is decreasing 
since 2006 due to nationwide vaccination pro-
gram that has been adopted in 1992 for neonates 
and 2005 for adults. Currently, the incidence of 
nonalcoholic steatohepatitis (25%) and choles-
tatic disease (7%) is increasing among the 
patients in the waiting list. HCV seems to be the 
fifth most common cause of end-stage liver fail-
ure [60, 63].

First LT in Iran was performed in 1992. Since 
1992, over 2000 LTs have been performed, and 
90% of the organs were procured from deceased 
donors. The deceased donation increased after 
the approval of the senate of the law regulating 
the brain death and procurement and transplanta-
tion of the organs from the cadaveric donors in 
2000. The deceased donation increase doubled 
(2.2–5.7 per million population) since 2009  in 
Iran, and living donor LT has stayed relatively 
stable [58, 60, 64–68].

16  LT in Turkey

By virtue of the personal efforts of Prof Haberal, 
the “Organ and Tissue Harvesting, Preservation, 
Inoculation, and Transplantation” Law no 2238 
was enacted in 1979 in Turkey [69]. That law was 
composed of four chapters: general provisions, 
organ/tissue harvesting from a living donor, 
organ/tissue harvesting from a deceased donor, 
and punitive articles [10, 70]. That law was a 
well-designed one, and, to our knowledge, it was 
the world’s second or third organ transplantation 
law. Later, the law no. 2594 on utilization of 
organs or tissues of persons severely and irrevers-

ibly injured or killed by accidents or natural 
disasters was enacted in 1982 [10, 70]. Following 
passage of laws no. 2238 and 2594, legal impedi-
ments on cadaveric tissue and organ transplanta-
tion have been eliminated. Thirty years after 
passage of these laws, however, the desired level 
of deceased organ procurement has not been 
achieved. One of the most significant reasons of 
this apparent failure was deep devotion to cus-
toms and religious beliefs regarding organ or tis-
sue harvesting from dead corpses implementing 
desecration of the latter [10, 69, 70]. In an attempt 
to overcome this prejudice, the transplantation 
community applied to the Supreme Council of 
the Directorate of Religious Affairs to issue a 
fatwa for organ transplantation and Islamic rules. 
The Supreme Council issued a fatwa in 1980, 
stating that there are no restrictions in Holy 
Quran regarding organ transplantation and thus it 
would be permissible to make organ transplanta-
tion [69]. Currently, November 3–9th is cele-
brated as organ donation week, during which 
panels on organ transplantation are organized 
throughout the country. As social media networks 
have become widespread, campaigns for organ/
tissue/blood donation have acquired a new 
dimension. The Radio and Television Supreme 
Council has obliged all nationwide radio and TV 
channels to broadcast public service ads that 
highlight the importance of organ donation. Two 
separate studies have been conducted in 2006 and 
2011 to study the reasons of negative attitude 
toward organ donation [11, 12]. Their results 
indicate that concerns related to organ mafia have 
been eliminated, but socioeconomic factors were 
still operational. The support of the Ministry of 
Health to the centers for solid organ transplanta-
tion, mainly LT, has remained quite limited until 
the early 2000s. Thus, most of the data on the LT 
procedures performed until 2011 have been col-
lected from the centers performing this proce-
dure. The organ transplantation policy of the 
Ministry of Health has become a national policy, 
and a separate unit named “Department of Organ, 
Tissue, Cell, and Dialysis Services” has been 
established within the body of the General 
Directorate for Treatment Services. This unit has 
written a software program titled “Turkish Organ 
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and Tissue Information System.” Functioning 
actively since January 2011, this software now 
includes information of both patients in the wait-
ing list and those already transplanted [69].

The national organ sharing program was ini-
tiated in 1989 to coordinate national organ 
transplantation centers and fair allocation of 
deceased organ supply. Later, the Ministry of 
Health established the National Coordination 
Centers in 2001 for allocation of deceased 
donors [69]. Taking into account Turkey’s geo-
graphical regions, population distribution, and 
transportation means, nine national coordina-
tion centers were established in nine big prov-
inces. The remaining 72 provinces were 
subordinated to the nearest coordination center. 
The coordination centers present organs sup-
plied by deceased donors first to urgent cases in 
their own region. In case of absence of any such 
candidate recipient, these centers provide organs 
for urgent cases in other regions [69]. To ensure 
proper functioning of the system, the Ministry 
of Health has prepared a directive titled “The 
National Organ and Tissue Transplantation 
Coordination System.” In line with this direc-
tive, coordinatorships have been subjected to 
training on how the allocations would be done 
and which patients would be prioritized. Certain 
regulations have been put in place to regulate 
establishing and managing LT centers in Turkey. 
The Ministry of Health directive titled “Directive 
for Organ Transplantation Centers” should be 
complied with in order to establish a LT center 
in any hospital. LT centers in Turkey should per-
form a certain number of LT or harvesting pro-
cedures within a year. Centers unable to meet 
the specified number of such procedures first 
receive a warning from the council; they then 
lose their certificates when indicated by a failure 
of making improvements and fulfilling required 
specifications [10, 69, 70]. In Turkey, postgrad-
uate training is required to operate a LT center. 
As such, it is required to work at least 2 years at 
a center performing more than 50 LT procedures 
a year or at least 1 year at a center performing 
more than 100 such procedures a year. It is 
equally acceptable to complete such training in 
Turkey or abroad [69].

16.1  History of LT in Turkey

The history of LT in Turkey starts in 1988. The 
first successful DDLT was performed by Prof. 
Haberal and his team [71] in 1988. The same 
team performed a successful segmentary (left 
lobe lateral segment) LDLT in a pediatric case in 
1990 [72]. One month after that operation, a left 
lobe LDLT was performed in an adult patient for 
the first time in the world [73]. Haberal and his 
colleagues successfully transplanted a liver and a 
kidney harvested from a same living donor to an 
adult patient in the same session [10, 70, 71]. 
After Haberal had paved the way for LT, a num-
ber of Turkish surgeons began to be closely inter-
ested in LT.  Prof. Sezai Yilmaz, by performing 
successful LTs in Inonu University, both made 
that institution one of the best transplantation 
centers around the globe and contributed to the 
foundation of a LT institute in Inonu University.

The history of LT in Turkey can be examined 
in three stages: the initial stage (1988–1996), the 
development stage (1997–2001), and the stage of 
rise and spread (2002–). This classification was 
made considering the number of LTs and centers 
performing these procedures. This classification 
scheme was first proposed by Prof. Sezai Yilmaz 
[69]. Apart from our apparent weakness in organ 
donation and deceased donor procurement, this 
classification points out that LT has gained 
momentum in Turkey since 2002 (Fig. 3).

16.2  The Current Status of LT 
in Turkey

As of October 2020, there are a total of 49 LT 
centers in Turkey. Twenty-three of these centers 
are state universities, 7 are foundation universi-
ties, 12 are private hospitals, and the remaining 7 
are training and research hospitals of the Ministry 
of Health. Since the first LT performed in 1988, a 
total of 16,798 LT procedures have been carried 
out in Turkey. However, we could only access 
detailed data of the LT after January 2002. 
Between January 2002 and October 2020 which 
has been defined as the stage of rise and spread, 
16,442 LT procedures were performed in total. In 

S. Yilmaz



215

11,841 (72%) of the transplantations, living liver 
donors were used while 4601 (28%) procedures 
employed deceased donors. The number of LTs 
in Turkey by year has been in Fig.  3. In 4440 
(25%) of 17,735 brain death cases occurring 
between January 2011 and October 2020, the 
families gave permission for organ harvesting 
and use. Among 20,583 patients in the waiting 
list, 12,587 (62.5%) had the chance to have 
deceased or living donor LT.  While the overall 
1-year patient survival rate in the 2011, 2012, and 
2013 was calculated as 71.4%, 78.1%, and 
80.5%, respectively, the 1-year survival rate is 
90% in 2019.

16.3  LT Societies in Turkey

The first society regarding the transplantation 
activities that was established was the Turkish 
Transplantation and Burn Foundation. It began 
publishing a journal entitled Dialysis, 
Transplantation, and Burn in 1983, the last issue 
of which was published in January 2009. The sec-
ond society related to transplantation was the 
Middle East Dialysis and Organ Transplant 
Foundation. Founded in 1984, this society was 

renamed as the Middle East Society for Organ 
Transplantation (MESOT) in 1987. Since 1988, 
MESOT regularly organizes congresses every 
2  years, and the official journal of MESOT is 
experimental and clinical transplantation which is 
published monthly. The third society for transplan-
tation is the Turkish Transplantation Society. It 
was established in 1990; this society was affiliated 
by the Transplantation Society and MESOT. The 
fourth society is the Turkish Transplantation 
Centers Coordinators Association that was estab-
lished in 1994 and supported by the work of 55 
transplantation centers in Turkey (liver, kidney, 
heart). The fifth, and the last, society is the LT 
Society which was founded in 2005; it specifically 
addresses physicians dealing with LT. The society 
is active in social media, and the society addresses 
important points in transplantation online from the 
platform established in the website.

16.4  Prospects for the Future of LT 
in Turkey

Among grafts used for LT in Turkey, only one- 
fourth are provided by deceased donors. This 
ratio is far below that of socioculturally devel-

Fig. 3 The number of liver transplantations in Turkey by years
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oped western societies. The most effective way to 
broaden the deceased donor pool is to persuade 
public to donate organs when they are alive. This 
is because in countries like Turkey that have not 
completed their sociocultural development, it is 
not as easy as to ask relatives of deceased persons 
to donate their organs. An identification card 
should be provided to all donors that specify 
donated organs, blood group of the donor, and 
tissue specifications of the donor whenever pos-
sible. By this way, mourning family members 
will not have to give permission after death of the 
donor. To make organ donation more widespread, 
all physicians, nurses, and other ancillary health-
care staff should receive in-service training at 
least twice a year. In addition, meetings should be 
held in schools, colleges, dormitories, jails, large 
holdings, and social platforms under the supervi-
sion of transplantation coordinators to increase 
awareness of the importance of organ donation. 
Organ transplanted patients should be allowed to 
relay their experiences to public via these panels 
and meetings. Organ donation should definitely 
become an official state policy. Available organ 
transplantation societies in Turkey should not 
organize annual meetings engaged in activities 
only aimed at informing physicians, but these 
organizations should provide ordinary people 
with ample information about organ donation 
and transplantation via their webpages as well as 
social networks. They should also establish links 
in which healthy and diseased individuals may 
ask questions. The Ministry of Health should 
pool surgeons with postgraduate LT training and 
build more efficient and well-equipped centers 
instead of ones that performed in LT equipped 
centers in a few numbers annually.

Unfortunately, by now, there was no center 
studying on experimental studies about LT in 
Turkey. For the first time in Turkey, the “Research 
Center for Diseases and Transplantation of the 
Liver” was established in Inonu University Liver 
Transplant Institute in 2020. We already know 
that Prof. Starzl, to whom we express our grati-
tude, studied experimental solid organ transplan-
tation models in a significant part of his career. 
Thus, the experimental research center with ade-
quate technical equipment to study all aspects of 

LT (genetic, biological, pathological, ultrastruc-
tural, biochemical, and surgical) will make sig-
nificant scientific advances in LT field. It should 
be kept in mind that LT had not improved to the 
survival in the world until the basic science 
experiments resulted in the development of 
cyclosporine and tacrolimus. Majority of the 
Nobel Prize nominations were given to the basic 
science research in the field of transplantation. 
Therefore, the future will start from the benches 
of the laboratories, and it will spread to the clini-
cal application. For this reason, the transplant 
centers in Turkey should be prepared to form 
well-equipped research centers in order to tackle 
the current obstacles encountered in organ 
transplantation.

16.5  Simultaneous Five LDLTs 
in Turkey

LT, which was an experimental procedure five 
decades ago, is currently the gold standard treat-
ment modality of end-stage liver disease. 
Together with the advancement in the immuno-
suppressive therapy, surgical techniques, and the 
patient care, survival following LT improved rap-
idly. A major challenge in LT field is the insuffi-
cient number of donors compared with the 
growing demand of transplant candidates. Many 
strategies to overcome the organ shortage have 
been developed including extended criteria 
donors and living donor LT.  The adventure of 
LDLT, which started in the late 1980s, became 
the standard operation of LT centers after a 
decade. This was especially true for an Asian 
country because cadaveric donation is very scarce 
due to cultural problems. Similarly, the liver 
transplant centers in Turkey are performing 
LDLT with increasing frequency. Since LDLT 
provides equal or superior results for both chronic 
and acute liver failure, transplant surgeons are 
faced with an obligation to perform multiple 
LDLT procedures including both planned and 
emergency LDLT simultaneously. As a matter of 
fact, a few centers have published that they per-
formed a very-high-volume liver transplants in 
1  year in both adult and pediatric age groups 
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[74–76]. It is understood from these publications 
that these centers carry out more than one liver 
transplant per day. Today, high-volume transplant 
centers are defined as “the center of excellence” 
when they can achieve this low mortality. These 
centers are attraction centers for patients and 
physicians who will be trained in the field of 
LT. However, the important is to obtain sustain-
able performance. This is only possible with hard 
work. It is inevitable that these centers will be the 
focus of attention of the media.

Despite these advances in LDLT, many poten-
tial living donors cannot donate their organs to 
their relatives due to reasons such as blood group 
incompatibility and low graft weight and to a 
lesser extent due to immunologic problems such 
as pre-sensitization. “Swap” or liver paired 
exchange LT has been developed to provide more 
suitable organs to the recipients that would at 
most benefit from the transplanted graft. In this 
scenario, a suboptimal donor recipient pair swaps 
the organ to a suitable recipient and receives a 
more suitable graft in return. However, in order to 
overcome future ethical problems for the swapped 
donors and their matched nonrelatives, multiple 
LDLT procedures must be performed simultane-
ously in centers practicing “swap” LTs. Therefore, 
whole of the organizational schema, equipment 
and facilities need to be suitable for such trans-
plant scenario.

Annually, 300 LTs are performed in our insti-
tute, and more than 3000 LTs have been per-
formed since the beginning of our transplant 
program in 2002. More than 90% of these trans-
plantations are LDLTs. In July 2018, we per-
formed three simultaneous LDLTs on the same 
day under the supervision of Prof. Sukru Emre 
from Yale University in the USA, who is also a 
senior lecturer of our institute. Three simultane-
ous LDLTs were probably the first in the world. 
Until then, some days we had three, four, or even 
five LTs in different time periods on the same 
day. But not all of them were LDLTs; one or two 
of these could very well be DDLT. These multi-
ple transplants were made due to emergency indi-
cations. In order for a liver transplant center to 
achieve these, it must have enough, highly expe-
rienced surgical and anesthesiology teams, facili-

ties, and physical conditions including the 
operating room and intensive care units. Inonu 
University LT Institute physically includes 12 
operating theaters, 3 intensive care units (each 
with a capacity of 12 patients), and 116 patient 
beds. In this institute, there are 25 liver transplant 
surgeons, 5 LT anesthesiologists, 5 intensive care 
specialists, 3 radiologists, 3 hepatologists, and 3 
infectious disease specialists who are specialized 
in the care of transplant patients. These experi-
ences and possibilities showed that we can do 
five simultaneous LDLTs. In June 2019, we per-
formed five simultaneous LDLTs including one 
pediatric and four adult patients. All operations 
started at 8 a.m. and ended at 6:30 p.m. Donors 
and recipients were discharged without any prob-
lem on the 20th postoperative day at latest. After 
approximately 18  months of follow-up, all 
patients are healthy and alive.

Using an economic theory, Roth has managed 
to increase the spread of kidney donation, world-
wide. This was a revolutionary development for 
patients with end-stage renal disease. The idea of 
a kidney swap won Alvin Roth the Nobel Prize 
for Economics in 2012. To date, dual cross-LDLT 
operations have been carried out in the world. 
However, Roth’s invention is more advanced than 
binary swap kidneys. Roth received the Nobel 
Prize by suggesting triple swap kidney trans-
plants. Simultaneous five LDLTs performed at 
our institute have been a rehearsal of at least tri-
ple or even five swap LDLTs that will be held for 
the first time in the world. Urgent transplant 
requirements of the patients and transplant sce-
narios such as swap LT can urge transplant cen-
ters to perform multiple simultaneous LTs. The 
transplant centers should be prepared and must 
be able to handle such challenging situations. 
This can only be achieved by experienced trans-
plant centers with excellent equipment and 
advanced physical facilities.

17  Conclusions

What was once a myth soon became a reality. 
Thus, LT became the gold standard treatment 
modality in end-stage liver disease. Today many 
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centers in the world perform this complex proce-
dure. However, some regions are more advanced 
in terms of allocation of the organs and advance-
ment of the procedure. However, in geographic 
locale such as the Middle East, where the popula-
tion is undereducated and dictated by the tradi-
tional culture, it is not easy for an innovative 
technique such as LT to evolve. Nevertheless, 
there seems to be some spark in certain countries 
of the Middle East. LT is a must for every country. 
It should evolve and be propagated in every coun-
try in the world in order to help these unfortunate 
patients. In the Middle East, collaborations 
between countries who have adapted an efficient 
transplant program and the less developed ones 
would help to accelerate the propagation and stan-
dardization of this complex surgical technique. 
The collaboration should exist in every area 
including postoperative patient care and last but 
not the least in the area of research. The physi-
cians in the field must not forget that advances in 
transplantology succeeded because of the tremen-
dous research efforts of the scientists in the field. 
Therefore, the future will start from the bench of 
the laboratories and spread to the clinic.
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Individual Patient Assessment 
and Therapy Decision-Making 
in a Live Donor-Based Liver 
Transplant Institute

Brian I. Carr, Sezai Yilmaz, Burak Isik, 
and Ramazan Kutlu

1  General Approach 
and Practical 
Decision-Making

Each newly diagnosed HCC patient will have an 
assessment of their hepatitis profiles, complete 
blood count, differential and prothrombin time and 
standard liver function tests, AFP levels, and CT 
scan of their chest and abdomen for assessment of 
tumor extent (maximum tumor diameter, number 
of hepatic tumor nodules and their location, pres-
ence and extent of PVT, assessment of liver con-
tour for cirrhosis, and evaluation of indices of 
portal hypertension). For patients being consid-
ered for resection, an indocyanine green (ICG) test 
may be performed. For patients being considered 
for transplantation, an assessment of liver volume 
and search for a potential liver donor among the 

patient family are conducted and then a psychoso-
cial assessment of both patient and selected donor.

The patient is then presented to the weekly Liver 
Tumor Board for whole team assessment while, the 
all the radiological examinations are projected for 
all team members to examine. Colleagues present 
are liver transplant surgical team members – both 
donor and recipient teams – diagnostic and inter-
ventional radiologists, radiation oncologists, hepa-
tologists, medical oncologist, pathologists, 
psychosocial assessment team, tumor registry, and 
notetaker. Sometimes a definitive decision cannot 
be made at a first presentation, and interventional 
radiological procedures (like image-guided biop-
sies, mapping angiography) or PET scan assess-
ment of possible lymph nodes are needed.

For patients being considered for resection, an 
indocyanine green (ICG) test may be performed. 
For patients being considered for transplantation, 
an assessment of liver volume and search for a 
potential liver donor among the patient family are 
conducted and then a psychosocial assessment of 
both patient and selected donor.

Patients with BCLC stages 0 or A and very 
early or early-stage HCC are then assigned to 
liver resection, local ablation (RFA or MWA), or 
liver transplantation, depending on the detailed 
topography of the HCC in relation to major vas-
cular or biliary structures and the functional liver 
reserve, as only liver transplantation can be 
potentially curative for limited extent HCC in the 
presence of uncertain or poor liver function. 
Ablation is quite suitable for patients without 
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portal hypertension (absence of ascites, 
 splenomegaly, or varices and without thrombocy-
topenia) and with one to two small lesions. We do 
fewer resections these days as we have a very 
active liver transplant program, mainly with liver 
donors, and many of our Middle Eastern families 
have large families, often with a choice of poten-
tial donors to evaluate for liver size appropriate-
ness, blood group compatibility, and absence of 
psychosocial issues. However, some patients who 
have excellent liver function, have several unilo-
bar liver lesions, or don’t have a live donor can 
still be considered for liver resection.

The majority of our patients are in intermedi-
ate BCLC stage B with multifocal lesions or the 
subset of advanced stage C that has PVT, but 
without metastases. For intermediate stage B 
patients, we offer TACE or increasingly, TARE, 
because of the small number of treatment sessions 
needed and the low incidence of side effects, pro-
vided their serum total bilirubin levels are 
<3.0 mg/dL. For patients with major branch PVT 
and absence of extrahepatic metastases, we offer 
TARE, due to its safety in this situation, and may 
also consider SBRT in selected cases. In patients 
with main stem PVT, their bilirubin is often 
abnormal and TARE with SBRT or external beam 
XRT cannot be offered, but only supportive care.

Most of our patients have active chronic HBV 
infection and are placed throughout their HCC 
treatments on nucleos(t)ide analog HBV therapy, 
as it can improve liver function and likely also 
has an HCC effect. Patients with chronic HCV 
infection have a postponement of any direct- 
acting antiviral (DAA) HCV therapy that they are 
not already on, till after their HCC treatments.

Our decision-making needs to be flexible and 
responsive to the changing developments over 
the patient’s disease course. Especially for 
patients who have beyond-Milan criteria, i.e., 
HCC nodules >5 cm diameter or multifocality or 
even branch PVT, a positive transplant decision 
can be made after a treatment-induced AFP 
decrease close to normal levels, a tumor shrink-
age, or an opening of blood flow has occurred in 
a previously thrombosed branch PVT.

Therapies being offered to BCLC stage C sub-
sets with normal serum bilirubin levels are on the 

cusp of changing. The high response rates being 
reported in the new (2020 and 2021) drug combi-
nations that include immune checkpoint inhibi-
tors (ICIs), which approach 30% partial responses 
or even more, are beginning to appear to chal-
lenge the responses seen after TACE or TARE 
therapies. Therefore, at the time of writing, FDA- 
approved combination bevacizumab (Avastin) 
plus atezolizumab (Tecentriq) appears to be the 
first choice in the first line of therapy for nonsur-
gical HCC patients with advanced stage HCC 
(BCLC stage C) but may also begin to be attrac-
tive for the management of stage B patients who 
up to now have been offered regional therapies.

At all times and for all disease stages, general 
medical principles apply, including the need to 
aggressively treat pain and nausea and offer psy-
chosocial support, as a matter of course and good 
oncology care. There is no overestimating the 
importance of the multidisciplinary team in eval-
uating the changing patient needs over the course 
of each step in the evolution of the disease 
process.

2  Therapeutic Choices in Less 
Wealthy Regions 
of the Middle East

The Middle East comprises a wide range of coun-
tries and a huge range of wealth and provision of 
services for public medical care, together with 
some that through recent warfare or political tur-
moil have had infrastructure damage. Clearly, the 
best choices have to be made based upon expected 
patient benefit and availability of medicines and 
services. Almost everywhere, analgesia and 
hydration can be offered, as needed. We, in 
Turkey, are in an intermediate category, with 
public health services available to everyone, but 
not always with the most expensive newer medi-
cines. We are fortunate to work in a very modern 
liver transplant institute with surgical skills on 
offer that are the equal to anywhere in the world. 
Other counties are less fortunate than we are. 
Nevertheless, hepatic resection surgery is typi-
cally available. In places where RFA or MWA is 
not on offer for smaller lesions, percutaneous 
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ethanol injection (PEI) and acetic acid have 
cheap components (needle, syringe, alcohol) 
available almost everywhere and depend only on 
ultrasound guidance for placement of the needle 
tip. In several advance countries, cadaveric liver 
transplantation was not available for many years 
due to brain death and other ethical and religious 
issues. Yet many of those countries offered 
sophisticated and highly competent resection sur-
gery, including in the presence of major branch 
PVT, which might be treated differently else-
where. In a fairly advanced country like Turkey, 
we can offer sorafenib, but the much better ICIs 

are not available yet through our state insurance. 
The SHARP trial of sorafenib, which occurred 
12 years ago, opened the way to minor responses 
and a few weeks of extra survival, compared to 
the preceding era. Combination ICI therapy now 
seems to be doing that, compared to sorafenib. 
Thus, medicine and especially oncology advances 
incrementally, but in this new era of targeted 
drugs and precision oncology, the rate of prog-
ress is increasing. One problem with the newer 
agents is their high cost. None of them are yet 
curative, unlike antibiotics, and yet for most of 
us, a few extra months of life seem worthwhile.
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Hepatocellular Cancer in Iran

Reza Malekzadeh and Hossein Poustchi

HCC is the second leading cause of years of life 
lost globally due to cancer, which clearly shows 
the high disease burden of liver cancer [1]. The 
survival rate of liver cancers in Asia is reported to 
be lower than in Europe and North America [3]. 
An Iranian study demonstrated the mean survival 
rate of 12.1 months, which is dependent on the 
tumor size, involved lymph nodes, metastasis, 
combination therapy of surgery and chemother-
apy, and hepatitis B and C coinfection [4].

1  Incidence

In Middle Eastern countries, the prevalence of 
this cancer is lower compared to sub-Saharan 
Africa and some Far East countries [1]. Except 
for Egypt which has a high incidence of HCC, 
other Middle Eastern countries have a low inci-
dence of HCC [5]. Iran is the second most com-
mon country in the Middle East with primary 
liver cancer report according to the Global Cancer 
Observatory in the year 2020. This report has 
changed significantly compared to 2010, in 
which Iran had the lowest incidence of primary 
liver cancers in the Middle East with 1.4 and 1.9 
per 100,000 persons in male and female, respec-
tively [5] (Table 1). Table 1 depicts the relatively 

close burden of hepatic cancers via the mortality 
to incidence ratio (MIR) in various countries of 
the Middle East, showing a homogenous survival 
of HCC in the Middle Eastern countries.

By a glance at the prediction of hepatic cancer 
in the Middle East in 2040, it is obvious that the 
incidence will be doubled with a stronger increase 
in males in this region (Fig. 1).

Based on the most recent (2016) reported 
national population-based cancer registry in Iran 
(INPCR) during (2014–2016), 7403 liver cancer 
cases were registered in the INPCR in 3  years 
[6–8]. The overall ASR of liver cancer in Iran 
(2014–2016) was 3.3 per 100,000 person-years. 
While 77.6% of all cancers were diagnosed 
through microscopic verification (MV%), only 
34.6% (2560 cases) of the liver cases were con-
firmed by pathology [6–8]. Misdiagnosis in the 
registration process (metastatic liver cancers 
which were registered as primary liver cancers) 
may explain a percentage of this reported inci-
dence rate, which demonstrates a false high per-
centage in Iran. If we only consider the 
pathology-confirmed cases as the absolute liver 
cancers in Iran, then the new measured ASR 
would be 1.19 on the national scale with the max-
imum report in Ilam by 2.35 and the minimum 
report in Guilan  by 0.63. Based on the 2016 
INCPR report, HCC rank 13th among all cancers 
in Iran in pathology-confirmed cases (Table  2), 
suggesting that primary liver cancers are not 
among the 10 most common cancer in Iran [8].
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There are several reasons for the low inci-
dence of HCC in Iran. A high prevalence (>90%) 
of HBeAg negative HBV infection [9–11], com-

prising almost 95% of HBV infection in Iran [12, 
13], resulted in the decline of the incidence of 
HCC in HBV-related liver disease. Very low 
prevalence [14] of HCV (<0.4%), low alcohol 
consumption due to religious beliefs [15] are also 
important reasons for the low prevalence of HCC 
at the moment. Suboptimal medical care for the 
cirrhotic patient and their short survival are other 
contributing factors; these patients  do not liver 
long enough with cirrhosis to develop cancer.

As was expected, the age-specific incidence 
rate increases with aging in both genders (Fig. 2) 
[6–8].

2  Etiology

2.1  Infections

Table 3 demonstrates the most common viral eti-
ologies for HCC in the area; in Iran, HBV was 
reported as the main viral cause (Table 3)

Genotypes:
The most common genotypes of HBV and 

HCV are shown in Table  4. Although several 
studies reported genotype D as the most common 
genotype of HBV, a study in 2020 found geno-
types B and F the most common ones in Iraq. 
However, the finding has not been confirmed by a 
larger sample size study yet. The most com-

Table 1 Population-based Cancer Registry Data for 
Middle Eastern countries incidence and mortality rates for 
primary liver cancers per 100,000 persons in 2020

Country
Incidence ratea Mortality 

ratea MIRcMale Female Bothb

Egypt 45.9 22.7 34.1 32.5 0.95
Iran 7.5 6.1 6.8 6.4 0.94
State of 
Palestine

8.3 4.9 6.5 6.4 0.98

Turkey 7.6 3.5 5.3 5.1 0.96
Saudi Arabia 6.8 3.3 5.2 5.1 0.98
Yemen 7.1 3.5 5.1 5 0.98
Qatar 5.7 4 5 4.9 0.98
Kuwait 5.4 4.1 5 4.7 0.94
Cyprus 6.8 2.9 4.8 4.2 0.87
Oman 5.8 2.5 4.4 4.1 0.93
Tunisia 4.7 4 4.3 4 0.93
Bahrain 4 3.4 3.7 3.6 0.97
Iraq 3.6 2.9 3.3 3.2 0.96
Jordan 3.6 2.5 3 3 1
Israel 4.2 1.8 2.9 2.6 0.89
Syria 3.2 2.5 2.9 2.8 0.96
United Arab 
Emirates

2.8 3.2 2.9 2.8 0.96

Lebanon 2.5 2.1 2.3 2.2 0.95
aThe rates are adjusted for the standard world population
bThe incidences in both sexes are sorted from the most 
common to the least common
cMIR: mMortality to incidence ratio
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mon  HCV genotypes in the Middle East were 
type 1 and 4. In 2020, Rezaee and colleagues 
found type 3a as the most common genotype in 
Iran [23], and they suggested the cause of a high 
level of 3a lies in the route of transmission. Type 
3 is mostly transmitted with shared needles, 
while type 1 is transmitted among family mem-
bers. However, this new finding in Iran suggests 
the probable change of dominant genotype in 
other countries in the area.

2.2   Non Alcoholic Fatty Liver 
and HCC

Following universal neonatal (1994) and adult-
hood vaccination against HBV (2008) and avail-
ability of very effective therapy for HBV and 

HCV in Iran, the incidence of infectious-related 
HCC has declined. Nonalcoholic fatty liver dis-
ease (NAFLD)-related HCC among countries in 
the Middle East is rapidly increasing following 
the epidemic of obesity and metabolic syndrome 
in this region [38–40]. Over 24%  of Iranians 
suffer from obesity, a result that is as high as 
American reports [41]. Several studies have 
demonstrated an association between metabolic 
syndrome and type 2 diabetes mellitus as well 
as obesity, with HCC, suggesting that NAFLD is 
playing a significant role in the rising incidence 
of HCC [42–44]. This finding along with the 
30% prevalence of NAFLD among Iranian [15] 
suggests that in the near future, NAFLD-related 
liver cancers will become the most common 
cause of HCC [15, 45, 46]. The main patho-
genesis is most likely insulin resistance, related 

Table 2 Liver cancer rank in Iran among all other cancers INPCR based on microscopic verification (2016) [8]

Rank Cancer site
Number ASR (per 100,000 person-years)
Males Females Both genders Males Females Both genders

1 Breast 248 13,787 14,035 0.63 33.62 17.12
2 Skin (nonmelanoma) 6821 4143 10,964 18.17 10.97 14.54
3 Colorectal 5386 4147 9533 14.4 10.82 12.58
4 Stomach 5184 2356 7540 13.85 6.09 9.92
5 Bladder 4876 1001 5877 13.11 2.59 7.79
6 Prostate 5650 – 5650 16.09 – 16.09
7 Thyroid 992 4151 5143 2.32 9.16 5.71
8 Leukemia 2349 1490 3839 6.25 4.04 5.14
9 Lung 2567 1001 3568 7.00 2.65 4.8
10 Non-Hodgkin lymphoma 1853 1194 3047 4.76 2.99 3.87
11 Esophagus 1537 1211 2748 4.04 3.22 3.63
12 Brain 1541 1026 2567 3.84 2.57 3.21
13 Liver 545 343 888 1.48 0.90 1.19
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adipokine changes, stimulation of insulin-like 
growth factor, and oxidative stress which are 
the consequence of steatosis and hepatic inflam-
mation [45]. The estimated proportion of HCC 
attributed to NAFLD in Iran at present time 

is 25–30% [45]. A subset of individuals with 
NAFLD develops NASH, a more serious form 
of liver damage. Population-based studies that 
have used serum levels of aminotransferases 
as a surrogate marker for NASH suggest that 
3% of Iranian adults (about 25% of those with 
NAFLD) have NASH [15]. However, several 
studies demonstrate that HCC could develop 
in NAFLD subjects even without preexisting 
cirrhosis by 15–50% of cases being diagnosed 
without cirrhosis, and majority of these cases 
had concomitant metabolic syndrome and type 
2 diabetes [47]. Unfortunately, HCC associated 
with non-cirrhotic NAFLD is less likely to be 
detected during surveillance and thus is more 
likely to be more advanced when compared to 
HCC in cirrhosis patients [46].

Once HCC develops in NAFLD cirrhotic 
patients, survival appears to be shorter than 
patients with viral etiology background. This 
may be due to the older age of NAFLD cirrhotic 
patients  (mean age of 73), and factors such 
as having larger tumors  (due to late diagnosis), 
greater likelihood to have comorbid heart condi-
tions, and less likelihood to be diagnosed by sur-
veillance in comparison to viral hepatitis cirrhotic 
patients [48]. But in comparing the survival of 
cirrhotic and non-cirrhotic NAFLD patients, the 
expected remaining years are equivalent or better 
in non-cirrhotic NAFLD patients [46], likely due 
to preserved liver function. We should mention 
that patients with concomitant HBV infection 
and obesity are more likely to develop cirrhosis, 
thus at higher risk for HCC with poorer survival 
[49].

Baseline alpha-fetoprotein is an easily 
obtained serum marker and provides both prog-
nostic and surveillance value for HCC patients in 
stage 3 liver fibrosis with HBV or HCV infection. 
Use of this biomarker is quite cost-effective for 
HCC surveillance [42].

3  Diagnosis

The availability of gastroenterologists and imag-
ing medical facility including sonography, CT 
scan, and MRI in all provinces and big cities 

Table 3 Most common viral etiology for HCC

Country

Cause of HCC
Most 
common

Least 
common

Egypt [16, 17] HCV HBV
Iran [5] HBV HCV
State of Palestine [18] HBV HCV
Turkey [17] HBV HCV
Saudi Arabia [17] HCV HBV
Yemen [17] HBV HCV
Qatar [19] HCV HBV
Kuwait [20] HBV HCV
Cyprus [20] HCV HBV
Oman [20] HBV HCV
Tunisia [21] HCV HBV
Bahrain [20] HBV HCV
Iraq [20] HBV HCV
Jordan [20] HBV HCV
Israel [20] HCV HBV
Syria [20] HCV HBV
United Arab Emirates 
[20]

HBV HCV

Lebanon [22] HBV HCV

Table 4 Most common genotypes of HBV and HCV

Country
HBV 
[24–34]

HCV [23, 
35–37]

Egypt D 4
Iran D 1,3
State of Palestine D 4
Turkey D 1
Saudi Arabia D 4
Yemen D No reliable data
Qatar D 4
Kuwait D 4
Cyprus D 1
Oman D 1
Tunisia D 1
Bahrain D 4
Iraq B 4
Jordan D 4
Israel D 1
Syria D 4
United Arab 
Emirates

D 1

Lebanon D 1
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around the country along with clinical pathology 
laboratories made the diagnosis of HCC very fea-
sible in Iran. Although a study in 2015 found the 
combination of MRI and DWI the most accurate 
diagnostic tool (94.79%) [50], ultrasonography is 
still utilized by some clinicians.

4  Treatment

Treatment by surgery, radiofrequency interven-
tions, and liver transplant is also available in refer-
ral centers and is offered to Iranian patients with 
HCC.  Approximately 20% of the patients are 
qualified for surgery. Most patients are being 
treated with radiofrequency or other ablation 
modalities,  which have been shown to improve 
survival rates [51, 52]. Patients with cirrhosis 
and early HCC who are being diagnosed during 
screening are offered liver transplantation in Iran. 
The Shiraz Liver Transplant Center in Iran is one 
of the most active liver transplant centers in the 
Middle East region. HCC-related transplant have 
increased from 1% to 5.5% in Shiraz [54]. 

5  Prevention

 The main strategy to reduce the burden of HCC 
is early diagnosis and treatment of chronic HBV 
and HCV viral hepatitis. Several studies in Iran 
have shown that even advanced fibrosis and early 
cirrhosis are reversible with effective therapy of 
the underlying viral infection [56, 72].

Two recent prospective studies demonstrated 
that statins can reduce the occurrence of HCC in 
patients infected by hepatitis B and C reported 
and show a positive role in decreasing the HCC 
risk in patients with NAFLD due to indirect effect 
on liver-related diseases [57–59].

A large pragmatic trial of polypill containing 
aspirin, statin, enalapril, and low-dose hydro-
chlorothiazide for prevention of cardiovascular 
disease (CVD) in an urban Iranian population 
with special focus on NASH has recently been 
completed and is expected to prevent HCC in 
addition to CVD in the near future [60]. Table 5 
summarizes the strategies for preventing HCC.

6  HCC-Related Research 
Interests in Iran

Several studies on treatment of HBV and HCV 
for prevention and reversibility of advanced 
fibrosis and cirrhosis and large clinical trials 
for the elimination of HCV are among the most 
important contribution of Iranian reseachers. 
The clinical trial,  named Enhancing Hepatitis 
C Linkage to Care (ENHANCE) aims to 
improve the HCV testing, linkage to care, and 
treatment of IV drug users in crowded cities of 
Iran. The pilot studies were conducted and 
showed the feasibility of this program 
[61–64].

Randomized controlled trials have shown that 
screening and prevention of HCC are feasible 
[65, 66]. We should consider it preventable can-
cer since the main etiologies of this cancer could 
be resolved. Effective HBV vaccination [67], 
concomitant with appropriate treatment of viral 
hepatitis, autoimmune hepatitis, NAFLD, and 
metabolic-related chronic liver diseases, can pre-
vent cirrhosis and HCC [68–71].
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Hepatocellular Carcinoma 
in Kuwait

A. Shaaban, R. Salamah, Y. Abo Elseud, 
A. Mohanty, and J. Albarrak

1  Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide and the third most 
common cause of cancer mortality, with an esti-
mated worldwide prevalence of 632,000 cases 
[1]. Data from the Arabian Gulf region indicates 
that liver cancer is the sixth most common cancer 
in the Gulf Cooperation Council (GCC) states, 
representing 5.2% of all cancers diagnosed 
between 1997 and 2007. Population-based can-
cer registry information distributed by Poustchi 
et  al. proposed a yearly frequency of HCC per 
100,000  in Kuwait of 8.1:3.6 for males and 
females. However, few studies addressed epide-
miology and risk factors of hepatocellular carci-
noma in this region. The fact that HCC incidence 
is not equally distributed throughout the world 
reflects the heterogeneous geographical distribu-
tion of the relevant environmental risk factors. 
Major differences in disease incidences exist 
among countries based on different etiologic fac-
tors of disease with more prevalence in the devel-
oping countries [2]. For example, the vast 
majority (>80%) of the cases of HCC occurs in 

the Far East and in sub-Saharan Africa, mostly as 
a consequence of chronic infection with hepatitis 
B virus (HBV), where the age-standardized inci-
dence rates range between 28.5 and 48.8 per 
100,000 males and 11.6 and 14.6 per 100,000 
females. Arabian Gulf areas represent a popula-
tion of around 40 million with very large expatri-
ate communities. In Kuwait, the number 
expatriates is more than nationals.

2  Environmental Risk Factors

Chronic infection with the hepatitis viruses and 
alcohol abuse are the most important environ-
mental risk factors for HCC, since these are the 
relevant etiologic factors for cirrhosis too [3]. In 
Asia and Africa, the dominant risk factor of HCC 
is chronic HBV infection compared with other 
low-risk areas like North America and Europe, 
where HCV infection accounts for the large pro-
portion of cases [4]. In Kuwait, there is limited 
evidence on the national prevalence of HBV; 
however, prevalence is expected to be higher in 
those >30 years of age born before the introduc-
tion of the HBV vaccination program. There is 
also limited data on the burden of HBV-related 
hepatocellular carcinoma in the country.

HCV Chronic HCV infection is a leading risk 
factor in the majority of the resource-rich coun-
tries [5]. A meta-analysis of 21 case-control stud-
ies showed a 17-fold increased risk of HCC in 
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HCV-infected patients compared with HCV- 
negative controls. HCV increases HCC risk not 
only by both promoting cirrhosis but also by 
causing specific genetic lesions to the infected 
liver cells [6]. In Kuwait, according to study by 
Shaaban et al., the prevalence of HCV infection 
is around 40%.

Alcohol has no direct carcinogenic effects on 
the liver, but chronic consumption of more than 
50  g of alcohol per day is associated with an 
increased risk of cirrhosis in both sexes [7]. In 
contrary to western societies where alcoholic 
intake plays a major role in cirrhosis and subse-
quent development of HCC, data from Kuwait 
suggest only prevalence of around 3%. An inter-
pretation for this comes mainly from the conser-
vative Islamic nature of Kuwait society where the 
authorities prohibit alcohol intake by law.

Aflatoxin, a mycotoxin produced by the 
Aspergillus flavus contaminating the foodstuffs 
stored in warm, dump condition, is a relevant 
contributor of HCC of regional importance, being 
associated with increased risk of HCC in HBV- 
infected persons in parts of Africa and Asia [8]. 
However, there is insufficient data to shed light 
on the extent of exposure to this risk factor in 
Kuwait.

3  Emerging Risk Factors

3.1  Nonalcoholic Fatty Liver 
Disease [NASH Cirrhosis]

The association between NASH and HCC is 
strongly supported by case-control studies, but 
not by prospective studies [9]. However, clini-
cal and epidemiological investigations, which 
link obesity and diabetes to HCC, support the 
role of NASH in HCC too. Diabetes mellitus is 
one of the main etiologic factors of nonalco-
holic fatty liver disease (NAFLD)/
NASH. Cohort studies prospectively evaluating 
patients for extended time periods showed dia-
betes to be a significant risk factor for HCC and 
not vice versa and to parallel duration of fol-
low-up [10]. The WHO estimated that there are 
six Arab countries in the Middle East and North 

Africa which are among the ten countries in the 
world with the highest diabetes and prediabetes 
prevalence. According to the International 
Diabetes Federation in 2009, these countries 
are Saudi Arabia, Oman, Bahrain, Kuwait, 
UAE, and Egypt. In our study, more than one-
third of our patients (40.5%) had diabetes as a 
risk factor for HCC at presentation.

Hemochromatosis Population studies showed 
a 1.7-fold increase in the incidence rates of 
HCC among individuals with hereditary hemo-
chromatosis confirming preliminary observa-
tions in smaller studies in related population 
[11]. There is no data to shed light of impact of 
such risk factor on incidence of HCC in Kuwait. 
In conclusion, an increase in HCC incidence is 
expected in many areas of the world, including 
Kuwait, as a consequence of the accumulation 
of patients with cirrhosis due to virus hepatitis. 
HCV and diabetes mellitus are the main risk 
factors for HCC incidence among GCC citizens. 
Half of our patients were Egyptians, and those 
generally showed four times higher incidence 
for HCC between males to females compared to 
other Arab countries.

3.2  Manifestations

Patterns of manifestation  – there is a range of 
clinical presentations for patients with HCC, 
from being asymptomatic to presenting with a 
life-threatening illness such as variceal hemor-
rhage [12]. Many patients who develop HCC 
have no symptoms specifically related to the 
tumor, especially for those who have been under-
going regular surveillance and have HCC 
detected at an early stage [13]. Symptomatic 
patients and patients with advanced lesions may 
present with mild to moderate upper abdominal 
pain, weight loss, early satiety, or a palpable mass 
in the upper abdomen [14–17].

Paraneoplastic syndromes  – patients with 
HCC may occasionally develop a paraneoplastic 
syndrome that can manifest with the following 
features which (except for erythrocytosis) are 
generally associated with a poor prognosis [18]:
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• Hypoglycemia – hypoglycemia, which usually 
occurs in advanced HCC, is thought to result 
from the tumor’s high metabolic needs. Less 
than 5 percent of tumors secrete insulin-like 
growth factor-II, which can cause severe, 
symptomatic hypoglycemia sometimes early 
in the course of the disease [12, 13].

• Erythrocytosis – erythrocytosis in HCC is prob-
ably due to tumor secretion of erythropoietin 
(EPO) [19]. Although raised serum EPO levels 
may be present in up to 23 percent of patients 
with HCC, elevations in hemoglobin concen-
tration or packed cell volume are uncommon, 
and most patients are anemic at diagnosis 
because of other effects of the tumor [20].

• Hypercalcemia – hypercalcemia can be pres-
ent in association with osteolytic metastases, 
but it may also be seen in the absence of bony 
metastasis due to secretion of parathyroid 
hormone- related protein [21].

• Diarrhea  – patients with HCC may infre-
quently present with intractable diarrhea and 
associated electrolyte disturbances (e.g., 
hyponatremia, hypokalemia, metabolic alka-
losis) [22, 23].

• Cutaneous features  – although skin changes 
are rare in patients with HCC, several cutane-
ous manifestations have been described; how-
ever, none is specific for the diagnosis [24].

These include:

• May present with a variety of cutaneous find-
ings (e.g., scaly, violaceous papules overlying 
bony prominences of the hands) and is associ-
ated with solid organ malignancies.

• Foliaceus is a superficial blistering disease 
similar to pemphigus vulgaris, except that it 
rarely involves the mucous membranes. 
Blisters often appear as shallow erosions asso-
ciated with erythema, scale, and crust forma-
tion, and the appearance may resemble severe 
seborrheic dermatitis.

• Sign of Leser-Trélat refers to the sudden 
appearance of multiple seborrheic kerato-
ses, often with an inflammatory base in 
association with skin tags and acanthosis 
nigricans.

• Rotunda, which is characterized by multiple, 
round or oval, sharply demarcated scaling 
patches, has been reported in South African 
black patients with HCC [25].

Other clinical presentations  – the following 
clinical presentations may be seen in symptom-
atic patients with HCC:

• Intraperitoneal bleeding due to tumor rupture. 
Tumor rupture is often associated with sudden 
onset of severe abdominal pain with disten-
sion and an acute drop in the hemoglobin and 
hypotension and is most commonly diagnosed 
by abdominal imaging. Computed tomogra-
phy (CT) of the abdomen typically demon-
strates a liver mass and free intraperitoneal 
blood [26].

• Obstructive jaundice caused by invasion of the 
biliary tree and compression of the intrahe-
patic duct or, rarely, as a result of hemobilia.

• Fever developing in association with central 
tumor necrosis.

• Pyogenic liver abscess (very rare) [27].

Extrahepatic metastases – extrahepatic metas-
tases are present at the time of diagnosis in 
approximately 10 to 15 percent of cases, and they 
are more common in patients with advanced 
stage primary tumors (>5 cm, large vessel vascu-
lar invasion). Extrahepatic metastases occur as a 
component of disease recurrence after locore-
gional therapy in approximately 5 to 25 percent 
of patients [28].

The most common sites of extrahepatic metas-
tases are the lung, intra-abdominal lymph nodes, 
bone [29], and adrenal gland, in that order. Brain 
metastases are rare overall (0.2 to 2 percent), 
although a higher rate has been reported in 
patients who have already developed metastases 
elsewhere or with locally advanced HCC [29].

3.2.1  Diagnosis of HCC
Most HCC patients are often diagnosed in an 
advanced stage with poor prognosis, due to 
absence of specific symptoms in early stages and 
lack of early diagnostic markers [30]. The diag-
nosis of HCC can be difficult and often requires 
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the use of one or more imaging modalities. 
Ideally, tumors should be detected when they are 
≤2 cm in size so that all treatment options can be 
offered [31]. Some patients had incurable disease 
at the time of diagnosis [32]. In Kuwait, nearly 
half of the patient are at advanced stage at time of 
diagnosis with around 75% of our patient diag-
nosed based on characteristic CT scan finding.

3.2.2  Biomarkers
Alpha-fetoprotein Elevated serum AFP can 
also be seen in patients with chronic liver disease 
without HCC such as acute or chronic viral hepa-
titis, particularly in hepatitis C [33]. It is gener-
ally accepted that serum levels greater than 500 
mcg/L in a high-risk patient are diagnostic of 
HCC (>400 ng/mL predicts for HCC with speci-
ficity greater than 95%) [34]. Patients with AFP 
levels >1000 mcg/L have an extremely high risk 
of recurrent disease following transplantation, 
irrespective of the tumor size [35]. AFP is ele-
vated in 75% of cases. The level of elevation cor-
relates inversely with prognosis. Around 25% of 
HCC cases in Kuwait have elevated AFP >400 at 
time of diagnosis.

4  Imaging Studies

4.1  Ultrasound

It is the modality of choice for HCC screening 
and surveillance because of its advantages and its 
high specificity that reaches over 90% for detect-
ing HCC [36]. However, US sensitivity is limited 
in the background of cirrhosis and obesity and for 
detecting small HCC <20 mm [37]. It does not 
provide sufficient anatomic detail for planning 
surgical resection or ablation. A significant num-
ber of small lesions may not be detected with 
ultrasound screening (60% sensitive) [38]. US is 
also operator-dependent. Currently no alternative 
to US is appropriate for screening because of 
higher cost, radiation exposure (CT), and long 
exam times for CE-MRI (at least 30 min). Current 
practice guidelines do not advocate multiphasic 
CE-CT or CE-MRI for HCC surveillance. CEUS 
has the advantage over CT and MRI as it is less 

costly and it allows a dynamic contrast evalua-
tion. It has shown excellent sensitivity for detec-
tion of hypervascular lesions [39]. CEUS has the 
same limitations as conventional US, such as 
operator dependence, limited sensitivity in obese 
and cirrhotic patients and for small lesions, and 
limited detection of deep liver lesions [40].

4.2  Computerized Tomography

Triple-phase CT has been found to be highly 
accurate in the diagnosis and characterization of 
HCCs but, like US, may miss smaller lesions. 
Pooled estimates reveal a sensitivity of 68% and 
a specificity of 93% [41]. Classic CT findings of 
HCC include a hypervascular pattern with arte-
rial enhancement and rapid washout during the 
portal venous phase [42]. Multiphasic CT for 
HCC diagnosis should include four phases: (1) 
non-contrast phase in order to detect hyperdense 
structures (such as hemorrhage or changes 
related to locoregional therapy); (2) late arterial 
phase, corresponding to the peak of tumor 
enhancement; (3) portal venous phase (60–70 s 
postinjection) corresponding to the peak of por-
tal venous and parenchymal enhancement 
within the liver and the most adequate for 
venous evaluation; and (4) the delayed venous 
phase (180  s postinjection) which increases 
detection of tumor capsule [43]. In tumors with 
a size between 1 cm and 2 cm, MRI was shown 
to be superior over CT (sensitivity: 84% vs. 
47% for 1–2 cm) [44].

4.3  Magnetic Resonance Imaging

MRI provides an excellent method for charac-
terizing HCC without radiation and the need for 
iodinated contrast. Technologic improvements 
have reduced scanning time and improved the 
specificity of the study. Pooled analysis demon-
strated a sensitivity of 81% and a specificity of 
85% [45]. HCC demonstrates a variety of fea-
tures on MRI, depending on the tumor architec-
ture, grade, and amount of intra-tumoral fat and 
glycogen [46]. MRI sensitivity is excellent for 
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lesions with a size ≥2  cm and 1–2  cm (100% 
and 84% in a lesion-by-lesion analysis). 
However, sensitivity falls to 29–43% for lesions 
with a size <1 cm [47]. CT and MRI have both 
limited detection of well-differentiated and 
small HCCs. Furthermore, approximately 40% 
of HCC are not hypervascular during the arterial 
phase, including early HCC, infiltrative HCC, 
and some poorly differentiated HCC, and the 
presence of washout can be absent in approxi-
mately 40–60% of small HCC [48]. The benefits 
of contrast-enhanced studies must be balanced 
against the risks if any anatomic or functional 
renal impairment is possible. Iodinated contrast 
for CT may worsen renal failure, and gadolin-
ium enhancement on MRI has been linked to a 
syndrome of severe systemic fibrosis in a patient 
with renal failure [49].

4.4  Other Imaging Modalities

Several studies have suggested a role for [18F] 
fluorodeoxyglucose (FDG)-PET scanning for the 
detection of primary HCCs, tumor staging, 
assessing response to therapy, and predicting 
prognosis as an adjunct to CT [50]. The sensitiv-
ity of PET in diagnosis of HCC was 55% com-
pared with 90% for CT scanning, although only 
PET detected some tumors (including distant 
metastases). Well-differentiated and low-grade 
tumors had lower activity on PET [51]. FDG 
uptake has been shown to be a prognostic marker 
for poorly differentiated tumor, microvascular 
invasion, shorter recurrence-free survival after 
curative treatment, and short survival in case of 
palliative condition [52]. FDG-PET might be a 
useful imaging modality for identifying extrahe-
patic metastases, although sensitivity is limited 
for lesions 1 cm or smaller [53]. With the emer-
gence of quantitative imaging, the use of PET/
MRI hybrid systems is promising [54]. Majority 
of hepatocellular carcinomas show high levels of 
PSMA expression on tumor vessels and on cana-
licular membrane of the tumor cells. Putative 
diagnostic, prognostic, and therapeutic value of 
PSMA in HCC warrants further clinically ori-
ented investigations [55].

5  Biopsy

Biopsy is indicated in patients with HCCs that 
are larger than 2 cm with low AFP or in whom 
ablative treatment or transplant is contraindi-
cated. Histological diagnosis via liver biopsy 
may, therefore, be necessary if HCC develops in 
a non-cirrhotic patient and if imaging studies are 
inconclusive for being compatible with HCC 
[56]. Liver biopsy is done under CT or US guid-
ance with varying degrees of sensitivity (66–93% 
based on tumor size, operator experience, and 
needle size) and 100% specificity and positive 
predictive value [57]. The most common compli-
cation of liver biopsy is pain that, including mild 
discomfort, is reported by up to 84% of patients 
[58]. Severe complications correlated to liver 
biopsies, including perforation of gallbladder, 
bile peritonitis, hemobilia, pneumothorax, or 
hemothorax, are extremely rare [59]. Severe 
bleeding is usually evident within 2–4 hours and 
occurs in 1 out of 2500–10,000 biopsies; never-
theless, late hemorrhage, most likely due to clot 
dissolution, cannot be neglected [60]. The most 
quoted study about seeding risk is a meta- analysis 
that showed a rate of 2.7% in 1340 biopsies [61]. 
Adding three more recent series to this meta- 
analysis would obtain much lower rates of seed-
ing, even less than 1% [62]. Histopathological 
subtypes of HCC according to the WHO include 
steatohepatitic variant, clear cell variant, 
macrotrabecular- massive variant, scirrhous vari-
ant, chromophobe variant, fibrolamellar HCC 
(fibrolamellar carcinoma), neutrophil-rich vari-
ant, and lymphocyte-rich variant. It has been 
recently reported that intrahepatic cholangiocar-
cinoma (iCCA) can be misdiagnosed as typical 
HCC in 4% of cases [63]. Given its rising inci-
dence and poor prognosis, close attention is 
needed to differentiate iCCA from HCC [64].

Liquid Biopsy A liquid biopsy entails the anal-
ysis of tumor components released into the 
bloodstream [65]. Liquid biopsies could provide 
a valuable tool to overcome tumor heterogeneity, 
which is particularly pronounced in multifocal 
and advanced HCC, both at genomic and tran-
scriptional levels [66].
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6  Treatment of Hepatocellular 
Carcinoma

6.1  Liver Transplant and Hepatic 
Resection

Hepatic resection (HR) is a recommended 
approach for fit patients in whom Milan criteria for 
hepatic resection are fulfilled. It had a 5-year over-
all survival (OS) rate of 60–70%. Unfortunately, 
more than half of patients with primary HCC are 
diagnosed when their disease has reached the 
intermediate or advanced stages. Most of these 
patients developed multinodular tumors or macro-
vascular invasion. At a retrospective record of our 
patients in Kuwait, 61.2% of our patients demon-
strated multifocal tumors at the time of diagnosis 
with liver resection only done in nine patients 
(8.3%). Additionally, 23.4% proved to have a mac-
roscopic vascular invasion. This reflects the 
advanced nature of HCC in Kuwait society which 
limits many treatment options. Extrahepatic spread 
to the lymph nodes, lung, and bone is recorded in 
21.6%, 9.9%, and 6.3% respectively.

7  Nonsurgical Treatment

 A. Locoregional Therapies

Transarterial chemoembolization is an effec-
tive treatment for unresectable HCC patients with 
intermediate stage. However, it is contraindicated 
in those with decompensated cirrhosis, high 
tumor burden, tumor nodules ≥10 cm, and bile 
duct obstruction. In Kuwait, TACE services are 
offered widely through interventional radiology 
team bases at Amiri and Mubarak Hospital. 
Around 13% of HCC patients diagnosed between 
2008 and 2017 received TACE to control their 
malignancy. TARE services are offered as well 
through Mubarak Hospital and Kuwait Cancer 
Control Center but in a narrow scale.

 B. Ablation

Ablation leads to tumor tissue necrosis with 
5-year survival between 38% and 60%. Ablative 

therapy is indicated for HCC patients with small 
liver cancer, Child-Pugh class A or B, up to three 
tumors each 3  cm or smaller in diameter. 
Radiofrequency ablation is widely practiced in 
Kuwait. Between 2008 and 2017, around 8% of 
HCC patients were subjected to RFA. Microwave 
ablation is also offered but in a narrow scale.

 C. Pharmacological Treatments.
 1. First-Line Systemic Therapy Sorafenib.

Sorafenib is an oral multikinase inhibitor 
approved for unresectable HCC since 2007, 
based on SHARP and ORIENTAL trial. During 
sorafenib treatment, associated toxicities were 
observed, including gastrointestinal upset, 
anorexia, hand-foot skin reactions, and fatigue 
with an overall 30% occurrence of grade 3–4 
severity events requiring permanent discontinua-
tion in approximately 28% of treated patients. In 
our retrospective data for HCC patients, 35% 
received systemic treatment with sorafenib, and 
they showed a better median overall survival of 
9  months compared to 1  month only for those 
who did not receive sorafenib. Around 17% of 
our HCC patients who have HCV as their viral 
etiology and received sorafenib showed a median 
overall survival of 7 months, compared to 16% 
HCC with nonviral etiology and who received 
sorafenib showing a median overall survival of 
12 months. At current, the majority of our patients 
can get access to treatment through patient help 
fund programs.

8  Lenvatinib

Lenvatinib, an oral multikinase inhibitor, is a 
potent inhibitor of VEGFR1–3. Lenvatinib was 
approved based on recent open-label, phase III, 
multicenter, non-inferiority trial (REFLECT). 
This trial demonstrated lenvatinib was non- 
inferior to sorafenib in OS in unresectable HCC 
with mOS of 13.6  months for lenvatinib group 
versus 12.3  months in the sorafenib group. In 
Kuwait, our patients with Child-Pugh A can get 
access to lenvatinib free of charge if holding 
Kuwait nationality.
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9  Nivolumab

Nivolumab is a programmed cell death protein-1 
(PD-1) immune checkpoint inhibitor. CheckMate 
040 suggested overall objective response rate 
(ORR) of 15%, with a disease control rate (DCR) 
of 58% and an OS of 15 months in patients with 
aHCC with or without chronic viral hepatitis 
were demonstrated. CheckMate 459, a random-
ized, multicenter phase III study of nivolumab vs. 
sorafenib as first-line treatment in patients with 
aHCC, failed to show OS superiority for 
nivolumab after follow-up of 22.8  month. In 
Kuwait, nivolumab is not used as first-line treat-
ment for patient with aHCC.

10  Second-Line Systemic 
Therapy

10.1  Regorafenib

Regorafenib, an oral multikinase inhibitor, targets 
angiogenic (VEGFR1–3, TIE2), stromal 
(PDGFR-β, FGFR), and oncogenic receptor tyro-
sine kinases (KIT, RET, and RAF) [125]. RESORCE 
study, a randomized, double-blind, parallel-group, 
phase III trial, 573 HCC patients who tolerated 
sorafenib were randomly assigned in a 2:1 ratio to 
receive regorafenib (oral dose 160 mg daily during 
weeks 1–3 of each 4-week cycle) or matching pla-
cebo (once daily during weeks 1–3 of each 
4-week cycle). The results showed overall survival 
benefit with a hazard ratio of 0.63 (95% CI, 0.50–
0.79; one-sided P < 0.0001) and median survival of 
10.6  months (95% CI, 9.1–12.1) for regorafenib 
versus 7.8 months for placebo that the survival ben-
efits from regorafenib were superior to placebo.

10.2  Cabozantinib

Cabozantinib is an oral multiple tyrosine kinase 
receptor inhibitor with activity against VEGFR1–
3, MET, and AXL, and inhibition of c-MET and 
VEGFR decreases resistance of VEGFR inhibitor 
via c-MET axis. Based on phase III trial 
(CELESTIAL), randomized previously treated 

HCC patients to receive cabozantinib (60  mg 
once daily) or matching placebo, and the results 
showed the mOS was 10.2 months in the cabo-
zantinib group and 8.0  months in the placebo 
group (HR for death, 0.76; 95% CI, 0.63 to 0.92; 
P = 0.005). Median PFS was 5.2 months in cabo-
zantinib group and 1.9 months in placebo. This 
treatment is available in Kuwait as second line 
for HCC.

10.3  Ramucirumab

Ramucirumab is a recombinant IgG1 monoclonal 
antibody and VEGFR-2 antagonist approved for 
aHHC based on phase III trial (REACH), 565 
patients were enrolled at second-line setting to 
receive ramucirumab with 8  mg/kg every 
2 weeks, and 282 were assigned to receive pla-
cebo only. The result show improved mOS by 
1.6  months for ramucirumab compared to pla-
cebo. Subgroup analysis showed that patients 
with elevated serum alpha fetoprotein (> 400 ng/
mL) achieved a better OS benefit from ramuci-
rumab treatment compared with placebo. The 
mOS in ramucirumab group was 7.8  months, 
which was significantly greater than 4.2 months 
in placebo group. This was confirmed by a ran-
domized, double-blind, placebo-controlled, 
phase III trial (REACH-2) study. This study sug-
gested that second-line treatment with ramuci-
rumab significantly improved overall survival in 
HCC patients with higher α-fetoprotein level of 
at least 400 ng/mL. Moreover in Kuwait, ramuci-
rumab is available for Kuwaiti patients. Recently, 
non-Kuwaiti patients can get access to ramuci-
rumab through patient help fund programs.

10.4  Pembrolizumab

Pembrolizumab is a PD-1 monoclonal antibody that 
was studied in advanced HCC. KEYNOTE-224, a 
nonrandomized, multicenter, open-label, phase II 
trial, proved the efficacy and safety of pembroli-
zumab in patients with aHCC previously treated 
with sorafenib. KEYNOTE-240, a randomized, 
double-blind, phase III, followed to confirm this 
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finding. Unfortunately, the mOS was 13.9 months 
for pembrolizumab group versus 10.6 months in 
placebo group. The median PFS was 3  months 
versus 2.8  months for pembrolizumab versus 
placebo. It was showed that these differences did 
not reach statistical significance. As a result, this 
treatment is no more indicated in Kuwait.

References

 1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser 
S, Mathers C, et al. GLOBOCAN 2012: cancer inci-
dence and mortality, version 1.1. IARC Cancer Base 
ed. Lyon: IARC; 2014.

 2. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya 
K, Aboyans V, et  al. Global and regional mortal-
ity from 235 causes of death for 20 age groups 
in 1990 and 2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet. 
2012;380(9859):2095–128.

 3. Global, regional, and national age-sex specific all- 
cause and cause-specific mortality for 240 causes 
of death, 1990–2013: avsystematic analysis for 
the Global Burden of Disease Study 2013. Lancet. 
2015;385(9963):117–71.

 4. World Health Organization. Hepatitis B: Fact sheet 
No.204. 2015.

 5. Mohd HK, Groeger J, Flaxman AD, Wiersma 
ST. Global epidemiology of hepatitis C virus infec-
tion: new estimates of age-specific antibody to HCV 
seroprevalence. Hepatology. 2013;57(4):1333–42.

 6. Messina JP, Humphreys I, Flaxman A, Brown A, 
Cooke GS, Pybus OG, et al. Global distribution and 
prevalence of hepatitis C virus genotypes. Hepatology. 
2015;61(1):77–87.

 7. IARC Working Group on the Evaluation of 
Carcinogenic Risks to Humans. Alcohol consump-
tion and ethyl carbamate. IARC Monogr Eval 
Carcinogenic Risks Hum. 2010;96:3–1383.

 8. Yu MW, Lien JP, Chiu YH, Santella RM, Liaw YF, 
Chen CJ.  Effect of aflatoxin metabolism and DNA 
adduct formation on hepatocellular carcinoma among 
chronic hepatitis B carriers in Taiwan. J Hepatol. 
1997;27(2):320–30.

 9. Vernon G, Baranova A, Younossi ZM.  Systematic 
review: the epidemiology and natural history of 
non-alcoholic fatty liver disease and non-alcoholic 
steatohepatitis in adults. Aliment Pharmacol Ther. 
2011;34(3):274–85.

 10. Younossi ZM, Otgonsuren M, Henry L, Venkatesan 
C, Mishra A, Erario M, et al. Association of nonalco-
holic fatty liver disease (NAFLD) with hepatocellular 
carcinoma (HCC) in the United States from 2004 to 
2009. Hepatology:2015.

 11. Fellows IW, Stewart M, Jeffcoate WJ, et  al. 
Hepatocellular carcinoma in primary haemochroma-
tosis in the absence of cirrhosis. Gut. 1988;29:1603–6.

 12. Eastman RC, Carson RE, Orloff DG, et al. Glucose 
utilization in a patient with hepatoma and hypoglyce-
mia. Assessment by a positron emission tomography. 
J Clin Invest. 1992;89:1958.

 13. Tietge UJ, Schöfl C, Ocran KW, et  al. Hepatoma 
with severe non-islet cell tumor hypoglycemia. Am J 
Gastroenterol. 1998;93:997.

 14. Simmons OL, Feng Y, Parikh ND, Singal AG. Primary 
care provider practice patterns and barriers to hepato-
cellular carcinoma surveillance. Clin Gastroenterol 
Hepatol. 2019;17:766.

 15. Atkins D, Ross D, Kelley M.  Acting in the face of 
uncertainty. Ann Intern Med. 2014;161:300.

 16. Kansagara D, Papak J, Pasha AS, et al. Screening for 
hepatocellular carcinoma in chronic liver disease: a 
systematic review. Ann Intern Med. 2014;161:261.

 17. Kew MC, Dos Santos HA, Sherlock S. Diagnosis of 
primary cancer of the liver. Br Med J. 1971;4:408.

 18. Luo JC, Hwang SJ, Wu JC, et  al. Clinical char-
acteristics and prognosis of hepatocellular car-
cinoma patients with paraneoplastic syndromes. 
Hepatogastroenterology. 2002;49:1315.

 19. Sakisaka S, Watanabe M, Tateishi H, et  al. 
Erythropoietin production in hepatocellular carci-
noma cells associated with polycythemia: immuno-
histochemical evidence. Hepatology. 1993;18:1357.

 20. Kew MC, Fisher JW.  Serum erythropoietin concen-
trations in patients with hepatocellular carcinoma. 
Cancer. 1986;58:2485.

 21. Yen TC, Hwang SJ, Wang CC, et al. Hypercalcemia 
and parathyroid hormone-related protein in hepato-
cellular carcinoma. Liver. 1993;13:311.

 22. Bruix J, Castells A, Calvet X, et al. Diarrhea as a pre-
senting symptom of hepatocellular carcinoma. Dig 
Dis Sci. 1990;35:681.

 23. Steiner E, Velt P, Gutierrez O, et al. Hepatocellular car-
cinoma presenting with intractable diarrhea. A radio-
logic-pathologic correlation. Arch Surg. 1986;121:849.

 24. Gregory B, Ho VC. Cutaneous manifestations of gas-
trointestinal disorders. Part II. J Am Acad Dermatol. 
1992;26:371.

 25. Berkowitz I, Hodkinson HJ, Kew MC, DiBisceglie 
AM.  Pityriasis rotunda as a cutaneous marker of 
 hepatocellular carcinoma: a comparison with its prev-
alence in other diseases. Br J Dermatol. 1989;120:545.

 26. Lin YT, Liu CJ, Chen TJ, et al. Pyogenic liver abscess 
as the initial manifestation of underlying hepatocel-
lular carcinoma. Am J Med. 2011;124:1158.

 27. Uka K, Aikata H, Takaki S, et al. Clinical features and 
prognosis of patients with extrahepatic metastases 
from hepatocellular carcinoma. World J Gastroenterol. 
2007;13:414.

 28. Yuki K, Hirohashi S, Sakamoto M, et al. Growth and 
spread of hepatocellular carcinoma. A review of 240 
consecutive autopsy cases. Cancer. 1990;66:2174.

A. Shaaban et al.



245

 29. Yang Y, Nagano H, Ota H, et  al. Patterns and clini-
copathologic features of extrahepatic recurrence of 
hepatocellular carcinoma after curative resection. 
Surgery. 2007;141:196.

 30. Kobayashi T, Aikata H, Kobayashi T, Ohdan H, 
Arihiro K, Chayama K. Patients with early recurrence 
of hepatocellular carcinoma have poor prognosis. 
Hepatobil Pancreat Dis Inter. 2017;16(3):279–88.

 31. Simmons OL, Feng Y, Parikh ND, Singal AG. Primary 
care provider practice patterns and barriers to hepato-
cellular carcinoma surveillance. Clin Gastroenterol 
Hepatol. 2019;17:766.

 32. Llovet JM, Fuster J, Bruix J, Barcelona-Clínic Liver 
Cancer Group. The Barcelona approach: diagnosis, 
staging, and treatment of hepatocellular carcinoma. 
Liver Transpl. 2004;10(2 Suppl 1):S115–20.

 33. Collier J, Sherman M.  Screening for hepatocellular 
carcinoma. Hepatology. 1998;27:273.

 34. Wu JT.  Serum alpha-fetoprotein and its lectin reac-
tivity in liver diseases: a review. Ann Clin Lab Sci. 
1990;20:98.

 35. Pomfret EA, Washburn K, Wald C, Nalesnik MA, 
Douglas D, et  al. Report of a national conference 
on liver allocation in patients with hepatocellu-
lar carcinoma in the United States. Liver Transpl. 
2010;16:262.

 36. Bolondi L. Screening for hepatocellular carcinoma in 
cirrhosis. J Hepatol. 2003;39(6):1076–84.

 37. Kim SY, An J, Lim Y-S, Han S, Lee J-Y, Byun JH, 
et al. MRI with liver-specific contrast for surveillance 
of patients with cirrhosis at high risk of hepatocellular 
carcinoma. JAMA Oncol. 2017;3(4):456–63.

 38. Colli A, Fraquelli M, Casazza G, Massironi S, Colucci 
A, Conte D, et al. Accuracy of ultrasonography, spi-
ral CT, magnetic resonance, and alpha-fetoprotein in 
diagnosing hepatocellular carcinoma: a systematic 
review. Am J Gastroenterol. 2006;101(3):513–23.

 39. Takahashi M, Maruyama H, Shimada T, Kamezaki H, 
Sekimoto T, Kanai F, et al. Characterization of hepatic 
lesions (≤30 mm) with liver-specific contrast agents: 
a comparison between ultrasound and magnetic reso-
nance imaging. Eur J Radiol. 2013;82(1):75–84.

 40. Claudon M, Dietrich CF, Choi BI, Cosgrove DO, 
Kudo M, Nolsøe CP, et al. Guidelines and good clini-
cal practice recommendations for Contrast Enhanced 
Ultrasound (CEUS) in the liver  – update 2012: a 
WFUMB-EFSUMB initiative in cooperation with rep-
resentatives of AFSUMB, AIUM, ASUM. FLAUS and 
ICUS. Ultrasound Med Biol. 2013;39(2):187–210.

 41. Colli A, Fraquelli M, Casazza G, Massironi S, Colucci 
A, Conte D, et al. Accuracy of ultrasonography, spi-
ral CT, magnetic resonance, and alpha-fetoprotein in 
diagnosing hepatocellular carcinoma: a systematic 
review. Am J Gastroenterol. 2006;101(3):513–23.

 42. Lencioni R, Cioni D, Della Pina C, Crocetti L, 
Bartolozzi C.  Imaging diagnosis. Semin Liver Dis. 
2005;25(2):162–70.

 43. Choi J-Y, Lee J-M, Sirlin CB.  CT and MR imag-
ing diagnosis and staging of hepatocellular carci-
noma: part I.  Development, growth, and spread: 
key pathologic and imaging aspects. Radiology. 
2014;272(3):635–54.

 44. Burrel M, Llovet JM, Ayuso C, Iglesias C, Sala 
M, Miquel R, et  al. MRI angiography is superior 
to helical CT for detection of HCC prior to liver 
transplantation: an explant correlation. Hepatology. 
2003;38(4):1034–42.

 45. Kulik LM, Mulcahy MF, Omary RA, Salem 
R. Emerging approaches in hepatocellular carcinoma. 
J Clin Gastroenterol. 2007;41(9):839–54.

 46. Yang SH, Suh KS, Lee HW, Cho EH, Cho JY, 
et  al. The role of (18)F-FDG-PET imaging for the 
selection of liver transplantation candidates among 
hepatocellular carcinoma patients. Liver Transpl. 
2006;12:1655–60.

 47. Khan MA, Combs CS, Brunt EM, Lowe VJ, Wolverson 
MK, et al. Positron emission tomography scanning in 
the evaluation of hepatocellular carcinoma. J Hepatol. 
2000;32:792–7.

 48. Cho KJ, Choi NK, Shin MH, Chong AR.  Clinical 
usefulness of FDG-PET in patients with hepatocel-
lular carcinoma undergoing surgical resection. Ann 
Hepatobiliary Pancreat Surg. 2017;21(4):194–8.

 49. Sugiyama M, Sakahara H, Torizuka T, Kanno T, 
Nakamura F, et al. 18F-FDG PET in the detection of 
extra- hepatic metastases from hepatocellular carci-
noma. J Gastroenterol. 2004;39:961–8.

 50. Sangiovanni A, Manini MA, Iavarone M, Romeo R, 
Forzenigo LV, Fraquelli M, et al. The diagnostic and 
economic impact of contrast imaging techniques in 
the diagnosis of small hepatocellular carcinoma in 
cirrhosis. Gut. 2010;59(5):638–44.

 51. Khan AS, Hussain HK, Johnson TD, Weadock WJ, 
Pelletier SJ, Marrero JA. Value of delayed hypointen-
sity and delayed enhancing rim in magnetic resonance 
imaging diagnosis of small hepatocellular carcinoma 
in the cirrhotic liver. J Magn Reson Imaging: JMRI. 
2010;32(2):360–6.

 52. Hectors S, Wagner M, Besa C, Huang W, Taouli 
B. Multiparametric FDG-PET/MRI of hepatocellular 
carcinoma: initial experience. Contrast Media Mol 
Imaging. 2018;2018:5638283.

 53. Tolkach Y, Goltz D, Kremer A, Ahmadzadehfar H, 
Bergheim D, et al. Prostate-specific membrane anti-
gen expression in hepatocellular carcinoma: potential 
use for prognosis and diagnostic imaging. Jun 25. 
2019;10(41):4149–60.

 54. Di Tommaso L, Spadaccini M, Donadon M, 
Personeni N, Elamin A, Aghemo A, Lleo A, et al. Role 
of liver biopsy in hepatocellular carcinoma. World J 
Gastroenterol. 2019;25(40):6041–52.

 55. Caturelli E, Solmi L, Anti M, Fusilli S, Roselli P, 
Andriulli A, Fornari F, Del Vecchio BC, de Sio 
I. Ultrasound guided fine needle biopsy of early hepa-

Hepatocellular Carcinoma in Kuwait



246

tocellular carcinoma complicating liver cirrhosis: a 
multicentre study. Gut. 2004;53:1356–62.

 56. Eisenberg E, Konopniki M, Veitsman E, Kramskay R, 
Gaitini D, Baruch Y.  Prevalence and characteristics 
of pain induced by percutaneous liver biopsy. Anesth 
Analg. 2003;96:1392–6, table of contents.

 57. Gilmore IT, Burroughs A, Murray-Lyon IM, Williams 
R, Jenkins D, Hopkins A.  Indications, methods, and 
outcomes of percutaneous liver biopsy in England 
and Wales: an audit by the British Society of 
Gastroenterology and the Royal College of Physicians 
of London. Gut. 1995;36:437–41.

 58. Reichert CM, Weisenthal LM, Klein HG.  Delayed 
hemorrhage after percutaneous liver biopsy. J Clin 
Gastroenterol. 1983;5:263–6.

 59. Silva MA, Hegab B, Hyde C, Guo B, Buckels JA, 
Mirza DF.  Needle track seeding following biopsy 
of liver lesions in the diagnosis of hepatocellular 
cancer: a systematic review and meta-analysis. Gut. 
2008;57:1592–6.

 60. Szpakowski JL, Drasin TE, Lyon LL. Rate of seeding 
with biopsies and ablations of hepatocellular carci-
noma: a retrospective cohort study. Hepatol Commun. 
2017;1:841–51.

 61. Colli A, Fraquelli M, Casazza G, Massironi S, Colucci 
A, Conte D, et al. Accuracy of ultrasonography, spi-
ral CT, magnetic resonance, and alpha-fetoprotein in 
diagnosing hepatocellular carcinoma: a systematic 
review. Am J Gastroenterol. 2006;101(3):513–23.

 62. Lencioni R, Cioni D, Della Pina C, Crocetti L, 
Bartolozzi C.  Imaging diagnosis. Semin Liver Dis. 
2005;25(2):162–70.

 63. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers 
C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer 
incidence and mortality worldwide: sources, meth-
ods and major patterns in GLOBOCAN 2012. Int J 
Cancer. 2015;136:E359–86.

 64. Patel T.  Cholangiocarcinoma--controversies 
and challenges. Nat Rev Gastroenterol Hepatol. 
2011;8:189–200.

 65. Crowley E, Di Nicolantonio F, Loupakis F, Bardelli 
A. Liquid biopsy: monitoring cancer-genetics in the 
blood. Nat Rev Clin Oncol. 2013;10:472–84.

 66. Xu LX, He MH, Dai ZH, Yu J, Wang JG, Li XC, Jiang 
BB, Ke ZF, Su TH, Peng ZW, Guo Y, Chen ZB, Chen 
SL, Peng S, Kuang M. Genomic and transcriptional 
heterogeneity of multifocal hepatocellular carcinoma. 
Ann Oncol. 2019.

A. Shaaban et al.



247© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 
B. I. Carr (ed.), Liver Cancer in the Middle East, https://doi.org/10.1007/978-3-030-78737-0_16

Insights on Hepatocellular 
Carcinoma in Saudi Arabia
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1  Background

HCC is one of the leading causes of cancer- 
related mortality. It is ranked as the fifth most 
common cancer and the third leading cause of 
cancer death globally. HCC accounts for 7.5% 
and 3.5% of cancer types in men and women, 
respectively [1]. In areas where hepatitis C 
(HCV) and B (HBV) viruses are prevalent, the 
incidence of HCC increases after the age of 20 
years and reaches a peak at around 50 years of 
age. However, in most western countries, the 
incidence of HCC reaches its peak at 75 years of 
age [2, 3]. In Saudi Arabia, HCC is the sixth and 
twelfth most common cancer in men and women, 
respectively [4]. The age-standardized incidence 
rate (ASIR) for liver cancer in Saudi Arabia is 4.5 
per 100,000 people [5]. When this number is 
compared with the global incidence rate of 5.3 
per 100,000, the incidence rate of liver cancer in 
Saudi Arabia is between the highest and lowest 
global rates. However, most patients diagnosed 

with HCC in Saudi Arabia are in the late stages 
with poor prognosis and a higher mortality rate 
compared with other countries where early detec-
tion is more common [6, 7]. Hence, a robust 
screening program for HCC in regions where 
HBV and HCV are endemic such as Saudi Arabia 
should be a priority for healthcare providers. In 
Saudi Arabia, a study on hepatitis B screening 
observed that 7% of the children tested were pos-
itive for hepatitis B surface antigen (HBsAg) [8]. 
This has declined to less than 0.3% after intro-
ducing a compulsory vaccine for hepatitis A and 
B [9]. Due to the introduction of these compul-
sory vaccines, a lower prevalence of HBV is 
anticipated in the future. Other risk factors of 
HCC development, such as cirrhosis, obesity, 
aflatoxin B1, and others, also play an important 
role in the prevalence of the disease in Saudi 
Arabia.

2  Risk Factors for HCC in Saudi 
Arabia

2.1  Hepatitis B

Hepatitis B infection is considered the most 
important factor for HCC development in many 
countries. Globally, chronic hepatitis B causes 
more than half of HCC cases, with some regional 
differences, such as a high percentage of HCC 
caused by HBV in Korea [10].
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Many studies have investigated the epidemio-
logical status of HBV in Saudi Arabia [11–17]; 
the prevalence of HBV infection in Saudi Arabia 
is slightly lower than the global prevalence [7]. A 
reduction in the prevalence of HBV has been 
noticed in the country over time, and thus, a low 
current rate is anticipated [18]. The estimation of 
HBV rate is mostly based on the findings of 
screening studies. However, these studies do not 
reflect the actual number, as some studies focused 
on high-risk groups such as IV addicts’ abusers 
and human immunodeficiency virus-positive 
patients. A recent and more representative study 
in Saudi Arabia that included a large population 
of more than 70,000 participants who underwent 
premarital testing showed that the prevalence of 
HBV was 1.3 % [19].

Patients with chronic hepatitis B have a high 
risk of developing more serious diseases such as 
HCC [20]. In Saudi Arabia, the Systematic 
Observatory Liver Disease (SOLID) registry has 
data regarding the mortality from end-stage liver 
diseases [21]. Data has been collected from mul-
tiple centers around the country. One study 
showed that approximately 35% of HCC patients 
had HBV [22]. Other surveys found that 24–36% 
of HCC patients were HBV-positive [23].

In Arabic-speaking countries, the mortality of 
HBV-related HCC is doubled to more than 130% 
compared to the rest of the world between 1990 
and 2010 [24]. A current study from the SOLID 
registry including screened persons between 
2010 and 2015 concluded that HBV-positive peo-
ple are still young, and the probability of devel-
oping HCC is very high in the future [25]. These 
findings suggest that there will be a rise in HCC 
cases in Saudi Arabia, while the prevalence of 
HBV will decrease. This high HBV prevalence 
was registered in the periods before the introduc-
tion of compulsory vaccines.

2.2  Hepatitis C

Hepatitis C is a major contributing factor for the 
development of HCC in developed countries. In 
Saudi Arabia, the prevalence of HCV infection is 

not well-known. A screening program of donated 
blood suggested that the prevalence of HCV in 
blood donors is approximately 0.4–1.1% [26]. 
Premarital testing showed that the prevalence of 
HCV was 0.33% [27].

An important connection between the preva-
lence of HCV infection and HCC cases in Saudi 
Arabia has been suggested previously. A study 
reported that 74% of HCC cases were HCV- 
positive [28]. Another study found that approxi-
mately 40% of HCC cases were HCV-positive in 
the western region of the country [29]; however, 
this study included many ethnicities, which may 
not reflect the actual HCV status in the Saudi 
population. In a more recent study from Riyadh, 
64% of the HCC cases had an HCV infection 
with very advanced cirrhosis [30].

Although HCV seems to play a major role in 
HCC development in Saudi Arabia, screening 
and treatment plans using oral direct-acting 
antiviral agents that provide cure rates of up to 
90% in HCV patients may eradicate HCC in the 
future. The drugs are available through the 
“Saudi special access programs” at different 
prices [31]. Therefore, a strategic plan should be 
established in Saudi Arabia according to the 
World Health Organization plan to eradicate 
HCV by 2030.

2.3  Cirrhosis

Cirrhosis is considered to be one of the main risk 
factors of HCC development, regardless of the 
cause. A cohort study showed that 50–70% of cir-
rhotic patients died from HCC [32, 33]. Factors 
such as gender, sex, age, and the period of cir-
rhosis are associated with the risk of HCC devel-
opment [34]. In Saudi Arabia, a study involving 
more than 200 patients with HCC found that cir-
rhosis was the main cause of HCC development 
[28]. In this study, 70% of the patients were male, 
48% had hepatitis C, 31% had hepatitis B, and 
21% had cryptogenic cirrhosis. Another recent 
study showed that cirrhosis was found in 80% of 
HCC cases [30]. The previous data are consistent 
with the global reported numbers.
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2.4  Aflatoxin B1

Aflatoxin B1 (AFB1), derived from some fungal 
species, is one of the HCC development factors 
in some African and Asian countries [35]. It is 
believed that this toxin has carcinogenic effects 
on the liver of highly vulnerable people, such as 
those with chronic hepatitis [36]. Studies sug-
gested that the effect of AFB1 on HCC develop-
ment is secondary to genetic variations [37]. In 
Saudi Arabia, a study showed that AFB1 levels 
were detectable in 79% of patients with liver dis-
eases of unknown etiology [38]. A high AFB1 
level was found in 4% of processed meat prod-
ucts sold in Riyadh [39]. No similar studies were 
carried out in the other regions. No study has 
examined the exposure of HCC patients in Saudi 
Arabia to AFB1.

2.5  Other Risk Factors

Several studies have shown an association 
between fatty liver disorders and an increase in 
the chance of developing HCC in obese people 
[40, 41]. Furthermore, the risk of developing 
HCC is high in the presence of other factors such 
as hepatitis C and diabetes [42]. It has been 
assumed that the prevalence of non-alcoholic fatty 
liver disease (NAFLD) in Saudi Arabia is 24% 
[43]. The number of diabetic patients in Saudi 
Arabia according to the International Diabetes 
Federation is more than 4 million. These cases 
represent approximately 20% of the population 
[44]. An increase in diabetes cases probably has 
an impact on many diseases such as HCC.  In a 
study involving a Saudi population, 56% of HCC 
cases had diabetes, and 62% of the cases had both 
hepatitis C and diabetes [30]. These findings indi-
cate that diabetes and obesity may play a role in 
the prevalence of HCC in Saudi Arabia.

Heavy alcohol consumption has been associ-
ated with an increasing incidence of HCC [45]. 
In Saudi Arabia, the role of alcohol consumption 
in HCC has been underestimated since its con-
sumption is prohibited. However, this ban could 
encourage smuggling or the production of low- 
quality alcohol that could affect liver function. 

According to results from the Global Burden of 
Disease, 17% of the liver cancer cases in Saudi 
Arabia is as a result of alcohol consumption [7]. 
The role of alcohol in the prevalence of HCC in 
Saudi Arabia remains an area of potential future 
research.

3  Geographical, Gender, 
and Age Variations in HCC 
in Saudi Arabia

There is a variation in the incidence and mortality 
of HCC in different geographical locations in 
Saudi Arabia. According to the Saudi registry, in 
2015, 376 liver cancer (LC) confirmed cases were 
reported, of which 77% were HCC cases. LC 
ranked 6th and 12th among Saudi men and women, 
respectively [46]. In addition, 72.9% of the cases 
were male, and 27.1% were female, with a male-
to-female ratio of 2.6:1. The age- standardized rate 
(ASR) was 4 and 1.5 for males and females per 
100,000, respectively. The case distribution in 
Saudi Arabia varied among the cities. Riyadh 
showed the highest ASR in which males accounted 
for 6.7 per 100,000, followed by the Eastern region 
and Tabouk that both registered an ASR of 4.6 per 
100,000. The ASR in Najran and Makkah was 4.3 
and 3.7 per 100,0000, respectively. For females, 
Riyadh also had the highest ASR (2.5 per 100,000), 
then the Eastern region (2.3 per 100,000), and Hail 
and Juof cities (2.1 per 100,000) [46]. The reason 
for this difference is unknown since the prevalence 
of HBV and HCV in these provinces is not high 
compared to other regions of the country [18, 47]. 
This could be caused by genetic variations or other 
confounding factors existing in the different 
regions of the country.

HCC in Saudi Arabia is more common in 
elderly people compared to youngers. For people 
of age 1–40 years, 40–50 years, 50–75 years, and 
older than 75 years, the confirmed HCC cases 
were in between 0.2 and 0.6%, 1.8 and 7%, 10 
and 15%, and 27%, respectively, for the period 
between 2004 and 2014 [5]. These are compati-
ble with falling of incidence of HCV and HBV in 
younger populations compared to older popula-
tions in the country.
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4  Clinical Manifestations

The main features of HCC are right upper quad-
rant pain and weight loss. Other features such as 
weakness, ascites, and jaundice are nonspecific 
presentations of the disease. The features of HCC 
depend on the stage and presence of cirrhosis 
[48]. In Saudi Arabia, reported studies of HCC 
features in the country were not different from 
the documented features globally. A study in 
Saudi Arabia found that 91% of the patients pre-
sented with hepatomegaly, 76% complained of 
abdominal pain, 33% had splenomegaly, and 
33% presented with abdominal swelling [49]. 
More than 90% of patients had abnormal liver 
function tests [50].

5  HCC Diagnosis

HCC diagnosis in Saudi Arabia, like elsewhere, 
includes a combination of radiological and labo-
ratory investigations. Various imaging 
approaches, specifically cross-sectional imaging, 
are important in HCC management. These facili-
ties permit the detection, classification, and stag-
ing of HCC cases and the establishment of a 
suitable treatment and follow-up. In Saudi 
Arabia, clinical imaging modalities for HCC 
diagnosis are accessible and available in all ter-
tiary care centers. In addition, trained radiolo-
gists are available in most government hospitals, 
but are few in private hospitals [48]. The majority 
of tertiary centers have adopted western guide-
lines for the diagnosis of HCC [46].

6  HCC Management

Management of HCC patients in Saudi Arabia is 
conducted using different approaches according 
to the Saudi guidelines for the diagnosis and 
management of hepatocellular carcinoma that are 
continuously updated by the Saudi Association 
for the Study of Liver Diseases and Transplantation 
(SASLT) [48]. SASLT recommended that man-
agement of HCC should occur in a tertiary center 
which can offer multidisciplinary expertise [48]. 

It has adopted the American Association for the 
Study of Liver Disease (AASLD) guidelines for 
the management of HCC. AASLD has produced 
a viable algorithm for the management of HCC 
[51]. The management of HCC is dependent on 
the number of factors, including tumor stage and 
size. It is also dependent on the biochemical liver 
function and the general performance of the 
patient. The Barcelona Clinic Liver Cancer stag-
ing is an adopted prognostic model in Saudi 
Arabia [48].

Orthotopic liver transplantation (OLT) is con-
sidered the most effective method for HCC treat-
ment, as the entire tumor tissue is removed and 
replaced with more functional tissue [52]. 
Although this option is available in Saudi Arabia, 
the shortage of organs for transplantation in the 
country limits the transplantation opportunities 
for many HCC cases. In addition, the country 
lacks cadaveric organ donors due to religious and 
cultural issues. Liver transplantation from living 
people has increasingly grown in the country in 
the last few years, but its role in HCC treatment is 
beyond the targeted plan [53]. Therefore, more 
efforts need to be made, especially to encourage 
donations from cadavers.

Hepatic resection (HR) is another curative 
option for patients with HCC without cirrhosis or 
portal hypertension. A small retrospective study 
found that HR offers 60% survival benefit [54]. 
HR remains a major surgical intervention and is 
only offered in tertiary centers. There is no exist-
ing database for patients who underwent HR, 
reflecting its rarity in practice.

Ablation is one of the therapeutic options for 
HCC.  Two of the most widely used ablation 
interventions in Saudi Arabia are percutaneous 
ethanol injection (PEI) and radiofrequency abla-
tion (RFA). Both of them are available in tertiary 
centers in the country, but not in the centers of 
small cities and private hospitals. In addition, 
highly trained specialists are available in all hos-
pitals, but the main obstacle is late referral of the 
HCC cases [54, 55].

Transarterial chemoembolization (TACE) is 
potentially dependent on the vascular invasion of 
HCC. TACE is available in tertiary hospitals in 
Saudi Arabia. In this procedure, the catheter is 
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connected to the artery that supplies the tumor, 
and a chemotherapeutic agent is injected. This 
allows a high concentration of chemotherapy 
agent to reach the tumor site. One hospital 
reported the radiological response of TACE 
which was used in 15 patients with HCC. There 
was a response in 26%, partial response in 13%, 
and no change in 33%. In addition, a recent retro-
spective study of 39 HCC cases treated with 
TACE showed that the median overall survival 
was 20 months, median progression-free survival 
was 9 months, and progressive disease occurred 
in 54% of the cases [56]. Although TACE is avail-
able only in large hospitals in the country, there is 
a lack of trained specialists who can perform 
TACE in majority of the hospitals.

Until recently, systematic treatment has not 
shown any promising outcomes in the manage-
ment of advanced cases of HCC.  The Saudi 
guidelines for the management of HCC in 
advanced stages have recommended the use of 
sorafenib in patients with advanced HCC, which 
offers modest survival benefits [48]. One study 
assessed the effectiveness of sorafenib for 
patients with HCC in Saudi Arabia [57]. The ret-
rospective review included 212 HCC cases 
treated with sorafenib from 2007 to 2016 [57]. 
The median age was 68 years, and the patients 
with hepatitis C and hepatitis B were 44% and 
30%, respectively. Although most of the patients 
were in the advanced stage of HCC, and the doses 
were reduced, the drug showed effective out-
comes compared to the other studies in terms of 
safety and survival rates. Recent developments in 
systemic treatment of advanced HCC using a 
combination of atezolizumab immunotherapy 
and bevacizumab have shown better survival ben-
efits compared to sorafenib [58]. However, access 
to new immunotherapy in Saudi Arabia is still 
very limited to some tertiary cancer centers.

7  An Overview of HCC-Related 
Research in Saudi Arabia

There have been noticeable recent advances in 
HCC-related research in Saudi Arabia. The stud-
ies primarily focused on understanding the basic 

molecular pathogenesis of the disease, studying 
the risk factors, validating new biomarkers, and 
conducting epidemiological studies. Although a 
few studies were designed to test the current ther-
apeutic and diagnostic protocols for HCC in the 
country, most of them were retrospective in 
nature. In this chapter, some HCC-related 
research in Saudi Arabia will be highlighted.

7.1  HCC-Related Research on Risk 
Factors

HBV and HCV are among the main risk factors 
of HCC development in Saudi Arabia. Studies in 
the country have been conducted to understand 
the epidemiology and phylogenetic origin of the 
virus. Among these studies is a recent study con-
ducted by Al-Qahtani et al. which included 319 
HBV cases [59]. They showed that genotype D is 
the most dominant among the infected patients, 
and subgenotype D1 represented more than 90% 
[59]. A previous study in Jeddah included only 15 
patients with HBV and showed that half of the 
cases had viruses with genotype D1, representing 
more than 70% of the genotype D. The remaining 
patients had HBV with the C genotype [60]. In 
the southern region of Saudi Arabia, HBV geno-
typing was conducted in 160 positive cases. 
Genotype D was found in 84% of the patients, 
followed by genotypes A and E with 11% and 
4%, respectively [61]. Regarding HCV, the most 
common genotype of HCV is genotype 4. 
Genotype 4 accounted for 60%, while genotype 1 
accounted for only 25% of the samples obtained 
from more than 600 HCV cases in Riyadh. 
Genotypes 2 and 4 were high in females, while 
genotypes 1 and 3 were high in males [62]. 
Though previous studies have shown the predom-
inance of HBV and HCV genotypes in Saudi 
Arabia, further studies should identify the 
 correlation between these genotypes and suscep-
tibility to HCC treatment and development.

Genetic variations or mutations of the virus 
and the host play a role in the development, pro-
gression, and therapeutic outcomes of HCC [63]. 
In Saudi Arabia, several studies have been con-
ducted in order to understand the implications of 
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the genomic diversity of the virus and the host on 
the clinical outcomes of HCC.  An example of 
this is that a study in the country showed that 
genomic mutations of HBV/D1 were signifi-
cantly linked to HCC development in Saudi 
patients [64]. Another study also showed that 
single nucleotide polymorphism SNP in mir30a 
of HBV was associated with a high susceptibility 
to cirrhosis and HCC development [65]. 
Moreover, another study reported that genomic 
screening of HBV showed viral mutations in 
F24Y, E64D, E77Q, A80I/T/V, L116I, and 
E180A from a Saudis-infected population that 
correlated with cirrhosis and HCC progression 
[66]. In addition, another study including Saudi 
patients showed that several mutations in the 
HBx gene of HBV were associated with progres-
sive clinical stages of HCC [67]. Genetic diver-
sity of HCV and its implication of HCC outcomes 
have been established in couple of documented 
studies conducted in Saudi population. A study 
revealed that the genetic variation in the DEPDC5 
gene significantly influenced HCC progression in 
the HCV-infected Saudi population [68]. In addi-
tion, Toll-like receptor 3 (TLR3) is an important 
immune player against the virus; 563 HCV- 
infected Saudis were screened for eight TLR3 
SNPs, and rs5743314 was found to be highly 
linked to cirrhosis and HCC development [69]. 
Moreover, genetic variants of PARK2 have been 
shown to play a role in the development of HCC 
in HCV-infected patients in Saudi Arabia [70].

A retrospective study in Saudi Arabia was 
conducted to elucidate possible clinical and 
pathological differences between HCC cases 
caused by HCV and HBV. Infected patients with 
HBV were mainly male and younger age com-
pared to HCV-infected patients. In addition, 
HCC patients previously infected with HCV 
presented with advanced cirrhosis. When mak-
ing the preliminary diagnosis, HCC patients 
who contracted HBV did not fulfill the Milan 
criteria for liver transplant compared with 
patients with HCV- related HCC [30]. This sig-
nificant difference shows the need for a different 
screening policy, but the treatment outcome and 
survival rate of HCC were not influenced by the 
type of the virus.

7.2  HCC Diagnosis-Related 
Research

There has been some work on validating HCC 
diagnosis using established diagnostic methods 
in Saudi Arabia. In addition, work has also been 
extended to discover approaches for diagnosing 
HCC in a noninvasive way. A previous study by a 
research group in Saudi Arabia on HCC proposed 
a technique to scan blood and urine samples 
using fluorescence emission spectra for the dif-
ferentiation of various liver disorders, including 
HCC. It has been proposed that this method has a 
detection accuracy of 80%; however, no valida-
tion studies have been conducted to confirm this 
[71]. In addition, testing for new biomarkers of 
HCC in the Saudi population has been reported. 
Golgi protein-73 (GP-73) and prothrombin 
induced by vitamin K absence-II (PIVKA-II) 
showed high accuracy in detecting HCC com-
pared to AFP [72]. A later study also confirmed 
the accuracy of GP-73 in the early diagnosis of 
Saudis with HCC compared to cirrhotic and 
healthy controls [73].

Serum alpha-fetoprotein (AFP) is a protein 
that is found highly in fetal blood and at a lower 
concentration in healthy adults. AFP is not a sen-
sitive test for surveillance of HCC and has a poor 
positive predictive value [74]. The ability of AFP 
to be used as a marker of HCC diagnosis is con-
troversial. A systematic review showed that it has 
a poor sensitivity for HCC screening at any level 
[75]. However, a recent meta-analysis concluded 
that AFP had a good accuracy for HCC diagno-
sis, and increasing the threshold levels to 400 ng/
mL is strongly indicative of HCC, particularly in 
the context of an isolated nodule >2 cm in diam-
eter [76]. In a multicenter study, AFP was used to 
diagnose HCC in 206 cases, 199 patients with 
cirrhosis, and 197 patients with hepatitis [28]. At 
the best AFP cutoff value, the sensitivity of HCV, 
HBV, and nonviral HCC was 73%, 65%, and 
59%. At the same cutoff, the specificity was 36%, 
30%, and 29% for HCV, HBV, and nonviral 
HCC, respectively. In addition, the study showed 
that similar sensitivity levels of 39%, 35%, and 
32% and specificity levels of 96%, 98%, and 98% 
were achieved at cutoff levels of 102, 200, and 
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400 ng/mL, respectively. The positive likelihood 
ratios of AFP in the study were 2.8, 3.3, 9.9, 23.8, 
and 21.2 at >11.7, >20, >102, >200, and >400 ng/
mL, respectively. The study summarized that in 
patients with cirrhosis, AFP had a very poor 
screening and diagnostic ability for HCC [28]. 
Nevertheless, the continuously rising AFP on 
serial measurements should prompt a vigorous 
and thorough radiological investigation.

Clinically, the diagnosis of HCC is based on 
multimodalities, which include clinical, bio-
chemical, pathological, and radiological factors. 
Radiological investigations and biopsy should be 
recommended for patients with changing symp-
toms and/or increasing AFP levels. The Saudi 
Guidelines for the Diagnosis and Management of 
HCC recommend that development of a nodule 
with an abnormal texture in the liver of high-risk 
patients should prompt referral to a tertiary cen-
ter [48]. Liver ultrasonography is recommended 
as the first modality of radiological diagnosis. It 
is cheap, easy, and quick to perform. However, it 
remains operator dependent. King Abdulaziz 
Medical City, Ministry of National Guard Health 
Affairs, has reported a case series of 235 patients. 
The most common radiological presentation was 
a single nodule measuring less than 5  cm [24]. 
Another case series of 363 patients from the 
College of Medicine, King Saud University, sug-
gested that 55% of the patients had large multi-
nodular tumors radiologically [6].

The Saudi Association of Gastroenterology has 
adopted the AASLD guidelines which recommend 
the use of a dynamic triphasic computed tomogra-
phy scan or liver magnetic resonance imaging as 
confirmatory diagnostic tools. For lesions measur-
ing 1–2 cm, two imaging modalities showed the 
“classical appearance of HCC” without a need for 
liver biopsy (if ALP >200 U/L) [51]. For lesions > 
2  cm without high AFP levels, if two imaging 
modalities show the “classical appearance of 
HCC,” biopsy is not required. However, if the 
lesion does not show the “classical appearance of 
HCC,” biopsy is warranted. Sometimes, with 
lesions smaller than 1 cm, it can be very challeng-
ing to differentiate them from regenerative nod-
ules. It is recommended that the imaging modalities 
are repeated at 3-month intervals.

7.3  HCC Treatment-Related 
Research

Compared with other tumors, the treatment of 
HCC is not well studied, and there are fewer ran-
domized controlled trials to test various interven-
tions and treatments. Surgical interventions are 
the most effective curative treatments. There are 
only four centers in Saudi Arabia where liver 
transplant is offered, three in Riyadh and one in 
Dammam [55]. In 2017, it was reported that 
about 2000 liver transplant operations were per-
formed in Saudi Arabia. King Faisal Specialist 
Hospital and Research Centre (KFSH&RC) has 
performed 703 liver transplant operations. HCC 
accounts for approximately 25% of these patients 
[55]. KFSH&RC reported that downstaging strat-
egies using drug-eluting bead chemoemboliza-
tion did not improve overall survival before liver 
transplantation [77].

The lack of cadaver donors remains a global 
issue including Saudi Arabia. The liver donor 
transplant program started in 2001 to alleviate 
liver organ shortages [78]. The rational of liver 
transplant is to treat HCC as well as underlying 
problems of cirrhosis. Milan Criteria has been 
adapted to select those patients who are suitable 
for transplant [55]. Saudi Centre of Organ trans-
plant is responsible for distributing organs equally 
between different hospitals in Saudi Arabia. Thus, 
the system is center- based regardless of the geo-
graphic location of the donors [53]. However, 
there is a problem with the donation system in 
Saudi Arabia, which could be a potential area of 
future research. Half of the donated livers were 
rejected due to a suboptimal donor management. 
Registration of brain death in Saudi Arabia is not 
robust enough; only 60% of brain death is docu-
mented [53]. An increase in the morbid obesity in 
Saudi Arabia has been one of the contraindica-
tions of the liver donation. It has been reported 
that out of 629 potential donors, only 87 became 
actual solid organ donors. This gives a conversion 
rate of 14% which away below developed nations 
which is 60%. To overcome organs shortages, 
KFSH&RC introduced split liver transplant. 
ABO-incompatible living donor liver transplant 
(LDLT) has also been initiated at KFSH&RC.
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Radioembolization with yttrium-90 (Y90) 
microspheres is an optional treatment for HCC 
patients. This therapy has the advantage of being 
more specific to tumors compared to external radi-
ation therapy. A retrospective study in Saudi Arabia 
of 28 HCC patients who received Y90 treatment 
showed MELD scores of 8.5 and 12 before and 
after the therapy, respectively [79]. Another recent 
retrospective study to evaluate the local efficacy 
and tolerability of Y90 therapy in 30 HCC patients 
in the country demonstrated similar findings with 
other studies having the same tolerability [80].A 
phase II trial of chronic daily VP-16 (etoposide) 
administration in unresectable HCC was performed 
at KFSH&RC between 1989 and 1991. VP-16 was 
administered at a dose of 50 mg/ m2 daily p.o. for 
21 days with 1 week off treatment. Etoposide has 
failed to show any activity in HCC [81].

8  Conclusion

In Saudi Arabia, HCC is the sixth and twelfth most 
common cancer in men and women, respectively. 
Hepatitis B and C are considered the main factors of 
HCC development in the country. A lack of robust 
screening program for early HCC detection in Saudi 
Arabia augments its mortality. For those patients 
whose life expectancy is very short, access to qual-
ity palliative care remain suboptimal. Regarding 
HCC-related research, to our knowledge, there is no 
oncology center in Saudi Arabia that has active clin-
ical trials for HCC patients. Management of patients 
with HCC at specialist centers will facilitate designs 
and execution of clinical trials. It will also facilitate 
the inclusion of patients in international clinical tri-
als of novel agents.
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1  Introduction

Hepatitis C virus (HCV) is a hepatotropic virus 
that belongs to the Flaviviridae family, discov-
ered in 1989. It is a small, enveloped, positive-
stranded RNA virus [1]. The virus has seven 
genotypes based on variations in the nucleotide 
sequence by >30% and 67 subtypes based on 
variations at the nucleotide sequence by less than 
15% [2].

HCV is well-known to cause acute and 
chronic hepatitis. More than half of chronic 
liver disease around the globe is attributed to 
HCV [3]. Chronic viral hepatitis causes high 
mortality, and currently, they ranked the 7th 
leading cause of mortality around the world, 
with close to 50% of these deaths due to chronic 
hepatitis C (CHC) [4]. In 2013, 626,000 com-
pensated cirrhosis, 137,000 decompensated cir-
rhosis, 16,100 hepatocellular carcinoma (HCC) 
cases, and 33,000 liver-related deaths were 
attributed to CHC. The number of deaths related 
to HCV complications has increased to around 
399,000 deaths in 2015 [5].

Based on the World Health Organization 
(WHO) reports in 2017, the estimated global 
number of patients with CHC was 71 million 
people [6]. Around one-third of these patients 
will progress to advanced fibrosis and cirrhosis, 
and close to 5% per year of those cirrhotic 
patients will develop HCC [5]. Not all patients 
infected with HCV will develop chronic hepati-
tis; up to 35% will clear the virus spontaneously, 
and the remaining 65% will progress to CHC, 
defined as persistent HCV RNA in the blood for 
more than 6  months [7]. Several studies have 
looked at factors associated with spontaneous 
clearance of acute HCV and identified age at 
acquiring the infection, female gender, ethnicity, 
and coinfection with other viruses such as HIV to 
be the most important factors [8–10]. Thomas 
et al. showed that the HCV clearance rate in non-
black is higher with an odds ratio of 5 [8]. These 
ethnic differences in HCV clearance could be 
partly explained by the immune system response 
to different insults.

Genome-wide association (GWA) studies 
showed that HCV spontaneous clearance and 
treatment response are related to patients’ genetic 
variations [11–14]. Different single-nucleotide 
polymorphisms (SNPs) in the IL28B gene in 
chromosome 19 coding for type III interferon 
INF-λ 3, as well as other SNPs in different chro-
mosomes, were associated with HCV treatment 
response as well as HCV spontaneous clearance 
[15–17].
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There is marked variation in the natural his-
tory of CHC, ranging from minimal liver inflam-
mation to progressive liver fibrosis and the 
development of complications such as decom-
pensated cirrhosis and HCC [9, 18]. The natural 
history of CHC is affected by many factors, 
which can be divided into host-related factors 
such as age at acquiring HCV infection, coinfec-
tion with other viruses such as hepatitis B virus 
(HBV), human immune deficiency virus (HIV), 
presence of metabolic syndrome especially dia-
betes and non-alcoholic steatohepatitis (NASH), 
and concomitant alcohol abuse and to a less 
extent viral factors such as viral load and geno-
type [9, 18–22].

Despite the progression of CHC to advanced 
fibrosis, only a minority of CHC patients will 
develop HCC [23]. This progression is due to the 
complex interaction between HCV, the patient, 
and environmental factors that promote carcino-
genesis. The mechanism of oncogenicity in HCV 
is different from HBV, where the viral DNA is 
integrated into the host chromosomal DNA. HCV 
is a cytopathic virus that replicates within the 
liver cell cytoplasm, promoting hepatocyte pro-
liferation and inducing cellular inflammation. It 
also leads to mitochondrial damage and induces 
the production of reactive oxygen species (ROS). 
The induced inflammation and ROS production 
cause genomic mutations and instability, which is 
the nidus for the development of HCC [24].

HCC accounts for more than 85% of primary 
liver cancer (LC) [25]. In most cases, HCC devel-
ops on a background of liver cirrhosis except in 
chronic hepatitis B (CHB), where HCC can 
develop in non-cirrhotic liver. Liver cirrhosis due 
to chronic viral hepatitis is the leading risk factor 
for the development of HCC [26].

The risk of HCC is increased 15–20-fold in 
patients infected with CHC. Patients with liver 
cirrhosis due to CHC are at risk of developing 
complications such as decompensated cirrhosis 
at a rate of 3–6% per annum and development of 
HCC at 1–5% per annum [23].

Despite the availability of direct-acting antivi-
ral agents (DAAs), HCV and its related compli-
cations will remain a significant global health 
issue in the coming years. This could be attrib-

uted to many newly discovered cases, a high 
number of unrecognized HCV-infected cases, 
and access to the new DAA [27].

2  HCV Epidemiology in ME

The Middle East (ME) is a transcontinental 
region that includes 18 countries from Asia and 
Africa (Fig. 1). The majority of those countries 
(13 out of 18) are part of the Arab world. The 
term “Middle East” may have originated in the 
1850s in the British India Office. However, in 
1902 the American naval strategist used the term 
the Middle East and it since then became widely 
known [28]. The ME has a total population of 
371 million based on World Bank data in 2010.

The region demonstrates a wide range of 
anti-HCV and viremic prevalences and diver-
sity in HCV genotype distributions. WHO esti-
mates that there are at least 21.3 million HCV 
carriers in the Eastern Mediterranean countries, 
close to the number of carriers estimated in the 
Americas and Europe combined [29]. Country-
level anti-HCV prevalence is classified into low 
(<1.5%), moderate (1.5–3.5%), and high 
(>3.5%) levels [29].

The reported prevalence of HCV in ME is 
affected by multiple factors. The reported preva-
lence in certain countries such as the Gulf 
Cooperation Council (GCC), a political and eco-
nomic alliance of six Middle Eastern countries—
Saudi Arabia, Kuwait, the United Arab Emirates, 
Qatar, Bahrain, and Oman—is affected by the 
population demography of those countries. More 
than one-third of the population of the GCC 
countries are migrants. Based on 2015 population 
statistics, the number of temporary worker immi-
grants in certain countries such as Qatar and UAE 
was more than 80% [30, 31]. Modeling preva-
lence demonstrated a 10% increase in HCV prev-
alence since 2007  in Qatar and UAE due to 
foreign workforce from endemic countries [30, 
31]. Therefore, any epidemiological data that 
does not differentiate between nationals and tem-
porary worker migrants will be affected by the 
HCV epidemiology profiles of the migrants’ 
countries of origin.
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The prevalence data from other Middle 
Eastern countries such as Turkey, Egypt, Iraq, 
and Jordan are less affected by immigration. 
However, most studies looking at HCV preva-
lence from ME used non-homogenous popula-
tions such as blood donors, hemodialysis patients, 
and multi-transfused patients. Those groups of 
patients do not represent the entire country popu-
lation, and in fact, they are a high-risk population 
for HCV infection. In addition to that, older stud-
ies used anti-HCV as a marker of infection. The 
characteristic performance of anti-HCV testing 
using first- and second-generation EIA was not 
optimal [32].

The prevalence of HCV infection in Middle 
Eastern countries varies geographically. A low 
prevalence of HCV (<1.5%) was reported in 
Kuwait, Oman, Qatar, Iran, and UAE.  At the 
same time, Iraq, Lebanon, Saudi Arabia, Turkey, 
and Syria had moderate prevalence (1.5–3.5%) 
and a high majority (>3.5%) in Egypt and Yemen. 
Table 1 showed the prevalence of HCV and the 

most common genotype among Middle Eastern 
countries [33–39].

Egypt is considered to have the highest preva-
lence of HCV in the world. Based on the Egyptian 
Demographic Health Survey (EDHS) that was 
conducted in 2008 on a large country representa-
tive sample, the prevalence of HCV among the 
age group 15–59-year-old was found to be 14.7%, 
10% of those found to have chronic infection and 
genotype 4 was found in 90% of the patients [40]. 
In another large Egyptian Health Issues Survey 
(EHIS) conducted in 2015, including the younger 
age group, the seroprevalence of HCV was found 
to be 6.3% among the age group 0–59 years old. 
The investigators reported a significant reduction 
of 32% and 29% in HCV antibody- and HCV 
RNA-positive people [41]. The reported preva-
lence of HCV in certain Middle Eastern countries 
varies between different regions within the same 
country. In a population-based study in Iran by 
Merat et al., the prevalence of HCV in Iran was 
0.3% in Tehran, 1.6% in Hormozgan, and 1.0% 
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in the Golestan provinces [42]. Other studies 
reported a prevalence of 15.6% in Fars, 44.3% in 
Kerman, 29.6% in Zahedan, 59.1% in Hamadan, 
71.3% in Gilan, and 76.7% in the northwest of 
Iran, representing an overall prevalence rate of 
almost 50% [43]. Similar findings were also 
reported by different researchers from Saudi 
Arabia with different HCV prevalence in differ-
ent regions of Saudi Arabia [44].

Looking at risk factors for HCV transmission, 
reports from different Middle Eastern countries 
showed that medical practice especially before 
the era of blood and blood product screening 
such as blood or blood product transfusion in 
cases of thalassemia or hemophilia, hemodialy-
sis, hospital instrumentation, and invasive proce-
dures played a significant role in HCV 
transmission [45]. Alnaamani et al. showed that 
41% of multi-transfused thalassemia patients 
from Oman were positive for anti-HCV.  The 
majority of those patients were transfused before 
1990 [46]. Age and level of education were also 
associated with HCV infection in certain Middle 
Eastern countries such as Yemen and Syria [47, 
48]. Other risk factors for HCV transmission, 
such as intravenous drug abuse, piercing, and tat-

tooing, as well as a risky sexual practice, contrib-
uted further to the spread of HCV among Middle 
Eastern countries [49]. Perinatal transmission 
from HCV-infected mothers to their newborn 
babies played a less important role as the risk of 
transmission is less than 5% unless the mother is 
coinfected with HIV.  Intravenous drug abuse 
(IVDA) was found to be a major risk factor for 
HCV transmission in many Middle Eastern coun-
tries, including but not limited to Egypt, Lebanon, 
Oman, Palestine, Saudi Arabia, and Syria. Certain 
community groups such as prisoners and female 
sex workers are at increased risk of acquiring 
HCV infections, especially HIV-positive prison-
ers. The prevalence of anti-HCV among female 
sex workers in Lebanon, Libya, and Syria was 
higher than the general population [49, 50].

The majority of patients with positive anti-
HCV in ME are chronically infected with 
HCV. The overall pooled mean viremic rate (pos-
itive HCV RNA) is 67.6% (95% CI, 64.9–70.3%). 
This figure is similar to that found in large popu-
lation-based and nationally representative sur-
veys [51]. Studies looking at the viremic rate at 
certain Middle Eastern countries reported the 
viremic rate to be 51.6% in Saudi Arabia and 
approximately 70% in Egypt and the UAE [5].

2.1  HCV Genotype and Subtype

HCV has 7 genotypes and 67 sub-genotypes 
based on variations at the nucleotide sequence by 
>30% and less than 15%, respectively [52]. There 
are several methods used to determine HCV gen-
otypes; all of the methods use direct sequencing 
of certain regions of the HCV genome mainly 
(NS5, core, E1, and 5’ UTR regions) using poly-
merase chain reaction (PCR) in combination with 
the phylogenetic analysis [53–56].

The distribution of HCV genotype varies 
between different regions of the world. HCV 
genotype 1 is the most prevalent worldwide rep-
resenting 49.1%, followed by genotype 3 
(17.9%), 4 (16.8%), and 2 (11%). The differences 
in HCV worldwide distribution are attributed to 
ancient world trade and human migration [57]. 
Genotype 4 is the most common in the ME, 

Table 1 Prevalence of HCV and the most common geno-
type among Middle Eastern countries

Country Population Prevalence
Common 
genotype

Afghanistan 32,527,000 0.5% Genotype 3
Bahrain 1,377,000 1.2% Genotype 1
Egypt 91,508,000 6.3% Genotype 4
Iran 79,109,000 0.2% Genotype 1
Iraq 36,423,000 0.2% Genotype 4
Jordan 7,595,000 0.3% Genotype 1
Kuwait 3,892,000 0.8% Genotype 4
Lebanon 5,851,000 0.2% Genotype 1
Oman 4,491,000 0.4% Genotype 1
Palestinian 4,668,000 2.2% Genotype 4
Qatar 2,235,000 1.6% Genotype 4
Saudi Arabia 31,540,000 0.3% Genotype 4
Syria 18,502,000 3.0% Genotype 4
Turkey 84,181,300 0.6% Genotype 1
United Arab 
Emirates

9,157,000 1.3% Genotype 1

Yemen 29,710,300 0.8% Genotype 4
Cyprus 1,189,000 0.46% Genotype 1 

and 4
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accounting for 71% of all HCV-infected patients, 
followed by genotype 1, since most HCV-infected 
patients are from Egypt, where 90% of infected 
people have genotype 4 (Table 1) [58].

Analysis of HCV reports from ME showed 
that there are two main patterns of HCV geno-
type distribution. The first pattern represents 
most Arab countries where genotype 4 is the 
most common genotype except Jordan, Oman, 
Lebanon, Bahrain, and UAE, where genotype 1 is 
the most common [59]. Al-Busafi et al. reported 
the most common genotype in Oman to be geno-
type 1, representing 44%, followed by genotype 
3, representing 35% [50]. The second pattern rep-
resents non-Arab countries (Turkey and Iran), 
where genotype 1 is the most common [59]. In 
Iran, genotype 1a is predominant for HCV, fol-
lowed by genotype 3a and 1b, in addition to 
mixed genotypes [60]. Similar findings were 
reported from Turkey, where genotype 1b is the 
most common genotype representing >70% of 
HCV-infected people, followed by 1a. This HCV 
genotype distribution pattern in Turkey is similar 
to that reported from Eastern and Southern 
European countries [61].

3  Epidemiology of HCC 
in the ME

With an incidence of one million LC cases in 
2016, LC is ranked as the seventh most common 
cancer worldwide. The majority of LC (75%) are 
HCC, followed by cholangiocarcinoma in 1–20% 
of cases [25]. HCC represents a leading cause of 
cancer-related mortality. More than 800,000 
patients died in 2016 due to HCC.  This high 
number of death ranked HCC as the fourth dead-
liest cancer [62]. Despite recent marked improve-
ments in treatment modalities, the prognosis for 
HCC patients remains poor, with an average 
5-year survival rate of approximately 5–6% [63]. 
Unfortunately, this is mainly attributable to a lack 
of access to medical facilities in many underde-
veloped countries [64].

HCC is more common among males than 
females. The gender-specific age-adjusted inci-
dent rate (AAIR) ratio ranges from 1.3 to 3.6 

worldwide. In high prevalence regions, the inci-
dence of HCC rises after the age of 20 and peaks 
at 50 years of age [65].

There is marked variation in the prevalence of 
HCC in different parts of the world, with more 
than two-thirds of cases reported from East and 
South Asia as well as sub-Saharan Africa [66]. 
This is mainly due to differences in the preva-
lence of viral hepatitis, particularly hepatitis B 
and C, the predominant causes of liver cirrhosis, 
a known risk factor for HCC [67, 68]. The intro-
duction of hepatitis B vaccination schedules in 
many countries has led to a marked reduction in 
HCC cases, with improvements in medical facili-
ties and the designated screening programs simi-
larly expected to help increase the detection and, 
therefore, reduce the incidence of HCC in these 
regions [69, 70].

The estimated risk of developing HCC in 
patients with CHC is 15–20 times higher than 
healthy persons, and this risk is further increased 
if CHC patients progressed to cirrhosis [71]. The 
age-standardized incidence rate (ASIR) of HCC 
in the Eastern Mediterranean countries based on 
the Global Burden Disease (GBD) study (2015) 
was 8.1 per 100,000 men and 4.7 per 100,000 in 
women [72]. The incidence and mortality of 
HCC in the Middle Eastern countries have 
increased based on the GBD 2015 [72]. However, 
such data should be interpreted cautiously. We 
have to keep in mind that cancer registries are 
incomplete in most Middle Eastern countries, 
and therefore the true incidence of HCC is under-
estimated. The absence of infrastructure and 
widespread medical facilities in countries 
affected by wars such as Iraq and Afghanistan 
will decrease the number of diagnosed cases as 
well as reported cases. Higher incidence rate and 
mortality related to HCC in other Middle Eastern 
countries could be attributed partly to improved 
healthcare facilities in certain countries as GCC; 
therefore, more cases are diagnosed and reported.

Cancer registry reports from certain Middle 
Eastern countries such as Iran, Iraq, Kuwait, 
Oman, Qatar, Saudi Arabia, Bahrain, and 
Lebanon showed a lower incidence rate of HCC 
than high incidence countries in Southeast Asia 
and sub-Saharan Africa. The exception is Egypt, 
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where the incidence of HCC is considered high, 
most likely due to the high prevalence of HCV.

HCC is ranked the fourth most common can-
cer in Egypt and the second cause of cancer-
related mortality in both genders [72]. The 
highest age-standardized incidence rate (ASIR) 
and age-standardized mortality rate (ASMR) of 
LC were observed in Egypt and Qatar in 1990 
and 2017. There was a rise by close to 12% in the 
ASIR of LC in ME from 1990 to 2017. On the 
other hand, there was a decline in ASIR of LC in 
certain Middle Eastern countries such as Yemen, 
Lebanon, Oman, Syria, Turkey, Afghanistan, 
Bahrain, Iraq, and Qatar from 1990 to 2017 [73]. 
This decline in ASIR could be due to improve-
ment in the health system in certain countries 
such as Oman, Bahrain, Qatar, and Turkey and 
underreporting in certain countries due to many 
factors such as wars in Yemen, Syria, and 
Afghanistan [73]. Based on the Saudi Cancer 
Registry (SCR) reported in 2014, LC was ranked 
the sixth most common cancer in Saudi men and 
the ninth in Saudi women [74]. The ASIR for LC 
was 4.5 per 100,000 populations, and the ASMR 
was 4.2 per 100,000 populations based on 2018 
data from the International Agency for Research 
on Cancer (IARC). The ASIR of LC in Saudi 
Arabia and Kuwait was a bit higher compared to 
other GCC countries. The reported ASIR per 
100,000 populations for Bahrain was 3.4, Qatar 
4.1, United Arab Emirates 4.2, and for Oman 4.4 
[75]. Alghamdi IG et al. looked at all the docu-
mented cases of LC from different regions of 
Saudi Arabia between 2004 and 2014 and 
reported 300 patients (9.1%) per year. Old age, 
mean age of 75 years old, Saudi males were com-
monly affected [76]. Al-Naamani et al. reported 
the characteristics of HCC among 284 patients 
from Oman and showed the mean age of presen-
tation was 61.02  ±  11.41  years. Most of the 
patients (67.6%) were male. The majority had 
liver cirrhosis (79.9%), with the most common 
etiologies being CHC (46.5%) and CHB (43.2%) 
[77]. The highest ASIR and ASMR of LC among 
both genders were reported from Egypt at 49 and 
3.8 per 100,000 populations, respectively [78].

HCC is not common in certain countries such 
as Lebanon, ranking 14th among both males and 

females with an ASIR of 3.5 and 2.2 per 100,000, 
in both males and females, respectively [79]. 
Different studies from Iran reported different 
incidence rates from other regions of Iran. This 
discrepancy in the incidence rate is most likely 
related to the prevalence of various risk factors 
and the accuracy of diagnosis and registration of 
cancer in different regions [80, 81]. In a meta-
analysis by Hassanipour et  al., LC’s incidence 
rate among Iranian men and women was 1.66 and 
1.2 per 100,000 populations, respectively. This 
incidence rate is lower when compared to Asian 
countries [82]. The Turkish ministry of health 
report in 2003 showed the incidence of HCC was 
0.83 per 100,000 populations. There was no dif-
ference in the annual incidence of HCC in Turkey 
between 2000 and 2003 [83]. Based on the 
Turkish multicenter study of 222 patients with 
HCC, Alacacioglu et al. showed that the median 
age of HCC patients was 62  +  11.3  years. The 
majority of the patients (76.9%) were males with 
liver cirrhosis (74.2%) [84].

4  Risk Factors of HCC in ME

The main challenge still present in ME is the high 
prevalence of chronic viral hepatitis. Therefore, 
prevention of infection with hepatitis B and hepa-
titis C is the key to reduce the burden of viral 
hepatitis complications such as HCC in ME. The 
major risk factors for HCC are the presence of 
cirrhosis due to any etiology and HBV infection. 
Most HCC arises on the cirrhotic liver [85–87].

The marked improvement in the management 
of liver cirrhosis and screening for HCC over the 
last few decades has increased liver cirrhosis 
patients’ survival and therefore increased the 
chance of development of HCC [88–90]. 
However, screening and diagnosis of early-stage 
HCC may lead to better treatment outcomes [91].

Other risk factors, such as aflatoxin B expo-
sure, are important in certain parts of the world, 
especially Asia and Africa [92]. Liver cirrhosis 
due to hepatitis C and NASH are common risk 
factors for the development of HCC in the devel-
oped world [93, 94]. Studies and reports from 
ME showed marked variation in the etiology of 
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HCC.  Chronic viral hepatitis is still the most 
common etiology of liver cirrhosis and HCC in 
the ME.

The ASIR of HBV-related HCC in ME 
decreased markedly from 1990 before the era of 
HBV vaccination to 2017; however, despite the 
marked reduction in HBV infection incidence, it 
remains the second common cause of HCC in 
ME. This is most likely due to the complications 
of HBV-infected people before the era of vacci-
nation [73]. HBV-related liver cirrhosis is the 
most common etiology of HCC in Lebanon and 
Turkey, followed by HCV and alcohol-related 
cirrhosis, respectively.

CHB is associated with higher risks for HCC 
[95]. There is a closer relationship between 
HBV infection and the development of 
HCC.  CHB patients can develop HCC at any 
stage of their disease; however, most develop 
HCC after reaching cirrhosis [96]. The risk of 
developing HCC is 100-fold higher for patients 
infected with HBV compared to those who are 
not infected [96]. Previous studies demon-
strated that male gender, old age, high serum 
HBV DNA, pre-core and core promoter muta-
tions, and the presence of cirrhosis are risk fac-
tors for the development of HCC among CHB 
patients [97–99].

The majority of Middle Eastern countries 
have introduced HBV vaccination, reaching 
90% coverage before the age of 1  year. 
Unfortunately, this is not complemented by 
highly viremic pregnant women’s treatment nei-
ther administration of hepatitis B immunoglobu-
lin to babies of HBV-infected mothers. Moreover, 
the rate of HBV diagnosis in ME is low (6%); 
besides, only 2% of HBV treatment-eligible 
patients were treated [100]. All of the above 
obstacles will reduce HBV elimination activities 
in Middle Eastern countries.

CHB patients coinfected with HDV are at 
higher risk of acceleration to cirrhosis and, there-
fore, developing HCC [101]. Coinfection with 
HDV leads to accelerated fibrosis and cirrhosis in 
more than 70% of cases [102]. The reported prev-
alence of hepatitis D virus (HDV) among CHB 
patients in Jordan was 23% [103]. The prevalence 
of HDV among patients with HCC differs 

between different Middle Eastern countries. The 
reported prevalence in Jordan was 67%; however, 
patients with HDV coinfection were older than 
those with HBV mono-infection [103]. The 
reported prevalence of HDV in Turkey ranges 
from 18.8% to 23.0% of HBsAg-positive HCC 
[104, 105]. These findings suggest an association 
between HDV and HCC.

Non-alcoholic fatty liver disease (NAFLD) is 
becoming the leading cause of cirrhosis and HCC 
worldwide. The world prevalence of NAFLD is 
estimated at around 25% [106]. The prevalence 
of NAFLD in ME is approximately 30%, which 
is considered one of the world’s highest preva-
lence [106]. Despite the limitations of the studies 
quoted by Younnosi et al., the high prevalence of 
DM, obesity, and metabolic syndrome is reported 
in multiple publications [107]. GCC states 
reported the highest prevalence of obesity in the 
world among the young age population. This 
population will most likely carry their obesity 
and their associated NAFLD into adulthood and 
develop complications such as liver cirrhosis and 
HCC [108]. NASH-related HCC had the highest 
ASIR in ME, and the development of HCC on the 
non-cirrhotic liver was also described in patients 
with NASH [109].

For a long time, CHC is the most common 
cause of HCC in ME, followed by CHB. Chronic 
viral hepatitis accounted for approximately 70% 
of all HCC in ME [6]. Studies looking at the epi-
demiology of HCC in ME reported that the 
majority (70%) of patients with HCC from Egypt, 
which has the highest prevalence of HCV world-
wide, were found to have markers for HCV infec-
tion [110, 111]. Similarly, more than one-third 
(39.5%) of HCC patients from Saudi Arabia were 
found to be positive for anti-HCV [34, 76]. The 
pathogenesis of HCV-induced HCC will be dis-
cussed later in this chapter.

The mortality related to HCC in ME is declin-
ing in the young population, most likely due to 
HBV vaccination and the high cure rate of HCV 
associated with DAA treatment [100]. Thus, 
future trends in HCC in Middle Eastern countries 
are expected to come down and to have a favor-
able outcome than other parts of the world, such 
as East Asia and Africa [112].
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4.1  Risk Factors of HCC Among 
HCV-Infected Patients

The incidence rate of HCC related to CHC in the 
ME has increased by 16% over 17  years, from 
1990 to 2017 [73]. The interaction between CHC 
and the host immune system is complex. This 
interaction involves multiple factors leading to 
the development and growth of HCC.  The vast 
majority of patients with CHC develop HCC on a 
background of cirrhosis. However, approxi-
mately 15% of CHC patients who develop HCC 
have no cirrhosis [113–116].

Multiple host and, to a lesser extent, viral fac-
tors play roles in developing liver cirrhosis and 
HCC.  Host factors such as chronic excessive 
alcohol consumption, NASH, and coinfection 
with HBV and HIV play major roles in accelerat-
ing liver fibrosis [98]. Poynard et al. showed that 
patients with CHC who consume more than 50 g 
of alcohol daily had a 34% higher rate of progres-
sion to advanced fibrosis compared to non-drink-
ers regardless of the age and duration of infection 
[9]. Similar findings were reported by researchers 
from Japan who showed that patients with HCV 
who consume more than 65 g of alcohol daily for 
more than 5 years have RR, 3.04; 95% CI, 1.31–
7.09; and P  <  0.01 of developing HCC [117, 
118]. Further evidence of the additive risk of 
development of HCC in patients with HCV who 
consume a large amount of alcohol for many 
years was shown in the Dionysos study by Donato 
et al. from Italy [71].

NASH is a common risk factor for the devel-
opment of HCC among CHC patients. There is 
a complex relationship between NASH and 
CHC. CHC, especially genotype 3, is known to 
induce fatty liver through the direct cytopathic 
mechanism, and NASH tends to accelerate 
liver fibrosis progression in patients with CHC 
[119]. The prevalence of fatty liver among 
patients with CHC varies from 40% to 80% 
[120]. However, the reported prevalence of 
NASH among CHC patients is much lower, 
around 4–10% [121–124]. Bedossa et  al. 
showed that patients with CHC and NASH 
tend to have advanced fibrosis compared to 
patients with CHC alone. A higher grade of 

fibrosis and cirrhosis will predispose CHC to 
the risk of HCC [123].

HBV is a carcinogenic virus. Patients with 
CHB are at risk of developing HCC at any stage 
of their liver fibrosis. CHC coinfected with CHB 
tends to have a higher incidence of HCC of 6.4% 
as compared with an incidence of 2% for CHB 
alone and 3.7% for HCV infection alone [125]. 
Zampino et  al. evaluated the development of 
HCC among patients with viral hepatitis. They 
found that 14% of HCV coinfected with HBV 
developed HCC compared to 2% and 4% among 
HBV and HCV mono-infection, respectively 
[126]. A similar synergistic effect was reported 
by Bevegnu et  al., who showed 36% of HCV 
coinfected with HBV patients developed HCC 
compared to only 6% of CHC patients and 11% 
of CHB patients [127]. This additive risk of 
development of HCC in coinfected patients was 
also demonstrated in Asian studies. Oh et  al. 
reported a hazard ratio of 115 for developing 
HCC in coinfection, 17 in HBV mono-infection, 
and 10.4 in HCV mono-infection [128]. Certain 
factors such as alcohol consumption, genetic fac-
tors, and NASH presence could contribute to the 
higher risk of development of HCC in HBV/
HCV coinfected patients [71, 129, 130].

HIV is common among CHC patients. Almost 
one-quarter of HIV patients are coinfected with 
HCV [131]. Liver disease is a major cause of 
non-AIDS-related deaths, accounting for 16% of 
mortality among HIV-infected patients [132]. 
The introduction of highly active antiretroviral 
therapy (HAART) in the mid-1990s to treat HIV 
has markedly changed the natural history of HIV 
infection. The improvement in the survival of 
HIV patients led to a significant reduction in dis-
eases related to the human immunodeficiency 
syndrome. Prior studies demonstrated acceler-
ated liver injury in HIV mono-infection and HIV 
coinfected with HCV [133, 134]. Puoti et  al. 
looked at an Italian cohort of 41 HIV patients 
who developed HCC and demonstrated an unfa-
vorable association between HIV/HCV coinfec-
tion and HCC behavior (infiltrating tumors and/
or extra-nodal metastasis at presentation 
(OR = 11.8; P < 0.001). HIV infection was inde-
pendently associated with poor survival (hazard 
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ratio, 1.63; P  =  0.015) [135]. Similar findings 
were reported by Beretta et al. in 2011, who dem-
onstrated a shorter survival rate among young 
patients coinfected with HIV and HCV who 
develop HCC [136].

Most of the studies mentioned above were 
observational studies with a small number of 
patients, and there was no adjustment for other 
risk factors such as alcohol intake and the pres-
ence of NASH. In addition to that, these studies 
were performed before the era of DAA, where a 
significant number of patients were not treated 
for HCV using interferon-based therapy. The 
above findings were not demonstrated by Marcon 
et al., who looked at 399 Brazilian patients with 
HIV coinfected with HCV and compared them to 
405 monoinfected with HBV or HCV. One-third 
of HIV-negative patients developed liver cirrho-
sis compared to 16.5% of coinfected (P < 0.001). 
HCC was diagnosed in 10 HIV-coinfected 
patients compared to 26 monoinfected with HBV 
or HCV [137].

One of the crucial factors for the development 
of HCC in patients with CHC is type 2 diabetes 
mellitus (DM-2). DM-2 is characterized by 
hyperglycemia, hyperinsulinemia, and insulin 
resistance. DM-2 is becoming a major cause of 
morbidity and mortality around the globe. The 
prevalence of DM-2  in ME has increased enor-
mously over the last few decades. DM-2 has been 
found to increase the risk of different types of 
malignancies, such as breast, endometrial, renal, 
and GI cancers such as colon, pancreatic, and 
liver cancers [138–142]. DM-2 may induce liver 
fibrosis and HCC through different mechanisms, 
including hyperglycemia, hyperinsulinemia, 
insulin resistance, and activation of insulin-like 
growth factor (IGF) signaling pathways. These 
mechanisms are known to have proliferative 
effects such as insulin and insulin-like growth 
factor 1 and oncogenic effects such as hypergly-
cemia [143]. In addition to that, DM-2 also pre-
disposes patients to NASH, which may progress 
to cirrhosis in up to 5% of cases [144]. Rousseau 
et al. looked at the 3107 male cancer cases and 
509 population controls, used information on 
diabetes and several covariates collected by inter-
view, and found that the risk of HCC was 

increased among people with diabetes and 
adjusted OR was 3.1 (95% CI: 1.1, 8.8) [145]. 
Similar findings were reported by El-Serag et al., 
who performed a meta-analysis of 13 cohort 
studies and 13 case-control studies and found 
that DM is associated with an approximately 2.5-
fold increased risk of HCC [146]. The risk of 
developing HCC is significant in the presence of 
other HCC risk factors, such as chronic viral hep-
atitis, high alcohol consumption, and liver 
cirrhosis.

5  Pathogenesis of HCV-
Induced HCC

The exact mechanisms of development of HCC 
in patients with CHC are unknown despite the 
establishment of the relationship between CHC 
and the formation of HCC [147, 148]. Chronic 
viral hepatitis is the leading cause of HCC. HCV 
has become an important risk factor for HCC in 
regions with intermediate-incidence areas such 
as the ME [73]. More than half of HCV-infected 
patients will develop cirrhosis, and 14.4% are 
predicted to develop HCC [149]. Different mech-
anisms of HCC development have been postu-
lated to explain the causal relationship between 
HCC and HCV. Since the discovery of HCV in 
1989, multiple studies using animal models 
revealed that HCV changes many cell signaling 
pathways involved in cell proliferation, migra-
tion, and transformation. Many of these changes 
will ultimately lead to chronic inflammation and 
fibrosis. The interaction between the host, the 
virus, and other additive mechanisms leads to the 
development of HCC (Fig. 2).

5.1  Viral-Related Mechanism

An extensive network of tubules and flattened 
sacs within the hepatocyte cytosol called the 
endoplasmic reticulum (ER) plays an essential 
role in lipids and protein biosynthesis, therefore 
maintaining hepatocyte function in the liver. 
CHC infection poses significant stress on the ER 
through alterations of protein synthesis, degrada-
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tion, or folding. CHC infection, especially geno-
type 3, is associated with fatty liver. The 
accumulation of fatty acids and cholesterol 
within the infected hepatocyte may inhibit pro-
tein degradation, adding more stress to the 
ER.  Due to these reasons, the stressed ER can 
activate specific signaling pathways leading to 
inflammation, cellular injury, fibrosis, and cirrho-
sis [150–152]. In addition to the stress imposed 
by CHC on ER, continuous viral replication 
increases hepatocyte’s DNA damage, genomic 
instability, and ultimately death of hepatocytes 
through different forms such as apoptosis, necro-
sis, and autophagy [153].

Autophagy is the process by which the cells 
remove misfolded or aggregated proteins and 
clear damaged organelles and eliminate intracel-
lular pathogens. Autophagy is essential for main-
taining the cellular source of energy during 
extreme cellular stress. Uncontrolled autophagy 
has been linked to the development of HCC [154].

The stress produced by HCV infection is 
maintained and amplified by certain inflamma-
tory cytokines and interferon (IFN). Infected 
liver cells respond to continuous stress imposed 
by CHC through unfolded protein response, anti-
oxidant response, and induction of integrated 
stress response that enhances the transcription of 
many genes required for survival [155]. Analysis 
of whole-exome sequencing of HCV-related 
HCC tumors demonstrated downregulation of 
many suppressor genes, mutations in cancer 

driver genes, and genomic instability in the 
majority of cases [156, 157].

5.2  Host-Related Mechanisms

The innate and adaptive immune responses are 
both activated during HCV infection. Activation 
of both responses leads to the recruitment of 
many inflammatory cells. Production of interfer-
ons (IFNs) and certain cytokines by the immune 
system during HCV infection is a characteristic 
of early host immune responses [158]. HCV 
develops different mechanisms that impair the 
cytotoxic and immunoregulatory activities of 
immune cells to avoid early host immune 
responses and develop chronic infection [159].

CHC infection is characterized by immune-
mediated inflammation with the production of 
chemokines, metabolites, and growth factors that 
promotes liver regeneration and fibrosis. The 
repeated cycles of liver cell death and regenera-
tion could drive the formation of HCC [160, 161].

5.3  Additive Mechanisms

More than one etiology of liver cirrhosis can be 
found in the same patients leading to accelerated 
fibrosis, cirrhosis, and finally development of 
HCC.  Coinfection with hepatitis B doubles the 
risk of development of HCC compared to each 
virus alone [162]. Similarly, patients with HCV 
and HIV coinfection are at higher risk of devel-
oping liver cirrhosis and HCC [163].

Components of metabolic syndrome such as 
obesity, type 2 diabetes, and associated NASH 
have been found to accelerate HCV-induced liver 
cirrhosis and HCC [164, 165].

The mechanisms involved in the HCV-induced 
HCC are similar to other etiologies leading to 
liver fibrosis, cirrhosis, and HCC.  ER stress 
leads to chronic inflammation, cell death and 
regeneration, fibrosis, and the development of 
HCC. Activation of oncogenes and loss of tumor 
suppressor can play some role in the develop-
ment of HCC; however, the development of HCC 

Virus

Host Others

Fig. 2 Interaction between viral, host, and other additive 
mechanisms
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post-HCV eradication is not fully explained by 
the previously mentioned mechanisms.

Multiple studies demonstrated different 
immune-related changes post-HCV treatment 
using interferon-free therapy. A rapid decline in 
HCV RNA leads to memory re-differentiation 
and reduced lymphocyte activation, restoration 
of HCV-specific CD8+ T cell function, modula-
tion, and normalization of NK cell function 
[166–168]. These changes lead to loss of immune 
response to neoplastic cells and therefore HCC 
recurrence after DAA treatment.

6  Strategies to Prevent HCV-
Induced HCC

Many patients with HCC are asymptomatic when 
tumors are at an early stage. Therefore, unfortu-
nately, the majority are diagnosed at advanced 
stages, which is associated with a dismal progno-
sis [169]. One study from KSA showed that most 
of the patients were diagnosed at an advanced 
stage (53% had cancer of the Liver Italian 
Program score (CLIP) of 4–6 (advanced stage), 
and 55% had large multinodular tumors) [170]. A 
similar finding was shown in other country-spe-
cific reports from Qatar [171] and Oman [77]. 
Despite advancements in the treatment modali-
ties of different types of cancers, HCC is consid-
ered a highly refractory cancer to therapeutic 
interventions [172]. It is well-known that preven-
tion and early detection are the most rational and 
effective ways to substantially impact cancer-
related outcomes rather than starting treatment at 
an advanced stage [173]. This highly supports the 
importance of considering prevention and early 
detection of HCC in high-risk patients [172]. 
Like any other preventive diseases or cancers, 
HCC prevention constitutes three levels of inter-
ventions (Table  2). The primary prevention 
focuses on preventing and eliminating exposure 
to HCC-related risk factors at an early stage using 
lifestyle and dietary changes, vaccination (under 
research), and avoiding exposure to environmen-
tal factors or carcinogens in an etiology-specific 
manner. Next is secondary prevention, which 
focuses on early detection or chemoprevention of 

HCC in high-risk patients. Lastly, tertiary pre-
vention focuses on the prevention of the progres-
sion or recurrence of HCC [174].

6.1  Primary Prevention

Primary prevention of HCV-related HCC includes 
prevention of new HCV infection either through 
vaccination (under research) or prevention of 
transmission. Although research efforts are still 
ongoing, unlike HBV infection, vaccines for 
HCV infection are currently unavailable. The 
development of an effective HCV vaccine is chal-
lenged by several viral factors, including the lack 
of a neutralizing antibody and the diversity of the 
viral genome [175, 176]. Therefore, the primary 

Table 2 Levels of prevention against HCV-related HCC

Level Description Examples
Primary 
prevention

Prevention of 
new HCV 
infection

Screening blood 
products
Universal precautions to 
prevent blood 
contamination in 
healthcare settings
Education programs for 
high-risk patients
Treatment of HCV-
infected patients

Prevention of 
fibrosis 
progression to 
cirrhosis

Treatment of HCV-
infected patients
Modifications of other 
related factors (i.e., 
treatment of HBV, HIV, 
lifestyle modifications 
in NASH)

Secondary 
prevention

Prevention of 
progression of 
cirrhosis or 
regression of 
cirrhosis

Treatment of HCV-
infected patients
Chemoprevention

Early detection 
of HCC to 
improve 
treatment 
outcomes

HCC screening (liver 
ultrasonography with/
without 
alpha-fetoprotein)

Tertiary 
prevention

Prevention of 
tumor 
progression or 
recurrence after 
curative 
treatment

Antiviral therapy for 
HCV
Locoregional therapies
Chemoprevention
Close monitoring

Modified from Hoshida et al. [174]
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prevention against HCV transmission depends 
mainly on universal precautions, especially 
through contaminated blood or blood product 
transfusion, sterilization of medical instruments, 
and intravenous injection use (Table 2).

As we mentioned earlier, several reports from 
different Middle Eastern countries showed that 
healthcare-related exposures were most frequently 
reported, followed by exposure to intravenous 
drug use [177]. Blood and blood product transfu-
sion, hemodialysis, surgical and other invasive 
medical procedures, dental practice, and medical 
injections were identified as key healthcare-related 
exposures [177]. The other important primary pre-
vention method is eradicating HCV infection 
using antiviral therapies. Effective treatment of 
HCV is associated with preventing transmission of 
the virus as well as preventing progression to 
advanced fibrosis/cirrhosis and development of 
HCC [178]. Apart from Egypt, most Middle 
Eastern countries have not yet implemented a 
national HCV screening program [179]. In 2018, 
the Egyptian Government initiated a national HCV 
screening campaign, and all those with confirmed 
HCV infection are enrolled in government-subsi-
dized treatment program using DAA regimen 
[180]. In Saudi Arabia, premarital screening for 
HCV is mandatory for all nationals [181]. 
However, one pooled analysis of 2500 prevalence 
measures, including 49 million tests, in the MENA 
region showed that the population risk of HCV 
exposure depends on whether the type of epidemic 
is generalized (like Egypt and Pakistan) or concen-
trated (like the rest of the countries). This study 
demonstrated that major gains could be achieved 
through targeted, cost-effective screening pro-
grams that factor in the epidemic type and are tai-
lored to each country [182].

6.2  Secondary Prevention

Secondary prevention of HCV-related HCC aims 
at preventing HCC development in high-risk 
patients through direct anti-HCV therapy, treat-
ment of additive factors such as HBV and HIV, 
lifestyle modifications in NASH patients, and 
elimination of alcohol intake. Over the last 

decades, there were several trials, including 
phase III trials, on chemoprevention therapies 
targeting inflammation, fibrogenesis, and carci-
nogenesis. Unfortunately, these trials have dem-
onstrated limited efficacy and utility of those 
therapies [183–185]. In addition, conducting 
clinical trials of those identified candidate chemo-
preventive agents, such as statins, anti-diabetic 
drugs, aspirin, and dietary agents such as coffee, 
vitamin E, and fish oil, is limited by the long 
duration of cancer development that requires 
long-term, costly studies [176]. Thus, well-
designed, prospective, population-based cohort 
studies might overcome those obstacles and pro-
vide the best evidence for the chemo-preventive 
effectiveness.

The eradication of HCV in patients using 
anti-HCV treatment lowers but does not elimi-
nate HCC risk in already established advanced 
fibrosis or cirrhosis [172, 176, 186–190]. More 
data from IFN-based therapy demonstrated a 
beneficent long-term clinical effect in patients 
who achieve SVR, including a reduction in the 
risk of HCC [191–194]. One recent large popu-
lation study from Canada included more than 
8000 patients treated with older IFN-based ther-
apy between 1990 and 2013 and showed that 
SVR prevents HCC. However, those with cirrho-
sis and age ≥50 years remain at higher HCC risk 
and will require continued monitoring for HCC 
[186]. Furthermore, different studies using post-
therapy liver biopsy have observed that HCV 
eradication can lead to long-term histological 
regression of the grade of fibrosis or reduction in 
the rate of fibrosis progression in more than 50% 
of the patients [193, 195, 196]. Although we can 
believe that the same will happen in patients 
treated with DAA therapy, more studies have to 
be demonstrated [197]. A recent real-world 
cohort study from Portugal showed DAA-
induced SVR is associated with a low risk (but 
does not prevent) HCC occurrence or disease 
progression [189]. In the same study, using post-
SVR transient elastography to assess fibrosis 
improvement, there was an improvement in liver 
stiffness after SVR.  This improvement may 
result from a decrease in necro-inflammatory 
activity after SVR, which may lead to overesti-
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mation of fibrosis regression [198–200], a fact 
that has also been demonstrated by matched 
elastography-biopsy comparison [201].

Regarding patients with fibrosis stage 4 (F4), 
those with an “early regression” (decrease in 
hepatic stiffness ≥30% 24 weeks after the end of 
therapy) had higher baseline elastography values, 
which supports the role of inflammatory activity 
reduction in this context [202]. Another recent 
study using the FIB-4 index also showed that 
achieving SVR post-DAA therapy is associated 
with decreased fibrosis progression in more than 
half of the patients [203]. Different studies 
showed that SVR might lead to sustained pro-
gressive improvement in the degree of portal 
hypertension and, probably, in the degree of liver 
fibrosis through either direct (reduction in hepatic 
venous pressure gradient (HVPG)) or indirect 
measurement (improvement in platelet counts) 
[199, 200, 204].

Secondary prevention also includes early 
detection of HCC and therefore increasing the 
likelihood of curative treatment. Screening using 
a “one-size-fits-all” approach, i.e., regular 
6-monthly ultrasound with or without a-fetopro-
tein (AFP), in populations with HCC risk is rec-
ommended by all current international societies 
[205–207], including the Saudi Gastroenterology 
Association [208]. A series of studies and reports 
indicate that HCC screening is cost-effective and 
associated with improved early tumor detection, 
curative treatment rates, and overall survival 
when available to more than 34% of patients at 
risk [209–211]. HCC screening is practically 
challenging to implement in clinical practice as 
only one in five patients received surveillance 
before HCC diagnosis (low application rate of 
<20%) [172, 212, 213]. The low utilization rate 
of HCC screening was not shown to be related to 
patient adherence, as one study showed only 3% 
of patients with HCC failed to complete surveil-
lance despite orders [213]. Provider-related fac-
tors, including failure to recognize liver disease 
or cirrhosis, failure to order screening tests, and 
time constraints, were identified as more influen-
tial factors compared to patient adherence [213, 
214]. HCC surveillance was more likely among 
patients seen by hepatologists compared to non-

specialists (odds ratio of 6.1) [213]. Population-
based interventions such as mailed outreach 
invitations could improve the surveillance rate to 
approximately 45% [215]. With the currently 
available resources, the large number of the tar-
get population is another limitation, given that 
cirrhosis is estimated to affect around 1–2% of 
the world population [216]. The extent of HCC 
risk for emerging populations, such as NAFLD 
without cirrhosis and HCV patients post-sus-
tained virologic response (SVR), is yet to be 
determined. The most proper screening methods 
and surveillance internals for these populations 
will need to be clearly defined [212]. All of the 
above issues highlight the limitations of the cur-
rent one-size-fits-all HCC surveillance strategy, 
which assumes a similar risk of HCC across all 
patients with the same clinical condition (e.g., 
HCV-related cirrhosis). This strategy may result 
in an over- or underestimation of HCC risk for 
each patient [217, 218]. Thus, a more precise 
determination of individual HCC risk is critical 
for implementing practical and feasible HCC 
screening and to enable optimal allocation of the 
limited resources, as detailed below.

6.3  Tertiary Prevention

The tertiary prevention aims to prevent HCC pro-
gression or recurrence after curative therapy of 
initial HCC, such as surgical resection, ablative 
treatment, or liver transplantation. However, 
despite the advances in surgical techniques and 
ablation technologies, the 5-year survival rate 
and recurrence rate are around 50% and 70%, 
respectively [219, 220]. The incidence of post-
curative therapy HCC recurrence in cirrhosis is 
approximately three times more frequent than the 
first HCC. Therefore, it is vital to identify effec-
tive tertiary prevention interventions rather than 
secondary prevention [221].

HCC recurrence post-curative therapy has 
been classified as early (within 2 years of curative 
treatment) or late (>2 years after curative treat-
ment) [222–224]. Early recurrence has been 
attributed to undetected micrometastasis and is 
associated with both tumor and surgical factors, 
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such as large tumor size, macroscopic vascular 
invasion, multinodularity, and close resection 
margins. On the other hand, late recurrence has 
been attributed to de novo second primary tumor 
development and is associated with host factors, 
such as background liver diseases, hepatitis virus 
load, and cirrhosis status.

To date, similar to secondary prevention, adju-
vant chemoprevention therapies have not proven 
effective as tertiary prevention [224–226]. 
Although several early studies, including ran-
domized control trials, explored the potential 
benefit of vitamin K2, retinoid, different systemic 
chemotherapy agents, and lately sorafenib, none 
of the studies reported successful [226].

Like primary and secondary prevention, ter-
tiary prevention could also theoretically be 
achieved through anti-HCV therapies. One may 
expect that effective anti-HCV therapies may 
only reduce late HCC recurrence, as demon-
strated by the Italian randomized control trial 
using adjuvant IFN-α therapy in HCV-related 
HCC [224]. However, IFN-α plus ribavirin ther-
apy also reduced early recurrence within 1 year 
in another Taiwanese nationwide cohort study 
[227]. In another randomized control trial per-
formed in Japan, 49 patients with HCV-related 
HCC were administered IFN-α therapy after 
complete ethanol ablation. Among the treated 
patients, 14 (29%) demonstrated SVR. Compared 
with the 25 patients who did not receive adjuvant 
IFN-α therapy, the rates of first recurrence were 
similar, but the rates of second and third recur-
rence were lower in those receiving adjuvant 
IFN-α treatment [225]. Therefore, IFN-based 
therapy has been shown to improve outcomes fol-
lowing curative HCC therapy.

Whether the high rates of SVR achieved with 
DAA regimens have a beneficial or deleterious 
effect on the risk of recurrence following resec-
tion or ablation of HCC has been debated, fol-
lowing the publication of a large number of 
generally small-scale, retrospective studies with 
contradictory results [228–237]. Systematic 
review and meta-analysis of Waziry et al. in 2017, 
including 13,875 patients to assess HCC occur-
rence (26 studies) and recurrence (15 studies) 
post-IFN therapy versus DAA-based SVR, found 

no evidence to support the higher rate of occur-
rence and recurrence of HCC post-DAA com-
pared to IFN therapy [238]. In addition, a 
retrospective US cohort study including 797 
patients with HCV-related HCC who achieved a 
complete response to resection, local ablation, 
transarterial chemo- or radio-embolization, or 
radiation therapy has shown that DAA therapy 
was associated with a significant reduction in the 
overall risk of death [239]. Therefore, there are 
no conclusive data that DAA therapy is associ-
ated with increased or decreased risk, differential 
time to recurrence, or aggressiveness of recurrent 
HCC in patients with a complete response to 
HCC therapy. Thus, DAA therapy should not be 
withheld from such patients. According to the 
recent EASL guidelines, DAA therapy can con-
veniently be deferred 4–6  months in patients 
without cirrhosis or with compensated, Child-
Pugh A, cirrhosis to consolidate treatment and 
confirm a response to HCC therapy in patients 
treated with curative intent [240].

Treatment of patients awaiting or post-liver 
transplantation (LT) has also been controversial. 
The impact of DAA on delisting for HCC pro-
gression or recurrent HCC post-LT has not been 
well characterized. In a retrospective cohort study 
of 149 LT candidates with HCV infection and 
HCC at a single center, patients treated with 
DAAs for their HCV infection had a lower risk of 
waitlist dropout due to tumor progression or death 
compared to the patients who had not been treated 
[228]. Post-LT treatment of HCV was reported to 
be cost-effective in patients with HCC [241]. In 
patients with HCC, without cirrhosis, or with 
compensated cirrhosis, with an indication for LT, 
pre- or post-LT antiviral treatment indications are 
similar to those in patients who do not have HCC 
[240, 241]. In patients with HCC awaiting liver 
transplantation with an HCV infection in centers 
with long waiting times, HCV treatment should 
be initiated before liver transplantation to facili-
tate locoregional therapies to reduce waiting list 
dropouts due to tumor progression.
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7  HCC Risk Prediction Models

HCC risk scores are used to enable precise HCC 
risk prediction. Such scores could identify a sub-
group of individuals at high risk, maximizing the 
cost-effectiveness of screening tools and concen-
trating the efforts and resources, especially in 
resources-limited countries [172], in other words, 
applying HCC risk scores to those who are most 
likely to benefit from prevention and early detec-
tion, i.e., individual personalized risk-based HCC 
screening [172].

HCV-related HCC is previously discussed in 
this chapter. The risk of developing HCV-related 
HCC was shown in different studies to be signifi-
cantly associated with the presence of cirrhosis, 
older age, male gender, excessive alcohol con-
sumption [117, 118], coinfection with HBV 
[125–127, 129] and HIV [131–136], presence of 
obesity [164, 242, 243], diabetes status [139, 
141, 143, 144, 146], and NASH [119–124].

Other epidemiologic and clinical studies have 
reported more demographic, clinical, lifestyle, 
genetic, and pharmacological factors that further 
affect or modify the likelihood of HCC [212]. 
The combination of different readily available 
clinical risk factors has been evaluated by vari-
ous trials to develop HCC risk-predictive scores. 
However, their performance is somewhat lim-
ited, and they are yet to be adopted in clinical 
practice (Table 3) [212]. Molecular biomarkers 
have also been actively explored like AFP 
“a-fetoprotein,” AFP-13, and DCP “des gamma-
carboxy prothrombin,” and some of them were 
combined with the clinical scoring systems to 
improve their HCC risk prediction [172, 244]. 
While the promise of these candidate molecular 
biomarkers is clear, some significant challenges 
and obstacles limit their clinical translation, like 
assay development and implementation and reg-
ulatory approval.

8  Antiviral Therapy and HCC

Before 2011, IFN-based therapy, with or without 
concomitant ribavirin, was the mainstay of treat-
ment for those infected with HCV, with success 

rates ranging between 5% and 50%, depending 
on the genotype, stage of liver disease, and dura-
tion of therapy [259–261]. The addition of ribavi-
rin improved outcomes but was poorly tolerated 
by most patients due to severe adverse effects. 
The management of HCV has transformed over 
the past decade, with SVR rates above 90% fol-
lowing the introduction of an IFN-free DAA-
based regimen even in patients with cirrhosis 
[262–264].

Before using DAAs, IFN-based regimens 
were used in specific subgroups of patients, with 
significant histopathological improvements seen 
following successful treatment. Nowadays, it is 
harder to assess post-SVR histopathological 
changes as we are no longer required to perform 
pre-treatment biopsies as we were within the IFN 
era. However, when evaluating histopathology 
within 2 years of treatment, though there is a sug-
gestion of fibrosis regression, persistent inflam-
matory activity has been observed despite the 
absence of the virus [265]. IFN-based therapies 
have shown that SVR is consistently associated 
with gradual regression of fibrosis and lower risk 
of HCC in retrospective studies [266, 267].

One of the goals of achieving SVR is a reduc-
tion in the incidence rate of HCC. Studies from 
the era of IFN-based therapy demonstrated 
clearly that attaining SVR was associated with a 
lower rate of development of HCC in 0.5–1% per 
year [186–188]. There was an increasing number 
of reports in 2016 describing a higher incidence 
rate of HCC post-DAA compared to old treat-
ment with interferon-based therapy [229, 230, 
268, 269]. However, one has to keep in mind that 
most of these studies were observational studies, 
including a small number of patients, with a short 
period of follow-up and no control arm. In addi-
tion to that and with the high safety profile of 
DAA compared to interferon, older patients with 
cirrhosis and other risk factors for HCC that were 
not eligible for treatment with IFN were included 
in most of those observational studies using 
DAA.  The meta-analysis by Morgan et  al. in 
2013, including 30 observational studies, of 
which 18 studies had adjusted effect estimates, 
found that SVR after HCV therapy at any stage of 
fibrosis was associated with reduced risk for 
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HCC (relative risk for all, 0.24 [95% CI, 0.18 to 
0.31]) [270]. The second systematic review and 
meta-analysis of Waziry et al. in 2017, including 
a total of 13,875 patients to assess HCC occur-
rence (26 studies) and recurrence (15 studies) 
post-IFN therapy versus DAA-based SVR, found 
no evidence to support the higher rate of occur-
rence and recurrence of HCC post-DAA com-

pared to IFN therapy [238]. A third and recent 
2019 meta-analysis by Rutledge et al. includes 
138 studies with many patients (n  =  177,512) 
looking at the development of HCC post-DAA 
compared to those of IFN-treated and untreated 
populations. This study also showed no evidence 
of increased HCC in patients who achieved SVR 
by DAAs than those treated with IFN [271]. 

Table 3 Clinical risk prediction models for HCV-related HCC

Risk models Study design No. subjects
Race/
ethnicity Cirrhosis Variables Validation

Singal et al. 
[245]

Prospective-
retrospective, 
cohort

442 + 1050a White, 
black, 
Hispanic

100% + 41%a 23 clinical variables External

REVEAL-
HCV [246]

Prospective-
retrospective, 
cohort

1095 + 572a Asian 1.4% + 7.0%a Age, ALT, AST/ALT, 
HCV RNA, cirrhosis, 
HCV genotype

External

Ganne-
Carrie et al. 
[247]

Prospective-
retrospective, 
cohort

720 + 360a n.a. 100% Age, past alcohol 
abuse, platelet, GGT, 
SVR

Internal

Lok et al. 
[248]

Prospective-
retrospective, 
cohort

1005 White, 
black, 
Hispanic

40% (Ishak 
5/6)

Age, race, platelet, 
ALP, esophageal 
varices, smoking

No

El-Serag 
et al. [249]

Retrospective, 
cohort

5586 + 5760a White, 
black

100% AFP, ALT, platelet, 
age

Internal

Motosugi 
et al. [250]

Retrospective, 
case-control

66:66b Asian n.a. LSM by MRE

Chang et al. 
[251]

Retrospective, 
cohort

1252 + 627a Asian 45% (F3/4) Age, sex, platelet, 
AFP, advanced 
fibrosis, HCV 
genotype 1b, SVR

Internal

Ikeda et al. 
[252]

Retrospective, 
cohort

1056 Asian 10% Age, AST, platelet 
before IFN treatment

No

scoreHCC 
[253]

Retrospective, 
cohort

871 Asian 30% Age, AFP, platelet, 
advanced fibrosis

No

Wang et al. 
[254]

Retrospective, 
case-control

21:355b Asian 33.8% (F3/4) LSM, advanced 
fibrosis, diabetes

No

ADRESS-
HCC [255]

Retrospective, 
cohort

17,124 + 17,808a White, 
Hispanic

100% Age, diabetes, race, 
etiology, sex, 
Child-Pugh score

External

Velazquez 
et al. [256]

Prospective, 
cohort

295 + 168a n.a. 100% Age, HCV, 
prothrombin time, 
platelet

Internal

VFMAP 
[257]

Retrospective, 
cohort

1808 Asian 13% LSM, fast plasma 
glucose, sex, age, AFP

No

n.a. not available/applicable. “Prospective-retrospective” indicates the retrospective analysis of prospectively collected 
cohort in the past [258]. ADRESS-HCC age, diabetes, race, etiology of cirrhosis, sex, and severity of liver dysfunction-
HCC, AFP a-fetoprotein, ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, 
CPA collagen proportionate area, GGT c-glutamyltransferase, HbA1c glycated hemoglobin, type A1c, HCC hepatocel-
lular carcinoma, HCV hepatitis C virus, IFN interferon, LSM liver stiffness measurement, MRE magnetic resonance 
elastography, REVEAL-HCV Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer in HCV, 
SVR sustained virologic response, VFMAP virtual touch quantification, fast plasma glucose, sex, age, and AFP
aTraining + validation
bCase-control
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Multiple other studies and meta-analyses showed 
similar evidence to the above-quoted studies. 
Therefore, achieving SVR will reduce the risk of 
HCC development but will not eliminate it. 
Patients with advanced fibrosis and liver cirrhosis 
will be at risk of developing HCC, and continu-
ous surveillance for early HCC detection is 
highly recommended.

8.1  Post-SVR Surveillance

HCC recurrence is exceptionally high, reaching 
up to 70% after 5 years of resection. HCC can 
occur even quite 10 years after SVR. The 1–4% 
yearly incidence of HCC post-SVR is higher 
than other cancers [176]. Therefore, prevention 
of HCC development in patients with liver cir-
rhosis could represent the foremost effective 
way of improving patient survival [174]. 
Retrospective evaluation of patients who devel-
oped HCC post-SVR showed several HCC-
associated risk factors, most of which are similar 
to the risk factors in patients with active HCV 
infection. The foremost important risk factor for 
HCC development post-SVR is the presence of 
advanced liver fibrosis [252]. Other important 
risk factors that might lead to the development 
of HCC post-SVR are old age, high alcohol 
intake, coinfection with HBV or HIV, and the 
presence of metabolic syndrome [272]. Viral 
factors resulting in irreversible changes in cel-
lular signaling due to epigenetic activation or 
imprinting continue to drive carcinogenesis 
even after achieving SVR [273, 274]. Hassany 
et  al. from Egypt prospectively have analyzed 
the occurrence of HCC in patients with liver cir-
rhosis who have achieved an SVR after IFN-free 
treatment with no history of HCC, and they have 
found that the HCC occurrence rate is 6.3% 
within the first 2  years [275]. Due to the con-
tinuous risk of HCC formation among patients 
with liver cirrhosis despite SVR, a regular, 
twice-yearly screening using ultrasound abdo-
men is highly suggested by all international 
guidelines, including the Saudi Association for 
the Study of Liver Diseases and Transplantation 
[276–279].

9  Management of HCV 
in Patients with HCC

9.1  DAAs in HCV-Related HCC

The use of DAAs has improved the disease out-
comes among HCV-infected patients with SVR 
rates surpassing 95%. Nonetheless, recent studies 
on the efficacy of DAAs in patients with HCC 
demonstrated lower SVR rates at 60–90% than 
those without HCC [280, 281]. This might be 
explained by different possible mechanisms [280, 
282–284]. For example, it has been proposed that 
there is a suboptimal penetration of DAAs to the 
HCV-infected tumor cells due to altered mor-
phology and the nature of the tumor blood sup-
ply, which is, for the most part, the hepatic arterial 
branches when compared to the portal venous 
system [283]. However, the data to assess the 
efficacy of DAAs among the HCC cohort is lim-
ited because the initial DAA studies have 
excluded patients with HCC [285]. Other factors 
such as the DAA treatment regimens (e.g., SOF/
RBV) used or inadequate duration of therapy 
may explain the suboptimal result report among 
patients with HCC.  Hence, further trials are 
needed to evaluate SVR rates in this cohort of 
patients with the new generation of DAAs, pro-
longed duration of therapy, and treatment 
combinations.

10  HCV Treatment 
Considerations Based 
on HCC Therapy

10.1  DAAs and Locoregional 
Therapies

Locoregional therapies (LRTs) (e.g., percutane-
ous radiofrequency ablation, microwave thermal 
ablation, and ethanol injection) are used as cura-
tive interventions in the early stages of HCC and 
as palliative interventions (e.g., Transarterial 
chemoembolization (TACE) and Transarterial 
radioembolization (TARE)) in the intermediate 
to advanced-stage HCC [206]. There is limited 
evidence on the best HCV treatment approach in 
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patients with HCC that is amenable to LRT, and 
more research is required. Based on the little avail-
able evidence, several important points may be 
considered when deciding whether or not to treat 
those patients with DAAs and when. Initially, 
since LRTs are mainly used in patients with well-
compensated liver disease, achieving SVR may 
significantly improve the liver function in those 
with decompensated liver disease and increase the 
eligibility for LRT [286]. Besides, as we referenced 
above, since SVR rates are decreased in patients 
with HCC, it is preferred in those with compen-
sated liver disease to treat the HCC with LRTs 
before treating with DAA therapy [281, 287, 288].

10.2  DAAs and Liver 
Transplantation

There is much speculation regarding timing and 
the likely effect of HCV treatment in patients 
with HCC, especially in those under consider-
ation for liver transplantation [283]. Based on the 
available data, there are undoubtedly several 
advantages and disadvantages of treating HCV 
before or after liver transplantation for HCC, 
which ought to be considered on an individual 
basis (Table 4) [282, 283, 285].

10.3  DAAs and Systemic Therapies

There are few available studies on using the 
DAAs in HCV patients with advanced HCC on 

systemic therapies. Sorafenib, an oral multi-
kinase inhibitor, was the first breakthrough tar-
geted therapy used to treat advanced 
HCC.  Although sorafenib’s impact on median 
overall survival does not extend life expectancy 
beyond 1 year, it is yet to be superseded a decade 
after the landmark SHARP trial [205, 206, 289]. 
Sorafenib was shown in vitro to effectively block 
HCV replication through different mechanisms 
[290–293], which has not yet been demonstrated 
in human studies [289, 294]. One study has 
shown that HCV infection is predictive of a more 
significant overall survival benefit with sorafenib 
than other liver disease causes [295]. Another 
interesting study by Kawaoka et al. has reported 
that HCV eradication before sorafenib treatment 
for HCV-related advanced HCC could improve 
the median time to treatment failure, post-pro-
gression survival, and overall survival [296]. 
However, a recent single-center study by Lin 
et al. has shown that untreated HCV patients, i.e., 
no DAA group, were more likely to have 
advanced-stage HCC and more likely to be 
treated with sorafenib [234]. A study by Beste 
et al. showed a remarkably lower rate of SVR in 
patients treated with sorafenib (59%) compared 
to patients who underwent surgical resection 
(78.9%) [284]. The favorable response to DAA 
therapy in the post-resection group could be 
explained by the inactive nature of HCC in this 
group who are more likely to have compensated 
liver disease.

Newer drugs like lenvatinib, a multi-kinase 
inhibitor, in the first-line and regorafenib, cabo-

Table 4 Advantages and disadvantages of treating HCV before or after liver transplantation for HCC

Advantages Disadvantages
HCV treatment 
pre-transplantation

May improve liver function
Prevention of recurrence 
post-transplantation
Prevention of post-transplant 
complications such as fibrosing 
cholestatic hepatitis
May prevent the need for 
transplantation

Improved liver function may affect list priority in 
deceased donor liver transplantation (the majority of 
Middle Eastern countries use liver donor liver 
transplantation)
Lower SVR rates
Possible resistance-associated variants
HCV- positive donors less favorable post-SVR
Speculative DAA associated with HCC recurrence

HCV treatment 
post-transplantation

Improved SVR rates
HCV-positive donors considered 
with improved wait times
No concern for DAA and HCC 
recurrence

Worsening of pre-transplant liver function
Fibrosing cholestatic HCV post-transplant (<5%)
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zantinib (both multi-kinase inhibitors), and ramu-
cirumab (an anti-VEGF mAb) within the 
second-line are incorporated into new guidelines 
[205, 206] and are started to be used in practice; 
however, the evidence about their potential inter-
actions with DAA agents is still minimal. 
Although two small studies have shown no 
adverse effects of combining DAAs with 
sorafenib, either in terms of SVR rate or antineo-
plastic effect, more well-designed studies are 
required to assess the interaction between tar-
geted DAAs and systemic therapies [297, 298].

10.4  Timing of HCV Treatment 
in Advanced HCC

As previously discussed, the timing of HCV 
treatment when considering curative options has 
been the source of some debate. The decreased 
efficacy of DAAs seen in the context of HCC 
offers a compelling argument for treating HCV 
after treatment of the tumor. In advanced HCC, 
the possibility of a cure is marginal, and then 
delaying HCV treatment is not practical. In 
patients where life expectancy is significantly 
limited, the risk/benefit ratio of treating HCV 
must be considered. The AASLD guidelines 
recommend palliative measures in patients with 
limited life expectancy within 12  months as 
those patients are unlikely to benefit from HCV 
eradication [205]. This includes patients with 
decompensated liver disease and advanced 
HCC. HCV eradication is the preferred option 
for those with a better prognosis before initiat-
ing sorafenib treatment in advanced HCC 
patients. This approach has better outcomes, 
including better overall survival, as mentioned 
above [296]. Therefore, the decision concerning 
the management of concomitant HCV and 
advanced HCC should be made on a case-by-
case basis, considering the overall prognosis 
and potential benefit.

Advanced stages of HCC occur commonly 
and with increasing frequency in developing 
countries, including Middle Eastern countries, 
where it is also associated with a bad prognosis. 
This increasing burden of HCC could be 

explained by different factors, including the 
absence of exiting HCC screening programs, 
delayed presentation, delayed referral to a spe-
cialist, the limited number of specialists, and the 
limited treatment options offered in most coun-
tries [299]. Therefore, the timing of HCV treat-
ment in advanced stages in resource-limited 
countries will also be factored into the presence 
of the different treatment options for HCC and 
the availability of DAA therapy, among other 
factors.

11  HCV Elimination in the ME: 
Opportunities 
and Challenges

HCV is one of the main etiological factors of 
HCC worldwide, and hence an effective control 
of this infection may reduce the disease burden of 
HCC. In October 2003, a national viral hepatitis 
therapy program was launched in Taiwan. This 
program has been shown to significantly reduce 
the burden of end-stage liver disease [300]. A 
total of 157,570 patients with CHB and 61,823 
patients with CHC were treated with antiviral 
therapy from 2004 to 2011. There was a 22% 
reduction in mortality from chronic liver diseases 
and cirrhosis, a 24% reduction in HCC mortality, 
and a 14% reduction in HCC incidence in 2008–
2011 compared with the 4 years before launching 
the program, 2000–2003 [300].

In 2015, only 20% of HCV infections were 
diagnosed globally, and only 7% of CHC eligible 
patients were treated [301]. In 2016, the 69th 
World Health Assembly endorsed the Global 
Health Sector Strategy (GHSS) for the elimina-
tion of viral hepatitis worldwide by 2030 [302]. 
This was followed by the WHO global service 
coverage targets using five key interventions in 
prevention and treatment to eliminate viral hepa-
titis as public health threats by 2030. The WHO 
target is a 90% reduction in the incidence of 
chronic HBV and HCV infections and a 65% 
reduction in mortality by 2030 (Table 5) [302]. 
Implementation of this strategy would prevent 
7.1 million deaths globally between 2015 and 
2030 [301].
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The estimated incidence of acute HCV in ME 
based on the dataset used for the WHO 2017 
Global Hepatitis Report [301] provided by the 
Center for Disease Analysis (CDA) Foundation’s 
Polaris Observatory is 18.5 per 100,000 patients. 
As of 2015, only around 20% of HCV infections 
in the ME were diagnosed, and less than 10% of 
those diagnosed patients were treated (Fig.  3). 
Meanwhile, the estimated daily death due to 
HCV is more than 14 deaths, with nearly 7000 
patients progressing to decompensated cirrhosis 
or HCC every year [179]. To achieve the WHO 
elimination 2030 targets (90% diagnosed and 
80% treated), almost 100,000 people would need 
to be diagnosed and treated each year from 2016 
to 2030 [179]. Therefore, more efforts are 

urgently required to achieve the goals for elimi-
nating viral hepatitis and HCC in the ME.

Each country of the ME region should have its 
elimination plans and strategies tailored to meet 
its need to achieve high efficacy and cost-effec-
tiveness of HCV eradication [303]. There are dif-
ferent ME country-based characteristics 
concerning HCV epidemiology, clinical practice, 
healthcare system, availability, and accessibility 
of diagnostic and treatment methods. For exam-
ple, the screening of patients with CHC is consid-
ered appropriate only for high-risk rather than the 
general population in Saudi Arabia, where the 
prevalence of the viral infection is low in the gen-
eral population [181]. Also, the simple aspartate 
aminotransferase-to-platelet ratio index (APRI) 

Table 5 WHO’s targets for the elimination of viral hepatitis [302]

Target area Baseline 2015 2020 targets 2030 targets
Impact targets 
leading to 
elimination

Incidence: new cases of chronic 
HBV and HCV infections

6 and 10 million 
infections

30% reduction 90% reduction 
(900,000 infections)

Mortality: HBV and HCV deaths 1.46 million 
deaths

10% reduction 65% reduction 
(500,000 deaths)

Service 
coverage targets

Prevention
Three-dose HBV vaccine for 
infants (coverage %)

81% 90% 90%

Prevention of mother-to-child 
transmission of HBV: HBV birth 
dose vaccination or other 
approaches (coverage %)

38% 50% 90%

Blood safety: donations screened 
with quality assurance

89% 95% 100%

Safe injections: percentage of 
injections administered with 
safety-engineered devices in and 
out of health facilities

5% 50% 90%

Harm reduction: number of sterile 
syringes provided per person who 
injects drugs per year 
(coverage%)

20 200 (50% coverage) 300 (75% coverage)

Treatment
HBV and HCV diagnosis <5% of chronic 

hepatitis 
infections 
diagnosed

30% 90%

HBV and HCV treatment <1% receiving 
treatment

5 million people 
will be receiving the 
HBV treatment

80% of eligible 
persons with chronic 
HBV infection 
treated

<1% receiving 
treatment

3 million people 
have received HCV 
treatment

80% of eligible 
persons with CHC 
infection treated

Abbreviations: HBV hepatitis B virus, HCV hepatitis C virus
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is considered as an alternative noninvasive test to 
assess the presence of cirrhosis in resource-lim-
ited countries. In contrast, transient elastography 
may be the preferred method in areas where they 
are available, and the cost is not a major con-
straint. Clinical guidelines for prevention, diag-
nosis, and treatment of CHC have been published 
by many national and international organizations, 
including the American Association for the Study 
of Liver Diseases [276], Asian Pacific Association 
for the Study of the Liver [304], and European 
Association for the Study of the Liver [277]. 
WHO has also published the guidelines with spe-
cific recommendations for low-income and mid-
dle-income countries [305].

There are different approaches to WHO’s tar-
gets for viral hepatitis elimination across the ME 
[179]. These include steps such as the establish-
ment of local strategies for viral hepatitis elimi-
nation, the building of databases, implementation 
of screening programs, starting awareness cam-
paigns, and micro-elimination programs in 
selected high-risk groups such as hemodialysis 
patients, patients with thalassemia and sickle cell 
disease, and intravenous drug users and 
prisoners.

Certain Middle Eastern countries such as 
Qatar and Egypt are becoming role models to 
achieve the WHO’s hepatitis C elimination goals 
by 2030 [306, 307]. Qatar, which is considered 
one of the low HCV prevalence countries, started 
a national program for HCV control and elimina-
tion in December 2014. This program’s main 

goal was to prioritize and proactively manage 
HCV with the ultimate aim of viral hepatitis 
elimination by 2030. The program was based on 
four main pillars: primary prevention, early 
detection, clinical management, and continuous 
monitoring [307]. It was accompanied by a strong 
political will toward universal access to viral hep-
atitis-related services for all nationals and non-
nationals. Important outcomes of this program 
were the improvement of HCV information sys-
tems, epidemiological surveillance, and patient 
registration. In 2016, a follow-up screening cam-
paign was conducted, which included 7665 par-
ticipants (21% were Qataris). The prevalence 
showed a reduction from 2% to 0.82% among the 
total population and from 0.8% to 0.2% among 
Qataris [307].

Egypt is considered at the top of the countries 
with the highest prevalence of HCV infection 
worldwide [306]. The economic burden of HCV 
in Egypt in 2015 was estimated to be 3.81 billion. 
This is expected to increase exponentially as 
HCV-infected individuals progress to more 
advanced diseases, i.e., decompensated cirrhosis, 
HCC, and liver-related mortality [306]. In 
response to this major issue, through its National 
Committee for the Control of Viral Hepatitis 
(NCCVH), Egypt started a national treatment 
program for Egyptian HCV-infected patients in 
2007. Mass HCV treatment program had started 
using IFN-based therapy between 2007 and 2014 
and then shifted to DAA therapy from 2014 to 
date. By September 2018, about 2.5 million 
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patients had been tested and treated with different 
combinations of DAAs [180]. In October 2018, 
the Egyptian Ministry of Health began a national 
population-based screening program. By 
September 2019, around 52 million adult indi-
viduals will be screened after excluding those 
treated or tested before [180]. The NCCVH 
anticipates that 2.5–3.0 million newly diagnosed 
HCV individuals will be eligible for free treat-
ment. Therefore, Egypt has taken a great step 
toward HCV elimination. The Egypt HCV elimi-
nation strategy is considered a care model for 
other high HCV prevalence countries to use in 
their battle against HCV [180].

Despite this progress, and with only 10 years 
to go until the 2030 deadline is reached, more 
commitment from most Middle Eastern countries 
is required to achieve HCV elimination. The 
diagnosis and treatment of HCV infection are 
still not up to the ME region level to be consid-
ered on track for elimination. As per a report 
from the CDA foundation, no Middle Eastern 
countries in 2017 were considered “on track” for 
achieving the WHO elimination targets. However, 
after 2017, most countries started to treat all 
HCV patients regardless of their fibrosis stage, 
which is an essential step toward improving 
patient access to treatment. Furthermore, there 
are ongoing efforts to implement national strate-
gies in some countries, like Saudi Arabia, Qatar, 
the United Arab Emirates, and Kuwait.

There are significant barriers to HCV elimina-
tion in ME.  These barriers vary between the 
countries of the ME and need to be addressed to 
achieve HCV elimination. A major gap in 
response to the epidemic remains the lack of reli-
able prevalence data in many countries and 
regions, including Middle Eastern countries [6]. 
The availability of those accurate and verifiable 
HCV prevalence data for the region and each 
country allows the establishment of better elimi-
nation strategies. These strategies must be tai-
lored to the population’s needs and allow easy 
monitor of progress and impact of interventions.

Moreover, budget limitations and low HCV 
awareness among the general population are 
major challenges for HCV elimination in low- to 
middle-income countries like Egypt [306]. The 

HCV diagnosis rates depend on the cost of the 
investigations and HCV awareness among the 
general population [306]. In many countries 
worldwide, including Middle Eastern countries, 
most known HCV cases have been treated and 
cured, and there are no more new HCV patients 
to treat [308]. Most of the cases in many Middle 
Eastern countries, including Saudi Arabia, are 
unfortunately still undiagnosed. Therefore, there 
is an urgent need for a screening program to 
increase diagnosed patients [181]. Diagnostic 
resources, including the capacity to process large 
volumes of screening tests and the availability of 
confirmatory tests, remain obstacles for elimina-
tion in many countries globally. In several Middle 
Eastern countries, including Egypt, Saudi Arabia, 
and Oman, access to affordable low-cost generic 
DAAs has been supported and successfully incor-
porated within their national treatment plans 
[179, 181, 306, 309].

Furthermore, challenges for successful imple-
mentation still exist even when elimination strate-
gies have been established within national 
healthcare plans. In most countries, HCV treatment 
is provided by specialists, which may increase the 
waiting list and decrease treatment access for many 
patients. This was justified in the IFN-based ther-
apy era when the treatment was associated with 
long therapy duration, severe adverse effects, and 
low cure rates. However, the current therapies are 
easy to prescribe and administer and of short period 
with almost few if any side effects and high cure 
rates. Many studies have shown that general practi-
tioners can successfully treat most patients without 
compromising SVR [310, 311].

HCV elimination has been proven to be highly 
cost-effective and cost-saving across various 
health settings [312]. The WHO 2030 deadline 
for eliminating HCV, which has been deemed 
ambitious by many, is achievable, provided 
strong global support and commitment. The 
Middle Eastern countries need more expanded 
efforts to increase screening, diagnosis, and treat-
ment. These efforts must be matched with firm 
political intention, sustainable funding, improved 
linkage to care and access to cheap high effective 
generic DAAs, raising awareness, eliminating 
stigma, and improved point-of-care access to 
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include general practitioners [313, 314]. Perhaps 
then the region can get firmly on track toward 
HCV elimination.

After 5 years of progress and assessment, the 
recent CDA foundation 2020 report on tracking 
countries’ progress toward WHO global targets 
has raised concerns about the limitations of the 
existing targets [315]. These impact targets com-
pare a country’s progress relative to its 2015 base-
line when most countries did not have existing 
hepatitis epidemiology data. These targets also 
penalize those countries that started their pro-
grams before 2015 and those with a young popu-
lation or a low HCV prevalence. Therefore, the 
Polaris Observatory collaborators have proposed 
that WHO simplify the exiting hepatitis elimina-

tion targets and change to absolute targets, shown 
in Table 6 [315]. They also recommend allowing 
countries to achieve these targets with their ser-
vice coverage initiatives that will have the maxi-
mum impact. Using this proposed model, more 
countries are expected to achieve all the new tar-
gets relative to the existing ones (Table 7).

12  Projection of Future HCV-
Related HCC Trends in ME

The projections of the future burden of HCV-
related HCC can inform prevention strategies 
aimed toward reducing HCC occurrence. With 
the ambitious WHO 2030 elimination targets, in 

Table 6 Simplified hepatitis elimination targets using absolute targets [315]

Primary 
objective Reduce the incidence Reduce mortality
2030 
target

Reduce HCV new 
chronic cases to ≤5 
per 100,000 
(excluding the new 
cases from 
immigration)

Reduce HBsAg 
prevalence among 
1-year-olds to 
≤0.1%

Reduce HBV and HCV 
mortality to ≤5 per 100,000

Demonstrate HBV and HCV 
year-to-year decrease in new 
HCV- and HBV-related HCC 
cases

Measure 
options

Conduct two national 
surveys (minimum 
1 year apart) and 
estimate incidence 
between the two by 
age group

Conduct HBsAg 
surveys in 
1-year-olds in 
multiple regions in 
the country and 
maintain 
prophylaxis 
measures

Establish/use the national 
registry for HCC, 
decompensated cirrhosis 
linked to patient and death 
registries attributed cause, 
and adjust for underreporting

Establish/use the national 
registry for HCC, 
decompensated cirrhosis 
linked to patient and death 
registries attributed cause, 
and adjust for underreporting

Conduct two surveys 
(minimum 1 year 
apart) in high-risk 
groups accounting for 
>80% of new 
infections and 
estimate incidence 
rate

Conduct HBsAg 
surveys among 
1-year-olds in high 
prevalence regions/
populations and 
maintain 
prophylaxis 
measures

Establish/use the national 
HCC registry. Estimate 
annual decompensated 
cirrhosis to HCC incident 
ratio in ≥1 major center. Use 
HCC and cirrhosis survival 
studies to estimate overall 
mortality by year

Establish/use the national 
HCC registry. Estimate 
annual decompensated 
cirrhosis to HCC incident 
ratio in ≥1 major center. Use 
HCC and cirrhosis survival 
studies to estimate overall 
mortality by year

Use modeling to 
estimate incidence

Use modeling that 
considers the 
impact of 
prophylaxis to 
estimate the 
incidence and 
maintain 
prophylaxis 
measures

Use modeling to estimate 
HBV- and HCV-related HCC 
and cirrhosis mortality

Use modeling to estimate 
HBV- and HCV-related HCC 
and cirrhosis mortality over 
time

Abbreviations: HBsAg HBV surface antigen, HBV hepatitis B virus, HCC hepatocellular carcinoma, HCV hepatitis C 
virus
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most countries, the incidence and prevalence of 
HCV case are expected to decrease due to a com-
bination of a prevalent aging population, avail-
ability of treatment, and a reduction in risk factors 
secondary to improvements in the safety of blood 
products and harm reduction programs for injec-
tion drug users [316, 317]. However, the morbid-
ity and mortality attributable to HCV are expected 
to increase as the current infected population pro-
gresses to advanced stages of liver fibrosis. In 
most countries, the increased disease burden will 
likely not be controlled without significant 
changes in the overall treatment paradigm, 
including increases in screening, diagnosis, and 
treatment. This suggests that countries should 
assess different strategies to help decide how to 
manage the expected increase in their HCV-
related disease burden, including HCC.

13  Future Research Needs

There are significant needs for more epidemio-
logic and clinical research on HCC worldwide. In 
the DAA treatment era, HCV-related HCC 
remains a major health problem in the coming 
one to two decades. The development of a vac-
cine remains an essential target for achieving 
global control and eradication of HCV. There is 
also a critical need for more basic research on 
carcinogenesis in CHC and identifying more risk 
factors, i.e., viral, cellular, immune, and host-
genetic factors that add to the development of 
HCC.  Identification of the steps leading to the 
progression of CHC infection to cancer would 
help develop means of prevention, early detec-
tion, and treatment. Focusing on ME, more pop-
ulation-based studies are needed to understand 

Table 7 Comparison between existing WHO elimination targets and the recently proposed absolute targets by 2030 
[315]

Middle Eastern countries reaching the existing WHO elimination targets by 2030
HBV 90% 
reduction in 
incidence

HBV ≤0.1% 
prevalence 
among 
5-year-olds

HBV 65%reduction 
mortality

Countries 
meeting all 
HBV targets

HCV 90% 
reduction in 
incidence

HCV 65% 
reduction in 
mortality

Countries 
meeting all 
HCV targets

None Egypt None None Egypt Egypt Egypt
Iran
Kuwait
Lebanon
Oman
Qatar
Saudi Arabia
Turkey
UAE

Middle Eastern countries reaching the absolute HBV and HCV elimination targets by 2030
HBV _0.1% HBsAg 
prevalence among 
1-year-olds

HBV reduces 
mortality to ≤5 per 
100,000 and 
decreases in new 
HCC cases

Countries 
meeting all 
HBV targets

HCV reduces 
new chronic 
infections to 
≤5 per 
100,000

HCV reduces 
mortality to ≤5 
per 100,000 and 
decreases in new 
HCC cases

Countries 
meeting all 
HCV targets

Egypt None None Egypt Egypt Egypt
Iran Saudi Arabia Turkey Turkey
Kuwait Turkey
Lebanon
Oman
Qatar
Saudi Arabia
Turkey
UAE

Note: Blue countries/regions—those not achieving the absolute targets for a similar category in Table 4; only countries/ 
regions analyzed by Polaris Observatory are listed; UAE United Arab Emirates, UK United Kingdom
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the current and future contribution of HCV to 
HCC in the region. These studies should examine 
known and suspected risk factors and collect 
appropriate biologic samples to assess HCC 
markers that help early detection of HCC. Such 
studies could additionally provide essential data 
on the risk factors for the progression of CHC to 
HCC. The relationship between HCV and other 
conditions like obesity, diabetes, and NAFLD 
needs further research, particularly given the 
high prevalence of these conditions in the region 
and the large number of HCC cases in which no 
specific risk factor can be identified. Post-SVR 
HCC is an important emerging issue, with press-
ing unmet needs for the clinical strategy of early 
tumor detection and intervention and identifying 
HCC molecular mechanisms for therapeutic tar-
get and biomarker discovery. Long-term clinical 
trials on the impact of post-DAA SVR on HCC 
development and recurrence are also required.
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MENA the Middle East and North Africa
NAFLD Non-alcoholic liver disease
NASH Non-alcoholic steatohepatitis
SEER Surveillance Epidemiology and End 
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1  Introduction

Hepatocellular carcinoma (HCC) is the most fre-
quent primary liver malignancy and is the fifth 
most common cancer in men and is the seventh 
among women. The number of new HCC cases in 
2018 was 841,080, and this represents 4.7% of all 
new cancer cases [1]. The incidence of HCC var-
ies according to the geographic region, the preva-
lence of risk factors specific for HCC, and the 

accessibility to therapeutic options for such fac-
tors. The incidence rates vary between 5.1 per 
100,000 person-years in Europe and 17.7 per 
100,000 person-years in Eastern Asia [2]. The 
incidence rates of HCC peak at about the age of 
50 years [3, 4]. The prevalence of HCC is excep-
tionally high in East/Southeast Asia, Egypt, sev-
eral African countries and, historically, in 
southern Europe [3, 4]. HCC is the third cause of 
cancer death worldwide, resulting in 781,631 
deaths in 2018 [2, 5, 6].

Epidemiological differences and etiologic 
factors of HCC vary across countries and geo-
graphic regions. Chronic hepatitis B- and 
C-related cirrhosis are responsible for approxi-
mately 80% of all liver cancer deaths in devel-
oped and developing countries [3, 5, 6]. Other 
risk factors such as high alcohol consumption, 
non-alcoholic fatty liver disease (NAFLD), and 
non-alcoholic steatohepatitis (NASH) associated 
with obesity and diabetes and cholestatic liver 
diseases such as primary biliary cholangitis are 
increasingly emerging as contributors in the evo-
lution of HCC in Western countries [3, 5]. 
Hereditary hemochromatosis and hepatic iron 
overload states secondary to hemoglobinopa-
thies can increase the risk of the development of 
HCC [7, 8]. Less common risk factors for HCC 
include inherited disorders: glycogen storage 
disease and alpha-1-antitrypsin deficiency [9, 
10]. Aflatoxins are metabolic products of the 
fungi Aspergillus flavus and Aspergillus para-
siticus that develop in maize, oilseeds, and dried 
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fruits. Aflatoxins are associated with HCC, and 
the International Agency for Research on Cancer 
(IARC) has recognized them as human carcino-
gens. In tropical and subtropical developing 
countries, exposure to high concentrations of 
aflatoxins causes acute hepatitis [11, 12]. 
Chronic exposure to aflatoxins results in geno-
toxicity, mutagenicity, and immunotoxicity [12].

2  Epidemiology 
of Hepatocellular Carcinoma 
in the MENA Region

The Middle East is a flexible geographic term 
that does not have a specific standardized defini-
tion. A more inclusive definition is the term, 
Middle East and North Africa (MENA), which 
includes Egypt, Libya, Tunisia, Algeria, Morocco, 
Syria, Lebanon, Jordan, Saudi Arabia, United 
Arab Emirates, Kuwait, Bahrain, Qatar, Oman, 
Iraq, Yemen, Sudan, Palestinian territories and 
Israel, Turkey, and Iran. MENA is a densely pop-
ulated region with a total population of 
456,707,404  in 2019–2020, which accounts for 
approximately 7% of the world’s population. The 
MENA region comprises various ethnic groups, 
including Arabs, Persians, Turks, Kurds, Berbers, 
Jews, and Armenians, who follow Islam, 
Christianity, or Judaism. The countries in the 
MENA region have diverse economies. High- 
income countries with strong economies in the 
region include Saudi Arabia, United Arab 
Emirates, Kuwait, Turkey, and Iran, where vast 
oil reserves, industry, and tourism stimulate eco-
nomic growth. Other countries, such as Yemen, 
Sudan, Syria, and Libya, have suffered from pro-
longed periods of wars and civil unrest, which 
adversely affected economic development and 
devastated healthcare infrastructure [13].

2.1  Incidence of HCC in the MENA 
Region

Hepatocellular carcinoma represents a public 
health problem and an economic burden in sev-
eral MENA countries due to the high prevalence 

of HBV and HCV infection in the region, limited 
HCC screening, and paucity of preventive mea-
sures and therapeutic interventions in some coun-
tries. The incidence of HCC has changed over 
time, not only across MENA countries but also 
within individual countries, due to variations in 
environmental exposures, lifestyle patterns, 
screening procedures, and risk factor manage-
ment efficacy. HCC burden also differs between 
high-income countries (HICs), low-income coun-
tries (LICs), and lower-middle-income countries 
(LMICs). Overall, the 2018 HCC incidence rates 
have not shown a significant decline in MENA 
countries despite improved HBV and HCV pre-
ventive and management strategies [1, 2] 
(Table 1).

As in other world regions, HCC is predomi-
nant among males (Fig. 1). In 2018, the number 
of new HCC cases in the MENA region was 
37,184 (25,699 males and 11,485 females) with 
a cumulative risk of 2.18%, and the reported 
deaths were 36,601 (25,267 males and 11,334 
females) with a cumulative risk of 2.16% [1, 2] 
(Table  1). Comparing the overall liver cancer 
age- standardized incidence rates (ASIR) data in 
the MENA region from 1990 to 2018 revealed a 
rise from 5.12 per 100,000 individuals to 5.83 
per 100,000  in 2018, significantly lower than 
the incidence rates in Southeast Asia (17.5) [14, 
15]. However, breaking down the results accord-
ing to the incidence rates in individual MENA 
countries revealed three patterns, namely, coun-
tries that showed increased incidence rates over 
time, countries with stable incidence, and coun-
tries with decreased HCC incidence rates 
(Fig.  2). Egypt has exceptionally and persis-
tently high incidence and HCC-related mortal-
ity rates, making liver cancer rank the first 
malignancy in Egypt [1, 16–18]. Although 
Egypt launched an ambitious nationwide pro-
gram to treat all HCV patients with DAAs, the 
incidence of HCC is still high. Active treatment 
resulted in reductions of new hepatitis C virus 
infections. However, HCC still emerges due to 
the aging of cirrhotic patients infected with 
HCV several years ago and the extensive HCC 
screening programs that contribute to more 
diagnosis of HCC cases [17–19]. However, sev-
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Table 1 Hepatocellular carcinoma new cases, mortality, 5-year prevalent cases in MENA countries (2018)

Country
Total 
population

Number of new HCC cases
Deaths
Mortality rank

Number of prevalent 
cases (5-year)Number

Cum.
risk Ranka (%)b Number

Cum.
risk Rank (%)c

Egypt 102,334,403 25,399 3.8 1 19.7 25,084 3.77 1 29.4 19,361
Saudi 
Arabia

33,554,333 905 0.55 9 3.7 852 0.52 4 8.1 701

Iran 82,011,737 3492 0.48 11 3.2 3439 0.48 7 6.2 2671
Sudan 41,511,523 942 0.43 7 3.7 906 0.43 5 5.3 830
Turkey 81,916,866 4362 0.52 15 2.1 4307 0.52 9 3.7 3127
Qatar 2,694,843 42 0.45 11 3.3 40 0.44 6 6 32
UAE 9,541,612 97 0.47 15 2.1 96 0.45 8 4.6 82
Yemen 28,915,286 620 0.51 7 4.7 595 0.51 5 6.5 535
Bahrain 1,566,994 30 0.37 12 2.9 22 0.29 12 3.6 108
Syria 18,284,423 380 0.34 18 1.6 380 0.29 18 1.4 514
Lebanon 6,093,510 227 0.38 18 1.3 216 0.37 11 2.4 163
Jordan 9,903,798 188 0.31 16 1.7 178 0.30 10 3.1 142
Iraq 39,339,754 539 0.32 12 2.1 538 0.32 7 3.7 443
Kuwait 4,197,129 121 0.6 8 3.4 114 0.6 4 6.9 90
Oman 4,829,946 117 0.51 10 3.5 111 0.5 5 6.6 98
Libya 6,470,857 191 0.54 12 3.0 147 0.44 7 4.4 148
Tunisia 11,659,175 355 0.29 12 2.2 356 0.30 11 3.5 317
Algeria 42,008,056 563 0.17 21 1.1 544 0.16 17 1.8 486
Morocco 36,191,813 428 0.14 24 0.81 411 0.13 18 1.2 524
Israel 8,452,843 336 0.28 17 1.3 397 0.35 11 3.2 253

aRank with respect to other cancers
bPercentage from all cancers
cPercentage from all cancer deaths

Egypt Yemen Saudi Arabia Iran Sudan Bahrain Libya

Male [ASR /100000] Female [ASR /100000]
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Fig. 1 Incidence of HCC in males and females in some MENA countries
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eral reports from Egypt demonstrated de novo 
emergence or recurrence of HCC in HCV 
patients treated with DAAs [20, 21]. Further 
studies are required to characterize the magni-
tude and explanation of HCC occurrence in 
these patients.

In Israel, the age-standardized HCC incidence 
rates rose gradually from 1.93 and 1.22 for 
Israelis and Arab men in 2000 to 3.13 and 3. 63 
for Israelis and Arab men in 2018 [1, 22]. The 
Islamic Republic of Iran, Libya, UAE, and 
Algeria had moderately increasing trends over 
time [1, 14]. The HCC incidence rates in Saudi 
Arabia, Kuwait, Bahrain, Oman, and Tunisia 
have not shown significant changes [1, 14]. In 
Turkey, the HCC incidence rates decreased from 
4.2 to 3.5 per 100,000 individuals between 1990 
and 2018, suggesting adequate control of risk 
factors of HCC [1, 14, 23]. Epidemiologic data in 
2018 [1, 14] demonstrated HCC decline in 
Yemen, Syria, and Sudan (Fig. 1). However, one 
should be cautious in interpreting this decline 
that might result from underreporting rather than 
an actual HCC case decrease. For years, the three 
countries have been suffering from civil unrest 

and conflicts that damaged the healthcare 
infrastructure.

2.2  Mortality due to HCC 
in the MENA Region

Overall survival of patients with HCC varies sub-
stantially across the MENA countries. Mortality 
data in the MENA region showed increasing HCC-
related mortality trends in MENA countries, con-
firming the poor outcome of HCC in MENA 
countries (Table 1). The ASMR per 100,000 indi-
viduals was 5.31 and 5.94  in 1990 and 2018, 
respectively [1, 2, 14, 15]. The highest ASMR is 
reported from Egypt, with 25,084 deaths and 
cumulative risk of 3.77%. In Egypt, the HCC 
ASMR increased from 13.79 in 1990 to 20.47 in 
2018. HCC ranked the first cause of mortality-
related cancer and was responsible for 9.1% of all-
cause mortality in Egypt [1, 2, 14, 15, 18–20]. 
HCC was the fourth cause of cancer- related mor-
tality in KSA and Kuwait and the fifth in Sudan, 
Oman, Libya and Yemen, respectively, respec-
tively [2, 14, 15]  (Table 1).
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3  Risk Factors 
of Hepatocellular Carcinoma 
in the MENA Region

As in various world regions, hepatocellular carci-
noma in the MENA region has several risk fac-
tors, including cirrhosis caused by chronic viral 
hepatitis, alcohol consumption, NAFLD, male 
gender, exposure to hepatotoxins such as afla-
toxin ingestion, exposure to inorganic arsenic 
and some chemicals, and metabolic factors such 
as iron overload states and obesity and exogenous 
(oral contraceptive pill) or endogenous hormones 
[24]. The attributable population fraction (PAF) 
of risk factors for HCC varies in different MENA 
countries.

3.1  Chronic Hepatitis B and C 
Infections

The MENA region includes some of the coun-
tries most affected by viral hepatitis worldwide, 
and the burden of HCC in a given country paral-
lels the prevalence of HBV or HCV.  Various 
socioeconomic factors and treatment policies 
contribute to the high incidence of HBV and 
HCV infections. The MENA region demonstrates 
diversity in hepatitis B and C genotype distribu-
tions and transmission modes of both viruses [25, 
26]. Hepatitis C- and hepatitis B-related cirrhosis 
and chronic hepatitis B are responsible for 80% 
of HCC cases [27].

3.1.1  Hepatitis B Infections in MENA 
Countries

Chronic HBV is a significant risk factor for hepa-
tocellular carcinoma worldwide. Patients with 
chronic hepatitis B have a 25–40% lifetime risk 
of developing. Chronic hepatitis B results in 
ongoing inflammation that may progress to liver 
fibrosis and cirrhosis, which is an essential risk 
for HCC.  HBV can also cause HCC in the 
absence of cirrhosis by integrating HBV DNA 
into the host genome, inducing genomic instabil-
ity, and direct insertional mutagenesis of diverse 
cancer-related genes. Several factors increase 
HCC risk among patients with chronic HBV, 

such as male sex, older age, higher levels of HBV 
viremia, HBeAg positivity, HBV genotype D, 
longer duration of infection, coinfection with 
HCV, human immunodeficiency virus (HIV), or 
hepatitis D virus [28, 29].

The World Health Organization (WHO) esti-
mates that the prevalence of chronic HBV infec-
tion in the MENA region ranges from low 
intermediate (2–4%) in most MENA countries to 
high intermediate (5–7%) in Sudan. The HBV 
prevalence rate is 5.1% in Yemen, 3.6% in 
Algeria, and 3.5% in Kuwait [26]. In Saudi 
Arabia, a cross-sectional study on 74,662 Saudis 
recruited from the general Saudi population 
showed that the prevalence rate of HBV was 
1.3%, which is lower than older studies that esti-
mated the prevalence to be 3.2% [30]. Chronic 
HBV infection is the risk factor for HCC in Iran, 
Saudi Arabia, Lebanon, UAE, Oman, Qatar, 
Turkey, and Israel [1, 25, 26, 28, 30] (Fig.  3). 
HBV genotype is also crucial in determining the 
risk for HCC since HBV genotype D patients 
carry a higher risk for HCC than patients with 
genotype A.  HBV genotype D is the prevalent 
genotype in Turkey, Iran, Saudi Arabia, UAE, 
and Bahrain [3, 25, 31–33].

Most MENA countries implemented nation-
wide obligatory HBV vaccination, and about 
68% of the countries achieved the target, which is 
HBV immunization of 80% of the newborns [34, 
35]. HBV vaccination resulted in the decline of 
new HBV cases. However, the armed conflicts 
and unstable political conditions in Yemen, Syria, 
Libya, and Sudan hindered adequate HBV immu-
nization in these countries.

3.1.2  Hepatitis C Infections in MENA 
Countries

Globally, the World Health Organization (WHO) 
estimates that in 2017, there were 1.75 million 
new HCV infections in the world (23.7 new HCV 
infections per 100,000 people) and 71 million 
people suffer from chronic HCV infection, with a 
significant number of these developing cirrhosis 
or hepatocellular carcinoma [27]. Despite the 
availability of safe, effective direct-acting antivi-
ral therapies for chronic HCV, successfully eradi-
cating HCV from several MENA countries is 
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challenged by limited testing and diagnosis, bar-
riers for effective treatment of chronic HCV, late 
presentation, and poor compliance to therapies 
[36, 37].

HCV-related cirrhosis was by a significant 
risk factor for HCC in Egypt, Sudan, Libya, 
Syria, Iraq, Yemen, Algeria, Bahrain, Jordan, 
Kuwait, Morocco, and Tunisia. Chronic HBV 
infection is the risk factor for HCC in Iran, Saudi 
Arabia, Lebanon, UAE, Oman, Qatar, Turkey, 
and Israel [15–18] (Fig. 3).

The modes of HCV transmission also vary 
among high-income and middle-income countries 
and low-income countries, particularly those dev-
astated by armed conflicts, civil war, or political 
instabilities such as Yemen, Syria, Libya, Iraq, 
Sudan, and the Palestinian territories. In low-
income countries and countries with political 
instability and poor health infrastructure, HCV 
transmission frequently results from inadequate 
infection control policies, unsafe injections, and 
exposure to infected blood and blood products in 
healthcare and community settings. 

Injection drug use (IDU) and sharing drug 
injection equipment. In some MENA countries 
(Egypt and Sudan), specific traditional practices 
such as circumcision, home deliveries, and scari-
fication contribute to HCV transmission [26, 38].

The current escalation of immigration from or 
through the MENA countries particularly in 
Libya, Morocco, and Algeria towards northwest-
ern countries due to economic, social, or political 
reasons or civil wars or natural disasters contrib-
uted to the elevation of HBV and HCV infections 
since immigrants often originate from countries 
with a high burden of viral hepatitis. The overall 
prevalence of HCV in African immigrants was 
7.6% though it varied according to the immi-
grants’ origin, ranging from 5.7% to 10.0% [39]. 
Therefore a suitable strategy has to be taken to 
deal with this emerging situation.

Thus, implementing strategies to reduce HCV 
transmission and adopting programs for early 
diagnosis and treatment of hepatitis C infections 
are critical for reducing the burden of HCV- 
related liver diseases, such as decompensated cir-
rhosis and HCC in patients with HCV infection.

3.2  Non-alcoholic Liver Disease 
(NAFLD) and HCC in the MENA 
Region

Non-alcoholic fatty liver disease (NAFLD) is a 
significant cause of chronic liver disease world-
wide. NAFLD is defined as the liver’s fatty infil-
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tration in the absence of alcohol abuse or other 
causes of hepatic steatosis [40]. The spectrum of 
NAFLD encompasses steatosis, steatohepatitis, 
and fibrosis to cirrhosis. According to the extent 
of steatosis and liver injury hepatic histology, the 
categories of NAFLD include non-alcoholic fatty 
liver (NAFL) and non-alcoholic steatohepatitis 
(NASH) [40, 41].

Reports have associated HCC with NAFLD, 
obesity, and impaired glucose tolerance, suggest-
ing that NAFLD was a major underlying cause of 
HCC. Overnutrition and sedentary life contribute 
to obesity, which may directly predispose HCC 
and promote glucose intolerance and chronic 
liver disease, which represent and additional 
HCC risk [42, 43]. In a study that followed 195 
cirrhotic NASH patients for 4 years, 25 patients 
developed HCC at the end of the study with a 
cumulative incidence of 2.6% [44]. A US-based 
population study of 4406 HCC patients showed 
that 59% of HCC cases were related to NAFLD, 
compared to 22% associated with HCV and 12% 
in association with ALD [45].

NAFLD’s burden in the MENA region is 
unclear due to the scarcity of studies from the 
region. NAFLD prevalence in Kuwait, Saudi 

Arabia, south of Iran, and north of Iran was 
33.3%, 16.6%, 21.5%, and 43.8%, respectively 
[46, 47]. In Sudan, a study showed a 20% NAFLD 
prevalence among the studied group [48]. 
NAFLD prevalence in Egypt ranges from 16% to 
50% among pediatric and adult populations, 
respectively [49–51]. The prevalence of NAFLD 
in Turkey is between 48.3% and 60.1% [52] 
(Fig.  4). NAFLD is closely related to the high 
prevalence of diabetes mellitus type 2 and obe-
sity in MENA countries, particularly oil-produc-
ing countries, due to reduced physical activity, 
unhealthy diet, and aging. The Middle East and 
North African countries are countries with a high 
prevalence of type 2 diabetes. The prevalence of 
type 2 diabetes is 21.1%, 20.2%, 20.2%, 20.0%, 
19.9%, 19.2%, 19.1%, and 16.5% in Kuwait, 
Lebanon, Qatar, Saudi Arabia, Bahrain, UAE, 
Sudan, and Turkey, respectively [53, 54].

To date, studies investigating the role of 
NAFLD, obesity, and metabolic syndromes as 
risk factors for HCC in the MENA region are 
lacking. However, a study from Egypt reported 
that 33% of patients with chronic HCV had asso-
ciated type II diabetes mellitus (D.M.). Cirrhosis 
was more prevalent among diabetic HCV cases, 

Turkey Iran Kuwait Bahrain Saudi Arabia Egypt Sudan

Fig. 4 Prevalence of 
NAFLD in some MENA 
countries
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and the fibrosis score was higher in diabetic HCV 
patients than in nondiabetic HCV cases. Given 
the progressive rise of NAFLD and the expected 
decline in viral hepatitis in the MENA region, it 
is critical to conduct epidemiological studies to 
assess the potential contribution of NAFLD, obe-
sity, and diabetes in the evolution of HCC in 
these countries.

3.3  Alcohol Consumption 
as a Risk Factor for HCC 
in MENA

Heavy alcohol consumption and alcoholic liver 
disease are not significant risk factors for HCC in 
MENA countries, given that Islam, the predomi-
nant religion in MENA nations, prohibits alcohol 
drinking. However, MENA countries embrace a 
population of different ethnic backgrounds and 
religious beliefs. Studies from some MENA 
countries showed that alcohol contributed to a 
percentage of HCC (Figs. 3 and 5).

3.4  Aflatoxins and Chemicals 
as Risk Factors for HCC 
in the MENA Region

Aflatoxins are toxic and carcinogenic chemicals 
produced primarily by the fungi Aspergillus fla-
vus and Aspergillus parasiticus and infect crops 
such as maize, peanuts, and nuts. Aflatoxins are 
Group 1 human carcinogens and potent hepato-
carcinogens. Exposure to high doses of aflatoxins 
causes acute hepatitis, while chronic exposure 
causes HCC [11]. Aflatoxin exposure synergizes 
with chronic hepatitis B virus (HBV) infection to 
increase HCC in countries and populations with 
both risk factors. High aflatoxin exposure and 
HBV are prevalent in many parts of the develop-
ing world, particularly in Asia and Africa [55, 
56]. The population-attributable risk of aflatoxins 
to HCC in the MENA region is unclear due to the 
rarity of such studies.

Egypt has a high prevalence of HCC, which is 
mostly due to HCV-related cirrhosis. However, 
the widespread use of pesticides and contamina-
tion of some cereals by aflatoxin B1 in rural areas 
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Fig. 5 The contribution of alcohol as a risk factor for HCC in some MENA countries
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contribute partly to the burden of HCC in this 
country, in which agriculture is an important 
occupation of Egyptians [57–59]. Dietary afla-
toxin exposure in Egypt is 7–57  ng/kg bw/day, 
which is relatively high [60]. Co-occurrence of 
aflatoxin and HCV in the Egyptian population 
has been shown in various epidemiological stud-
ies to be common [58, 59]. The interactions 
between HCV and aflatoxin and the role of both 
factors on the evolution and high prevalence of 
HCC in Egypt are intriguing and warrant further 
studies.

3.5  Iron Overload States as Risk 
Factors for HCC in the MENA 
Region

Hereditary hemochromatosis (H.H.) is the most 
common autosomal recessive disorder with a 
prevalence of 1  in 300 to 500 individuals. H.H. 
types 2, 3, and 4 are seen worldwide. In contrast, 
Type 1 form is mostly seen in Caucasian people 
of northern European descent. H.H. is character-
ized by an increased intestinal iron absorption, 
resulting in a progressive iron accumulation in 
the liver, heart, and pancreas, leading to progres-
sive dysfunction [61]. HCC is a long-term com-
plication of H.H.  Patients with genetic 
hemochromatosis are 23 times more likely to 
have HCC than healthy individuals [62]. In a 
Swiss cohort, HCC occurred in 9% of all H.H. 
patients [63]. The prevalence of H.H. in the 
MENA region is unknown. No data is available 
on H.H.’s potential role as a risk factor for HCC 
in MENA countries.

Thalassemia is an inherited disease with 
worldwide distribution. However, the burden of 
β-thalassemia is exceptionally high in the MENA 
region, particularly Iran, Lebanon, Syria, Egypt, 
KSA, UAE, and North Africa. Consanguinity in 
several MENA countries contributes to its high 
prevalence in the region. Hemoglobinopathies, 
particularly thalassemia, are associated with iron 
overload due to repeated blood transfusion, 
which is the principal treatment of thalassemia 
patients. Several studies showed an increase in 
the incidence of HCC in patients with thalas-

semias, mainly in Italy and Greece [64]. A study 
showed that HCC was the most frequent malig-
nancy in 3652 Greek thalassemic patients diag-
nosed between 1985 and 2018. An Egyptian 
study showed that patients with acute HCV and 
thalassemia have low rates of spontaneous reso-
lution of HCV infection, and the majority develop 
chronic HCV, accelerated hepatic fibrosis, cirrho-
sis, and HCC in thalassemia patients with chronic 
HCV. Thus, HCV prevention and early treatment 
are critical for the prevention of HCC in this pop-
ulation [65].

4  Hepatocellular Carcinoma 
in Selected MENA Countries

4.1  Hepatocellular Carcinoma 
in Yemen

Yemen has been in armed conflict and politi-
cal instability since 2015 and is suffering the 
worst humanitarian crisis in the world. The 
war has devastated the economy, destroyed 
the healthcare infrastructure, and resulted in 
severe food and clean water shortage. Yemen 
is considered the poorest country in the 
Middle East and North Africa (MENA), where 
80% of the population are “at-risk” of hunger 
and disease. The COVID- 19 crisis in 2020 
further deteriorated the socioeconomic condi-
tions and devastated the public infrastructure. 
Thus, updated data about the incidence and 
prevalence of liver cancer in Yemen are scarce, 
given the ongoing war and political 
instability.

In 2018, 620 new cases were reported from 
Yemen and 595 mortalities with a cumulative 
risk of 0.51%. The age-adjusted death rate is 
3.18 per 100,000 population. HCC is the sev-
enth frequent cancer in Yemen and represents 
the fifth cause of cancer-related mortalities [1, 
14, 66]. An 8-year survey (2001–2008) showed 
that HCC is more prevalent in Yemeni men, 
mostly farmers, with an age range of 26–75 years 
(mean 53.5 ± 13.9 years). The overall mortality 
rate within 6 months of hospital admission was 
24.3%.
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Chronic hepatitis B virus infection (48.2%) 
and hepatitis C virus infection (38.2%) were the 
most frequently identified risk factors among 
Yemeni patients with HCC.  Qat chewing and 
smoking were not statistically significant risk 
factors.

4.2  HCC in Libya

Libya is the second-largest country in North 
Africa. Libya used to be the wealthiest country 
in North Africa, a significant oil producer coun-
try with a small population. However, the ongo-
ing political conflict and the weak security 
conditions have taken a severe toll on the Libyan 
economy. oil production, and healthcare infra-
structure. The Libyan economy has been seri-
ously affected by the intensifying conflict, 
which suffocates economic activity, the oil 
fields’ closure, the decreasing oil, and the 
COVID-19 pandemic in 2020. These factors 
resulted in a significant deterioration of health 
services, a rise in communicable and non-com-
municable diseases, and poor outcomes of all 
cancers. In the absence of a strong government 
and the security gap, Libya became a transit 
point for illegal immigration towards Northern 
European countries and a final destination for 
African illegal immigrants.

According to the latest WHO data published 
in 2018, HCC deaths in Libya reached 228 or 
0.73% of total deaths. The age-adjusted death 
rate is 6.13 per 100,000 population [2, 14]. A 
study conducted in Banighazi showed that HCC 
represented 5% of cancers in this region and 
ranked 12th [67].

Chronic HBV and HCV infection are an 
important risk factor for HCC in Libya [2]. A 
national study conducted in Libya showed that 
HCV was most prevalent among intravenous 
drug users (7.4%), followed by thalassemia 
patients receiving repeated blood transfusion 
(2.7%) and those who had a surgical operation 
(2.3%) or hospital admission (1.9%). Genotype 1 
was the most frequent among all regions (19.7–
40.5%), reaching the highest value in the Tripoli 
region, followed by genotype 4, which was more 

prevalent in the South (49.3%) and West (40.0%) 
regions. Genotype 3 was higher in Tripoli 
(21.3%) and East (15.9%) regions, while geno-
type 2 was common in North (23.6%) and South 
(22.5%) regions [68–70].

4.3  HCC in Syria

Syria’s health system has been severely disrupted 
since the eruption of armed conflict in 2011. 
More than 50% of the country’s public hospitals 
are not functioning. Up to 70% of the health 
workforce has fled Syria resulting in severe short-
ages in health facilities and qualified health per-
sonnel and failure of healthcare services and 
disruption of vaccination programs. Preventable 
diseases, particularly measles and HBV, reap-
peared in Syria due to the drop of vaccination 
coverage from 95% in 2010 to less than 40% in 
2013 [71]. A retrospective study conducted 
between April 2014 and December 2015 on 171 
Syrian refugee children aged between 0 and 
18 years showed that about 5% were HBsAg and 
anti-HBc total positive and anti-HBs negative. 
HBV genotype D was the predominant type 
[72–74].

According to 2018 data [1], 380 new HCC 
cases occurred in Syria. The age-adjusted death 
rate is 5.25 per 100,000 of population or 0.39% 
of total deaths. In Syria, HCV, HBV, and alcohol 
contributed to 32, 14, and 19% of HCC cases, 
respectively [75].
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Current HCC Clinical and Research 
in Egypt

Wafaa M. Rashed

1  Incidence and Risk Factors

1.1  Incidence

Hepatocellular carcinoma (HCC) is the most 
common form of primary liver cancer. Egypt is 
the most populous country in the Middle East 
and the 14th most populous country in the world. 
The health authority in Egypt considers HCC as 
the most important health problem due to its 
increased incidence by twofold over a decade 
[1]. Using the incidence data of GLOBOCAN 
2018 collected from Aswan, Damietta, and 
Minia cancer registries in Egypt, liver cancer 
showed high incidence (19.7% of the total can-
cer cases) and high cancer-related mortality 
(32.35% of the total cancer deaths) [2, 3]. This 
increased incidence of HCC in Egypt may be 
attributed to advancements in screening and 
diagnostic tools, as well as increased survival 
rate among cirrhotic patients, providing more 
time for HCC progression. This is in addition to 
increased incidence and complications of hepati-
tis C virus (HCV) infection, one of the most 
important risk factors for HCC in Egypt.

In global and Egyptian populations, HCC 
incidence shows gender variation. It represents 
the second and the sixth most common cancer in 
men and women, respectively [4]. Biological 
and environmental reasons play key roles in this 
gender variation. Biological reasons are attrib-
uted to sex hormones [5] as well as the differ-
ence in epigenetic and immune response, but an 
Egyptian study showed no clear relation between 
sex hormones levels and HCC [6]. The environ-
mental reasons for HCC gender variation may be 
attributed to higher rate of men exposure to liver 
carcinogens (e.g., occupational exposure to 
chemical compounds, tobacco smoking, and 
alcohol) as well as other infectious risk factors 
especially hepatitis viral infection (both hepatitis 
B virus “HBV” and HCV) [7, 8].

In Egypt, as urban residents have better access 
to medical facilities, higher HCC incidence 
among urban population was detected, while 
HCC incidence among rural residents is under-
counted [4, 9].

1.2  Risk Factors

Both HBV and HCV represent the major infec-
tious risk factors for HCC in Egypt. Variability in 
the frequency of both HBV- and HCV-associated 
HCC in Egyptian patients is due to the variability 
in and the selectivity of the population studied 
(geographic region) as well as inconsistent viral 
testing methods used (Table 1).
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1.2.1  Hepatitis B Virus (HBV)

Prevalence in Egypt
Between 1980 and 2007, HBV prevalence in 
Egypt was reported to be 6.7% among the general 
population and 25.9% among HCC patients [21]. 
In 2009, there was a decline in the seroprevalence 
of HBV among the general population, from 2.3% 
to 0.9% [22]. A cross-sectional analysis of the 
Egypt Health Issues Survey (EHIS) 2015 gath-
ered from men and women aged 15–59 (15,777 
samples) showed a decline in the HBV infection 
among general population (1.4%) [23]. The dis-
covery of the HBV vaccine in the 1980s [24] and 
the application of universal infantile hepatitis B 
vaccination in 1992 were the main reason for this 
marked decline [25, 26]. Similar to the decline of 
HBV in the general population, a single-center 
study reported a decline in HBV among HCC-
infected patients from 38.6% to 20.5% as a com-
parison between two consecutive period time 
(1993–1997) and (1998–2002), respectively [1]. 
Another single-center study reported that the per-
centage of HBV among HCC-infected patients 
over 10 years (2005–2015) was 3.2% [7].

Globally and in Egypt, transmission of HBV 
infection is mixed (horizontal and vertical) [8]. 
According to EHIS 2015 analysis, the most pow-
erful driver of HBV infection in Egypt is sharing 
a household with a HBV-infected person [23].

HBV Genotype in Egypt
HBV genotypes are associated with differences 
in geographical distribution, clinical outcome, 
and the response to the antiviral treatment. 
Generally, there are eight genotypes [A–H] of 
HBV.  In 2011, HBV genotype D (HBV/D) has 
been reported to be the most prevalent among 
Egyptians which is close to that in other 
Mediterranean countries [27]. Another study 
showed the presence of HBV genotype E among 
Egyptian healthcare workers [28].

1.2.2  Hepatitis C Virus (HCV)

Prevalence in Egypt
Egypt represents one of the top global burden 
with HCV. The annual rate of HCV-associated 

HCC is 3.36% [29, 30]. The prevalent HCV 
infection was caused by a large national treat-
ment campaign of intravenous anti-schistosomal 
injections (tartar emetic) between the 1950s and 
1980s. The target population of this treatment 
campaign was children and young adults with 
an average of nine injections/patient, which was 
reduced to six after 1975. This mass campaign 
led to increased HCV transmission due to poor 
sterilization technique, multiple injections over 
a time period, as well as a major mistake of 
reusing equipment. Until the 1990s, HCV infec-
tion was not known in medical sciences. So, 
absence of clinical symptoms in nearly 80% of 
HCV- infected patients treated in this campaign 
complicated the issue [29, 31–33]. The HCV 
seroprevalence detected in 1996, 2008, and 
2015 by DHS (the Demographic Health Survey) 
was >40%, 14.7%, and 10%, respectively. This 
decline in the percentage of HCV seropreva-
lence between these time points was attributed 
to the aging of patients infected in the national 
campaign for schistosomiasis treatment 50 years 
ago [29].

In addition to the parental anti-schistosomal 
treatment, there are other risk factors for HCV 
transmission inside healthcare settings (e.g., 
blood transfusion) and outside healthcare setting 
(e.g., sharing personal equipment at home and 
also during circumcision performed by local 
healers and barbers in rural areas) [34, 35].

HCV Genotype in Egypt
Out of the seven HCV genotypes, genotype 4 is 
the most prevalent HCV infection in Egypt, and it 
represents 92.5% [36–39].

1.2.3  Chemical Compounds
Chemical compounds are an environmental (non-
infectious) risk factor for HCC. The occupational 
activities of many individuals include exposure 
to a variety of chemical compounds. The liver 
plays the principal role in the processes of 
 detoxification, metabolism, and excretion. 
Consequently, HCC can be the result of the 
adverse effects of many chemical compounds 
(both organic and inorganic). In Egypt, about one 
fourth of the population work in agriculture, rais-
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ing their risk for HCC due to pesticide exposure 
[8]. Using carbamate and organophosphate com-
pounds in agriculture is an additive HCC risk fac-
tor among rural males in addition to other 
well-documented risk factors (HBV and HCV) 
[18]. A study in the mid-delta area showed that 
both pesticides and fertilizers (phosphate and 
ammonium sulfate) were suggested to be inde-
pendent HCC risk factors among residents [4].

1.2.4  Aflatoxin B1 (AFB1)
Aflatoxins are toxic metabolites of certain fungi 
(Aspergillus flavus and A. parasiticum) and have 
a well-documented role as a potent hepatocar-
cinogen. During both cultivation and storage 
post-harvest, they contaminate food commodi-
ties, especially in countries with hot and humid 
climates. In an Egyptian case-control study, HCC 
patients had a significant high percent of serum 
aflatoxin compared to the controls and a two-fold 
increased risk [40].

Many studies were done to identify the afla-
toxin level in food products (local and imported 
samples) in different Egyptian governorates. 
Samples were positive for aflatoxins. Both the 
area of collection and the season of the year are 
two important factors affecting the aflatoxin level 
in these samples [40].

The most toxic naturally occurring aflatoxin is 
aflatoxin B1 (AFB1) that is classified as a group 1 
human carcinogen according to the International 
Agency of Research on Cancer [41]. It has muta-
genic effect due to single-base substitution in 
codon 249 of tumor suppressor p53 gene. This 
point mutation has been detected in many Egyptian 
patients with AFB1-associated HCC [42]. In a 
case-control study, the prevalence of AFB1 was 
detected in 17% of HCC cases compared to 9.4% 
of controls. Also, there was a significant high level 
of AFB1  in HCC patients with both multiple 
lesions and tumor size >5  cm [43]. Aflatoxin-
albumin (AF-alb) adduct is a validated biomarker 
of aflatoxin exposure. In a pilot study on 46 
Egyptian HCC patients, the prevalence of AF-alb 
adduct was detected in 67.4% of HCC cases [44].

1.2.5  Other HCC Risk Factors
Limited numbers of epidemiological studies 
investigated the prevalence and association of 

other global HCC risk factors [8] among Egyptian 
patients. Family history is one of HCC risk fac-
tors, and a single study that included 103 HCC 
Egyptian patients reported that 21.4% of patients 
have a family history (1st- and 2nd-degree rela-
tives) of HCC [45]. Also, diabetes is another 
HCC risk factor. Out of the five studies that 
showed the prevalence of diabetes among HCC 
Egyptian patients [4, 7, 45–47], only Ziada et al.’s 
study confirmed that type 2 diabetes raises HCC 
risk by two- to three fold [45]. For tobacco smok-
ing, its association with HCC risk among 
Egyptian patients showed conflicting results [4, 
45, 48].

2  Screening and Surveillance

In 2011, the Egyptian Society of Liver Cancer 
(ESLC) published the Egyptian Guidelines for 
management of HCC.  It recommends for high- 
risk patients a screening every 4  months using 
both abdominal ultrasonography (US) and 
α-fetoprotein (AFP).

High-risk patients include:

 1. All cirrhotic hepatitis patients with HBV 
infection, HCV infection, NASH, alcoholic 
cirrhosis, and genetic hemochromatosis.

 2. Non-cirrhotic patients with HBV infection 
(carrier)

The recommended routine screening helps in 
the discovery of HCC in 33–50% of patients [49, 
50], while symptomatic presentation accounted 
for the rest. Though an Egyptian study docu-
mented the effect of HCC surveillance in dou-
bling the chances for the available curative 
options [51], but till now, there is no HCC sur-
veillance program implemented in Egypt.

3  Diagnosis and Treatment

3.1  Diagnosis

In Egypt, there are many local factors that may 
affect disease presentation. Although there are 
seven types of HCC treatment centers [8], their 
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geographical distribution all over Egypt should 
be reassessed based on the difference of HCC 
patients’ flow from different Egyptian governor-
ates. Also, both the socioeconomic status of the 
HCC Egyptian patients and the lack of uniform 
health insurance that cover all Egyptians are 
additional factors affecting the disease presenta-
tion. As such, HCC patients could present with 
advanced disease due to the unavailability of 
complementary high-quality diagnostic tools that 
ensure standard and equal level of care among 
Egyptians in all Egyptian governorates.

Abdominal pain and jaundice represent the 
most common clinical presentations of HCC 
patient [49]. These clinical presentations are dif-
ferent from that in Western and Asian reports and 
indicate advanced disease stage which is account-
able for accelerated liver function deterioration 
and poor survival outcome. In addition, fatigue, 
ascites, and, less frequently, cough and encepha-
lopathy are clinical presentations in untreated 
HCC patients [52].

According to the Egyptian Guidelines for 
HCC, the diagnosis of HCC is based on tumor 
size, AFP level, and the triphasic spiral CT scan 
abdomen or a dynamic contrast MRI ≥1.5 tesla, 
whenever recommended.

Both chest/pelvis CT with contrast and bone 
scan are done for screening HCC metastasis if 
there is clinical suspicion or symptomatic patient.

3.2  Treatment

An accurate HCC staging at initial diagnosis 
would be helpful for both determination of the 
treatment options and the overall disease progno-
sis. A study that included 2000 HCC Egyptian 
patients (between January 2010 and December 
2012) was done to compare four different staging 
systems for predicting prognosis and survival. The 
Barcelona Clinic Liver Cancer (BCLC) staging 
system was the most optimum prognostic system 
in HCC Egyptian patients, while the Cancer of the 
Liver Italian Program (CLIP) score is the best in 
HCC patients not amenable for treatment [50].

There are two therapeutic modalities in HCC: 
curative treatment and tumor control treatment. 
Curative treatment includes surgical options [sur-

gical resection and liver transplantation] as well 
as ablative electrochemical therapies [radiofre-
quency ablation (RFA), microwave ablation 
(MWA), and percutaneous ethanol injection 
(PEI)]. The tumor control treatment includes 
non-ablative treatment [catheter-based embolic 
therapies and non-catheter-based therapy] and 
systemic therapies.

Low percentage of patients were diagnosed at 
an early stage (19.4–32.4%) and were candidates 
for curative treatment [1, 53]. All curative treat-
ment modalities are available for HCC Egyptian 
patients [49, 54–56]. For liver transplantation, 19 
Egyptian medical centers are currently licensed 
to perform liver transplantation partially funded 
by Egyptian government. Between August 2001 
and August 2019, HCC cases represent 27% of 
the total number of living donor liver transplanta-
tion (LDLT): 4225 LDLT (personal communica-
tion). Most of the patients who received curative 
treatment showed significantly high survival 
[49]. This finding sheds light on the importance 
of early detection of HCC through screening and 
surveillance of high-risk patients implemented 
by the Egyptian MOH.

For non-curative treatment, transarterial 
chemo-embolization (TACE) is the most com-
mon tumor control treatment for HCC patients 
[49, 54, 55]. Also, systemic single or combined 
cytotoxic chemotherapy drugs are used under 
Egyptian national insurance as tumor control 
option. Molecular targeted therapies and immune 
checkpoint inhibitors are other systemic thera-
pies available in the Egyptian market (cabozan-
tinib, lenvatinib, sorafenib, regorafenib, 
nivolumab, pembrolizumab, ramucirumab) [40], 
but they are expensive therapies whose usage is 
limited to patients who can afford the cost as 
they are not available under Egyptian national 
insurance.

The overall survival of HCC Egyptian patients 
was reported to be nearly 80% at 6 months, nearly 
55% at 1 year, and nearly 20% at 2 years [49, 53]. 
The median overall survival of untreated HCC 
patients is 2.3 months [52].

In addition to the most common prognostic 
factors reported, there are other local factors 
associated with poor prognosis of HCC among 
Egyptians. It includes the lack of the state of the 
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art in treatment for HCC covering all Egyptian 
patients (e.g., lack of health insurance that allows 
access to treatment, limited certain therapeutic 
modalities available for HCC patients, and lim-
ited resources or access to proper treatment espe-
cially molecular targeting therapies and immune 
checkpoints inhibitors).

4  Preventive Strategy for HCC

The Egyptian Ministry of Health and Population 
(MOHP) has a critical role in the HCC preven-
tion through primary prevention (early preven-
tion of HCC risk factors) and secondary 
prevention (treatment of risk factors at an early 
stage). The most successful strategy to reduce 
HBV incidence was the compulsory application 
of Egyptian infantile HBV vaccination program 
in 1992 [25, 26]. Also, Egyptian MOH exerted 
great efforts in HCV eradication. In 2006, the 
Egyptian Ministry of Health (MOH) established 
the National Committee for Control of Viral 
Hepatitis (NCCVH). NCCVH put the national 
treatment strategy for controlling HCV infec-
tion. To facilitate application of this strategy, a 
national network was established between spe-
cialized centers in HCV treatment. The main 
challenge was the high cost of the antiviral medi-
cation that should be provided for free or at 
reduced price to attract HCV-infected patients. 
In 2014 and with the introduction of direct-act-
ing antivirals (DAAs), NCCVH succeeded to get 
DAAs at reduced cost after negotiation with 
manufacturing companies. After 3  years and 
with local production of DAA generics, the total 
number of HCV-infected patients treated under 
this program was more than 2 million patients 
[38, 57, 58].

In early 2018, a successful nationwide HCV 
screening and treatment program was launched 
by Egyptian MOH. Out of 49.6 million persons 
screened over a period of 7 months, 2.2 million 
HCV-seropositive persons were identified and 
referred for treatment in a government- subsidized 
treatment program. The total cost of this national 
program including screening, evaluation, and 
treatment was $207.1 million [58].

A major threat to the preventive strategies for 
both HBV and HCV is the instability in the 
Mediterranean region, due to wars and the Arab 
Spring, and the resulting immigration to Egypt. 
This immigration represents a challenge that may 
affect the epidemiological trends of HBV- and 
HCV-related HCC.  Screening for immigrants is 
the most convenient solution for this challenge [8].

HCC risk factor prevention health program is 
another approach for HCC prevention and is 
highly recommended by the World 
Gastroenterology Organisation’s global guide-
lines [59]. As well-trained healthcare provider 
has a vital role to identify patients at risk and 
refer them for screening and surveillance [60]. 
Also, two Egyptian studies used education-based 
intervention program showed promising results 
among the rural population (high risk) [61, 62].

5  General Overview of HCC- 
Related Research

On PubMed, the total number of publications 
about HCC in Egypt is 544 articles [63]. Many 
Egyptian studies identified some molecular 
abnormalities in HCC [64, 65]. In the era of 
advanced technology in molecular biology, other 
molecular abnormalities can be identified in a 
wide-scale survey of HCC Egyptian patients. 
This is highly required for implementation of 
personalized therapy concept and for improve-
ment of the overall survival of HCC patients. 
Research biobank can help in the availability of 
HCC biological specimens for this objective.

5.1  Research Biobank

Research biobank is the organized collection and 
storage of human biological material for research 
purposes. It is considered invaluable resource for 
many types of medical research (e.g., genomic 
research, proteomics research, precision medi-
cine). The introduction of research biobank con-
cept is recent in Egypt, and its establishment 
requires both training and funding. That is why 
there are currently only eight research institu-

W. M. Rashed



319

tions in Egypt housing biobank repositories. 
There are continuous efforts in other centers to 
establish additional repositories. All of these 
research biobanks are disease-oriented. A tangi-
ble research outcome of these biobanks espe-
cially in HCC research is not yet attained.

5.2  Clinical Trials

In Egypt, the concept of clinical trials was chal-
lenged over many years ago due to the lack of 
public awareness. That is why the overall number 
of HCC clinical trials registered on clinicaltrials.
gov is low (ten interventional clinical trials). 
Except for one, all of these clinical trials are phase 
III.  It is predictable that the public awareness 
about the importance of clinical trials was ele-
vated after the COVID-19 pandemic in 2020. 
Also, on August 24, 2020, the Egyptian parlia-
ment as the legislative branch approved a national 
law to regulate clinical medical research in Egypt 
and the higher authority attestation on it was done 
on December 23, 2020. A change in the overall 
status of clinical trials in Egypt is expected.

The overall status of HCC research requires a 
focused attention especially in the era of preci-
sion medicine. The presence of a national HCC 
research program with well-determined strategy 
and goals will optimize resource allocation 
which is highly important in a low-income 
country like Egypt. In addition, it will identify 
gaps in knowledge and optimize collaboration 
between HCC Egyptian centers and peer inter-
national HCC institutions. Government health 
administration plays a pivotal role in this critical 
issue.
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1  Introduction

Globally 841,000 new liver malignancies were 
reported according to the World Health 
Organization (WHO) data representing 4% of all 
new cancers worldwide in 2018 [1]. Overall 8.2% 
of cancer deaths were due to liver malignancy 
[1]. According to the most recent Turkish 
Ministry of Health Cancer Statistics data, total of 
440,810 malignancies were reported in Turkey 
between 2012 and 2016 [2, 3]. Of these, 5794 
were liver malignancy, representing 1.3% of all 
malignancies in Turkey between those years, 
much less proportion compared to the global data 
[2, 3]. According to WHO reports, liver malig-
nancy is the 17th most common malignancy in 
Turkey. Herein we summarize available literature 
on hepatocellular carcinoma (HCC) demograph-
ics and available disease features and therapeutic 
outcomes described in Turkey.

2  Methods

We performed a literture review in MEDLINE 
with key words “HCC, Turkey” “HCC, out-
comes, Turkey” “liver resection, HCC, Turkey” 
“Liver transplant, HCC, Turkey”.

3  Results

A large Turkish HCC review was reported by Can 
et  al., and they reviewed a total of 963 patients 
diagnosed with HCC in their study [4]. The distri-
bution of the patients by provinces is as follows: 
181 from Ankara (capital city), 40 from 
Diyarbakir, 185 from Izmir, 103 from Van, 16 
from Malatya, 100 from Antalya, 50 from Isparta, 
13 from Sivas, 98 from Istanbul, 50 from Bolu, 83 
from Kayseri, 25 from Elazig, and 20 from 
Gaziantep. This is quite homogeneous sampling 
except that the north of the country was not repre-
sented. They reported that 205 (21%) of the 963 
patients were women, with a male/female pre-
dominance of 4.8:1 and a median age of 61 years. 
The etiologic risk factors for HCC were hepatitis 
B in 555 patients (57.6%), 453 (81%) in men and 
102 (19%) in women, again with male predomi-
nance, hepatitis C in 159 (16.5%), (14.9% and 
22.4%, with a higher incidence in women), and 
chronic alcohol abuse (more than 10 years) in 137 
(14.2%) (16.8% and 4.9%, higher in males). The 
Child-Pugh score paralleled with advanced dis-
ease stage and also a high level of AFP. They also 
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investigated tumor stage between genders. There 
were 193 (20%) patients at Stage I, 248 (25.8%) 
at Stage II, 261 (27.1%) at Stage III, and 261 
(27.1%) at Stage IV with more than half of 
patients being in advanced stage. Of the women, 
44 (21.5%) had Stage I disease, 54 (26.3%) had 
Stage II disease, 51 (24.9%) had Stage III disease, 
and 56 (27.3%) had Stage IV disease. Of the men, 
149 (19.7%) had Stage I disease, 194 (25.6%) had 
Stage II disease, 210 (27.7%) had Stage III dis-
ease, and 205 (27%) had Stage IV disease. No dif-
ference was found between men and women, in 
terms of tumor stage classification (p: 0.855). 
They also could not find association between 
tumor stage and disease etiology [4]. They also 
reported that 67.3% of the patients had high AFP 
levels (>20 ng/dL), and high AFP level was paral-
lel to advanced-stage disease (p  =  0.037) [4]. 
They concluded the viral etiology (hepatitis B and 
hepatitis C infections) in the Turkish population is 
the most common etiology in HCC development, 
followed by alcohol abuse [4]. The Child-Pugh 
classification and AFP levels were found to be 
prognostic factors in Turkish HCC patients [4]. 
There was no survival data in this report. It should 
also be noted that distribution of the patients 
reported here is not reflective of actual population 
data, for instance, Istanbul is the largest city of 
Turkey, representing almost 20% of the entire 
population; therefore, we could comment that 
there is some selection bias in this report.

Another report by Akkiz et  al. reviewed a 
large cohort of HCC patients (n  =  1332) from 
several collaborating Turkish institutions [5]. 
They reviewed baseline features and tumor 
parameters such as maximum tumor diameter 
(MTD), portal vein thrombosis (PVT), and 
α-fetoprotein (AFP) levels. The predominant eti-
ological factor was HBV (60.86%), followed by 
HCV (20.72%). The mean maximum tumor 
diameter was 5.89 cm, with approximately one- 
third of patients having tumors 6.5 cm. The mean 
AFP level was 5686.54  IU/mL; 42.13% of 
patients had normal AFP laboratory values, and 
41.97% of patients had AFP values >100  IU/
mL. The mean albumin was low at 3.09 g/dL, and 
the mean total bilirubin was elevated at 2.96 mg/
dL. A comparison of patients with and without 

PVT showed significantly larger tumors; greater 
multifocality, blood AFP, and C-reactive protein 
levels; and, interestingly, lower HDL levels in the 
patients with PVT [5]. They also evaluated the 
distribution of HCC features based on cities. 
They included six cities, mostly southeast area of 
Turkey and the capital city with the following 
estimated populations: Ankara 5.5  M, Adana 
2.2 M, Diyarbakir 1.6 M, Hatay 1.6 M, Mardin 
890 K, and Mersin 1 M. This is not a homoge-
neous representation of the country given there 
are 84 cities in the entire country, and their popu-
lation did not include Istanbul, with 15.5 M pop-
ulation, and third largest city Izmir 4.3 M. Despite 
the limitations, it is worthwhile to review their 
data: Highest mean MTD was higher in Mersin, 
whereas Ankara and Hatay had lowest MTD 
(7.0  cm vs. 5.03 and 5.33  cm, respectively). 
Mersin had 40.74% incidence of PVT, and Hatay 
had lowest incidence of PVT (20.69%) consistent 
with MTD finding. Multifocality was highest in 
Diyarbakir (53.49%) and lowest in Mersin 
(17.02% of patients). Mean AFP levels were 
highest in Mersin (10,109 ng/mL) and lowest in 
Mardin and Ankara (2885 and 3254  ng/mL, 
respectively). There were also large regional dif-
ferences in underlying liver disease. Cirrhosis 
was present in 88.29% of patients in Diyarbakir 
but only in 62.92% of the patients in Hatay. HBV 
was the most common etiology with 73.95% in 
Diyarbakir, but the HBV rate was 40.24% in 
Hatay. HCV incidence was highest in Hatay 
(30.49%) and lowest in Diyarbakir and Mardin 
(8.37% and 7.81%, respectively). HDV was 
found in 17.13% of the patients in Diyarbakir but 
<10% elsewhere [5]. One of the shortcomings of 
this review is that they do not mention the differ-
ences of early diagnostics, differences to access 
to medical care, and social cultural and even reli-
gious barriers to seek professional medical care, 
which are known to be quite different among dif-
ferent regions in Turkey, despite the universal and 
socialized healthcare.

Alacacioglu et al. reviewed 221 patients with 
HCC from 5 hospitals in Turkey [6]. They 
reported that 44.4% of the entire cohort had HBV 
(98 patients, 5 had alcohol abuse and 2 had 
 hepatitis D also) followed by HCV (47 patients; 
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21.3%) (five of them also had alcohol abuse) as 
the underlying cause of HCC (6). Other etiolo-
gies were as follows: hepatitis B and C coinfec-
tion (11 patients; 5%), chronic alcohol abuse 
(more than 10  years) (13 patients; 5.9%), and 
cryptogenic cirrhosis (nine patients; 4.1%). No 
etiologic cause could be identified in 43 patients 
(19.5%). The single nodule was the dominant 
tumor pattern (153 patients, 69.2%) [6]. The 
most common tumor diameter was <5 cm in 100 
(45.2%) patients. Extrahepatic metastasis (lung, 
bone, and adrenal gland) was present in 12 (5%) 
patients. Stage IV tumor according to TNM clas-
sification was present in 58 (26%) patients. The 
HCC patients with HBV had mostly Stage III and 
IV disease (41.8% and 26.5%, respectively), 
whereas HCC patients with HCV had shown 
mostly similar distributions according to disease 
stage (Stage I, 12.8%; Stage II, 29.8%; Stage III, 
27%; Stage IV, 29.7%). The AFP levels 
were  >400  ng/dl in 48 (21.7%) patients, which 
was considered as diagnostic for HCC. Only 31 
(14%) patients received surgical therapy (resec-
tion, liver transplantation). One hundred and 
ninety (86%) patients received palliative therapy 
or no therapy. The overall survival (OS) was 
14 months. Patients aged <60 years and female 
gender had longer survival compared with those 
aged >60 years and male gender (median OS: 15 
vs. 12.6  months, P  =  0.619 and 17.6 vs. 
11.7 months, P = 0.057, respectively). The OS of 
patients with cirrhosis and nonviral hepatitis was 
shorter with respect to those with no cirrhosis and 
nonviral hepatitis (median OS: 13.9 versus 
19.1  months, P  =  0.286 and 10.7 versus 
15.3 months, P = 0.797) although none showed 
statistical significance [6]. The OS of the indi-
viduals with normal AFP levels was also longer 
than that with high AFP levels. They concluded 
that the viral etiologies (hepatitis B and C infec-
tions) in Turkish population are the top two lead-
ing etiologies of HCC development [6]. The 
Child-Pugh classification, AFP levels, TNM clas-
sification, female gender, and treatment status 
were prognostic factors in HCC patients, whereas 
viral disease versus other etiologies had similar 
OS [6]. Quarter of the patients were Stage IV, and 
the vast majority of the patients (>80%) had non- 

curative treatments; therefore, there seems to be a 
selection bias in this report. They highlighted that 
due to the lack of national HCC screening pro-
gram in Turkey, patients are diagnosed at 
advanced stages [6]. This holds true as of 2020.

Similar to above report, Dogan et al. reported 
clinicopathologic characteristics and risk factors 
for HCC in Turkey [7]. They retrospectively 
reviewed 98 HCC patients between 2004 and 
2011. Median age was 61 (range, 16 to 82). 
Majority (80.6%) was male, and number 1 etiol-
ogy was HBV (60.2%) followed by HCV (15.3%) 
and alcohol-related liver disease (15.3%). 
Seventy-two (73.5%) were at advanced stage, 
and 54 (55.1%) had elevated serum alpha- 
fetoprotein (AFP). Median OS was 7.0  months 
(range 0–145 mo), and median OS was signifi-
cantly longer in female patients (p  <  0.024). 
Median OS was significantly lower in HBV 
patients compared to other etiologies (p < 0.016) 
[7]. Distribution of TNM stages was as follows: 
Stage I was 10.2%, Stage II was 13%, Stage III 
was 57.8%, and Stage IV was 12.3%. In other 
words, 73.5% of the patients were diagnosed at 
advanced stage (Stages III and IV) consistent 
with former reports. Only nine patients (9.2%) 
had undergone surgery. Chemoembolization is 
performed in 14 (14.3%) patients. Twenty 
(20.4%) patients had cisplatin, interferon, adria-
mycin, and 5-fluorouracil combination chemo-
therapy protocol, eight (8.2%) patients had single 
agent adriamycin, five (5.1%) had 5FU and 
folinic acid, four (4.1%) patients had UFT, and 
six (6.1%) patients had been treated with tyrosine 
inhibitor sorafenib [7]. They reported no statisti-
cally significant difference between treatment 
type for median OS [7]; however, there was no 
adjustment for tumor stage or the degree of liver 
disease; therefore, it is difficult to compare out-
comes based on treatment type alone.

They concluded that HCC is a highly lethal 
tumor and generally diagnosed in advanced stage 
(Stages III and IV) in Turkey [7]. As a conse-
quence, very few patients underwent definitive 
surgical treatment in this cohort [7]. Leading 
causes were HBV, HCV, and alcohol  consumption 
in descending order, similar to other reports 
[4–7].
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We found one report regarding the molecular 
features of HCC in Turkey. Ozdemir et al. inves-
tigated prevalence of codon 249 mutation of 
p53  in HCC, cirrhosis, and chronic hepatitis B 
(CHB) patients [8]. This mutation is induced by 
aflatoxins, products of Aspergillus flavus, which 
could be seen in potential food contamination. 
They reported that the codon 249 mutation of p53 
is found in one out of 50 HCC (2%) patients. 
They concluded although codon 249 mutation of 
p53 is rare, it does exist in HCC patients in 
Turkey [8].

4  HBV and HCV in Turkey

According to the WHO, Turkey has intermediate 
(2–8%) endemicity for HBV [1, 2]. A report by 
Ozkan stated that the estimated number of HBV 
carriers in Turkey is about 3.3 million, with an 
overall HBV prevalence of 4.57%; thus, both pre-
vention and therapy of HBV-infected patients are 
urgent medical need of Turkey [9]. He stated that 
even a very conservative assessment means that 
10% of the carriers would need treatment, which 
means that 330,000 chronic HBV cases would be 
eligible for treatment in Turkey alone [9].

There was no leading cause of HBV being 
endemic in Turkey; however, the Ministry of 
Health report listed below groups as high-risk 
groups for HBV infection in Turkey. Some known 
examples are:

 – Healthcare workers.
 – Hemodialysis patients.
 – Vertical and horizontal transmission within 

family.
 – Substance abusers.
 – Multiple sexual partners/sexual habits.

According to a study carried out by TURKHEP 
in 2010, hepatitis B virus carriage (HBSag+) is 
4% in Turkey (TURKHEP, 2010). In the same 
study, the hepatitis C virus carriers in Turkey 
(anti-HCV+) were reported to be 0.95% [10]. In 
1998, the universal infant immunization program 
changed the HBV epidemiology in Turkey and 
has become mandatory at birth since 2003 and is 

covered by the universal healthcare. This has 
resulted in an apparent trend towards reduced 
disease levels. However, prevalence of HBV 
infection is still high in adolescent and young 
adults. We will likely continue to see ongoing 
decrease in the following decades. Igde et  al. 
reviewed a total of 101,648 patients of all ages at 
a tertiary level hospital in Samsun, at the north 
coast of Turkey, between 2014 and 2016. HBsAg 
and anti-HB seropositivity was found to be 4% 
and 38.3%, respectively [11]. They concluded 
that catch-up immunization programs, education, 
and follow-up policies in addition to routine 
infant immunization are needed to further 
decrease the HBV infection rates in Turkey [11].

Aygen et  al. reviewed the Turk-Hepatitis 
Registry (HEP-NET) Project data, which 
included real-life cohort of hepatitis patients 
from 15 centers in Turkey [12]. In the project, 
10,165 hepatitis patients from 10 different hospi-
tals were evaluated. According to the results, 
HBV/HCV coinfection was detected in 99 
patients. The mean age of the cases was 
40.9 + 21.7 years; 56.6% of them were males and 
43.4% were females. The most important risk 
factor was hemodialysis (25%) in this group fol-
lowed by dental therapy, surgical procedure, and 
blood transfusion [12, 13].

Tozun et al. reviewed participants from urban 
and rural areas of the predetermined 23 
EUROSTAT NUTS 2 region (n  =  5460) (mean 
(SD) age, 40.8 (14.7) years) [14]. They reported 
that the seropositivity rates for hepatitis B surface 
antigen (HBsAg), anti-HCV, anti-HBs, and anti- 
HBc total were 4.0%, 1.0%, 31.9%, and 30.6%, 
respectively [14]. Among HBsAg-positive cases, 
94.5% were anti-HBe positive, 70.2% were 
HBV-DNA-positive, and 2.8% were anti-HDV 
total positive; 99.1% of HBV infections were of 
genotype D. Close contact with a hepatitis patient 
(OR 3.24; 95% CI 2.25–4.66; p < 0.001), living 
in the southeastern region (OR 2.74; 95% CI 1.7–
4.45; p < 0.001), male gender (OR 1.77; 95% CI 
1.28–2.46; p < 0.001), married status (OR 1.62; 
95% CI 1.02–2.57; p  =  0.038), education less 
than high school (OR 1.53; 95% CI 1.04–2.26; 
p = 0.03), orodental interventions (OR 1.54; 95% 
CI 1.01–2.35; p = 0.047), and a history of non- 
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disposable syringe use (OR 1.4; 95% CI 1.01–
1.96; p = 0.045) were significant determinants of 
HBsAg positivity. Age ≥50 years (OR 2; 95% CI 
1.09–4.3; p = 0.026) was the only significant pre-
dictor of anti-HCV positivity. Study revealed an 
HBsAg positivity in 4% and anti-HCV positivity 
in 1% of the adult population, and at least one- 
third of the population has been exposed to HBV 
infection in Turkey [14].

5  Comparison of HCC 
Treatment Modalities

Akcam et al. compared outcomes of patients who 
underwent liver resection (n  =  38) vs. OLT 
(n  =  28) for localized HCC [15]. A total of 66 
patients (with a median age of 62) who met the 
study criteria were analyzed. Postoperative com-
plications (13.2% vs. 28.6%, P = 0.45) and peri-
operative mortality rates (7.9% vs. 10.7%, 
P = 0.2) were similar. While Child-Pugh Class A 
patients were more prevalent in the resection 
group (78.9% vs. 7.1%, P = 0.0001), the rate of 
patients who met the Milan criteria was higher in 
the OLT group (89.3% vs. 34.25, P  =  0.0001) 
[15]. Recurrence rates were 36.8% in the resec-
tion group and 3.6% in the OLT group at the end 
of the median follow-up period (32 vs. 39 months, 
respectively). The HCC-related mortality rate 
was significantly higher in the resection group 
(39.5% vs. 10.7%, P = 0.034). However, a sub-
group analysis of patients who met the Milan cri-
teria revealed similar rates of recurrence and 
HCC-related mortality (15.4% vs. 8%, P = 0.63). 
Based on logistic regression analysis, number of 
tumors (P  =  0.034; odds ratio, 2.1) and 
“resection”-type surgery (P = 0.008; odds ratio, 
20.2) were independently associated with recur-
rence [15].

Gokcan et al. retrospectively analyzed 12-year 
data of 115 patients with biopsy-proven HCC 
[16]. Most patients had cirrhosis due to hepatitis 
virus infection. Median follow-up time was 
17 months (1 month–9.5 years) after the diagno-
sis of HCC. The nodule was single in 43 (37.4%) 
patients, there were 2–3 nodules in 30 (26.1%), 
and there were  >3 or diffuse nodules in 42 

(36.5%) patients. Distribution of treatment 
modalities was as follows: 23 (20%) patients had 
liver transplantation, 15 (13%) had HCC resec-
tion, 12 patients (10.4%) had radiofrequency 
ablation (RFA), 26 patients (22.6%) had transar-
terial chemoembolization (TACE), 2 (1.7%) had 
alcohol ablation, and 37 patients (32.2%) had no 
treatment. Tumor sizes of nine patients (39.1%) 
in the transplanted group exceeded the Milan cri-
teria. Mean survival was 72 ± 6.9, 78.8 ± 12.5, 
19.5 ± 2.8, 20.6 ± 4.2, and 16.0 ± 5.9 months in 
those that received transplantation, resection, 
RFA, TACE, and no treatment, respectively 
(p < 0.001) [16]. Survival was significantly worse 
in patients >63 years old (p = 0.001), with serum 
albumin level ≤3.4 g/dL (p = 0.01), and with dif-
fuse HCC (p < 0.001). They concluded survival 
was significantly better in patients who under-
went liver transplantation or surgical resection 
[16].

6  Outcomes of Liver 
Transplantation for HCC 
in Turkey

Liver transplantation (LT) is the only curative 
treatment for HCC in patients with underlying 
chronic liver disease. Living donor liver trans-
plantation (LDLT) is more common in Turkey 
compared to deceased donor liver transplantation 
(DDLT). According to the Ministry of Health 
reports, there were a total of 7423 liver trans-
plants performed in Turkey in the last 5  years 
(2015–2019), of which 5456 (73.5%) were LDLT 
and 1967 (26.4%) were DDLT [17]. In this sec-
tion, we summarized relevant studies about the 
outcomes of LT in HCC patients in Turkey.

Regarding living donation, there is no scien-
tific report as to why the rates are so high; how-
ever, based on our observations, we could 
hypothesize that this is multifactorial: (1) lack of 
a robust deceased donor system, (2) close family 
ties, and (3) cultural and religious beliefs and 
perceptions. In other words, we do not know if 
living donation rates would remain the same in 
the event of having a robust and uniform deceased 
donor organization across the country. This could 
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be another area of research and quality improve-
ment project for Turkey.

Balci et  al. examined the outcomes of 
patients who received LDLT for HCC compar-
ing the impact of up-to-seven criteria and Asan 
criteria (AC) with Milan criteria (MC) [18]. 
Between July 2004 and July 2009, of the 175 
consecutive LDLT cases, there were 45 consec-
utive patients with HCC.  Forty patients who 
completed 12-month follow-up were enrolled. 
In search for the highest number of expansion, 
they selected AC as the extended criteria. 
Patients were divided into having tumors within 
MC, beyond MC within AC, and beyond crite-
ria (BC) groups. With a median follow-up of 
46  months, overall 1-, 3-, and 5-year survival 
was −90%, −81%, and −70%, respectively. In 
patients within AC, estimated mean survival 
was 49.8 vs. 40.5  months for BC group 
(P  =  0.2). Disease-free survival was signifi-
cantly higher in patients within AC compared 
with BC group: 48.0 vs. 38.6 months (P = 0.04). 
Preoperative AFP level  >400 and poor tumor 
differentiation were factors adversely effecting 
recipient survival. On multivariate analysis, the 
presence of poor tumor differentiation 
(P = 0.018 RR: 2.48) was the only independent 
predictor of survival [18]. They concluded that 
extension of tumor size and number to AC is 
feasible, without significantly compromising 
outcomes; however, the presence of poor tumor 
differentiation was associated with worse out-
comes after LDLT [18].

Ince et  al. reported 215 patients who under-
went predominantly live donor liver transplant 
for HCC at their institute in Malatya over 12 years 
[19]. There were 152 patients within and 63 
patients beyond Milan criteria. Patients beyond 
Milan criteria were divided into two groups 
according to presence or absence of tumor recur-
rence. Recurrence-associated factors were ana-
lyzed. These factors were then applied to the total 
cohort for survival analysis. They identified four 
factors, using multivariate analysis, that were sig-
nificantly associated with tumor recurrence. 
These were maximum tumor diameter, degree of 
tumor differentiation, and serum AFP and GGT 
levels. A model that included all four of these 

factors was constructed, the “Malatya criteria.” 
Using these Malatya criteria, they estimated 
disease- free survival and cumulative survival, for 
patients within and beyond these criteria, and 
found statistically significant differences with 
improved survival in patients within Malatya cri-
teria. Survival of the patients within the newly 
defined Malatya criteria compared favorably with 
beyond Milan extended criteria and highlighted 
the usefulness of serum AFP and GGT levels in 
decision-making [19].

A single-center study by Unek et al. assessed 
the validity of the Milan and University of 
California San Francisco (UCSF) criteria and 
examined the long-term outcome of LT in 
Turkish patients with HCC in Turkey [20]. They 
reviewed cases between 1998 and 2009, and 56 
of 356 OLTs were performed for HCC.  Based 
on explant pathology, patients were categorized 
into three groups: Milan + (n  =  34), Milan -/
UCSF + (n = 7), and UCSF- (n = 14). Median 
follow-up period was 39.5 (1–124) months. The 
5-year overall survival rates in the Milan +, 
Milan -/UCSF +, and UCSF groups were 87.7%, 
53.6%, and 33.3%, respectively (P  <  0.001). 
Within these groups, tumor recurrence was 
determined in 5.8%, 14.3%, and 40% of patients, 
respectively (P < 0.011). Additionally, the pres-
ence of microvascular invasion within the 
explanted liver had a negative effect on the 
5-year disease-free survival (74.7% vs. 46.7%, 
P  < 0.044). They concluded the Milan criteria 
are reliable in the selection of suitable candi-
dates for OLT for the treatment of HCC [20]. 
They commented that UCSF criteria can be 
safely utilized for LDLT [20].

Yaprak et al. performed a clinicopathological 
analysis of risk factors that affected survival after 
LT [21]. Out of 389 LTs performed from 2004 to 
2010, 102 were for HCC patients. Data were col-
lected retrospectively. Variables were as follows: 
age, gender, preoperative alpha-fetoprotein 
(AFP) levels, Child-Pugh and MELD scores, 
prognostic staging criteria (Milan and UCSF), 
etiology, number of tumors, the largest tumor 
size, total tumor size, multifocality, intrahepatic 
portal vein tumor thrombosis, bilobar disease, 
and histological differentiation. One hundred and 
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two patients were evaluated. The 5-year overall 
survival rate was 56.5%. According to the UCSF 
criteria, 63% of the patients were within and 37% 
were beyond UCSF (P = 0.03). Ten patients were 
excluded (one with fibrolamellary HCC and nine 
because of early postoperative death without 
HCC recurrence), and 92 patients were assessed. 
The mean age of the patients was 56.5+/−6.9 years. 
Sixty-two patients underwent living donor liver 
transplantations. The mean follow-up time was 
29.4+/−22.6  months. Fifteen patients (16.3%) 
died in the follow-up period due to HCC recur-
rence. Univariate analysis showed that AFP level, 
intrahepatic portal vein tumor thrombosis, histo-
logic differentiation, and UCSF criteria were sig-
nificant factors related to survival and tumor 
recurrence. The 5-year estimated overall survival 
rate was 62.2% in all patients. According to the 
UCSF criteria, the 5-year overall survival rate 
was 66.7% within and 52.7% beyond the criteria 
(P  =  0.04). Multivariate analysis showed that 
AFP level and poor differentiation were indepen-
dent factors [20]. They concluded prognostic cri-
teria related to tumor biology (especially AFP 
level and histological differentiation) should be 
considered and poor differentiation and higher 
AFP levels are indicators of poor prognosis after 
LT [20].

Egeli et al. reviewed elderly HCC patients and 
LT outcomes [22]. The study reviewed 535 LT 
patients, of which 77 (14.4%) were over 60 years 
of age. The median follow-up period was 86.7 (1 
to 247) months. The elderly group’s survival rate 
was significantly lower than that of the younger 
group (P  =  0.002). In elderly patients, survival 
rates of 1, 3, 5, and 10 years were 67.4%, 56.4%, 
53.8%, and 46.1%, respectively [22]. They con-
cluded appropriate selection in the preoperative 
stage provides successful survival results in 
elderly patients [22].

Polat et  al. reviewed patients between 2011 
and 2018, and 165 of 749 LTs for HCC cases per-
formed at their center were evaluated retrospec-
tively [23]. Survival, demographic characteristics 
and etiology, preoperative alpha-fetoprotein 
(AFP) level, Model for End-Stage Liver Disease 
(MELD) score, prognostic staging, and morpho-
logic and histologic properties were evaluated. 

As a result, 139 cases of 165 were living donor 
liver transplantation (LDLT). The mean age was 
57.7 ± 7.3 years, the mean follow-up period was 
27.8  ±  20  months, and 41 patients (24%) died 
before follow-up. Recurrence of HCC was 
detected in 23 (14%) cases. Overall survival was 
85%, 71%, and 64% for 1, 3, and 5 years, respec-
tively. The 1-, 3-, and 5-year survival within vs. 
beyond Milan criteria was 90%, 80%, and 76% 
vs. 75%, 66%, and 44%, respectively. In the 
University of California San Francisco criteria, it 
was 86%, 76%, and 70% vs. 76%, 60%, and 30% 
compared with 1-, 3-, and 5-year survival. While 
histopathological poor differentiation and AFP 
elevation affected the course negatively, they 
reported that good differentiation did not have a 
significant effect on survival. They concluded 
that poor differentiation, lymphovascular inva-
sion, and an increased number of nodules signifi-
cantly affected survival in both within and beyond 
cases [23].

7  Summary

In the light of these data, we can conclude that, 
despite national immunization program, HBV 
remains the leading cause of HCC in Turkey, fol-
lowed by HCV, alcohol-related liver disease, 
NASH, and cryptogenic liver failure. Despite 
limited data, there are variations in the country, 
not only in terms of etiology of HCC but also dis-
tribution of stages of the disease. Depending on 
the series, 50% or more of the HCC patients pres-
ent in advanced stage; therefore, minority of 
HCC cases undergo curative treatments or trans-
plantation. Liver transplantation is widely per-
formed in Turkey with a dominance of living 
donor liver transplantation. There is a significant 
data gap regarding national outcomes data in 
Turkey. Social and cultural differences may play 
a role in the access to medical care which also 
require further research. Lastly, the lack of 
national HCC screening programs and a national 
HCC database magnify the burden of HCC in 
Turkey. We do believe there could be several 
steps to be taken in order to construct such 
database:

Hepatocellular Carcinoma in Turkey: A Review of Disease Epidemiology and Treatment Outcomes
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 1. Create a Turkish National HCC Task Force 
Committee: The need of a national database 
and specific goals about HCC should be pre-
pared by professional leaders, including but 
not limited to surgeons, hepatologists, oncol-
ogists, epidemiologists, and infectious disease 
experts to prepare a task force and present this 
to the Ministry of Health.

 2. Seek government and private sources to 
finance such a national scale project.

 3. Continuous growth of the task force by 
recruiting experts to take the ownership and to 
continue to lead the field in Turkey.

In the same context, multi-institutional col-
laborations would greatly enhance such goals 
and should be encouraged within each institute 
that delivers tertiary care for HCC.

As Turkey has universal healthcare, cost could 
be the main determinant of the decision-making 
process in healthcare. Therefore collegial work 
with the Ministry of Health would be a key factor 
of a national project. Also private sector attention 
could expedite such ideas by providing additional 
financial source.

As far as follow-up, every opportunity should 
be used for HBV/HCV and HCC screening. This 
could be done via several approaches:

 1. Continuous medical education for general 
practitioners: For instace, regardless of the 
cause of a medical visit for a patient, patients 
should be offeref to be checked for viral serol-
ogy since HBV is still the leading cause of cir-
rhosis in Turkey.

 2. Supportive programs and initiatives directing 
both public and healthcare providers through 
the Ministry of Health.

 3. Adding a “health curriculum” at different lev-
els in school education, which should include 
but not limited to vaccinations, safe sexual 
practice. As mentioned above, a new Turkish 
National HCC Task Force would be a tremen-
dous momentum to initiate such moves and 
create public and state and private attention.

While we are aware this is a huge undertak-
ing, we believe such task force(s) would not 

only enhance national strategies to fight against 
a specific disease burden but also improve the 
patient care and outcomes in long term in 
Turkey.
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1  Introduction

Over the decades, successful strategies have led to 
significant improvement in prevention and treat-
ment of cancer due to increased early diagnosis 
rates and the development of more effective thera-
peutics. According to cancer statistics, cancer- 
related deaths have been continuously declining 
between 1990 and 2019 in the United States, and 
projection studies estimate less mortality in 2020 

[1]. A similar trend is expected to occur in most 
other countries including Turkey. However, the 
projections should be reevaluated due to COVID-
19 pandemic which has caused delayed treatment 
and surgery and pause of activity in research labs 
and slowed clinical trials. Considering the rates 
before the global pandemic, long-term declines in 
the number of deaths related to lung, colorectal, 
prostate, and breast cancers resulted in an overall 
improvement in cancer mortality. Only a few can-
cers have increased incidence and mortality rates, 
and liver cancer is one of the outstanding.

1.1  Hepatocellular Carcinoma 
in the World and the Middle 
East and North Africa (MENA) 
Region

Worldwide, liver cancer ranks sixth in incidence 
(fifth in males) and fourth in cancer-related 
deaths (second in males) [2]. MENA region con-
sists of many countries spreading in three conti-
nents in the Middle East and North Africa and is 
a highly populated part of the world with a popu-
lation over 500 million. Turkey is considered as 
one of the countries in the MENA region. Based 
on GLOBOCAN 2018, in Turkey, liver cancer 
ranks the 15th of all cancers with 4362 new cases 
[2]. It also ranks ninth in mortality rates with 
4307 deaths. Estimated number of deaths in 
Turkish female population in all ages is 1560 and 
ranks ninth, whereas in males the estimation is 
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2747 and ranks 8th. Based on a report by Turkish 
Ministry of Health evaluating cancer statistics of 
Turkey in 2016, liver cancer incidence is higher 
in males; it ranks tenth in all age groups [3].

According to Global Burden of Disease (GBD) 
data of 1990–2019 from the Institute of Health 
Metrics and Evaluation, the age- standardized 
incidence, prevalence, and  mortality rates of both 
sexes of liver cancer patients comparing MENA 
region and Turkey are given in Table 1. The data 
is extracted from and graphs are formed in GBD 
results tool [4]. Based on this evaluation, liver 
cancer incidence, prevalence, and mortality rates 
in Turkey are below the average of the MENA 
countries; however, all metrics are in rise since 
1990 in both Turkey and the MENA region.

Primary liver cancer is the most common type 
of liver cancer and is classified into subtypes 
based on the origin of initiating cells: hepatocel-
lular carcinoma, cholangiocarcinoma, hepatic 

angiosarcoma, fibrolamellar carcinoma, and hep-
atoblastoma [5]. Among them, HCC alone 
accounts for 90% of primary liver cancer [6]. Risk 
factors for HCC development are mostly non-
hereditary and include chronic hepatitis B virus 
(HBV) and hepatitis C virus (HCV) infections, 
aflatoxin exposure, excess alcohol consumption, 
non-alcoholic fatty liver disease (NAFLD), obe-
sity, and diabetes [7]. Chronic HBV and HCV 
infections have been by far the major etiological 
agents that result in HCC and still remain as the 
most important risk factors both globally and in 
the MENA region as well [8, 9]. Chronic hepatitis 
C infection is the major cause of HCC in the 
MENA region in which HCV infection is the 
underlying etiology of 70% of HCC in this area 
[10]. In Turkey, similarly, the most important risk 
factors for HCC development are hepatitis B and 
C infections. In contrast to overall situation in 
MENA region, HCC in Turkey is mostly due to 

Table 1 GBD data of age-standardized liver cancer incidence, prevalence, and mortality numbers and rates of Turkey, 
North Africa, and the Middle East

Year Value Upper Lower
Incidence
Number North Africa and Middle East 1990 10734.18 11996.56 9445.18

North Africa and Middle East 2019 27545.69 33840.58 22112.90
Turkey 1990 1349.21 1640.10 1079.85
Turkey 2019 2767.82 3413.37 2204.34

Rate North Africa and Middle East 1990 3.11 3.48 2.74
North Africa and Middle East 2019 4.53 5.56 3.63
Turkey 1990 2.26 2.74 1.81
Turkey 2019 3.40 4.20 2.71

Prevalence
Number North Africa and Middle East 1990 11683.90 13022.01 10302.00

North Africa and Middle East 2019 33485.32 40969.85 27179.33
Turkey 1990 1460.58 1773.30 1163.89
Turkey 2019 3750.23 4670.19 2959.21

Rate North Africa and Middle East 1990 3.39 3.77 2.99
North Africa and Middle East 2019 5.50 6.73 4.47
Turkey 1990 2.44 2.97 1.95
Turkey 2019 4.61 5.74 3.64

Death
Number North Africa and Middle East 1990 10913.41 12227.10 9575.47

North Africa and Middle East 2019 26432.40 32610.87 21210.64
Turkey 1990 1376.97 1665.60 1104.03
Turkey 2019 2536.79 3120.69 2009.00

Rate North Africa and Middle East 1990 3.16 3.54 2.78
North Africa and Middle East 2019 4.34 5.36 3.48
Turkey 1990 2.30 2.79 1.85
Turkey 2019 3.12 3.84 2.47
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HBV infections with 57.6% (81% in males and 
19% in females), while HCV infections account 
for 16.5% (14.9% in males and 22.4% in females) 
[11]. In the same etiological study, excess alcohol 
consumption was implicated in 14.2% (16.8% in 
males and 4.9% in females) of HCC patients. 
 Age- standardized liver neoplasm mortality rates 
are on the rise (21.9% increase based on data of 
2008–2014), and there is a growing positive cor-
relation between obesity prevalence and liver 
malignancy in Turkey [12]. The contribution of 
non-alcoholic steatohepatitis (NASH) to HCC is 
also increasing in the MENA countries; the rates 
increase from 8.64% to 10.94% between 1990 
and 2017 [10]. In Turkey, the contribution of 

NASH also increased from 8.13% to 10.42% 
between 1990 and 2017. Due to successful antivi-
ral therapies and preventive vaccination strate-
gies, hepatitis-infected patient numbers are 
expected to drop significantly in the near future, 
leaving their place to NASH and obesity epidemic 
in the MENA region and globally [8–10].

HCC is diagnosed in late stages due to lack of 
early symptoms and early diagnostic tests and 
limited number of screening programs [13]. 
Since there is yet no treatment option reversing 
advanced stage HCC, treatment options for the 
lately diagnosed HCC patients are limited and 
the prognosis of the disease is poor. The Barcelona 
Clinic Liver Cancer (BCLC) classification is a 
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Fig. 1 c-Met structure and signaling in HCC. (a) The 
extracellular region of c-Met consists of semaphorin 
(Sema) domain, a cysteine-rich plexin-semaphorin- 
integrin (PSI) domain, and four immunoglobulin-plexin- 
transcription (IPT) domains. Through the linkage of a 
transmembrane helix, the intracellular juxtamembrane 
region harboring Tyr1003 is connected to the extracellular 
domains. The tyrosine kinase domain, harboring Tyr1234–
35, serves the catalytic function and is flanked between 
juxtamembrane and docking regions. Multidocking sites 
Tyr1349 and Tyr1356 reside at the tail of the C-terminus 
and are elementary for recruiting adaptor proteins. (b) The 
dimerization of c-Met leads to transactivation of tyrosines 

1234–35 and hence autophosphorylation of Tyr1349 and 
Tyr1356. This initiates the downstream signaling through 
the interaction of proteins containing SH2, phosphotyro-
sine binding (PTB), and c-Met binding domains. 
Phosphorylation of Tyr1003 serves an autoinhibitory 
function. Main cascades activated downstream are PI3K/
Akt, Stat3, CDC42/Rac, and MAPK. Tumorigenesis asso-
ciated mechanisms of proliferation, survival, and aggres-
sive phenotype are associated with motility, portal 
invasion and drug resistance, which are initiated through 
the activation of these regulatory molecules at various 
stages contributing to the development and progression of 
HCC.
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well-defined staging system to achieve the most 
suitable treatment option for HCC patients. 
Based on this algorithm analyzing nodule size 
and number, the presence of vascular invasion 
and extrahepatic metastasis, Child-Pugh score, 
and patient status, patients diagnosed in early 
stages of HCC are ideal candidates for ablation, 
resection, or transplantation and receive curative 
therapy where the median overall survival is 
more than 60  months and 5-year survival rates 
are 40–70% [14]. Child-Pugh score and alpha- 
fetoprotein (AFP) levels are important prognostic 
factors for HCC; advanced disease stage is cor-
related with high AFP levels and high Child-Pugh 
score [11]. The median overall survival for HCC 
patients in Turkey is 14  months and is parallel 
with low Child-Pugh score and AFP levels [15].

Most of the patients are diagnosed with unresect-
able HCC (at intermediate, advanced or terminal 
stage), who are eligible only to receive chemoembo-
lization and sorafenib as a first-line treatment [14]. 
The overall survival rates are 20 months in the inter-
mediate stage when patients receive chemoemboliza-
tion and 10.7 months in the advanced stage where 
patients receive sorafenib [16, 17].

1.2  First- and Second-Line 
Therapeutics Approved by 
FDA for Use in Liver Cancer

Sorafenib is an oral multi-tyrosine kinase inhibi-
tor and was approved by the US Food and Drug 
Administration (FDA) in 2007 for patients with 
unresectable HCC, after reports of the SHARP 
trial showed that it increased the median overall 
survival (OS) rate of HCC patients to 10.7 months, 
3  months longer than the placebo group [17]. 
Regorafenib, a covalently modified form of 
sorafenib, was approved by FDA in 2017 as 
second- line treatment in HCC after RESORCE 
trial, where it improved the median survival for 
2.6 months compared to placebo [18]. Lenvatinib, 
another oral multikinase inhibitor, has gained the 
approval of FDA as a first-line treatment for 
unresectable HCC in 2018 based on the 
REFLECT trial [19]. Lately in 2020, the encour-
aging results of IMbrave150 trial showing better 

overall and progression-free survival outcomes 
when compared to sorafenib have led to the use 
of the combination of atezolizumab and bevaci-
zumab for patients with unresectable or meta-
static HCC tumors who have not received prior 
systemic therapy [20]. Other drugs received 
approval from FDA as second-line treatments in 
HCC care: (1) Small-molecule multi-target tyro-
sine kinase inhibitor cabozantinib which showed 
improved median overall survival and 
progression- free survival in CELESTIAL trial 
was approved in 2019 [21]. (2) Ramucirumab, a 
monoclonal antibody targeting vascular endothe-
lial growth factor receptor-2 (VEGFR-2), was 
approved in 2019. The use of Ramucirumab 
showed improved OS of HCC patients with 
increased AFP levels in REACH-2 trial (the first 
positive phase 3 trial of biomarker-selected patient 
population with HCC) and was approved in 2019 
[22]. (3) Based on KEYNOTE-224 phase 2 clini-
cal trial, immune checkpoint inhibitor pembroli-
zumab was granted accelerated FDA approval in 
2018 [23]. (4) Another immune checkpoint inhibi-
tor nivolumab received accelerated approval from 
FDA in 2017, whereas the use of nivolumab in 
combination with another checkpoint inhibitor ipi-
limumab also gained FDA approval as second-line 
treatment in advanced HCC patients [24].

In patients with unresectable advanced stage or 
metastatic cholangiocarcinomas displaying fusion 
or rearrangement of fibroblast growth factor recep-
tor2 (FGFR2), pemigatinib was approved in 2020 
based on findings from FIGHT- 202 trial [25]. Many 
if not all these drugs are also approved in Turkey.

Despite a high number of approved therapeutics, 
liver cancer patients still need new treatment options 
for longer survival. The family of receptor tyrosine 
kinases has pivotal roles in the development and pro-
gression of liver cancer. Accordingly, RTK targeting 
constitutes a major therapeutic option for HCC.

2  Receptor Tyrosine Kinase 
Pathways in Liver Cancer

Several RTK pathways are activated by genetic 
and/or epigenetic alterations during the course 
of liver cancer development and progression. 
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These pathways contribute to proliferation and 
survival of tumor cells via activation of phos-
phoinositide 3-kinase (PI3K) and mitogen-
activated protein kinase (MAPK) signaling 
through (1) extracellular matrix (ECM) remod-
eling by expression and secretion of matrix 
metalloproteinases (MMP) 2 and 9; (2) persis-
tent angiogenesis to induce the transformation 
of hepatic sinusoids enabling sinusoidal capil-
larization and epithelial- mesenchymal transi-
tion (EMT) and gain of plasticity through 
upregulation of mesenchymal markers and 
downregulation of epithelial markers; (3) alter-
ation of intracellular cytoskeleton to gain more 
motile and invasive character via increasing 
focal adhesion kinase (FAK), RhoA, and Rac 
expressions and activations; and (4) repro-
gramming of the glucose and lipid metabolism 
through alterations in the levels of hexoki-
nases, glucose transporters, fatty acid trans-
porters, pyruvate kinases, etc. [26].

Epidermal growth factor receptor (EGFR) 
activation is one of the earliest events to be 
reported in HCC development. EGFR overex-
pression and overactivation are common mecha-
nisms observed in the development of HCC and 
are associated with drug resistance in patients 
who receive prior treatment [27–29]. VEGF and 
its RTK member receptor VEGFR are known to 
contribute to HCC as well. Supporting the hyper-
vascular nature of HCC tumors, VEGF and 
VEGFR are highly expressed both in the tumor 
and the niche [30]. Immunohistochemical analy-
sis of 107 HCC patients showed that VEGF-A, 
VEGFR-1, VEGFR-2, and VEGFR-3 were 
higher in peritumoral tissue whereas VEGF-C 
isoform was higher in the HCC tumors; further 
analysis also identified that VEGF and VEGFR 
expressions have a prognostic value in HCC [31]. 
Owing to the angiogenic potential of the VEGF 
pathway, its expression leads to the formation of 
new vessels, allowing the development of tumors 
and homing of tumor cells in metastatic sites 
[30]. It also aids extravasation and intravasation 
through alterations of cell-cell junctions that 
leads to changes in vascular permeability and 
also allows the tumor cells to penetrate into the 
liver niche [30].

Transforming growth factor receptor (TGFR) 
activation is also associated with HCC; in early 
development phase of the disease, its ligand 
TGF-β is considered as a tumor suppressor; how-
ever, on the contrary in advanced stages of HCC 
progression, it acts as a tumor promoter [32, 33]. 
The most well-recognized role of the activation 
of this pathway is the triggering of EMT- 
associated events. Wnt and b-catenin pathways 
are frequently altered in HCC [34, 35].

Moreover, RTK dysregulations on Wnt/β- -
catenin and Hippo pathways are common in HCC 
development and progression. The activated RTK 
members FGFR, EGFR, and tropomyosin recep-
tor kinase A (TRKA) are shown to phosphorylate 
Wnt co-receptor LRP6 and also β-catenin and 
therefore activate the canonical Wnt signaling 
[36]. The interplay of Hippo pathway and RTKs 
is shown in many studies as well. When activated, 
many RTKs (including c-Met, RET, FGFR, etc.) 
are shown to directly or indirectly regulate the 
Hippo pathway in many cancer types, including 
HCC [37]. The crosstalk is present in both ways; 
the regulation of many RTKs is found to be 
affected by Yes-associated protein/transcriptional 
coactivator with PDZ-binding motif (YAP/TAZ) 
complex of Hippo pathway.

Considering the RTK family, hepatocyte 
growth factor (HGF) receptor c-Met and AXL 
belong to the family of RTKs and are the two 
receptors whose pivotal roles have been exten-
sively studied lately in liver cancer.

2.1  c-Met and its Role in Liver 
Cancer Progression 
and Treatment Response

2.1.1  c-Met Signaling Pathway
c-Met is expressed in normal and malignant cells 
and is the only known receptor of HGF/Scatter 
Factor (SF). As a well-defined pleiotropic factor, 
HGF promotes diverse biological processes 
including scattering, differentiation, motility and 
invasion, proliferation, and survival through acti-
vating its receptor c-Met. Developmental pheno-
types were investigated in conditional knockout 
mice, organ-specific deletion models, and over-

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma



338

expression studies since complete knockout of 
HGF or c-Met is embryonically lethal [38]. The 
phenotypes are found to be similar for both HGF 
and c-Met affecting the embryonic development 
of many organs including the liver, kidney, lung, 
pancreas, muscle, prostate, breast, bone marrow, 
and retina [38]. Regeneration capacity of liver, 
kidney, and gestational pancreatic β-cells is also 
found to be seriously impaired in many studies; 
these results highlight the essential and impera-
tive function of c-Met activation in normal devel-
opment of the organism [39–44].

c-Met is encoded from MET proto-oncogene 
located in 7q21–31 in humans [45]. The encoded 
product is a 170 kDa single chain precursor poly-
peptide which is then glycosylated and cleaved at 
amino acids 307–308 by proteases in the Golgi, 
resulting in N-terminal spanning 40 kDa α chain 
and C-terminal spanning 140 kDa β chain [46]. 
The disulfide linkage between α and β chains 
allows the receptor to form the mature monomer 
that is translocated to the membrane.

The extracellular structure of c-Met (Fig. 1a) 
constitutes (1) semaphorin (SEMA) domain in α 
chain and N-terminal of β chain interacting with 
the serine proteinase homology (SPH) domain of 
HGF with low affinity, (2) cysteine-rich plexin 
semaphorin integrin (PSI) domain, and (3) four 
immunoglobulin-plexin-transcription (IPT) 
domains which are immunoglobulin-like regions 
found in plexins and transcription factors respon-
sible for interacting with HGF’s N-terminal and 
first kringle domain with high affinity [47, 48]. 
The juxtamembrane domain of the receptor lies 
in the β chain, under the IPT subdomains, which 
is followed by the catalytic kinase domain and 
multidocking site.

When HGF is secreted by stromal cells or in 
an autocrine manner, the ligand is bound to c-Met 
monomers on the extracellular membrane, keep-
ing them in close proximity and stabilizing 
homodimerization [49]. The dimerization trig-
gers transphosphorylation of Y1234–25 on the 
kinase domain of each receptor revealing the 
kinasing potential for phosphorylation of Y1349 
and Y1356 [48]. These autophosphorylation tyro-
sines serve as docking sites for adaptor proteins 
carrying src homology 2 (SH2) domains, includ-

ing src homology region 2 domain-containing 
phosphatase-2 (SHP-2), son of sevenless (SOS), 
p85, signal transducer and activator of transcrip-
tion 3 (STAT3), and grb2 associated binding pro-
tein 1 (Gab1) [50].

Downstream signaling is conveyed through 
three main paths (Fig. 1b):

 1. MAPK pathway: The interaction of Ras with 
the scaffold complex which may comprise 
Gab1-growth factor reduced-bound protein 2 
(Grb2)-SOS-src homology 2 domain contain-
ing (SHC) allows Ras to be activated by gua-
nosine triphosphate (GTP) loading [50]. 
Activated Ras recruits rapidly accelerated 
fibrosarcoma (Raf) kinase, resulting in the 
sequential activation cascade of Raf-mitogen 
activated protein kinase kinase (MEK)-
mitogen activated kinase (Erk).

 2. PI3K/protein kinase B (Akt) pathway: The 
phosphorylation of phosphatidylinositol 
(4,5)-biphosphate-2 (PIP2) forms PIP3 which 
carries Akt to the membrane that leads to its 
phosphorylation on S473 and T308. The acti-
vated Akt is translocated to the nucleus where 
it controls many key molecules including 
mTOR, GSK3β, MDM2, and Myc to regulate 
cell survival and metabolism [51].

 3. STAT3 pathway: STAT3 can bind to active 
c-Met and becomes phosphorylated, followed 
by translocation to the nucleus. As a transcrip-
tion factor, it is involved in expressional con-
trol of genes involved in mitochondrial 
activation, angiogenesis, and invasion [52].

The activation of these pathways has several 
biological consequences related to regeneration 
and wound healing in normal cells but aggressive 
behavior in tumor cells, such as proliferation, 
survival, motility, invasion, and alteration of cell 
metabolism. Therefore c-Met signaling is tightly 
controlled in cells. One mechanism is the regula-
tion of c-Met inhibition through dephosphorylat-
ing the activatory tyrosines by phosphatases 
PP2A and PTP-1B [53]. Also an autoinhibitory 
loop is activated, when c-Met heterodimerizes, 
through the phosphorylation of Y975 and Y1003. 
The phosphorylation of these residues initiates 
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downregulation cascade involving E3 ubiquitin 
ligase that ubiquitinates and targets c-Met for 
degradation [54]. Despite the control  mechanisms, 
c-Met overactivation is achieved through the 
steps of carcinogenesis. Canonical mechanisms 
involve HGF binding, whereas non- canonical 
mechanisms are ligand-independent and involve 
mutations in kinase domain rendering the recep-
tor overactive, deteriorations in downregulation 
loop, and activation through crosstalk and het-
erodimerization with other receptors [55–59].

c-Met has been shown to interact with many 
cell surface molecules including integrins, 
mucins, plexins, CD44, caveolin-1, and other 
receptor tyrosine kinases [58, 60, 61]. Since 
RTKs share varying degrees of homology in their 
kinase domains, heterodimerization and transac-
tivation are common [62]. Interaction of c-Met 
with epidermal growth factor receptor (EGFR) is 
the most extensively studied in HCC, colorectal 
cancer, and lung cancer. These studies have 
shown that EGFR-c-Met activation leads to ele-
vated motility, proliferation, survival, invasion, 
metastasis, and drug resistance in cancer cells 
[63–66]. Similarly, interaction with human epi-
dermal growth factor receptor 2/3 (Her2/3) het-
erodimerization leads to increased PI3K/Akt 
signaling and hence aforementioned responses 
[66, 67]. Interaction with RON increases colony 
formation, whereas insulin-like growth factor 
receptor (IGFR) and RET lead to increased motil-
ity and invasion [66, 68, 69]. In the presence of 
HGF, activation of c-Met also results in heterodi-
mer formation with insulin receptor (IR) and IR 
activation to transmit intracellular signals of 
insulin in diabetes [62].

2.1.2  c-Met Alterations in Cancer 
and HCC

It is not surprising that loss of regulation on such 
a potent pathway leads to tumor development and 
carcinogenesis in several tissues. Aberrant c-Met 
signaling due to c-Met/HGF overexpression or 
overactivation is found in liver, colorectal, thy-
roid, lung, gastric, ovarian, breast, head and neck, 
and renal tumors [70–80].

c-Met overexpression is a very common 
mechanism in cancer and could arise from 

genetic alterations, most frequently occurring 
through MET gene amplification as observed in 
varying levels in renal, colorectal, lung, adeno-
cortical, gastric, and HCC tumors [51]. Point 
mutations are not common as gene amplification 
except for hereditary or sporadic forms of papil-
lary renal cell carcinoma and are very limited in 
non-small cell lung cancer and head and neck 
cancer [51, 81]. In a Turkish cohort, the sequenc-
ing of regions coding for non-kinase and kinase 
domains of c-Met identified no mutations in non- 
small cell lung cancer patients [81]. Guichard 
et  al. have analyzed 125 HCC tumors by high- 
resolution copy number and 24 HCC tumors by 
whole-genome sequencing and could not detect 
any activating point mutation regarding MET 
gene [82].

Another mechanism of overexpression is 
through cellular triggers inducing c-Met tran-
scriptional overexpression including; HGF over-
expression which upregulates MET expression 
and enzymes responsible for c-Met protein matu-
ration, oncogene activation, loss of tumor sup-
pressors, and loss of control by noncoding RNAs 
and environmental transcriptional regulators like 
hypoxia [83, 84].

Elevated c-Met expression is detected in 
35–65% of breast cancer patients, 15–80% of 
renal cancer patients, 25–60% of pancreatic can-
cer patients, 35–70% of non-small cell lung can-
cer patients, and 35% of colorectal cancer patients 
[85–89]. In a cohort of advanced intrahepatic 
cholangiocarcinoma, extrahepatic cholangiocar-
cinoma, and gallbladder cancer patients, 34.1% 
of the patients have overexpressed c-Met protein 
[90]. A high expression level of c-Met, 76.7%, 
was also indicated in extrahepatic cholangiocar-
cinoma patients who received curative resection 
and adjuvant chemoradiotherapy [91]. Also over-
expressed c-Met positivity was detected in 45% 
of intrahepatic cholangiocarcinoma patients with 
an overexpression ratio of 11.7% and in 68.4% of 
extrahepatic cholangiocarcinoma patients with a 
ratio of 16.2% [92]. c-Met overexpression is also 
common in HCC; an early study identified two- 
to tenfold increase in MET expression in half of 
the HCC patients who received surgical treat-
ment [93]. Another study also identified 31.6% of 
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patients with higher MET expression and 69.6% 
with higher c-Met protein level compared to peri-
tumoral tissue [94]. c-Met overexpression in 
HCC is correlated positively with intrahepatic 
metastasis, recurrence and poor prognosis, portal 
vein invasion, and advanced tumor stage 
[95–97].

In studies concerning MENA countries, 
c-Met RNA and protein expression was found to 
be increased in papillary thyroid carcinoma 
(PTC) and associated with more aggressive 
character, advanced disease stage, and activated 
Akt in a cohort of 536 Middle Eastern PTC 
patients [98]. c-Met expression and activation 
were also identified in a Turkish HCC cohort 
and associated with motile, invasive, and mes-
enchymal character [61]. Also in both this study 
and our analysis of cancer dependency map 
(DepMap) portal regarding HCC cell lines, 
c-Met is determined to be associated with less 
differentiation (Table 2).

2.1.3  Targeting c-Met in Liver Cancer
c-Met is a valuable biomarker in predicting can-
cer prognosis and treatment outcome; its prog-
nostic potential has been studied in many cancers 
including the liver. Aforementioned, high c-Met 
expression is common in HCC and is related to 
decreased survival of HCC patients [93–97]. Its 
prognostic value in patients who underwent sur-
gery or received prior sorafenib treatment is dis-
cussed in many studies; one study has shown that 
HCC patients who received surgical treatment 
have high c-Met expression in larger tumors, also 
in patients with higher AFP levels, portal vein 
invasion, and higher tumor-node-metastasis stage 
[99]. Other studies also have shown that HCC 
patients who have high tumoral c-Met levels ben-
efit more from systematic treatment [100].

Therefore several approaches are developed 
against c-Met targeting its constitutive signal-
ing. One approach is to target its binding with 
HGF by using decoy c-Met or domains of c-Met 

Table 2 HGF/c-Met and Gas6/Axl expression levels in HCC cell lines from CCLE database

HCC cell lines
HGF/c-Met AXL/Gas6
c-Met HGF AXL Gas6

HEP3B217 High Low Low Low
HEPG2 Moderate Low Moderate Low
HLF High Low High High
HUH1 High Low Moderate Low
HUH6 Moderate Low Low High
HUH7 Moderate Low Low Low
JHH1 High Low Low Moderate
JHH2 High Low Moderate High
JHH4 High Moderate High High
JHH5 High Moderate Moderate Moderate
JHH6 High Low High High
JHH7 High Low Low Low
LI7 High Low High Moderate
NCIH684 High Low Low Moderate
PLC/PRF/5 Moderate Low High Low
SK-HEP-1 High Low High High
SNU-182 Moderate Low High High
SNU-387 High Low High High
SNU-398 Low High Moderate Moderate
SNU-423 High Low High High
SNU-449 High Low High Moderate
SNU-475 High Moderate High Moderate
SNU-761 High Low High Low
SNU-878 High Low High Moderate
SNU-886 High Moderate High High
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as antagonists, or through the use of antibody-
based therapeutics that bind directly to HGF or 
c-Met, and compete or neutralize to prevent 
 ligand- receptor interaction [85, 101]. Regarding 
HGF- based targeting, NK2, NK4, and uncleav-
able HGF are commonly used. Among them, 
NK4 (intramolecular fragment of HGF which 
contains the four kringle domains) is a more 
promising analog compared to NK2, and is 
used as a competitive antagonist targeting both 
c-Met activation and angiogenesis [102].

Another approach is developing selective or 
multi-targeting small-molecule tyrosine kinase 
inhibitors against c-Met kinase activity. Crizotinib 
and cabozantinib are well-known agents that 
belong to the family of ATP binding competitors 
that suppress the activatory domain of c-Met 
[85]. Tivantinib is developed as an oral drug tar-
geting tyrosine kinases independent of adenosine 
triphosphate (ATP). Tivantinib was previously 
developed as a selective c-Met inhibitor; how-
ever, further studies uncovered its off-target 
effects [103, 104]. Crizotinib is developed as an 
effective c-Met inhibitor, and initial findings 
record its selective effects on both c-Met and ana-
plastic lymphoma kinase (ALK), but further 
studies identified its role also on Recepteur 
d’Origine Nantais (RON) and ROS1 [105]. 
Cabozantinib is also a multi-target drug showing 
activity against several RTKs including c-Met, 
RET, AXL, VEGFR-2, c-Kit, and FLT3 [106]. 
Together with cabozantinib, tivantinib is used in 
a second-line treatment after sorafenib in HCC. In 
a phase II clinical study, HCC patients were 
recorded to benefit better from tivantinib as a 
second-line treatment when c-Met expression is 
higher in HCC tumors, compared to the placebo 
group [100]. Median OS, progression-free sur-
vival, and median time to progression were found 
to be increased in the same study. Also they have 
shown that independent of the treatment regimen, 
patients in the placebo group with higher c-Met 
tumoral expression had significantly lower sur-
vival when compared to placebo patients with 
low c-Met tumoral expression. Following this 
phase II study with tivantinib, METIV-HCC 
phase III trial started. Biopsy samples before and 
after sorafenib treatment of HCC patients were 

positive for c-Met, and sorafenib treatment again 
increased c-Met expression from 35% to 69% 
[107]. Lorenzato et  al. and Renzo et  al. have 
detected somatic c-Met mutations not in primary 
tumors but in metastatic cells; together these data 
stress the pivotal role of c-Met in metastatic clone 
selection and drug resistance [108, 109].

Although c-Met is a promising target for can-
cer treatment, clinical trials like METIV-HCC 
(with c-Met inhibitor tivantinib) failed to show 
significant improvement [107]. It is arguable that 
appropriate patient selection criteria might be 
one reason. Hughes and Siemann suggested that 
criteria should not be limited just to c-Met over-
expression, tumor type, and MET amplification 
but rather c-Met activation [110]. Since non- 
canonical activation and sustained signaling of 
c-Met have a significant role in carcinogenesis 
even in the absence of overexpression, taking 
c-Met activation into consideration might allow 
better patient selection and better targeted ther-
apy. Also it should be noted that the expression 
and activity of c-Met have a very fine balance 
during the development of HCC. Knockdown 
and total inactivation of c-Met was also related to 
tumorigenesis, keeping this balance is critical 
and might have a role in the outcome of treat-
ments [111].

2.1.4  The Role of c-Met in Treatment 
Response in Liver Cancer

Overexpression and activation of c-Met have 
been extensively associated with acquired resis-
tance to cancer therapeutics. Resistance against 
targeted monotherapies and systemic therapies 
against multikinases or radiotherapy was found 
to be acquired in association with elevated c-Met 
expression and activity [112–114].

As a first-line treatment, sorafenib has been 
the most extensively studied drug by means of 
treatment response in HCC. Mechanisms over-
coming sorafenib response include alternative 
targeting of c-Met. Akt inhibitors, when used 
solo, were found to activate c-Met in sorafenib- 
resistant HCC cells, but dual inhibition of both 
Akt and c-Met using respective inhibitors 
MK2206 and capmatinib was suggested as a 
second- line treatment alternative and shown to 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma



342

suppress sorafenib-resistant HCC cells both 
in  vitro and in  vivo [115]. Supportingly, HGF 
induction of sorafenib-treated HCC cells was 
shown to induce Akt-Erk-EGR1 expressions 
through c-Met activation to gain resistance 
against apoptosis and become more invasive 
[116]. This effect was reversed by inhibiting 
c-Met activation through the use of PHA-
665752 and EGR1 silencing with targeted 
siRNA.  Studies also show that in the tumor 
microenvironment, HGF secretion is directly 
related to drug resistance. Co-culture of hepatic 
stellate LX2 cells with HuH-7 cells led to secre-
tion of HGF from LX2, and blockage of Akt was 
shown to overcome sorafenib resistance gener-
ated by HGF induction [117]. In addition, the 
role of tumor- associated M2 macrophages in 
sustaining Akt- Erk signaling downstream of 
c-Met through HGF secretion was shown to 
contribute to sorafenib resistance in HCC [118]. 
As a positive feedback loop, M2 macrophages 
accumulated in sorafenib- resistant tumors 
where HGF acts as a chemoattractant to the 
macrophages [118]. Recent cell culture data has 
also supported the role of autocrine HGF secre-
tion in c-Met activation in sorafenib-resistant 
cells, rendering them more invasive and meta-
static, which might be reversed with the use of 
specific c-Met inhibitor and HGF- neutralizing 
antibody [119]. The studies of exosomes also 
enlightened another mechanism of c-Met acti-
vation in tumor niche to induce sorafenib resis-
tance; exosomes isolated from more invasive 
cells were found to be more efficient in develop-
ing resistance [120].

Receptor crosstalk and heterodimerization 
are usually attributed as a key factor in gaining 
resistance to RTK-targeted therapies. Drugs tar-
geting multiple RTKs were also efficient in over-
coming sorafenib resistance. One successful 
strategy is to target both c-Met and VEGFR2 by 
using cabozantinib, which also targets AXL and 
RET [121]. The role of cabozantinib was more 
evident in c-Met overactive HCC xenografts. 
Lenvatinib is the only other first-line drug for 
advanced HCC therapy, and resistance mecha-
nisms are recently identified. Not surprisingly, 
c-Met was found to have a role. HGF stimulation 

was shown to reverse lenvatinib’s anti-prolifera-
tive and anti- invasive effects on HCC cells, and 
c-Met inhibitor PHA-665752 rescues the effect 
of HGF [122].

2.2  AXL and its Role in Liver 
Cancer Progression 
and Treatment Response

2.2.1  AXL Signaling Pathway
The receptor tyrosine kinase AXL was first iso-
lated as a transforming gene from two different 
chronic myelogenous leukemia (CML) patients 
that progressed to blast crisis in 1988 [123]. 
Three years later, it was cloned from a CML 
patient, characterized and named as AXL derived 
from the Greek word “anexelekto” which means 
uncontrolled [124]. Concurrently nearly at the 
same time, it was cloned from a chronic myelo-
proliferative disorder patient by an independent 
group and named UFO addressing the unknown 
function [125]. Surprisingly, another group also 
cloned murine AXL and called it adhesion- 
related kinase (Ark) again in the same year [126].

Gene AXL is located on human chromosome 
19q13.1 and encodes 20 exons. 104  kDa full- 
length protein is firstly translated and conse-
quently glycosylated at six N-link glycosylation 
sites and forms approximately 140  kDa [127]. 
AXL protein consists of two immunoglobulin- 
like (Ig-like) domains and two fibronectin type 
III (FNIII) domains in the extracellular space of 
cells followed by a single pass transmembrane 
domain and conserved intracellular kinase 
domain [128] (Fig. 2a). Those domain structures 
are also found in receptor tyrosine kinases Tyro3 
and Mer. They, altogether, form a subgroup of 
RTK named TAM family [129]. Gas6 (growth 
arrest- specific protein 6) is a common ligand for 
the TAM family [130]. However, it has the high-
est affinity for AXL [131]. Gas6 is a 75 kDa vita-
min K-dependent protein consisting of a Gla 
domain, four EGF-like domains, and two LG-like 
domains, respectively [128]. It is mainly 
expressed by leukocytes, fibroblasts, endothelial 
cells, smooth muscle, and bone marrow cells 
[132]. Under normal conditions, Gas6 is 
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Fig. 2 (a) Canonical AXL-GAS6 binding adapted from 
[190]. (b) Elucidated regulator molecules of AXL in HCC 
adapted from [176, 178, 181, 182, 184, 191]. (c) AXL sig-

naling pathways involved in tumor progression (I-II- 
III-IV) [167, 170, 187, 189]. AXL is proteolytically 
processed by ADAM10/17 as a sAXL (V) [192]
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expressed only by Kupffer cells (macrophages) 
in the liver [133]. During regeneration or in 
development, Gas6 expression is observed in 
oval cells, biliary cells, and sinusoidal cells. 
Hepatic stellate cells express Gas6 during myofi-
broblastic change. AXL expresses in hepatic 
 stellate cells and oval cells as well. Whether the 
interaction between Gas6 and AXL is in the para-
crine or autocrine manner is unknown. However, 
they contribute to hepatic regeneration [134].

In canonical ligand-dependent activation of 
AXL, two Gas6 molecules are required to bind 
two AXL receptors for signal transduction [128]. 
Gas6 can only bind to AXL from its LG-like 
domain if the Gla domain of Gas6 binds to PtdSer 
of apoptotic cells [131, 135] (Fig.  2a). PtdSer 
normally confines the inner leaflet of the cell 
membrane. When cells undergo apoptosis, PtdSer 
“eat-me” signal flips out and is exposed on the 
outer leaflet. PtdSer becomes accessible for the 
binding of Gas6 [136]. Therefore, AXL and Gas6 
interaction would then provide a bridge between 
apoptotic cells and macrophages for phagocyto-
sis [137].

Receptor dimerization of AXL upon Gas6 
binding firstly serves Y698, Y702, and Y703 
phosphorylation and then Y779, Y821, and Y866 
[138]. As a result of the phosphorylation, multi-
ple pathways such as PI3K/Akt, RAS/MAPK, 
STAT3, NF-κB, and PLCγ/PKC are activated. 
AXL/Gas6 signaling controls many pivotal cel-
lular processes from cell survival/proliferation to 
cell motility [139, 140].

Nevertheless, several publications have 
appeared in recent years documenting ligand- 
independent activation of AXL. AXL signaling 
may be initiated by either homodimeric or het-
erodimeric activation. When AXL was highly 
overexpressed on the surface of the cell, sponta-
neous AXL-AXL homodimeric activation and 
autophosphorylation may occur. For instance, 
AXL ligand-independent homodimeric activa-
tion has been observed in vascular smooth mus-
cle cells under hypoxia or during H2O2 treatment 
of metastatic human lung adenocarcinoma cells 
[141, 142]. AXL heterodimerizes with both TAM 
family and non-TAM family members such as 
FMS-like tyrosine kinase 3 (FLT3), EFGR, 

c-Met, and platelet-derived growth factor recep-
tor (PDGFR) [143, 144]. Although the demon-
stration of Mer and AXL heterodimerization is 
still lacking, Tyro-3 and AXL form heterodimer 
in gonadotropin-releasing hormone (GnRH)-
secreting neuronal cells in the absence of ligand 
[145]. AXL crosstalk with FLT3  in progenitor 
cell of NK cells [143]; EGFR in NSCLC and 
breast cancer [144, 146]; and c-Met, PDGFR 
[144], and Her2 [147] in breast cancer has been 
previously reported in the literature. Ligand- 
independent activation of AXL has also been 
observed in vascular endothelial cells through 
crosstalk with αvβ3 integrin as a result of shear 
stress [148].

Once AXL signaling starts, it has been 
revealed that AXL regulates many pivotal path-
ways related to cell survival, proliferation, inva-
sion, migration, and dedifferentiation, cytokine 
production, apoptotic protection, EMT, and 
matrix adhesion [149].

2.2.2  The Role of Aberrant AXL 
Signaling in Cancer and HCC

AXL is found to be aberrantly expressed in many 
cancers including brain [150], esophageal [151], 
thyroid [152], head and neck [153], prostate 
[154], ovarian [155], gastric [156], colorectal 
[157], and breast cancer [158], lung adenocarci-
noma [159], non-small cell lung carcinoma 
(NSCLC) [160], glioblastoma [161], mesotheli-
oma [162], B-cell chronic lymphocytic leukemia 
[163], acute myeloid leukemia (AML) [164], 
CML [124], melanoma [165], and liver cancer 
[166]. Multiple studies demonstrated the aberrant 
expression of AXL in HCC tissues when com-
pared to adjacent non-tumor tissues by both 
mRNA and immunohistochemistry analysis 
[167–169]. Supportively, AXL is also overex-
pressed in many HCC cell lines (Table  2). 
However, not all of the HCC cell lines (Table 2) 
and tissues exhibit AXL overexpression. Some 
HCC patients not at all have AXL positivity 
[168–170]. Nonetheless, it has been discovered 
that AXL positivity in the tumor is strongly cor-
related with a high recurrence rate and poor over-
all survival. Besides, the expression of AXL is 
also associated with vascular invasion, metasta-
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sis, and advanced tumor stage [168, 171]. 
Overexpression of AXL in human HCC cell lines 
shows enhanced cell growth, morphology 
change, migration, and invasiveness. AXL knock-
down HCC cells via RNAi exhibit reduced cell 
growth [168], invasion capacity, and tumor size 
[167]. A study on mouse hepatocellular carci-
noma cell lines has been demonstrated that AXL 
expression is also associated with fast prolifera-
tion rate, migration, invasion, anchorage- inde-
pendent growth in vitro and peripheral lymph 
node metastasis transendothelial invasion in vivo 
experiments [171].

Although the exact overexpression mecha-
nisms of AXL are unknown, (1) YAP (Yes- 
associated protein) through Hippo pathway, (2) 
microRNA mir34a, (3) cellular trafficking regu-
lator RAB10, and (4) FDZ2 could be major regu-
lators of aberrant AXL signaling in HCC 
(Fig. 2b).

Hippo is an important signaling pathway 
required for organ homeostasis and development 
regulated by extracellular matrix elasticity and 
cell shape [172]. In normal condition, cell-to-cell 
interaction generates actin polymerization that 
activates mammalian sterile 20-like kinase 1/2 
(MST 1/2) and subsequently large tumor sup-
pressor homolog 1/2 (LATS1/2). Activated 
LATS1/2 phosphorylates YAP resulting in its 
proteasomal degradation. However, the Hippo 
pathway is inhibited in cancer cells or in regen-
eration. Therefore, YAP molecule translocates to 
the nucleus, and complex with transcription fac-
tor TEAD. This complex turns on anti-apoptotic 
and cell proliferative genes [173] (Fig.  2b-I). 
Hippo pathway is also a significant regulative and 
tumor suppressor pathway in the liver. It controls 
liver tissue growth, regeneration, and carcinogen-
esis [173]. The downstream target YAP trans-
genic mouse displays a huge liver size. It harbors 
dysplastic hepatocytes [174]. Both transcript and 
protein levels of YAP increase in HCC tumor tis-
sues. Its expression is correlated with tumor 
recurrence and poor survival rate in HCC [175]. 
Direct associations of AXL and YAP was ana-
lyzed since non-tumorigenic cell line MIHA 
forms AXL expressing tumors in nude mice after 
Yap1 overexpression. Chromatin immunoprecip-

itation (ChIP) assay and luciferase reporter activ-
ity proved that AXL is under control of the 
TEAD-YAP complex [176] (Fig.  2b-I). A short 
while ago, α2β1 integrin was added upstream of 
the Hippo pathway in HCC. When extracellular 
collagen and laminin bind to α2β1 integrin of 
cells, MST1 activity is suppressed and YAP 
becomes free to translocate to the nucleus lead-
ing to transcription of YAP-targeted genes includ-
ing AXL [177] (Fig. 2b-I).

Another upstream regulator of AXL has been 
discovered recently [178]. Ras-related GTP bind-
ing protein RAB10 that controls intracellular 
vesicle trafficking from endoplasmic reticulum to 
Golgi [179] is upregulated in HCC. Knockdown 
of RAB10 increases the expression level of genes 
related to the RTK signaling pathway including 
AXL. RAB10 expression is also associated with 
tumor invasion, migration, and metastasis [178]. 
However, further substantiates are demanded to 
test whether those oncogenic potential depends 
on AXL or other pathways (Fig. 2b-II).

Direct binding of mir-34a-5p (a strand of mir- 
34a) to 3’UTR of AXL was proved by both lucif-
erase reporter assay and sequencing [180, 181]. 
Regulation of AXL is confirmed by both miRNA- 
34a- 5p overexpression and miRNA-34a-5p 
inhibitor treatment [181] (Fig. 2b-III). miR-34a 
is activated by p53 and has a significant role in 
HCC development. miR-34 overexpression 
resulted in G1 arrest and a decrease in cell prolif-
eration, invasion, and migration [182]. Its expres-
sion also has diminished in the 
hepatocarcinogenesis of rats induced by methyl 
deficiency [183]. miRNA-34a-5p expression 
negatively correlated with cancerous tissues 
[181].

Very recently, multiple kinobead/LC-MS to 
find EMT-responsible genes has revealed that 
FZD2 regulates AXL expression [184] (Fig. 2b- 
IV). FZD1 downstream molecule STAT3 silenc-
ing in HCC cells via RNAi leads to a decrease in 
AXL expression suggesting STAT3 may be found 
upstream of AXL as well. However, the same 
study also discovered that silencing of AXL 
impairs Y705 phosphorylation of STAT3 [184].

AXL is involved in various signaling path-
ways such as PI3K, MAPK, and TGF-β pathways 
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due to its overexpression in HCC.  In the PI3K/
Akt pathway, AXL activation causes signal trans-
duction followed by PI3K, Akt, and PAK1 activa-
tion (Fig. 2c-I). In this context, the silencing of 
AXL by shRNA decreases both PI3K and its 
downstream molecules’ (Akt and PAK1) expres-
sions. The invasive and metastatic ability of cells 
also reduced with the downregulation of AXL 
[167]. Additionally, AXL signaling through 
MAPK pathways including RAS, RAF, MEK, 
and ERK subsequent phosphorylation, respec-
tively, turns on gene expression of Slug. Therefore 
HCC cells undergo EMT and gain invasive prop-
erty (Fig. 2c-II) [170]. Finally, it has been discov-
ered that AXL is a critical mediator of the 
transition of the tumor suppressor role of the 
TGF-β pathway to the pro-oncogenic role. Under 
normal physiological conditions, TGF-β regu-
lates the growth of hepatocytes by induction of 
apoptosis [185]. However, TGF-β has elevated 
expression in HCC. TGF-β1 levels are correlated 
with HCC progression and poor prognosis [186]. 
Consistently, microarray data of human HCC 
collection revealed two clusters of TGF-β- 
dependent antitumorigenic and tumorigenic 
genes are upregulated [187]. Under normal phys-
iological conditions, ligand binding to TGF-β 
receptors leads to receptor activation, and phos-
phorylation of Smad3 causes its nuclear translo-
cation to open cell cycle arrest and 
apoptosis-inducing genes in hepatocytes. 
However, in HCC, AXL takes a role. Reichl et al. 
have shown that collaboration of AXL with the 
TGF-β pathway is implicated in tumor progres-
sion, TGF-β resistance, invasion, EMT, and 
migration [171]. Activated AXL physically inter-
acts with 14–3-3z and non-canonically phosphor-
ylates Smad3 at linker site resulting in nuclear 
translocation of Smad3L to turn on pro- oncogenic 
responsive genes including TGF-β1, PAI1, 
MMP9, and Snail [171, 187] (Fig.  2c-III). The 
secretion of TGFβ1 suppresses immune surveil-
lance in the tumor microenvironment and sup-
ports tumor progression [188]. Related to the 
contribution of AXL-TGF-β signaling axis on 
tumor microenvironment, it has been recently 
discovered that CXCL5 expression is controlled 
by the crosstalk of AXL with TGF- β signaling. 

Long-term treatment of TGF-β increases CXCL5 
expression via AXL.  AXL knockout cells by 
CRISPR-Cas9 impair CXCL5 activation as well. 
CXCL5 is known for its role in neutrophil migra-
tion (Fig.  2c-IV). Nevertheless, overall patient 
survival is short if the patient had CXCL5 expres-
sion. Neutrophil migration may be used to pro-
mote tumor microenvironment by AXL-TGF-β 
signaling as a conclusion [189].

2.2.3  AXL in Diagnosis and Treatment 
Response of HCC

As previously described, new diagnostic bio-
markers are needed for diagnosis and prognosis 
of HCC [193]. Soluble AXL (sAXL) is proposed 
as a potential biomarker for early diagnosis and 
prognosis of HCC [194–196]. AXL can proteo-
lytically be cleaved from its extracellular region 
by ADAM10/17. It is shed from cells and can be 
detected in serum as sAXL [Fig. 2C-V] [192]. 
Reichl et al. discovered that total protein levels of 
AXL in HCC cell lines are correlated with sAXL 
release [196]. Supportively, several cohort stud-
ies with HCC and cirrhosis and control samples 
from both China and Europe showed that the 
sAXL levels are elevated in both AFP-positive 
and AFP-negative HCC patients. sAXL was able 
to detect early stage of HCCs when AFP levels 
were low. The sensitivity of sAXL was higher 
than AFP for differentiating HCC patients from 
healthy controls. Moreover, a combination of 
AFP and sAXL could provide an increase in the 
accuracy, sensitivity, and specificity of HCC 
detection [194–196]. sAXL appears to be a 
highly specific marker for HCC since patients 
with breast, ovarian, and colorectal cancers dis-
played unchanged levels of sAXL [192]. 
Cholangiocarcinoma and liver adenoma patients 
also release low levels of sAXL, but patients with 
nonmalignant chronic liver disease did not show 
high sAXL level [195]. Moreover, sAXL levels 
increase in correlation with the stage and pro-
gression of HCC [192, 196]. For instance, more 
metastatic or invasive HCC tumors display higher 
amounts of sAXL compared to those with nonin-
vasive or non-metastatic HCCs [196].

AXL expression is associated with resistance 
against different drugs including DNA-damaging 

Y. Yılmaz et al.



347

agents such as cisplatin in AML [164] and esoph-
ageal [142] and ovarian cancers [155], doxorubi-
cin in NSCLC [197] and AML [164], docetaxel 
in prostate cancer [198] and RTK inhibitors such 
as lapatinib in breast cancer [199], imatinib in 
CML [200] and gastrointestinal stromal tumors 
(GIST) [201], nilotinib in CML [202], sunitinib 
in renal cell carcinoma [203], afatinib in gastric 
cancer [156], osimertinib [204], erlotinib and 
gefitinib in NSCLC [205], as well as sorafenib in 
HCC [169]. Elevated phosphorylation of AXL 
has been observed in sorafenib-resistant HCC 
cells that exhibit more invasive and migratory 
phenotype. AXL knockdown in HCC cells 
increased their sensitivity to sorafenib. Such cells 
displayed impaired motility and invasive charac-
ters as well [169].

Several studies have ascertained that chemo-
resistance of tumors via AXL overexpression is 
regulated through long non-coding RNAs or 
microRNAs. For instance, long non-coding RNA 
DANCR is a mediator of cisplatin resistance by 
activating AXL/NF-κB axis in glioma cells [206]. 
miR-34a-5p was shown to interact physically 
with the 3’UTR of AXL, and its expression 
decreases AXL-mediated cisplatin resistance in 
HCC cells [181]. Similarly, a decrease in AXL 
expression and drug transporter protein MDR1 
by ectopic expression of miR-34a reverses che-
moresistance against doxorubicin [207].

2.2.4  Targeting AXL Signaling 
in Liver Cancer

Since its identification, AXL has become an 
increasingly attractive target for anti-cancer ther-
apies. Multiple AXL inhibitors have been under 
development [208]. Small-molecule inhibitors 
[209], anti-AXL mAbs [210, 211], nucleotide 
aptamers [212–214], and decoy receptors [215] 
have been developed as inhibitors of AXL 
signaling.

Concerning HCC, only small-molecule R428 
(bemcentinib, BGB324) [216] and bosutinib 
[217] have been explored. R428 is a highly selec-
tive inhibitor of AXL. The preclinical efficacy of 
R428 was first shown in breast cancer, decreasing 
metastasis and angiogenesis in vivo and delaying 
invasion and migration in vitro. R428 also gives a 

synergistic response with cisplatin to inhibit liver 
micrometastasis [216]. R428 also blocks cell 
viability, leads to G1 cell cycle arrest, and dis-
rupts colony formation in AXL-expressing HCC 
cells. Following R428 treatment, HCC cells 
exhibited diminished fluorodeoxyglucose 18 
(18F-FDG) uptake in a time-dependent manner, 
as an indication of decreased tumor cell metabo-
lism [169]. Bosutinib (SKI-606) which is known 
as an inhibitor of Src and Abl kinases in CML 
also inhibited AXL autophosphorylation in HCC 
cells [217]. Also, bosutinib decreased AXL- 
dependent HCC invasion [170].

Metformin, an antidiabetic drug, interferes 
with hepatic gluconeogenesis [218]. Recently, it 
was shown to display anti-proliferative activity in 
solid tumors [219] including HCC [220] and 
cholangiocarcinoma (CCA) [221]. CCA origi-
nates from the bile duct in the liver and is the 
second most common primary liver cancer after 
HCC [5]. Metformin incrementally decreased 
proliferation of human CCA cell lines, and this 
effect was associated with inhibition of AXL 
phosphorylation [221]. Elevated AXL expression 
has been observed in metformin-resistant pros-
tate cancer cell line [222].

As previously stated, cabozantinib is a non- 
specific multikinase inhibitor that also targets 
AXL. It was approved by the European Medicines 
Agency (EMA) and FDA as a second-line treat-
ment for advanced stage and sorafenib-resistant 
HCC patients [223].

3  Synergism of c-Met and AXL 
Pathways, Crosstalk, 
and Inhibition in HCC

As clearly outlined earlier in this chapter, HCC is 
a devastating malignancy for which current ther-
apies do not offer satisfactory results. Although 
the multikinase inhibitor sorafenib has opened a 
window of hope to combat HCC, the overall out-
comes are far from being satisfactory. One reason 
for extraordinary resistance of HCC to therapy is 
the high complexity of the disease.

The development of technologies that enable 
next-generation sequencing of DNA and RNA and 
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large-scale tumor molecular profiling has revolu-
tionized the field of cancer precision medicine 
which is defined as “the use of therapeutics that 
are expected to confer benefit to a subset of patients 
whose cancer displays specific molecular or cel-
lular features” [224]. The success of a personal-
ized approach to HCC management is dependent 
on the availability of reliable biomarkers. Clearly, 
development of “multiple- biomarkers panels” to 
predict tumor response to drug or drug combina-
tions while avoiding excess toxicity has brought 
predictive biomarkers to the center of cancer ther-
apy. During the past few years, there has been 
great progress in the generation of big omic data 
across multiple modalities in HCC from primary 
to metastatic tumors, from bulk tissues to single 
cells, and from preclinical models to patients. 
These new developments will empower the identi-
fication of new clinically relevant biomarkers 
(reviewed in [209]). In particular, among these big 
datasets, gene expression data consistently pro-
vided the best predictive power compared to other 
genetic or epigenetic datasets [225]. In addition, 
computational findings obtained from indepen-
dent datasets including tumor-derived cell lines 
and tumors showed that signaling pathways serve 
as robust and powerful biomarkers [226]. A man-
agement plan aims to target a list of HCC molecu-
lar features, such as gene expression signature and 
signaling networks, that can be used to comple-
ment conventional target-based approaches. 
Recalling the fact that HGF/c-Met and Gas6/AXL 
pathways are highly active in HCC and related to 
the resistance to sorafenib, co-targeting HGF/c-
Met and Gas6/AXL signaling pathways may hold 
promise for the treatment of HCC.

4  Biological Significance 
of the Potential Bidirectional 
Crosstalk between HGF/c- 
Met and Gas6/AXL Signaling 
Pathways

As discussed earlier in the chapter, HCC is 
driven by cumulative changes in the hepatocyte 
genome and epigenome affecting cell signaling 

and behaviors, allowing cells to escape from 
cytotoxic or targeted therapies. In addition, the 
crosstalk between tumor cells and their sur-
rounding microenvironment including cellular 
(such as fibroblasts, invading inflammatory 
cells, endothelial cells, hepatic stellate cells, 
pericytes, adipocytes) and non-cellular stroma 
components (such as extracellular matrix com-
ponents and growth factors) modulates HCC 
biology by effects on cancer signaling path-
ways in tumor cells. In such a rich microenvi-
ronment, the crosstalks between pathways and 
feedback inhibition constitute a complex net-
work of signal transduction that drives dynamic 
and adaptive cellular responses. HGF/c-Met 
and Gas6/AXL pathways are examples for such 
interactions as they enable bidirectional infor-
mation exchange between microenvironment, 
regulating tumor growth, metastasis, and drug 
resistance.

Although the c-Met and AXL receptors are fre-
quently upregulated and co-expressed during 
hepatocarcinogenesis, their crosstalk is yet to be 
established in HCC. However, success of the cabo-
zantinib, an inhibitor of both c-Met and AXL, in 
previously treated patients and the co- expression 
of c-Met and AXL suggest that they interact with 
each other during hepatocarcinogenesis.

In general, the crosstalk between receptor 
tyrosine kinases and non-receptor kinases 
occurs in a ligand-dependent or ligand-indepen-
dent manner. Particularly, growth factor recep-
tors appear to be in relatively close proximity, 
so that they can form complexes upon stimula-
tion by their cognate ligands [227] (Fig. 3). The 
c-Met receptor is often complexed with AXL on 
the plasma membrane of various cancer cells 
such as glioblastoma, melanoma, and breast 
cancer cells [116]. In these cancer models, HGF 
treatment induces activation of both c-Met and 
AXL and formation of highly polarized c-Met-
AXL clusters on the plasma membrane [228]. 
HGF also induces both the expression and phos-
phorylation of AXL in a ligand-independent 
manner [228, 229]. HGF increases motility and 
invasion through stimulation of a rapid and 
dynamic cytoskeleton reorganization by activat-
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ing GTPase RAC1, a process requiring both 
c-Met and AXL kinase activities [228]. A posi-
tive association between c-Met and AXL in 
bladder cancer was also detected [229]. In this 
model, similar to the mechanism described 
above, c-Met activation increased the expres-
sion of AXL and transactivated AXL signaling 
through the MEK/ERK pathway [229]. In clear 
cell renal cell carcinoma (ccRCC) and HCC 
cells, Gas6/AXL signaling transactivates c-Met 
through Src kinase to maximize cellular inva-
sion [230]. Similar interactions occur in NSCLC 
as HGF-dependent c-Met activation enhances 
the AXL activity, and AXL positively regulates 
c-Met activity without affecting c-Met expres-
sion [231]. Moreover, studies show that miR-
34a that is downregulated in cancers, including 
breast and gastrointestinal cancers, suppresses 
both c-Met and AXL expressions, causing a 
reduction in cellular migration and invasion 
ability [191, 232–234].

Since c-Met and AXL share many common 
elements in their signaling pathways including 
Akt, MAPK, Src, and Rac1, it is clear that 
there are many opportunities for c-Met to 
transactivate AXL and vice versa to modulate 
signals in HCC.  However, such studies are 

lacking, and it will be extremely useful to 
explore mechanisms of co-activation of c-Met 
and AXL in HCC.

5  Scientific Rationale 
for Targeting the Crosstalk 
between c-Met and AXL

It has been also well documented that aberrant 
regulation of crosstalk has been associated with 
intrinsic and acquired drug resistance. The cross-
talk between c-Met and AXL has been proved to 
allow the interplay with each other in some path-
ological processes including drug resistance. For 
instance, crosstalk involving c-Met and Akt 
pathways [115] and PI3K/Akt and JAK-STAT 
pathways [235] and the activation of hypoxia-
inducible pathways [236, 237] are involved in 
the acquired resistance to sorafenib, the current 
first-line therapy for HCC. More recently, AXL 
and EMT pathways have been implicated in the 
development of acquired resistance to sorafenib 
[169]. Particularly, in tumors with high levels of 
EGFR, such as lung and triple-negative breast 
cancer (TNBC), c-Met and AXL dimerize with 
this receptor and initiate signaling that interferes 
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with the antitumor effects of anti-EGFR thera-
pies. Promisingly, the treatment foretinib (a 
c-Met, AXL, Ron, Kdr, Flt-3, and Flt-4 inhibi-
tor) in combination with lapatinib (a dual EGFR 
and HER2 inhibitor) effectively restored lapa-
tinib sensitivity [199] and reduced Akt 
 phosphorylation that led to cell cycle arrest and 
reduction of migration and invasion in TNBC 
cells [236]. In addition to the association with 
EGFR inhibitor resistance, the crosstalks of 
AXL and c-Met are essential for lung cancer 
metastasis in NSCLC [231, 238]. Moreover, tar-
geting c-Met/AXL/FGFR crosstalk using 
S49076, an oral ATP- competitive inhibitor of 
c-Met, AXL, and FGFR1–3, improves the antitu-
mor efficacy of radiotherapy in NSCLC [239]. In 
the first-in- human phase I study, S49076 demon-
strated limited single-agent activity with a toler-
able safety profile in patients with advanced 
solid tumors [240]. In this phase I study, S49076 
was encouraged for combination therapies. 
Later, it was combined with gefitinib (EGFR 
inhibitor) in phase I clinical trials, in c-Met/AXL 
dysregulated NSCLC patients who have pro-
gressed on EGFR-targeted treatment [241]. 
Promisingly, this combination therapy was found 
to be well tolerated [241]. In addition, in TNBC, 
the crosstalks between EGFR/c-Met/AXL have 
been associated with a lack of response to ErbB 
family- targeted inhibitors [144]. In this model, 
EGFR signaling transactivates AXL which is 
colocalized with c-Met on the plasma membrane 
leading to transactivation of c-Met too [144]. A 
similar drug resistance mechanism was detected 
with imatinib therapy against c-kit/alpha-
PDGFR in gastrointestinal stromal tumors 
(GIST) which was reversed by targeting AXL/c-
Met [242]. In a renal carcinoma (RCC) preclini-
cal model, c-Met- and AXL-mediated resistance 
against sunitinib, anti-angiogenic therapy, 
induces EMT-associated gene expression 
changes that includes Snail and beta-catenin 
[243]. The use of Cabozantinib, a potent inhibi-
tor of VEGFR, AXL and c-Met, was shown to 
inhibit both c-Met and AXL activations and pro-
mote pro-metastatic behaviour and angiogenesis 
[243]. The efficacy of cabozantinib was also 

tested in a phase II randomized controlled trial, 
ECOG- ACRIN 1512, in NSCLC [244]. The 
design of the trial was based on the feasibility of 
using cabozantinib alone or combined with erlo-
tinib in patients with EGFR wild-type NSCLC 
[244]. The trial identified signals of clinically 
meaningful efficacy superior to that of erlotinib 
alone [244]. Later, cabozantinib has been 
approved for the use in the first- and second-line 
settings in patients with advanced RCC [245]. 
As mentioned earlier in this chapter, in a double-
blinded, randomized phase III trial that com-
pared cabozantinib with placebo in previously 
treated patients with HCC, cabozantinib resulted 
in longer overall survival and progression-free 
survival than placebo [238]. Overall, cabozan-
tinib inhibits multiple receptor tyrosine kinases 
that play roles in HCC pathogenesis and treat-
ment resistance involving c-Met and 
AXL.  However, resistance to cabozantinib is 
also common [246, 247]. Notably, in RCC pre-
clinical model, sunitinib treatment linked to 
acquired cross-resistance to cabozantinib losing 
inhibitory effect on c-Met signaling and driving 
survival mechanism [247].

Targeting c-Met and AXL cooperativity in 
HCC is a rational approach given the known 
efficacy of cabozantinib that inhibits both c-Met 
and AXL activities. Co-targeting can be achieved 
through drug combinations or through the design 
and development of a single compound that is 
able to inhibit multiple oncoproteins, in this 
case c-Met and AXL. There are some non-selec-
tive tyrosine kinase inhibitors that inhibit both 
c-Met and AXL simultaneously. BMS-777607, 
a small molecular inhibitor of c-Met and AXL, 
significantly blocks the HGF-stimulated activa-
tion of c-Met signaling, including MEK-MAPK 
and PI3K-Akt pathways [248, 249]. In prostate 
cancer in  vitro models, BMS-777607 treat-
ment inhibited cell migration and invasion acti-
vated by HGF [249]. In a sarcoma rodent tumor 
model, BMS-777607 impaired angiogenesis 
and metastasis through blocking c-Met signal-
ing [250]. Complete tumor stasis was achieved 
in the human gastric carcinoma xenograft model 
following oral administration without any obvi-
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ous toxicity [248]. In a similar tumor model, 
BMS-777607 reduced AXL phosphorylation in 
the hypercellular tumor regions, in the migratory 
front of tumor cells, and in the vascular prolifera-
tive region within glioblastoma xenograft model 
[251]. Currently (2020) the maximum tolerated 
dose of BMS-777607 (ASLAN002) in subjects 
with advanced or metastatic solid tumors is 
under investigation (ClinicalTrials.gov Identifier: 
NCT01721148 and NCT00605618). Another 
dual-targeting inhibitor, NPS-1034, was used to 
prevent the crosstalk between AXL and c-Met 
under EGFR inhibition [238]. This is a newly 
developed drug (NPS-1034) that targets both 
c-Met and AXL and was tested in combination 
with EGFR inhibitors, gefitinib or erlotinib using 
gefitinib- or erlotinib-resistant cells [238]. This 
combinatorial treatment synergistically inhibited 
cell proliferation and induced apoptosis in resis-
tant cells and also was found to be effective in 
xenograft mouse models of resistant cells [238]. 
Promisingly, phase I study with BPI-9016, a novel 
small-molecule inhibitor that simultaneously tar-
gets both c-Met and AXL, with NSCLC patients 
showed antitumor activity and favorable safety 
and pharmacokinetic profiles [252]. Additionally, 
merestinib (LY2801653) that inhibits c-Met, 
AXL, RON, MKNK1/2, and NRTK1/2/3 was 
shown to inhibit migration, invasion, and con-
comitant in vivo tumor growth through downreg-
ulation of c-Met signaling in preclinical models 
of tumors including AML, gastric cancer, and 
NCSLC [253, 254]. This compound is currently 
being investigated in patients with advanced or 
metastatic cancer (ClinsicalTrials.gov Identifier: 
NCT03027284, NCT01285037, NCT03125239, 
NCT03292536, and NCT02711553).

Overall, preclinical and clinical studies have 
revealed that the downregulation of c-Met and 
AXL signaling disrupts key steps in metastatic 
cascade and tumor growth (Table 3). This indi-
cates that targeting c-Met and AXL may hold 
promise for the treatment of HCC, owning active 
c-Met and AXL signaling. Since pharmacody-
namic readout of dual inhibitors such as NPS- 
1034, BPI9016, and BMS-777607 is encouraging, 
further investigation of them in combination ther-

apies can be used with sorafenib to combat c-Met 
and AXL resistance and sensitize cells to 
sorafenib. Cautiously, the probability of efficacy 
would have to be balanced against likely toxicity. 
Thus new clinical studies with well-designed 
patient selection criteria, dose selection, and 
adverse event profile will potentially demonstrate 
benefit.

6  Future Perspective

As briefly reviewed earlier, HCC is one of the 
most lethal cancer types. Although the poor out-
come is largely secondary to a high proportion of 
patients who are diagnosed with advanced dis-
ease, the prognosis of HCC is also influenced by 
the inherent biological aggressiveness and the 
high metastatic potential of this malignancy. 
Treatment options remain limited with little prog-
ress over the last decades. From 2007 to 2017, 
sorafenib remained the only systemic agent with 
proven clinical efficacy for advanced HCC 
patients. Since 2017, with the approval of several 
new agents, there have been improvements in the 
treatment landscape of advanced HCC.  Among 
these agents, regorafenib, lenvatinib, and cabo-
zantinib as the targeted therapies, nivolumab and 
pembrolizumab as the immune checkpoint inhibi-
tors, and ramucirumab as the anti-angiogenic 
have been shown to be effective in patients with 
HCC.  In addition to these agents, multiple new 
agents have been under investigation in the clini-
cal trials. However, persistence of drug resistance 
remains a major challenge leading to decreased 
drug response and the recurrence of disease. The 
overall cause of drug resistance is complex due to 
high plasticity and adaptability of HCC and the 
dynamic interactions between tumor cells and the 
microenvironment. Thus a comprehensive under-
standing of tumor biology will lead to identifica-
tion of new targets and relevant pathways serving 
as diagnostic, predictive, and prognostic biomark-
ers. Thanks to novel technologies and “-omics”-
based characterization efforts, the molecular 
profiling of HCC is evolving rapidly that can offer 
not only identification of multiple new targets but 
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also identification of the subset of patients who 
might respond to particular combinatorial thera-
pies. Since HCC is a systemic disease already at a 
time of diagnosis, management of HCC requires a 
moving and dynamic planning of therapy. 
Considering heterogeneity and multifocal nature 
of HCC, therapy planning can be started by multi-
regional sampling of a patient’s tumors and com-
bination of agents, with each agent targeted to the 
features of different sub- clones and microenvi-
ronmental compartments. Recalling the fact that 
acquired resistance to an initially effective ther-
apy is a greater challenge in the management of 
HCC, leading to relapse of the disease and poor 

prognosis, addressing multifactorial drug resis-
tance mechanisms is imperative to achieve better 
outcome for this disease. Especially, bypassing 
certain drug target signaling pathways through 
molecular crosstalks and feedback loops that 
gives cancer cells survival advantage is one of the 
common drug resistance mechanisms in the 
development of resistance. Regarding the fact that 
c-Met plays a central role in resistance to targeted 
therapies and the high degree of crosstalk between 
c-Met and other signaling molecules suggest that 
c-Met inhibition is unlikely to be effective as a 
monotherapy. Thus, identification of crosstalk 
partners of c-Met such as AXL involved in the 

Table 3 Examples of inhibitors targeting c-Met and AXL

Inhibitors Targets
Cancer type 
studied Biological activities Phase

Toxicological 
profile Reference

Foretinib c-Met, AXL, 
Ron, Kdr, Flt-3, 
and Flt-4

TNBC, 
NSCLC

Inhibition of 
migration, invasion, 
growth, and 
metastasis

Preclinical – [198]

NPS-1034 c-Met, AXL NSCLC Inhibition of 
proliferation, 
induction of 
apoptosis

Preclinical – [238]

BPI9016 c-Met, AXL NSCLC Inhibition of tumor 
growth

Phase I Well tolerated [252]

S49076 c-Met, AXL, 
FGFR1–3

NSCLC Improvement of the 
antitumor activity of 
radiotherapy

Phase I Well tolerated [239]

NSCLC Improvement of the 
antitumor activity of 
gefitinib

Phase I Well tolerated [240]

Cabozantinib c-Met, AXL, Kdr, 
TIE2, Flt3, c-kit

NSCLC, 
RCC

Longer overall 
survival

Phase II Well tolerated [246, 
247]

HCC Longer overall 
survival and 
progression-free 
survival

Phase III Well tolerated [21]

BMS- 
777607

c-Met, AXL Prostate 
cancer

Inhibition of 
migration and 
invasion

Preclinical – [251]

Sarcoma Inhibition of 
angiogenesis and 
metastasis

Preclinical – [251]

Gastric 
cancer

Tumor stasis Preclinical – [251]

Advanced or 
metastatic 
cancer

Phase I (under 
investigation)

[251]

Merestinib c-Met, AXL, 
RON, MKNK1/2, 
and NRTK1/2/3

AML, gastric 
cancer, 
NCSLC

Inhibit migration, 
invasion, and tumor 
growth

Preclinical [253, 
254]
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tumorigenesis may be clinically relevant to HCC 
and provide important biomarkers for combinato-
rial therapies. Therefore, targeting the crosstalk 
between c-Met and AXL might be an important 
approach to enhance effectiveness of therapy.

References

 1. Siegel RL, Miller KD, Jemal A.  Cancer statistics, 
2020. CA Cancer J Clin. 2020;70:7–30. https://doi.
org/10.3322/caac.21590.

 2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, 
Torre LA, Jemal A.  Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68:394–424. https://doi.
org/10.3322/caac.21492.

 3. T.C.  Saglık Bakanligi Halk Sagligi Genel 
Mudurlugu, Türki̇ye Kanser Istati̇sti̇kleri̇. 2016. 
https://hsgm.saglik.gov.tr/tr/kanser- istatistikleri/
yillar/2016- yili- turkiye- kanser- i- statistikleri.html. 
Accessed 5 Oct 2020.

 4. Global Health Data Exchange. Global Burden of 
Disease Study 2019 Results. Seattle, WA: Institute 
for Health Metrics and Evaluation; 2020. 2020. 
Available at: http://ghdx.healthdata.org/gbd- results- 
tool. n.d. Accessed 10 Oct 2020.

 5. Ananthakrishnan A, Gogineni V, Saeian 
K.  Epidemiology of Primary and Secondary Liver 
Cancers. Semin Interv Radiol. 2006;23:047–63. 
https://doi.org/10.1055/s- 2006- 939841.

 6. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, 
Schwartz M, Sherman M, et al. Hepatocellular carci-
noma. Nat Rev Dis Prim. 2016;2:16018. https://doi.
org/10.1038/nrdp.2016.18.

 7. Colombo M, Iavarone M.  Hepatocellular 
Carcinoma. Evidence-Based Gastroenterol. 
Hepatol. 365, Wiley; 2010, p.  650–60. https://doi.
org/10.1002/9781444314403.ch40.

 8. McGlynn KA, Petrick JL, El-Serag 
HB.  Epidemiology of Hepatocellular Carcinoma. 
Hepatology. 2020:hep.31288. https://doi.
org/10.1002/hep.31288.

 9. Chiang CJ, Yang YW, You SL, Lai MS, Chen 
CJ.  Thirty-year outcomes of the national hepati-
tis B immunization program in Taiwan. JAMA  - J 
Am Med Assoc. 2013;310:974–6. https://doi.
org/10.1001/jama.2013.276701.

 10. Sharafi H, Alavian SM.  The Rising Threat of 
Hepatocellular Carcinoma in the Middle East and 
North Africa Region: Results From Global Burden 
of Disease Study 2017. Clin Liver Dis. 2019;14:219–
23. https://doi.org/10.1002/cld.890.

 11. Can A, Dogan E, Bayoglu IV, Tatli AM, Besiroglu 
M, Kocer M, et  al. Multicenter epidemiologic 
study on hepatocellular carcinoma in Turkey. Asian 

Pac J Cancer Prev. 2014;15:2923–7. https://doi.
org/10.7314/APJCP.2014.15.6.2923.

 12. Seyda Seydel G, Kucukoglu O, Altinbas A, Oguz 
Demir O, Yilmaz S, Akkiz H, et  al. Economic 
growth leads to increase of obesity and associ-
ated hepatocellular carcinoma in developing coun-
tries. Ann Hepatol. 2016;15:662–72. https://doi.
org/10.5604/16652681.1212316.

 13. Ayoub WS, Steggerda J, Yang JD, Kuo A, Sundaram 
V, Lu SC. Current status of hepatocellular carcinoma 
detection: screening strategies and novel biomarkers. 
Ther Adv Med Oncol. 2019;11:175883591986912. 
https://doi.org/10.1177/1758835919869120.

 14. Llovet JM, Ducreux M, Lencioni R, Di Bisceglie 
AM, Galle PR, Dufour JF, et  al. EASL-EORTC 
Clinical Practice Guidelines: Management of hepa-
tocellular carcinoma. J Hepatol. 2012;56:908–43. 
https://doi.org/10.1016/j.jhep.2011.12.001.

 15. Alacacioglu A, Somali I, Simsek I, Astarcioglu I, 
Ozkan M, Camci C, et al. Epidemiology and survival 
of hepatocellular carcinoma in Turkey: Outcome of 
multicenter study. Jpn J Clin Oncol. 2008;38:683–8. 
https://doi.org/10.1093/jjco/hyn082.

 16. Llovet JM, Bruix J. Systematic review of random-
ized trials for unresectable hepatocellular carcinoma: 
Chemoembolization improves survival. Hepatology. 
2003;37:429–42. https://doi.org/10.1053/
jhep.2003.50047.

 17. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane 
E, Blanc JF, et al. Sorafenib in advanced hepatocel-
lular carcinoma. N Engl J Med. 2008;359:378–90. 
https://doi.org/10.1056/NEJMoa0708857.

 18. Bruix J, Qin S, Merle P, Granito A, Huang YH, 
Bodoky G, et  al. Regorafenib for patients with 
hepatocellular carcinoma who progressed on 
sorafenib treatment (RESORCE): a randomised, 
double-blind, placebo-controlled, phase 3 trial. 
Lancet. 2017;389:56–66. https://doi.org/10.1016/
S0140- 6736(16)32453- 9.

 19. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, 
Piscaglia F, et  al. Lenvatinib versus sorafenib in 
first-line treatment of patients with unresectable 
hepatocellular carcinoma: a randomised phase 3 
non-inferiority trial. Lancet 2018;391:1163–1173. 
https://doi.org/10.1016/S0140- 6736(18)30207-1.

 20. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, 
Kim TY, et  al. Atezolizumab plus bevacizumab in 
unresectable hepatocellular carcinoma. N Engl J 
Med. 2020;382:1894–905. https://doi.org/10.1056/
NEJMoa1915745.

 21. Abou-Alfa GK, Meyer T, Cheng AL, El-Khoueiry 
AB, Rimassa L, Ryoo BY, et  al. Cabozantinib in 
patients with advanced and progressing hepatocel-
lular carcinoma. N Engl J Med. 2018;379:54–63. 
https://doi.org/10.1056/NEJMoa1717002.

 22. Zhu AX, Kang Y-K, Yen C-J, Finn RS, Galle PR, 
Llovet JM, et  al. Ramucirumab after sorafenib in 
patients with advanced hepatocellular carcinoma and 
increased α-fetoprotein concentrations (REACH-2): 
a randomised, double-blind, placebo-controlled, 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.3322/caac.21590
https://doi.org/10.3322/caac.21590
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://hsgm.saglik.gov.tr/tr/kanser-istatistikleri/yillar/2016-yili-turkiye-kanser-i-statistikleri.html
https://hsgm.saglik.gov.tr/tr/kanser-istatistikleri/yillar/2016-yili-turkiye-kanser-i-statistikleri.html
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1055/s-2006-939841
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.1038/nrdp.2016.18
https://doi.org/10.1002/9781444314403.ch40
https://doi.org/10.1002/9781444314403.ch40
https://doi.org/10.1002/hep.31288
https://doi.org/10.1002/hep.31288
https://doi.org/10.1001/jama.2013.276701
https://doi.org/10.1001/jama.2013.276701
https://doi.org/10.1002/cld.890
https://doi.org/10.7314/APJCP.2014.15.6.2923
https://doi.org/10.7314/APJCP.2014.15.6.2923
https://doi.org/10.5604/16652681.1212316
https://doi.org/10.5604/16652681.1212316
https://doi.org/10.1177/1758835919869120
https://doi.org/10.1016/j.jhep.2011.12.001
https://doi.org/10.1093/jjco/hyn082
https://doi.org/10.1053/jhep.2003.50047
https://doi.org/10.1053/jhep.2003.50047
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1016/S0140-6736(16)32453-9
https://doi.org/10.1016/S0140-6736(16)32453-9
https://doi.org/10.1016/S0140-6736
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1056/NEJMoa1717002


354

phase 3 trial. Lancet Oncol. 2019;20:282–96. https://
doi.org/10.1016/S1470- 2045(18)30937- 9.

 23. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara 
S, Palmer D, et  al. Pembrolizumab in patients 
with advanced hepatocellular carcinoma previ-
ously treated with sorafenib (KEYNOTE-224): a 
non-randomised, open-label phase 2 trial. Lancet 
Oncol. 2018;19:940–52. https://doi.org/10.1016/
S1470- 2045(18)30351- 6.

 24. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, 
Kudo M, Hsu C, et al. Nivolumab in patients with 
advanced hepatocellular carcinoma (CheckMate 
040): an open-label, non-comparative, phase 
1/2 dose escalation and expansion trial. Lancet. 
2017;389:2492–502. https://doi.org/10.1016/
S0140- 6736(17)31046- 2.

 25. Abou-Alfa GK, Sahai V, Hollebecque A, Vaccaro G, 
Melisi D, Al-Rajabi R, et al. Pemigatinib for previ-
ously treated, locally advanced or metastatic chol-
angiocarcinoma: a multicentre, open-label, phase 2 
study. Lancet Oncol. 2020;21:671–84. https://doi.
org/10.1016/S1470- 2045(20)30109- 1.

 26. Yılmaz Y, Güneş A, Topel H, Atabey N. Signaling 
Pathways as Potential Therapeutic Targets in 
Hepatocarcinogenesis. J Gastrointest Cancer. 
2017;48:225–37. https://doi.org/10.1007/
s12029- 017- 9958- 1.

 27. Philip PA, Mahoney MR, Allmer C, Thomas J, 
Pitot HC, Kim G, et al. Phase II study of Erlotinib 
(OSI-774) in patients with advanced hepatocellular 
cancer. J Clin Oncol. 2005;23:6657–63. https://doi.
org/10.1200/JCO.2005.14.696.

 28. Ikeda S, Tsigelny IF, Skjevik ÅA, Kono Y, 
Mendler M, Kuo A, et  al. Next-Generation 
Sequencing of Circulating Tumor DNA Reveals 
Frequent Alterations in Advanced Hepatocellular 
Carcinoma. Oncologist. 2018;23:586–93. https://
doi.org/10.1634/theoncologist.2017- 0479.

 29. Li R, Yanjiao G, Wubin H, Yue W, Jianhua H, 
Huachuan Z, et al. Secreted GRP78 activates EGFR- 
SRC- STAT3 signaling and confers the resistance to 
sorafenib in HCC cells. Oncotarget. 2017;8:19354–
64. https://doi.org/10.18632/oncotarget.15223.

 30. Arii S. Role of vascular endothelial growth factor on 
the invasive potential of hepatocellular carcinoma. J 
Hepatol. 2004;41:333–5. https://doi.org/10.1016/j.
jhep.2004.06.022.

 31. Jia J-B, Zhuang P-Y, Sun H-C, Zhang J-B, Zhang 
W, Zhu X-D, et  al. Protein expression profiling of 
vascular endothelial growth factor and its recep-
tors identifies subclasses of hepatocellular car-
cinoma and predicts survival. J Cancer Res Clin 
Oncol. 2009;135:847–54. https://doi.org/10.1007/
s00432- 008- 0521- 0.

 32. Senturk S, Mumcuoglu M, Gursoy-Yuzugullu O, 
Cingoz B, Akcali KC, Ozturk M.  Transforming 
growth factor-beta induces senescence in hepa-
tocellular carcinoma cells and inhibits tumor 
growth. Hepatology. 2010;52:966–74. https://doi.
org/10.1002/hep.23769.

 33. Mancarella S, Krol S, Crovace A, Leporatti S, Dituri 
F, Frusciante M, et  al. Validation of Hepatocellular 
Carcinoma Experimental Models for TGF-β Promoting 
Tumor Progression. Cancers (Basel). 2019;11:1510. 
https://doi.org/10.3390/cancers11101510.

 34. Cagatay T, Ozturk M. p53 mutation as a source 
of aberrant β-catenin accumulation in cancer 
cells. Oncogene. 2002;21:7971–80. https://doi.
org/10.1038/sj.onc.1205919.

 35. Yuzugullu H, Benhaj K, Ozturk N, Senturk S, Celik 
E, Toylu A, et al. Canonical Wnt signaling is antago-
nized by noncanonical Wnt5a in hepatocellular car-
cinoma cells. Mol Cancer. 2009;8:90. https://doi.
org/10.1186/1476- 4598- 8- 90.

 36. Krejci P, Aklian A, Kaucka M, Sevcikova E, 
Prochazkova J, Masek JK, et  al. Receptor tyrosine 
kinases activate canonical WNT/β-catenin signaling 
via MAP kinase/LRP6 pathway and direct β-catenin 
phosphorylation. PLoS One. 2012;7 https://doi.
org/10.1371/journal.pone.0035826.

 37. Azad T, Rezaei R, Surendran A, Singaravelu R, 
Boulton S, Dave J, et  al. Hippo signaling path-
way as a central mediator of receptors tyro-
sine kinases (RTKS) in tumorigenesis. Cancers 
(Basel). 2020;12:1–22. https://doi.org/10.3390/
cancers12082042.

 38. Kato T. Biological roles of hepatocyte growth factor- 
Met signaling from genetically modified animals 
(Review). Biomed Reports. 2017;7:495–503. https://
doi.org/10.3892/br.2017.1001.

 39. Schmidt C, Bladt F, Goedecke S, Brinkmann V, 
Zschiesche W, Sharpe M, et al. Scatter factor/hepa-
tocyte growth factor is essential for liver devel-
opment. Nature. 1995;373:699–702. https://doi.
org/10.1038/373699a0.

 40. Uehara Y, Minowa O, Mori C, Shiota K, Kuno 
J, Noda T, et  al. Placental defect and embryonic 
lethality in mice lacking hepatocyte growth factor/
scatter factor. Nature. 1995;373:702–5. https://doi.
org/10.1038/373702a0.

 41. Huh CG, Factor VM, Sánchez A, Uchida K, Conner 
EA, Thorgeirsson SS.  Hepatocyte growth factor/c- 
met signaling pathway is required for efficient 
liver regeneration and repair. Proc Natl Acad Sci 
U S A. 2004;101:4477–82. https://doi.org/10.1073/
pnas.0306068101.

 42. Ma H, Saenko M, Opuko A, Togawa A, Soda K, 
Marlier A, et  al. Deletion of the Met receptor in 
the collecting duct decreases renal repair following 
ureteral obstruction. Kidney Int. 2009;76:868–76. 
https://doi.org/10.1038/ki.2009.304.

 43. Demirci C, Ernst S, Alvarez-Perez JC, Rosa T, Valle 
S, Shridhar V, et  al. Loss of HGF/c-Met signaling 
in pancreatic β-cells leads to incomplete maternal 
β-cell adaptation and gestational diabetes mellitus. 
Diabetes. 2012;61:1143–52. https://doi.org/10.2337/
db11- 1154.

 44. Alvarez-Perez JC, Ernst S, Demirci C, Casinelli 
GP, Mellado-Gil JMD, Rausell-Palamos F, et  al. 
Hepatocyte Growth Factor/c-Met Signaling 

Y. Yılmaz et al.

https://doi.org/10.1016/S1470-2045(18)30937-9
https://doi.org/10.1016/S1470-2045(18)30937-9
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S1470-2045(20)30109-1
https://doi.org/10.1016/S1470-2045(20)30109-1
https://doi.org/10.1007/s12029-017-9958-1
https://doi.org/10.1007/s12029-017-9958-1
https://doi.org/10.1200/JCO.2005.14.696
https://doi.org/10.1200/JCO.2005.14.696
https://doi.org/10.1634/theoncologist.2017-0479
https://doi.org/10.1634/theoncologist.2017-0479
https://doi.org/10.18632/oncotarget.15223
https://doi.org/10.1016/j.jhep.2004.06.022
https://doi.org/10.1016/j.jhep.2004.06.022
https://doi.org/10.1007/s00432-008-0521-0
https://doi.org/10.1007/s00432-008-0521-0
https://doi.org/10.1002/hep.23769
https://doi.org/10.1002/hep.23769
https://doi.org/10.3390/cancers11101510
https://doi.org/10.1038/sj.onc.1205919
https://doi.org/10.1038/sj.onc.1205919
https://doi.org/10.1186/1476-4598-8-90
https://doi.org/10.1186/1476-4598-8-90
https://doi.org/10.1371/journal.pone.0035826
https://doi.org/10.1371/journal.pone.0035826
https://doi.org/10.3390/cancers12082042
https://doi.org/10.3390/cancers12082042
https://doi.org/10.3892/br.2017.1001
https://doi.org/10.3892/br.2017.1001
https://doi.org/10.1038/373699a0
https://doi.org/10.1038/373699a0
https://doi.org/10.1038/373702a0
https://doi.org/10.1038/373702a0
https://doi.org/10.1073/pnas.0306068101
https://doi.org/10.1073/pnas.0306068101
https://doi.org/10.1038/ki.2009.304
https://doi.org/10.2337/db11-1154
https://doi.org/10.2337/db11-1154


355

Is Required for -Cell Regeneration. Diabetes. 
2014;63:216–23. https://doi.org/10.2337/
db13- 0333.

 45. Liu Y. The human hepatocyte growth factor recep-
tor gene: Complete structural organization and 
 promoter characterization. Gene. 1998;215:159–69. 
https://doi.org/10.1016/S0378- 1119(98)00264- 9.

 46. Gherardi E, Youles ME, Miguel RN, Blundell TL, 
Iamele L, Gough J, et al. Functional map and domain 
structure of MET, the product of the c-met protoon-
cogene and receptor for hepatocyte growth factor/
scatter factor. Proc Natl Acad Sci. 2003;100:12039–
44. https://doi.org/10.1073/pnas.2034936100.

 47. Kong-Beltran M, Stamos J, Wickramasinghe 
D.  The Sema domain of Met is necessary for 
receptor dimerization and activation. Cancer 
Cell. 2004;6:75–84. https://doi.org/10.1016/j.
ccr.2004.06.013.

 48. Gherardi E, Sandin S, Petoukhov MV, Finch J, 
Youles ME, Ofverstedt L-G, et  al. Structural basis 
of hepatocyte growth factor/scatter factor and MET 
signalling. Proc Natl Acad Sci. 2006;103:4046–51. 
https://doi.org/10.1073/pnas.0509040103.

 49. Deying W, Feng G, Shumei L, Hui Z, Ming L, 
Hongqing W.  CAF-derived HGF promotes cell 
proliferation and drug resistance by up-regulating 
the c-Met/PI3K/Akt and GRP78 signalling in ovar-
ian cancer cells. Biosci Rep. 2017;37 https://doi.
org/10.1042/BSR20160470.

 50. Schaeper U, Gehring NH, Fuchs KP, Sachs M, 
Kempkes B, Birchmeier W.  Coupling of Gab1 
to c-Met, Grb2, and Shp2 mediates biological 
responses. J Cell Biol. 2000;149:1419–32. https://
doi.org/10.1083/jcb.149.7.1419.

 51. Garajová I, Giovannetti E, Biasco G, Peters GJ. 
c-Met as a target for personalized therapy. Transl 
Oncogenomics. 2015;2015:13–31. https://doi.
org/10.4137/TOGOG.S30534.

 52. Zhang YW, Wang LM, Jove R, Vande Woude 
GF. Requirement of Stat3 signaling for HGF/SF-Met 
mediated tumorigenesis. Oncogene. 2002;21:217–
26. https://doi.org/10.1038/sj.onc.1205004.

 53. Furcht CM, Buonato JM, Skuli N, Mathew LK, 
Muñoz Rojas AR, Simon MC, et  al. Multivariate 
signaling regulation by SHP2 differentially controls 
proliferation and therapeutic response in glioma 
cells. J Cell Sci. 2014;127:3555–67. https://doi.
org/10.1242/jcs.150862.

 54. Peschard P, Fournier TM, Lamorte L, Naujokas MA, 
Band H, Langdon WY, et al. Mutation of the c-Cbl 
TKB domain binding site on the Met receptor tyro-
sine kinase converts it into a transforming protein. 
Mol Cell. 2001;8:995–1004. https://doi.org/10.1016/
S1097- 2765(01)00378- 1.

 55. Ozen E, Gozukizil A, Erdal E, Uren A, Bottaro DP, 
Atabey N.  Heparin Inhibits Hepatocyte Growth  
Factor Induced Motility and Invasion of Hepato-
cellular Carcinoma Cells through Early Growth 
Response Protein 1. PLoS One. 2012;7:e42717. 
https://doi.org/10.1371/journal.pone.0042717.

 56. Korhan P, Erdal E, Kandemiş E, Cokaklı M, Nart 
D, Yılmaz F, et  al. Reciprocal activating crosstalk 
between c-Met and caveolin 1 promotes invasive 
phenotype in hepatocellular carcinoma. PLoS One. 
2014;9:e105278. https://doi.org/10.1371/journal.
pone.0105278.

 57. İşcan E, Güneş A, Korhan P, Yılmaz Y, Erdal E, 
Atabey N. The regulatory role of heparin on c-Met 
signaling in hepatocellular carcinoma cells. J Cell 
Commun Signal. 2017;11:155–66. https://doi.
org/10.1007/s12079- 016- 0368- 0.

 58. Viticchiè G, Muller P. c-Met and Other Cell Surface 
Molecules: Interaction, Activation and Functional 
Consequences. Biomedicines. 2015;3:46–70. https://
doi.org/10.3390/biomedicines3010046.

 59. Goyal L, Muzumdar MD, Zhu AX.  Targeting the 
HGF/c-MET pathway in hepatocellular carcinoma. 
Clin Cancer Res. 2013;19:2310–8. https://doi.
org/10.1158/1078- 0432.CCR- 12- 2791.

 60. Lai AZ, Abella JV, Park M. Crosstalk in Met recep-
tor oncogenesis. Trends Cell Biol. 2009;19:542–51. 
https://doi.org/10.1016/j.tcb.2009.07.002.

 61. Bozkaya G, Korhan P, Çokaklı M, Erdal E, Sağol 
Ö, Karademir S, et  al. Cooperative interaction of 
MUC1 with the HGF/c-Met pathway during hepato-
carcinogenesis. Mol Cancer. 2012;11:64. https://doi.
org/10.1186/1476- 4598- 11- 64.

 62. Fafalios A, Ma J, Tan X, Stoops J, Luo J, Defrances 
MC, et  al. A hepatocyte growth factor receptor 
(Met)-insulin receptor hybrid governs hepatic glu-
cose metabolism. Nat Med. 2011;17:1577–84. 
https://doi.org/10.1038/nm.2531.

 63. Jo M, Stolz DB, Esplen JE, Dorko K, Michalopoulos 
GK, Strom SC.  Cross-talk between Epidermal 
Growth Factor Receptor and c-Met Signal Pathways 
in Transformed Cells. J Biol Chem. 2000;275:8806–
11. https://doi.org/10.1074/jbc.275.12.8806.

 64. Bonine-Summers AR, Aakre ME, Brown KA, 
Arteaga CL, Pietenpol JA, Moses HL, et  al. 
Epidermal growth factor receptor plays a significant 
role in hepatocyte growth factor mediated biologi-
cal responses in mammary epithelial cells. Cancer 
Biol Ther. 2007;6:561–70. https://doi.org/10.4161/
cbt.6.4.3851.

 65. Turke AB, Zejnullahu K, Wu YL, Song Y, Dias- 
Santagata D, Lifshits E, et  al. Preexistence and 
Clonal Selection of MET Amplification in EGFR 
Mutant NSCLC.  Cancer Cell. 2010;17:77–88. 
https://doi.org/10.1016/j.ccr.2009.11.022.

 66. Tanizaki J, Okamoto I, Sakai K, Nakagawa 
K. Differential roles of trans-phosphorylated EGFR, 
HER2, HER3, and RET as heterodimerisation 
partners of MET in lung cancer with MET ampli-
fication. Br J Cancer. 2011;105:807–13. https://doi.
org/10.1038/bjc.2011.322.

 67. Bachleitner-Hofmann T, Sun MY, Chen CT, Tang 
L, Song L, Zeng Z, et  al. HER kinase activation 
confers resistance to MET tyrosine kinase inhibi-
tion in MET oncogene-addicted gastric cancer cells. 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.2337/db13-0333
https://doi.org/10.2337/db13-0333
https://doi.org/10.1016/S0378-1119(98)00264-9
https://doi.org/10.1073/pnas.2034936100
https://doi.org/10.1016/j.ccr.2004.06.013
https://doi.org/10.1016/j.ccr.2004.06.013
https://doi.org/10.1073/pnas.0509040103
https://doi.org/10.1042/BSR20160470
https://doi.org/10.1042/BSR20160470
https://doi.org/10.1083/jcb.149.7.1419
https://doi.org/10.1083/jcb.149.7.1419
https://doi.org/10.4137/TOGOG.S30534
https://doi.org/10.4137/TOGOG.S30534
https://doi.org/10.1038/sj.onc.1205004
https://doi.org/10.1242/jcs.150862
https://doi.org/10.1242/jcs.150862
https://doi.org/10.1016/S1097-2765(01)00378-1
https://doi.org/10.1016/S1097-2765(01)00378-1
https://doi.org/10.1371/journal.pone.0042717
https://doi.org/10.1371/journal.pone.0105278
https://doi.org/10.1371/journal.pone.0105278
https://doi.org/10.1007/s12079-016-0368-0
https://doi.org/10.1007/s12079-016-0368-0
https://doi.org/10.3390/biomedicines3010046
https://doi.org/10.3390/biomedicines3010046
https://doi.org/10.1158/1078-0432.CCR-12-2791
https://doi.org/10.1158/1078-0432.CCR-12-2791
https://doi.org/10.1016/j.tcb.2009.07.002
https://doi.org/10.1186/1476-4598-11-64
https://doi.org/10.1186/1476-4598-11-64
https://doi.org/10.1038/nm.2531
https://doi.org/10.1074/jbc.275.12.8806
https://doi.org/10.4161/cbt.6.4.3851
https://doi.org/10.4161/cbt.6.4.3851
https://doi.org/10.1016/j.ccr.2009.11.022
https://doi.org/10.1038/bjc.2011.322
https://doi.org/10.1038/bjc.2011.322


356

Mol Cancer Ther. 2008;7:3499–508. https://doi.
org/10.1158/1535- 7163.MCT- 08- 0374.

 68. Follenzi A, Bakovic S, Gual P, Stella MC, Longati 
P, Comoglio PM.  Cross-talk between the proto- 
oncogenes Met and Ron. Oncogene. 2000;19:3041–
9. https://doi.org/10.1038/sj.onc.1203620.

 69. Bauer TW, Somcio RJ, Fan F, Liu W, Johnson M, 
Lesslie DP, et al. Regulatory role of c-Met in insulin- 
like growth factor-I receptor  - Mediated migration 
and invasion of human pancreatic carcinoma cells. 
Mol Cancer Ther. 2006;5:1676–82. https://doi.
org/10.1158/1535- 7163.MCT- 05- 0175.

 70. Sierra JR, Tsao M-S. c-MET as a potential ther-
apeutic target and biomarker in cancer. Ther 
Adv Med Oncol. 2011;3:S21–35. https://doi.
org/10.1177/1758834011422557.

 71. Daveau M, Scotte M, François A, Coulouarn C, 
Ros G, Tallet Y, et  al. Hepatocyte growth factor, 
transforming growth factor α, and their receptors 
as combined markers of prognosis in hepatocellular 
carcinoma. Mol Carcinog. 2003;36:130–41. https://
doi.org/10.1002/mc.10103.

 72. Ma PC, Tretiakova MS, MacKinnon AC, Ramnath 
N, Johnson C, Dietrich S, et  al. Expression and 
mutational analysis of MET in human solid can-
cers. Genes Chromosom Cancer. 2008;47:1025–37. 
https://doi.org/10.1002/gcc.20604.

 73. Aune G, Lian A-M, Tingulstad S, Torp SH, Forsmo 
S, Reseland JE, et al. Increased circulating hepato-
cyte growth factor (HGF): A marker of epithelial 
ovarian cancer and an indicator of poor progno-
sis. Gynecol Oncol. 2011;121:402–6. https://doi.
org/10.1016/j.ygyno.2010.12.355.

 74. Tanimoto S, Fukumori T, El-Moula G, 
Shiirevnyamba A, Kinouchi S, Koizumi T, et  al. 
Prognostic significance of serum hepatocyte growth 
factor in clear cell renal cell carcinoma: comparison 
with serum vascular endothelial growth factor. J Med 
Investig. 2008;55:106–11. https://doi.org/10.2152/
jmi.55.106.

 75. Kammula US, Kuntz EJ, Francone TD, Zeng Z, Shia 
J, Landmann RG, et al. Molecular co-expression of 
the c-Met oncogene and hepatocyte growth factor in 
primary colon cancer predicts tumor stage and clini-
cal outcome. Cancer Lett. 2007;248:219–28. https://
doi.org/10.1016/j.canlet.2006.07.007.

 76. Nakajima M, Sawada H, Yamada Y, Watanabe A, 
Tatsumi M, Yamashita J, et  al. The prognostic sig-
nificance of amplification and overexpression of 
c- met and c-erb B-2 in human gastric carcinomas. 
Cancer. 1999;85:1894–902. https://doi.org/10.1002/
(SICI)1097- 0142(19990501)85:9<1894::AID- 
CNCR3>3.0.CO;2- J.

 77. Ramirez R, Hsu D, Patel A, Fenton, C, Dinauer 
C, Tuttle RM, et  al. Over-expression of hepato-
cyte growth factor/scatter factor (HGF/SF) and the 
HGF/SF receptor (cMET) are associated with a 
high risk of metastasis and recurrence for children 
and young adults with papillary thyroid carcinoma. 
Clin Endocrinol (Oxf). 2000;53:635–44. https://doi.
org/10.1046/j.1365- 2265.2000.01124.x.

 78. Liu N, Furukawa T, Kobari M, Tsao MS. Comparative 
phenotypic studies of duct epithelial cell lines 
derived from normal human pancreas and pancreatic 
carcinoma. Am J Pathol. 1998;153:263–9. https://
doi.org/10.1016/S0002- 9440(10)65567- 8.

 79. Chau NG, Perez-Ordonez B, Zhang K, Pham N-A, 
Ho J, Zhang T, et  al. The association between 
EGFR variant III, HPV, p16, c-MET, EGFR gene 
copy number and response to EGFR inhibitors in 
patients with recurrent or metastatic squamous cell 
carcinoma of the head and neck. Head Neck Oncol. 
2011;3:11. https://doi.org/10.1186/1758- 3284- 3- 11.

 80. Tsao MS, Liu N, Chen JR, Pappas J, Ho J, To C, 
et  al. Differential expression of Met/hepatocyte 
growth factor receptor in subtypes of non-small cell 
lung cancers. Lung Cancer. 1998;20:1–16. https://
doi.org/10.1016/S0169- 5002(98)00007- 5.

 81. Gumustekin M, Kargi A, Bulut G, Gozukizil A, 
Ulukus C, Oztop I, et  al. HGF/c-Met overexpres-
sions, but not met mutation, correlates with progres-
sion of non-small cell lung cancer. Pathol Oncol 
Res. 2012;18:209–18. https://doi.org/10.1007/
s12253- 011- 9430- 7.

 82. Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, 
Pelletier L, Maad I, Ben, et al. Integrated analysis of 
somatic mutations and focal copy-number changes 
identifies key genes and pathways in hepatocellular 
carcinoma. Nat Genet. 2012;44:694–8. https://doi.
org/10.1038/ng.2256.

 83. Zhang YW, Vande Woude GF. HGF/SF-Met signal-
ing in the control of branching morphogenesis and 
invasion. J. Cell. Biochem., vol. 88, J Cell Biochem; 
2003, p. 408–17. https://doi.org/10.1002/jcb.10358.

 84. Ghiso E, Giordano S. Targeting MET: why, where 
and how? Curr Opin Pharmacol. 2013;13:511–8. 
https://doi.org/10.1016/j.coph.2013.05.018.

 85. Yao HP, Hudson R, Wang MH. Progress and challenge 
in development of biotherapeutics targeting MET 
receptor for treatment of advanced cancer. Biochim 
Biophys Acta  - Rev Cancer. 1874;2020:188425. 
https://doi.org/10.1016/j.bbcan.2020.188425.

 86. Ho-Yen CM, Jones JL, Kermorgant S. The clinical 
and functional significance of c-Met in breast can-
cer: A review. Breast Cancer Res. 2015;17 https://
doi.org/10.1186/s13058- 015- 0547- 6.

 87. Salgia R.  MET in lung cancer: Biomarker selec-
tion based on scientific rationale. Mol Cancer Ther. 
2017;16:555–65. https://doi.org/10.1158/1535-
  7163.MCT- 16- 0472.

 88. Kim JH, Kim HS, Kim BJ, Lee J, Jang HJ. Prognostic 
value of c-Met overexpression in pancreatic adenocar-
cinoma: a meta-analysis. Oncotarget. 2017;8:73098–
104. https://doi.org/10.18632/oncotarget.20392.

 89. Kim JH, Kim BJ, Kim HS.  Clinicopathological 
impacts of high c-Met expression in renal cell car-
cinoma: a meta-analysis and review. Oncotarget. 
2017;8:75478–87. https://doi.org/10.18632/
oncotarget.20796.

 90. Heo MH, Kim HK, Lee H, Kim KM, Lee J, Park SH, 
et al. The clinical impact of c-MET over-expression 

Y. Yılmaz et al.

https://doi.org/10.1158/1535-7163.MCT-08-0374
https://doi.org/10.1158/1535-7163.MCT-08-0374
https://doi.org/10.1038/sj.onc.1203620
https://doi.org/10.1158/1535-7163.MCT-05-0175
https://doi.org/10.1158/1535-7163.MCT-05-0175
https://doi.org/10.1177/1758834011422557
https://doi.org/10.1177/1758834011422557
https://doi.org/10.1002/mc.10103
https://doi.org/10.1002/mc.10103
https://doi.org/10.1002/gcc.20604
https://doi.org/10.1016/j.ygyno.2010.12.355
https://doi.org/10.1016/j.ygyno.2010.12.355
https://doi.org/10.2152/jmi.55.106
https://doi.org/10.2152/jmi.55.106
https://doi.org/10.1016/j.canlet.2006.07.007
https://doi.org/10.1016/j.canlet.2006.07.007
https://doi.org/10.1002/(SICI)1097-0142(19990501)85:9<1894::AID-CNCR3>3.0.CO;2-J
https://doi.org/10.1002/(SICI)1097-0142(19990501)85:9<1894::AID-CNCR3>3.0.CO;2-J
https://doi.org/10.1002/(SICI)1097-0142(19990501)85:9<1894::AID-CNCR3>3.0.CO;2-J
https://doi.org/10.1046/j.1365-2265.2000.01124.x
https://doi.org/10.1046/j.1365-2265.2000.01124.x
https://doi.org/10.1016/S0002-9440(10)65567-8
https://doi.org/10.1016/S0002-9440(10)65567-8
https://doi.org/10.1186/1758-3284-3-11
https://doi.org/10.1016/S0169-5002(98)00007-5
https://doi.org/10.1016/S0169-5002(98)00007-5
https://doi.org/10.1007/s12253-011-9430-7
https://doi.org/10.1007/s12253-011-9430-7
https://doi.org/10.1038/ng.2256
https://doi.org/10.1038/ng.2256
https://doi.org/10.1002/jcb.10358
https://doi.org/10.1016/j.coph.2013.05.018
https://doi.org/10.1016/j.bbcan.2020.188425
https://doi.org/10.1186/s13058-015-0547-6
https://doi.org/10.1186/s13058-015-0547-6
https://doi.org/10.1158/1535-7163.MCT-16-0472
https://doi.org/10.1158/1535-7163.MCT-16-0472
https://doi.org/10.18632/oncotarget.20392
https://doi.org/10.18632/oncotarget.20796
https://doi.org/10.18632/oncotarget.20796


357

in advanced biliary tract cancer (BTC). J Cancer. 
2017;8:1395–9. https://doi.org/10.7150/jca.17898.

 91. Park HJ, Kim K, Paik JH, Chie EK, Kim S, Jang 
JY, et al. Is c-Met oncoprotein expression an adverse 
prognosticator in extrahepatic bile duct cancer treated 
with curative resection followed by adjuvant chemo-
radiotherapy? Clin Transl Oncol. 2016;18:625–31. 
https://doi.org/10.1007/s12094- 015- 1409- 5.

 92. Miyamoto M, Ojima H, Iwasaki M, Shimizu H, 
Kokubu A, Hiraoka N, et al. Prognostic significance 
of overexpression of c-Met oncoprotein in cholan-
giocarcinoma. Br J Cancer. 2011;105:131–8. https://
doi.org/10.1038/bjc.2011.199.

 93. Boix L, Rosa JL, Ventura F, Castells A, Bruix J, 
Rodés J, et al. c-met mRNA overexpression in human 
hepatocellular carcinoma. Hepatology. 1994;19:88–
91. https://doi.org/10.1002/hep.1840190115.

 94. Suzuki K, Hayashi N, Yamada Y, Yoshihara H, 
Miyamoto Y, Ito Y, et  al. Expression of the c-met 
protooncogene in human hepatocellular carci-
noma. Hepatology. 1994;20:1231–6. https://doi.
org/10.1002/hep.1840200520.

 95. Wu F, Wu L, Zheng S, Ding W, Teng L, Wang Z, 
et al. The clinical value of hepatocyte growth factor 
and its receptor-c-met for liver cancer patients with 
hepatectomy. Dig Liver Dis. 2006;38:490–7. https://
doi.org/10.1016/j.dld.2006.03.007.

 96. Ueki T, Fujimoto J, Suzuki T, Yamamoto H, 
Okamoto E.  Expression of hepatocyte growth fac-
tor and its receptor c-met proto- oncogene in hepa-
tocellular carcinoma. Hepatology. 1997;25:862–6. 
https://doi.org/10.1002/hep.510250413.

 97. Kondo S, Ojima H, Tsuda H, Hashimoto J, Morizane 
C, Ikeda M, et al. Clinical impact of c-Met expres-
sion and its gene amplification in hepatocellular car-
cinoma. Int J Clin Oncol. 2013;18:207–13. https://
doi.org/10.1007/s10147- 011- 0361- 9.

 98. Siraj AK, Bavi P, Abubaker J, Jehan Z, Sultana M, 
Al-Dayel F, et  al. Genome-wide expression anal-
ysis of Middle Eastern papillary thyroid cancer 
reveals c-MET as a novel target for cancer therapy. 
J Pathol. 2007;213:190–9. https://doi.org/10.1002/
path.2215.

 99. Gong XY, Ma N, Xu HX, Chen F, Huang XH, Wang 
Q. Prognostic significance of c-Met, β-catenin and 
FAK in patients with hepatocellular carcinoma fol-
lowing surgery. Oncol Lett. 2018;15:3796–805. 
https://doi.org/10.3892/ol.2018.7733.

 100. Santoro A, Rimassa L, Borbath I, Daniele B, 
Salvagni S, Van Laethem JL, et  al. Tivantinib for 
second-line treatment of advanced hepatocellular 
carcinoma: A randomised, placebo-controlled phase 
2 study. Lancet Oncol. 2013;14:55–63. https://doi.
org/10.1016/S1470- 2045(12)70490- 4.

 101. Bradley CA, Salto-Tellez M, Laurent-Puig P, Bardelli 
A, Rolfo C, Tabernero J, et al. Targeting c-MET in 
gastrointestinal tumours: rationale, opportunities 
and challenges. Nat Rev Clin Oncol. 2017;14:562–
76. https://doi.org/10.1038/nrclinonc.2017.40.

 102. Matsumoto K, Nakamura T. NK4 (HGF-antagonist/
angiogenesis inhibitor) in cancer biology and thera-

peutics. Cancer Sci. 2003;94:321–7. https://doi.
org/10.1111/j.1349- 7006.2003.tb01440.x.

 103. Munshi N, Jeay S, Li Y, Chen CR, France DS, 
Ashwell MA, et  al. ARQ 197, a novel and selec-
tive inhibitor of the human c-Met receptor tyrosine 
kinase with antitumor activity. Mol Cancer Ther. 
2010;9:1544–53. https://doi.org/10.1158/1535-
  7163.MCT- 09- 1173.

 104. Calles A, Kwiatkowski N, Cammarata BK, Ercan D, 
Gray NS, Jänne PA. Tivantinib (ARQ 197) efficacy 
is independent of MET inhibition in non-small-cell 
lung cancer cell lines. Mol Oncol. 2015;9:260–9. 
https://doi.org/10.1016/j.molonc.2014.08.011.

 105. Prabhash K, Noronha V, Joshi A, Desai S, 
Sahu A.  Crizotinib: A comprehensive review. 
South Asian J Cancer. 2013;2:91. https://doi.
org/10.4103/2278- 330x.110506.

 106. Grüllich C.  Cabozantinib: Multi-kinase Inhibitor 
of MET, AXL, RET, and VEGFR2. Recent 
Results Cancer Res. 2018;211:67–75. https://doi.
org/10.1007/978- 3- 319- 91442- 8_5.

 107. Rimassa L, Assenat E, Peck-Radosavljevic M, 
Pracht M, Zagonel V, Mathurin P, et al. Tivantinib for 
second-line treatment of MET-high, advanced hepa-
tocellular carcinoma (METIV-HCC): a final analy-
sis of a phase 3, randomised, placebo-controlled 
study. Lancet Oncol. 2018;19:682–93. https://doi.
org/10.1016/S1470- 2045(18)30146- 3.

 108. Lorenzato A, Olivero M, Patanè S, Rosso E, Oliaro 
A, Comoglio PM, et  al. Novel Somatic Mutations 
of the MET Oncogene in Human Carcinoma 
Metastases Activating Cell Motility and Invasion. 
Cancer Res. 2002;62

 109. Di Renzo MF, Olivero M, Martone T, Maffe A, 
Maggiora P, De Stefani A, et al. Somatic mutations 
of the MET oncogene are selected during metastatic 
spread of human HNSC carcinomas. Oncogene. 
2000;19:1547–55. https://doi.org/10.1038/
sj.onc.1203455.

 110. Hughes VS, Siemann DW.  Failures in preclinical 
and clinical trials of c-Met inhibitors: Evaluation 
of pathway activity as a promising selection cri-
terion. Oncotarget. 2019;10:184–97. https://doi.
org/10.18632/oncotarget.26546.

 111. Kroy DC, Schumacher F, Ramadori P, Hatting 
M, Bergheim I, Gassler N, et  al. Hepatocyte spe-
cific deletion of c-Met leads to the development 
of severe non-alcoholic steatohepatitis in mice. J 
Hepatol. 2014;61:883–90. https://doi.org/10.1016/j.
jhep.2014.05.019.

 112. Vansteenkiste JF, Van De Kerkhove C, Wauters E, 
Van Mol P.  Capmatinib for the treatment of non- 
small cell lung cancer. Expert Rev Anticancer Ther. 
2019;19:659–71. https://doi.org/10.1080/14737140.
2019.1643239.

 113. De Bacco F, Luraghi P, Medico E, Reato G, 
Girolami F, Perera T, et  al. Induction of MET by 
Ionizing Radiation and Its Role in Radioresistance 
and Invasive Growth of Cancer. JNCI J Natl Cancer 
Inst. 2011;103:645–61. https://doi.org/10.1093/jnci/
djr093.

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.7150/jca.17898
https://doi.org/10.1007/s12094-015-1409-5
https://doi.org/10.1038/bjc.2011.199
https://doi.org/10.1038/bjc.2011.199
https://doi.org/10.1002/hep.1840190115
https://doi.org/10.1002/hep.1840200520
https://doi.org/10.1002/hep.1840200520
https://doi.org/10.1016/j.dld.2006.03.007
https://doi.org/10.1016/j.dld.2006.03.007
https://doi.org/10.1002/hep.510250413
https://doi.org/10.1007/s10147-011-0361-9
https://doi.org/10.1007/s10147-011-0361-9
https://doi.org/10.1002/path.2215
https://doi.org/10.1002/path.2215
https://doi.org/10.3892/ol.2018.7733
https://doi.org/10.1016/S1470-2045(12)70490-4
https://doi.org/10.1016/S1470-2045(12)70490-4
https://doi.org/10.1038/nrclinonc.2017.40
https://doi.org/10.1111/j.1349-7006.2003.tb01440.x
https://doi.org/10.1111/j.1349-7006.2003.tb01440.x
https://doi.org/10.1158/1535-7163.MCT-09-1173
https://doi.org/10.1158/1535-7163.MCT-09-1173
https://doi.org/10.1016/j.molonc.2014.08.011
https://doi.org/10.4103/2278-330x.110506
https://doi.org/10.4103/2278-330x.110506
https://doi.org/10.1007/978-3-319-91442-8_5
https://doi.org/10.1007/978-3-319-91442-8_5
https://doi.org/10.1016/S1470-2045(18)30146-3
https://doi.org/10.1016/S1470-2045(18)30146-3
https://doi.org/10.1038/sj.onc.1203455
https://doi.org/10.1038/sj.onc.1203455
https://doi.org/10.18632/oncotarget.26546
https://doi.org/10.18632/oncotarget.26546
https://doi.org/10.1016/j.jhep.2014.05.019
https://doi.org/10.1016/j.jhep.2014.05.019
https://doi.org/10.1080/14737140.2019.1643239
https://doi.org/10.1080/14737140.2019.1643239
https://doi.org/10.1093/jnci/djr093
https://doi.org/10.1093/jnci/djr093


358

 114. Sun S, Wang Z.  Head neck squamous cell carci-
noma c-Met+ cells display cancer stem cell proper-
ties and are responsible for cisplatin-resistance and 
 metastasis. Int J Cancer. 2011;129:2337–48. https://
doi.org/10.1002/ijc.25927.

 115. Han P, Li H, Jiang X, Zhai B, Tan G, Zhao D, et al. Dual 
inhibition of Akt and c-Met as a second-line therapy 
following acquired resistance to sorafenib in hepato-
cellular carcinoma cells. Mol Oncol. 2017;11:320–
34. https://doi.org/10.1002/1878- 0261.12039.

 116. Xiang QF, Zhan MX, Li Y, Liang H, Hu C, Huang 
YM, et  al. Activation of MET promotes resistance 
to sorafenib in hepatocellular carcinoma cells 
via the AKT/ERK1/2-EGR1 pathway. Artif Cells 
Nanomedicine Biotechnol. 2019;47:83–9. https://
doi.org/10.1080/21691401.2018.1543195.

 117. Chen W, Wu J, Shi H, Wang Z, Zhang G, Cao 
Y, et  al. Hepatic Stellate Cell Coculture Enables 
Sorafenib Resistance in Huh7 Cells through 
HGF/c-Met/Akt and Jak2/Stat3 Pathways. 
Biomed Res Int. 2014;2014:1–10. https://doi.
org/10.1155/2014/764981.

 118. Dong N, Shi X, Wang S, Gao Y, Kuang Z, Xie Q, 
et al. M2 macrophages mediate sorafenib resistance 
by secreting HGF in a feed-forward manner in hepa-
tocellular carcinoma. Br J Cancer. 2019;121:22–33. 
https://doi.org/10.1038/s41416- 019- 0482- x.

 119. Firtina Karagonlar Z, Koc D, Iscan E, Erdal E, 
Atabey N. Elevated hepatocyte growth factor expres-
sion as an autocrine c-Met activation mechanism in 
acquired resistance to sorafenib in hepatocellular 
carcinoma cells. Cancer Sci. 2016;107:407–16. 
https://doi.org/10.1111/cas.12891.

 120. Qu Z, Wu J, Wu J, Luo D, Jiang C, Ding Y. Exosomes 
derived from HCC cells induce sorafenib resistance 
in hepatocellular carcinoma both in vivo and in vitro. 
J Exp Clin Cancer Res. 2016;35:159. https://doi.
org/10.1186/s13046- 016- 0430- z.

 121. Xiang Q, Chen W, Ren M, Wang J, Zhang H, 
Deng DYB, et  al. Cabozantinib Suppresses Tumor 
Growth and Metastasis in Hepatocellular Carcinoma 
by a Dual Blockade of VEGFR2 and MET.  Clin 
Cancer Res. 2014;20:2959–70. https://doi.
org/10.1158/1078- 0432.CCR- 13- 2620.

 122. Fu R, Jiang S, Li J, Chen H, Zhang X. Activation 
of the HGF/c-MET axis promotes lenvatinib resis-
tance in hepatocellular carcinoma cells with high 
c-MET expression. Med Oncol. 2020;37 https://doi.
org/10.1007/s12032- 020- 01350- 4.

 123. Liu E, Hjelle B, Bishop JM.  Transforming genes 
in chronic myelogenous leukemia. Proc Natl Acad 
Sci. 1988;85:1952–6. https://doi.org/10.1073/
pnas.85.6.1952.

 124. O’Bryan JP, Frye RA, Cogswell PC, Neubauer A, 
Kitch B, Prokop C, et al. Axl, a Transforming Gene 
Isolated From Primary Human Myeloid Leukemia 
Cells, Encodes a Novel Receptor Tyrosine Kinase. 
Mol Cell Biol. 1991;11:5016–31. https://doi.
org/10.1128/mcb.11.10.5016.

 125. Janssen JWG, Schulz AS, Steenvoorden ACM, 
Schmidberger M, Strehl S, Ambros PF, et al. A novel 
putative tyrosine kinase receptor with oncogenic 
potential. Oncogene. 1991;6:2113–20.

 126. Rescigno J, Mansukhani A, Basilico C.  A puta-
tive receptor tyrosine kinase with unique structural 
topology. Oncogene. 1991;6:1909–13.

 127. Brown M, Black JRM, Sharma R, Stebbing 
J, Pinato DJ.  Gene of the month: Axl. J Clin 
Pathol. 2016;69:391–7. https://doi.org/10.1136/
jclinpath- 2016- 203629.

 128. Sasaki T, Knyazev PG, Clout NJ, Cheburkin Y, 
Göhring W, Ullrich A, et  al. Structural basis for 
Gas6-Axl signalling. EMBO J. 2006;25:80–7. 
https://doi.org/10.1038/sj.emboj.7600912.

 129. Lee C-H, Chun T. Anti-Inflammatory Role of TAM 
Family of Receptor Tyrosine Kinases Via Modulating 
Macrophage Function. Mol Cell. 2019;42:1–7. 
https://doi.org/10.14348/molcells.2018.0419.

 130. Laurance S, Lemarié CA, Blostein MD.  Growth 
Arrest-Specific Gene 6 (gas6) and Vascular 
Hemostasis. Adv Nutr. 2012;3:196–203. https://doi.
org/10.3945/an.111.001826.

 131. Nagata K, Ohashi K, Nakano T, Arita H, Zong C, 
Hanafusa H, et  al. Identification of the Product of 
Growth Arrest-specific Gene 6 as a Common Ligand 
for Axl, Sky, and Mer Receptor Tyrosine Kinases. 
J Biol Chem. 1996;271:30022–7. https://doi.
org/10.1074/jbc.271.47.30022.

 132. Tjwa M, Bellido-Martin L, Lin Y, Lutgens E, 
Plaisance S, Bono F, et  al. Gas6 promotes inflam-
mation by enhancing interactions between endo-
thelial cells, platelets, and leukocytes. Blood. 
2008;111:4096–105. https://doi.org/10.1182/
blood- 2007- 05- 089565.

 133. Lafdil F, Chobert MN, Couchie D, Brouillet A, 
Zafrani ES, Mavier P, et  al. Induction of Gas6 
protein in CCl 4 -induced rat liver injury and anti- 
apoptotic effect on hepatic stellate cells. Hepatology. 
2006;44:228–39. https://doi.org/10.1002/hep.21237.

 134. Couchie D, Lafdil F, Martin-Garcia N, Laperche Y, 
Zafrani ES, Mavier P. Expression and role of Gas6 
protein and of its receptor Axl in hepatic regenera-
tion from oval cells in the rat. Gastroenterology. 
2005;129:1633–42. https://doi.org/10.1053/j.
gastro.2005.08.004.

 135. Meyer AS, Zweemer AJM, Lauffenburger DA. The 
AXL Receptor Is a Sensor of Ligand Spatial 
Heterogeneity. Cell Syst. 2015;1:25–36. https://doi.
org/10.1016/j.cels.2015.06.002.

 136. Ravichandran KS.  Find-me and eat-me signals 
in apoptotic cell clearance: progress and conun-
drums. J Exp Med. 2010;207:1807–17. https://doi.
org/10.1084/jem.20101157.

 137. Myers KV, Amend SR, Pienta KJ. Targeting Tyro3, 
Axl and MerTK (TAM receptors): implications 
for macrophages in the tumor microenvironment. 
Mol Cancer. 2019;18:94. https://doi.org/10.1186/
s12943- 019- 1022- 2.

Y. Yılmaz et al.

https://doi.org/10.1002/ijc.25927
https://doi.org/10.1002/ijc.25927
https://doi.org/10.1002/1878-0261.12039
https://doi.org/10.1080/21691401.2018.1543195
https://doi.org/10.1080/21691401.2018.1543195
https://doi.org/10.1155/2014/764981
https://doi.org/10.1155/2014/764981
https://doi.org/10.1038/s41416-019-0482-x
https://doi.org/10.1111/cas.12891
https://doi.org/10.1186/s13046-016-0430-z
https://doi.org/10.1186/s13046-016-0430-z
https://doi.org/10.1158/1078-0432.CCR-13-2620
https://doi.org/10.1158/1078-0432.CCR-13-2620
https://doi.org/10.1007/s12032-020-01350-4
https://doi.org/10.1007/s12032-020-01350-4
https://doi.org/10.1073/pnas.85.6.1952
https://doi.org/10.1073/pnas.85.6.1952
https://doi.org/10.1128/mcb.11.10.5016
https://doi.org/10.1128/mcb.11.10.5016
https://doi.org/10.1136/jclinpath-2016-203629
https://doi.org/10.1136/jclinpath-2016-203629
https://doi.org/10.1038/sj.emboj.7600912
https://doi.org/10.14348/molcells.2018.0419
https://doi.org/10.3945/an.111.001826
https://doi.org/10.3945/an.111.001826
https://doi.org/10.1074/jbc.271.47.30022
https://doi.org/10.1074/jbc.271.47.30022
https://doi.org/10.1182/blood-2007-05-089565
https://doi.org/10.1182/blood-2007-05-089565
https://doi.org/10.1002/hep.21237
https://doi.org/10.1053/j.gastro.2005.08.004
https://doi.org/10.1053/j.gastro.2005.08.004
https://doi.org/10.1016/j.cels.2015.06.002
https://doi.org/10.1016/j.cels.2015.06.002
https://doi.org/10.1084/jem.20101157
https://doi.org/10.1084/jem.20101157
https://doi.org/10.1186/s12943-019-1022-2
https://doi.org/10.1186/s12943-019-1022-2


359

 138. Lauter M, Weber A, Torka R. Targeting of the AXL 
receptor tyrosine kinase by small molecule inhibitor 
leads to AXL cell surface accumulation by impair-
ing the ubiquitin-dependent receptor degradation. 
Cell Commun Signal. 2019;17:59. https://doi.
org/10.1186/s12964- 019- 0377- 8.

 139. Scaltriti M, Elkabets M, Baselga J.  Molecular 
Pathways: AXL, a Membrane Receptor Mediator 
of Resistance to Therapy. Clin Cancer Res. 
2016;22:1313–7. https://doi.org/10.1158/1078-
  0432.CCR- 15- 1458.

 140. Zhang G, Wang M, Zhao H, Cui W.  Function of 
Axl receptor tyrosine kinase in non-small cell lung 
cancer (Review). Oncol Lett. 2017; https://doi.
org/10.3892/ol.2017.7694.

 141. Konishi A, Aizawa T, Mohan A, Korshunov VA, 
Berk BC.  Hydrogen peroxide activates the Gas6- 
Axl pathway in vascular smooth muscle cells. J Biol 
Chem. 2004;279:28766–70. https://doi.org/10.1074/
jbc.M401977200.

 142. Huang JS, Cho CY, Hong CC, Yan M De, Hsieh MC, 
Lay JD, et al. Oxidative stress enhances Axl-mediated 
cell migration through an Akt1/Rac1-dependent 
mechanism. vol. 65. Elsevier; 2013. https://doi.
org/10.1016/j.freeradbiomed.2013.09.011.

 143. Park IK, Trotta R, Yu J, Caligiuri MA.  Axl/Gas6 
pathway positively regulates FLT3 activation 
in human natural killer cell development. Eur J 
Immunol. 2013;43:2750–5. https://doi.org/10.1002/
eji.201243116.

 144. Meyer AS, Miller MA, Gertler FB, Lauffenburger 
DA.  The Receptor AXL Diversifies EGFR 
Signaling and Limits the Response to EGFR- 
Targeted Inhibitors in Triple-Negative Breast Cancer 
Cells. Sci Signal. 2013;6:ra66–ra66. https://doi.
org/10.1126/scisignal.2004155.

 145. Pierce A, Bliesner B, Xu M, Nielsen-Preiss S, 
Lemke G, Tobet S, et  al. Axl and Tyro3 Modulate 
Female Reproduction by Influencing Gonadotropin- 
Releasing Hormone Neuron Survival and Migration. 
Mol Endocrinol. 2008;22:2481–95. https://doi.
org/10.1210/me.2008- 0169.

 146. Gusenbauer S, Vlaicu P, Ullrich A. HGF induces novel 
EGFR functions involved in resistance formation to 
tyrosine kinase inhibitors. Oncogene. 2013;32:3846–
56. https://doi.org/10.1038/onc.2012.396.

 147. Goyette M-A, Duhamel S, Aubert L, Pelletier A, 
Savage P, Thibault M-P, et al. The Receptor Tyrosine 
Kinase AXL Is Required at Multiple Steps of the 
Metastatic Cascade during HER2-Positive Breast 
Cancer Progression. Cell Rep. 2018;23:1476–90. 
https://doi.org/10.1016/j.celrep.2018.04.019.

 148. Dimmeler S, Hermann C, Galle J, Zeiher 
AM.  Upregulation of Superoxide Dismutase and 
Nitric Oxide Synthase Mediates the Apoptosis- 
Suppressive Effects of Shear Stress on Endothelial 
Cells. Arterioscler Thromb Vasc Biol. 1999;19:656–
64. https://doi.org/10.1161/01.ATV.19.3.656.

 149. Axelrod H, Pienta KJ, Pienta K. Axl as a mediator of 
cellular growth and survival The TAM receptor tyro-
sine kinase family mediates the function of protein S 
and Gas6. Oncotarget. 2014;5

 150. Vajkoczy P, Knyazev P, Kunkel A, Capelle H-H, 
Behrndt S, von Tengg-Kobligk H, et al. Dominant- 
negative inhibition of the Axl receptor tyrosine 
kinase suppresses brain tumor cell growth and 
invasion and prolongs survival. Proc Natl Acad 
Sci. 2006;103:5799–804. https://doi.org/10.1073/
pnas.0510923103.

 151. Hector A, Montgomery EA, Karikari C, Canto MI, 
Dunbar KB, Wang JS, et al. The Axl receptor tyro-
sine kinase is an adverse prognostic factor and a 
therapeutic target in esophageal adenocarcinoma. 
Cancer Biol Ther. 2010;10:1009–18. https://doi.
org/10.4161/cbt.10.10.13248.

 152. Avilla E, Guarino V, Visciano C, Liotti F, Svelto 
M, Krishnamoorthy G, et al. Activation of TYRO3/
AXL Tyrosine Kinase Receptors in Thyroid 
Cancer. Cancer Res. 2011;71:1792–804. https://doi.
org/10.1158/0008- 5472.CAN- 10- 2186.

 153. Brand TM, Iida M, Stein AP, Corrigan KL, 
Braverman CM, Coan JP, et  al. Correction: AXL 
Is a Logical Molecular Target in Head and Neck 
Squamous Cell Carcinoma. Clin Cancer Res. 
2018;24:6099. https://doi.org/10.1158/1078- 0432.
CCR- 18- 3194.

 154. Paccez JD, Vasques GJ, Correa RG, Vasconcellos 
JF, Duncan K, Gu X, et  al. The receptor tyrosine 
kinase Axl is an essential regulator of prostate can-
cer proliferation and tumor growth and represents a 
new therapeutic target. Oncogene. 2013;32:689–98. 
https://doi.org/10.1038/onc.2012.89.

 155. Chen P, Li Q, Yang Z.  Axl and prostasin are bio-
markers for prognosis of ovarian adenocarcinoma. 
Ann Diagn Pathol. 2013;17:425–9. https://doi.
org/10.1016/j.anndiagpath.2013.01.005.

 156. Wu C-W, Li AFY, Chi C-W, Lai C-H, Huang CL, Lo 
S-S, et al. Clinical significance of AXL kinase family 
in gastric cancer. Anticancer Res. 2002;22:1071–8.

 157. Dunne PD, McArt DG, Blayney JK, Kalimutho M, 
Greer S, Wang T, et al. AXL Is a Key Regulator of 
Inherent and Chemotherapy-Induced Invasion and 
Predicts a Poor Clinical Outcome in Early-Stage 
Colon Cancer. Clin Cancer Res. 2014;20:164–75. 
https://doi.org/10.1158/1078- 0432.CCR- 13- 1354.

 158. Berclaz G, Altermatt HJ, Rohrbach V, Kieffer I, 
Dreher E, Andres A-C. Estrogen dependent expres-
sion of the receptor tyrosine kinase axl in normal and 
malignant human breast. Ann Oncol. 2001;12:819–
24. https://doi.org/10.1023/A:1011126330233.

 159. Shinh Y-S, Lai C-Y, Kao Y-R, Shiah S-G, Chu 
Y-W, Lee H-S, et  al. Expression of Axl in Lung 
Adenocarcinoma and Correlation with Tumor 
Progression. Neoplasia. 2005;7:1058–64. https://
doi.org/10.1593/neo.05640.

 160. Wimmel A, Glitz D, Kraus A, Roeder J, Schuermann 
M. Axl receptor tyrosine kinase expression in human 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.1186/s12964-019-0377-8
https://doi.org/10.1186/s12964-019-0377-8
https://doi.org/10.1158/1078-0432.CCR-15-1458
https://doi.org/10.1158/1078-0432.CCR-15-1458
https://doi.org/10.3892/ol.2017.7694
https://doi.org/10.3892/ol.2017.7694
https://doi.org/10.1074/jbc.M401977200
https://doi.org/10.1074/jbc.M401977200
https://doi.org/10.1016/j.freeradbiomed.2013.09.011
https://doi.org/10.1016/j.freeradbiomed.2013.09.011
https://doi.org/10.1002/eji.201243116
https://doi.org/10.1002/eji.201243116
https://doi.org/10.1126/scisignal.2004155
https://doi.org/10.1126/scisignal.2004155
https://doi.org/10.1210/me.2008-0169
https://doi.org/10.1210/me.2008-0169
https://doi.org/10.1038/onc.2012.396
https://doi.org/10.1016/j.celrep.2018.04.019
https://doi.org/10.1161/01.ATV.19.3.656
https://doi.org/10.1073/pnas.0510923103
https://doi.org/10.1073/pnas.0510923103
https://doi.org/10.4161/cbt.10.10.13248
https://doi.org/10.4161/cbt.10.10.13248
https://doi.org/10.1158/0008-5472.CAN-10-2186
https://doi.org/10.1158/0008-5472.CAN-10-2186
https://doi.org/10.1158/1078-0432.CCR-18-3194
https://doi.org/10.1158/1078-0432.CCR-18-3194
https://doi.org/10.1038/onc.2012.89
https://doi.org/10.1016/j.anndiagpath.2013.01.005
https://doi.org/10.1016/j.anndiagpath.2013.01.005
https://doi.org/10.1158/1078-0432.CCR-13-1354
https://doi.org/10.1023/A:1011126330233
https://doi.org/10.1593/neo.05640
https://doi.org/10.1593/neo.05640


360

lung cancer cell lines correlates with cellular adhe-
sion. Eur J Cancer. 2001;37:2264–74. https://doi.
org/10.1016/S0959- 8049(01)00271- 4.

 161. Hutterer M, Knyazev P, Abate A, Reschke M, 
Maier H, Stefanova N, et al. Axl and Growth Arrest 
Specific Gene 6 Are Frequently Overexpressed 
in Human Gliomas and Predict Poor Prognosis in 
Patients with Glioblastoma Multiforme. Clin Cancer 
Res. 2008;14:130–8. https://doi.org/10.1158/1078-
  0432.CCR- 07- 0862.

 162. Pinato DJ, Mauri FA, Lloyd T, Vaira V, Casadio C, 
Boldorini RL, et al. The expression of Axl receptor 
tyrosine kinase influences the tumour phenotype and 
clinical outcome of patients with malignant pleural 
mesothelioma. Br J Cancer. 2013;108:621–8. https://
doi.org/10.1038/bjc.2013.9.

 163. Ghosh AK, Secreto C, Boysen J, Sassoon T, 
Shanafelt TD, Mukhopadhyay D, et  al. The novel 
receptor tyrosine kinase Axl is constitutively active 
in B-cell chronic lymphocytic leukemia and acts as 
a docking site of nonreceptor kinases: implications 
for therapy. Blood. 2011;117:1928–37. https://doi.
org/10.1182/blood- 2010- 09- 305649.

 164. Hong C-C, Lay J-D, Huang J-S, Cheng A-L, Tang 
J-L, Lin M-T, et al. Receptor tyrosine kinase AXL is 
induced by chemotherapy drugs and overexpression 
of AXL confers drug resistance in acute myeloid 
leukemia. Cancer Lett. 2008;268:314–24. https://
doi.org/10.1016/j.canlet.2008.04.017.

 165. van Ginkel PR, Gee RL, Shearer RL, Subramanian 
L, Walker TM, Albert DM, et  al. Expression 
of the Receptor Tyrosine Kinase Axl Promotes 
Ocular Melanoma Cell Survival. Cancer Res. 
2004;64:128–34. https://doi.org/10.1158/0008-
  5472.CAN- 03- 0245.

 166. Tsou AP, Wu KM, Tsen TY, Chi CW, Chiu JH, Lui 
WY, et al. Parallel hybridization analysis of multiple 
protein kinase genes: Identification of gene expres-
sion patterns characteristic of human hepatocellular 
carcinoma. Genomics. 1998;50:331–40. https://doi.
org/10.1006/geno.1998.5338.

 167. Xu J, Jia L, Ma H, Li Y, Ma Z, Zhao Y. Axl gene 
knockdown inhibits the metastasis properties of 
hepatocellular carcinoma via PI3K/Akt-PAK1 signal 
pathway. Tumor Biol. 2014;35:3809–17. https://doi.
org/10.1007/s13277- 013- 1521- 5.

 168. Liu J, Wang K, Yan Z, Xia Y, Li J, Shi L, et al. Axl 
expression stratifies patients with poor prognosis 
after hepatectomy for hepatocellular carcinoma. 
PLoS One. 2016;11:1–13. https://doi.org/10.1371/
journal.pone.0154767.

 169. Pinato DJ, Brown MW, Trousil S, Aboagye EO, 
Beaumont J, Zhang H, et al. Integrated analysis of 
multiple receptor tyrosine kinases identifies Axl 
as a therapeutic target and mediator of resistance 
to sorafenib in hepatocellular carcinoma. Br J 
Cancer. 2019;120:512–21. https://doi.org/10.1038/
s41416- 018- 0373- 6.

 170. Lee HJ, Jeng YM, Chen YL, Chung L, Yuan 
RH.  Gas6/Axl pathway promotes tumor invasion 

through the transcriptional activation of slug in hepa-
tocellular carcinoma. Carcinogenesis. 2014;35:769–
75. https://doi.org/10.1093/carcin/bgt372.

 171. Reichl P, Dengler M, van Zijl F, Huber H, Führlinger 
G, Reichel C, et  al. Axl activates autocrine trans-
forming growth factor-β signaling in hepatocellular 
carcinoma. Hepatology. 2015;61:930–41. https://
doi.org/10.1002/hep.27492.

 172. Yu F-X, Zhao B, Guan K-L. Hippo Pathway in Organ 
Size Control, Tissue Homeostasis, and Cancer. 
Cell. 2015;163:811–28. https://doi.org/10.1016/j.
cell.2015.10.044.

 173. Zhang S, Zhou D. Role of the transcriptional coacti-
vators YAP/TAZ in liver cancer. Curr Opin Cell 
Biol. 2019;61:64–71. https://doi.org/10.1016/j.
ceb.2019.07.006.

 174. Camargo FD, Gokhale S, Johnnidis JB, Fu D, Bell 
GW, Jaenisch R, et al. YAP1 Increases Organ Size 
and Expands Undifferentiated Progenitor Cells. Curr 
Biol. 2007;17:2054–60. https://doi.org/10.1016/j.
cub.2007.10.039.

 175. Xu MZ, Yao T-J, Lee NPY, Ng IOL, Chan Y-T, 
Zender L, et al. Yes-associated protein is an indepen-
dent prognostic marker in hepatocellular carcinoma. 
Cancer. 2009;115:4576–85. https://doi.org/10.1002/
cncr.24495.

 176. Xu MZ, Chan SW, Liu AM, Wong KF, Fan ST, Chen 
J, et al. AXL receptor kinase is a mediator of YAP- 
dependent oncogenic functions in hepatocellular 
carcinoma. Oncogene. 2011;30:1229–40. https://
doi.org/10.1038/onc.2010.504.

 177. Wong K-F, Liu AM, Hong W, Xu Z, Luk JM. Integrin 
α2β1 inhibits MST1 kinase phosphorylation and 
activates Yes-associated protein oncogenic sig-
naling in hepatocellular carcinoma. Oncotarget. 
2016;7:77683–95. https://doi.org/10.18632/
oncotarget.12760.

 178. Wang W, Jia W-D, Hu B, Pan Y-Y. RAB10 overex-
pression promotes tumor growth and indicates poor 
prognosis of hepatocellular carcinoma. Oncotarget. 
2017;8:26434–47. https://doi.org/10.18632/
oncotarget.15507.

 179. He H, Dai F, Yu L, She X, Zhao Y, Jiang J, 
et  al. Identification and Characterization of 
Nine Novel Human Small GTPases Showing 
Variable Expressions in Liver Cancer Tissues. 
Gene Expr. 2002;10:231–42. https://doi.
org/10.3727/000000002783992406.

 180. Córdova-Rivas S, Fraire-Soto I, Mercado-Casas 
Torres A, Servín-González L, Granados-López A, 
López-Hernández Y, et  al. 5p and 3p Strands of 
miR-34 Family Members Have Differential Effects 
in Cell Proliferation, Migration, and Invasion in 
Cervical Cancer Cells. Int J Mol Sci. 2019;20:545. 
https://doi.org/10.3390/ijms20030545.

 181. X-Y LI, J-Y WEN, C-C JIA, T-T WANG, LI X, 
DONG M, et  al. MicroRNA-34a-5p enhances 
sensitivity to chemotherapy by targeting AXL in 
hepatocellular carcinoma MHCC-97L cells. Oncol 

Y. Yılmaz et al.

https://doi.org/10.1016/S0959-8049(01)00271-4
https://doi.org/10.1016/S0959-8049(01)00271-4
https://doi.org/10.1158/1078-0432.CCR-07-0862
https://doi.org/10.1158/1078-0432.CCR-07-0862
https://doi.org/10.1038/bjc.2013.9
https://doi.org/10.1038/bjc.2013.9
https://doi.org/10.1182/blood-2010-09-305649
https://doi.org/10.1182/blood-2010-09-305649
https://doi.org/10.1016/j.canlet.2008.04.017
https://doi.org/10.1016/j.canlet.2008.04.017
https://doi.org/10.1158/0008-5472.CAN-03-0245
https://doi.org/10.1158/0008-5472.CAN-03-0245
https://doi.org/10.1006/geno.1998.5338
https://doi.org/10.1006/geno.1998.5338
https://doi.org/10.1007/s13277-013-1521-5
https://doi.org/10.1007/s13277-013-1521-5
https://doi.org/10.1371/journal.pone.0154767
https://doi.org/10.1371/journal.pone.0154767
https://doi.org/10.1038/s41416-018-0373-6
https://doi.org/10.1038/s41416-018-0373-6
https://doi.org/10.1093/carcin/bgt372
https://doi.org/10.1002/hep.27492
https://doi.org/10.1002/hep.27492
https://doi.org/10.1016/j.cell.2015.10.044
https://doi.org/10.1016/j.cell.2015.10.044
https://doi.org/10.1016/j.ceb.2019.07.006
https://doi.org/10.1016/j.ceb.2019.07.006
https://doi.org/10.1016/j.cub.2007.10.039
https://doi.org/10.1016/j.cub.2007.10.039
https://doi.org/10.1002/cncr.24495
https://doi.org/10.1002/cncr.24495
https://doi.org/10.1038/onc.2010.504
https://doi.org/10.1038/onc.2010.504
https://doi.org/10.18632/oncotarget.12760
https://doi.org/10.18632/oncotarget.12760
https://doi.org/10.18632/oncotarget.15507
https://doi.org/10.18632/oncotarget.15507
https://doi.org/10.3727/000000002783992406
https://doi.org/10.3727/000000002783992406
https://doi.org/10.3390/ijms20030545


361

Lett. 2015;10:2691–8. https://doi.org/10.3892/
ol.2015.3654.

 182. Cheng J, Zhou L, Xie QF, Xie HY, Wei XY, Gao F, 
et  al. The impact of miR-34a on protein output in 
hepatocellular carcinoma HepG2 cells. Proteomics. 
2010;10:1557–72. https://doi.org/10.1002/
pmic.200900646.

 183. Tryndyak VP, Ross SA, Beland FA, Pogribny 
IP.  Down-regulation of the microRNAs miR-34a, 
miR-127 , and miR-200b in rat liver during hepa-
tocarcinogenesis induced by a methyl-deficient 
diet. Mol Carcinog 2009;48:479–487. https://doi.
org/10.1002/mc.20484.

 184. Golkowski M, Lau H-T, Chan M, Kenerson 
H, Vidadala VN, Shoemaker A, et  al. 
Pharmacoproteomics Identifies Kinase Pathways 
that Drive the Epithelial-Mesenchymal Transition 
and Drug Resistance in Hepatocellular Carcinoma. 
Cell Syst. 2020;11:196–207.e7. https://doi.
org/10.1016/j.cels.2020.07.006.

 185. Matsuzaki K, Seki T, Okazaki K.  TGF-β signal 
shifting between tumor suppression and fibro- 
carcinogenesis in human chronic liver diseases. 
J Gastroenterol. 2014;49:971–81. https://doi.
org/10.1007/s00535- 013- 0910- 2.

 186. Katz LH, Likhter M, Jogunoori W, Belkin M, 
Ohshiro K, Mishra L. TGF-β signaling in liver and 
gastrointestinal cancers. Cancer Lett. 2016;379:166–
72. https://doi.org/10.1016/j.canlet.2016.03.033.

 187. Calvisi DF. When good transforming growth factor-β 
turns bad in hepatocellular carcinoma: Axl takes 
the stage. Hepatology. 2015;61:759–61. https://doi.
org/10.1002/hep.27624.

 188. Wang Y, Deng B, Tang W, Liu T, Shen X. TGF-β1 
secreted by hepatocellular carcinoma induces the 
expression of the Foxp3 gene and suppresses antitu-
mor immunity in the tumor microenvironment. Dig 
Dis Sci. 2013;58:1644–52. https://doi.org/10.1007/
s10620- 012- 2550- 4.

 189. Haider C, Hnat J, Wagner R, Huber H, Timelthaler G, 
Grubinger M, et al. Transforming Growth Factor-β 
and Axl Induce CXCL5 and Neutrophil Recruitment 
in Hepatocellular Carcinoma. Hepatology. 
2019;69:222–36. https://doi.org/10.1002/hep.30166.

 190. Morizono K, Chen ISY. Role of Phosphatidylserine 
Receptors in Enveloped Virus Infection. J Virol. 
2014;88:4275–90. https://doi.org/10.1128/
JVI.03287- 13.

 191. Li N, Fu H, Tie Y, Hu Z, Kong W, Wu Y, et  al. 
miR-34a inhibits migration and invasion by down- 
regulation of c-Met expression in human hepatocel-
lular carcinoma cells. Cancer Lett. 2009;275:44–53. 
https://doi.org/10.1016/j.canlet.2008.09.035.

 192. Miller MA, Sullivan RJ, Lauffenburger 
DA.  Molecular Pathways: Receptor Ectodomain 
Shedding in Treatment, Resistance, and Monitoring 
of Cancer. Clin Cancer Res. 2017;23:623–9. https://
doi.org/10.1158/1078- 0432.CCR- 16- 0869.

 193. Wang T, Zhang K-H.  New Blood Biomarkers for 
the Diagnosis of AFP-Negative Hepatocellular 

Carcinoma. Front Oncol. 2020;10 https://doi.
org/10.3389/fonc.2020.01316.

 194. Song X, Wu A, Ding Z, Liang S, Zhang C. Soluble Axl 
Is a Novel Diagnostic Biomarker of Hepatocellular 
Carcinoma in Chinese Patients with Chronic Hepatitis 
B Virus Infection. Cancer Res Treat. 2020;52:789–
97. https://doi.org/10.4143/crt.2019.749.

 195. Dengler M, Staufer K, Huber H, Stauber R, Bantel 
H, Weiss KH, et al. Soluble Axl is an accurate bio-
marker of cirrhosis and hepatocellular carcinoma 
development: Results from a large scale multicenter 
analysis. Oncotarget. 2017;8:46234–48. https://doi.
org/10.18632/oncotarget.17598.

 196. Reichl P, Fang M, Starlinger P, Staufer K, Nenutil R, 
Muller P, et al. Multicenter analysis of soluble Axl 
reveals diagnostic value for very early stage hepato-
cellular carcinoma. Int J Cancer. 2015;137:385–94. 
https://doi.org/10.1002/ijc.29394.

 197. Lay J-D, Hong C-C, Huang J-S, Yang Y-Y, Pao 
C-Y, Liu C-H, et  al. Sulfasalazine Suppresses 
Drug Resistance and Invasiveness of Lung 
Adenocarcinoma Cells Expressing AXL. Cancer Res. 
2007;67:3878–87. https://doi.org/10.1158/0008-
  5472.CAN- 06- 3191.

 198. Lin JZ, Wang ZJ, De W, Zheng M, Zhang XW, 
Wu HF, et  al. Targeting AXL overcomes resis-
tance to docetaxel therapy in advanced prostate 
cancer. Oncotarget. 2017;8:41064–77. https://doi.
org/10.18632/oncotarget.17026.

 199. Liu L, Greger J, Shi H, Liu Y, Greshock J, Annan 
R, et  al. Novel mechanism of lapatinib resistance 
in HER2-positive breast tumor cells: Activation of 
AXL.  Cancer Res. 2009;69:6871–8. https://doi.
org/10.1158/0008- 5472.CAN- 08- 4490.

 200. Dufies M, Jacquel A, Belhacene N, Robert G, Cluzeau 
T, Luciano F, et  al. Mechanisms of AXL overex-
pression and function in Imatinib-resistant chronic 
myeloid leukemia cells. Oncotarget. 2011;2:874–85. 
https://doi.org/10.18632/oncotarget.360.

 201. Mahadevan D, Cooke L, Riley C, Swart R, Simons B, 
Della Croce K, et al. A novel tyrosine kinase switch 
is a mechanism of imatinib resistance in gastrointes-
tinal stromal tumors. Oncogene. 2007;26:3909–19. 
https://doi.org/10.1038/sj.onc.1210173.

 202. Gioia R, Leroy C, Drullion C, Lagarde V, Etienne 
G, Dulucq S, et al. Quantitative phosphoproteomics 
revealed interplay between Syk and Lyn in the resis-
tance to nilotinib in chronic myeloid leukemia cells. 
Blood. 2011;118:2211–21. https://doi.org/10.1182/
blood- 2010- 10- 313692.

 203. Zhou L, Liu X, Sun M, Zhang X, German P, Bai S, 
et al. HHS Public Access. 2016;35:2687–97. https://
doi.org/10.1038/onc.2015.343.Targeting.

 204. Taniguchi H, Yamada T, Wang R, Tanimura K, 
Adachi Y, Nishiyama A, et al. AXL confers intrin-
sic resistance to osimertinib and advances the emer-
gence of tolerant cells. Nat Commun. 2019;10:2–15. 
https://doi.org/10.1038/s41467- 018- 08074- 0.

 205. Zhang Z, Lee JC, Lin L, Olivas V, Au V, LaFramboise 
T, et al. Activation of the AXL kinase causes resistance 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.3892/ol.2015.3654
https://doi.org/10.3892/ol.2015.3654
https://doi.org/10.1002/pmic.200900646
https://doi.org/10.1002/pmic.200900646
https://doi.org/10.1002/mc.20484
https://doi.org/10.1002/mc.20484
https://doi.org/10.1016/j.cels.2020.07.006
https://doi.org/10.1016/j.cels.2020.07.006
https://doi.org/10.1007/s00535-013-0910-2
https://doi.org/10.1007/s00535-013-0910-2
https://doi.org/10.1016/j.canlet.2016.03.033
https://doi.org/10.1002/hep.27624
https://doi.org/10.1002/hep.27624
https://doi.org/10.1007/s10620-012-2550-4
https://doi.org/10.1007/s10620-012-2550-4
https://doi.org/10.1002/hep.30166
https://doi.org/10.1128/JVI.03287-13
https://doi.org/10.1128/JVI.03287-13
https://doi.org/10.1016/j.canlet.2008.09.035
https://doi.org/10.1158/1078-0432.CCR-16-0869
https://doi.org/10.1158/1078-0432.CCR-16-0869
https://doi.org/10.3389/fonc.2020.01316
https://doi.org/10.3389/fonc.2020.01316
https://doi.org/10.4143/crt.2019.749
https://doi.org/10.18632/oncotarget.17598
https://doi.org/10.18632/oncotarget.17598
https://doi.org/10.1002/ijc.29394
https://doi.org/10.1158/0008-5472.CAN-06-3191
https://doi.org/10.1158/0008-5472.CAN-06-3191
https://doi.org/10.18632/oncotarget.17026
https://doi.org/10.18632/oncotarget.17026
https://doi.org/10.1158/0008-5472.CAN-08-4490
https://doi.org/10.1158/0008-5472.CAN-08-4490
https://doi.org/10.18632/oncotarget.360
https://doi.org/10.1038/sj.onc.1210173
https://doi.org/10.1182/blood-2010-10-313692
https://doi.org/10.1182/blood-2010-10-313692
https://doi.org/10.1038/onc.2015.343.Targeting
https://doi.org/10.1038/onc.2015.343.Targeting
https://doi.org/10.1038/s41467-018-08074-0


362

to EGFR-targeted therapy in lung cancer. Nat Genet. 
2012;44:852–60. https://doi.org/10.1038/ng.2330.

 206. Ma Y, Zhou G, Li M, Hu D, Zhang L, Liu P, et al. 
Long noncoding RNA DANCR mediates cispla-
tin resistance in glioma cells via activating AXL/
PI3K/Akt/NF-κB signaling pathway. Neurochem 
Int. 2018;118:233–41. https://doi.org/10.1016/j.
neuint.2018.03.011.

 207. Zheng SZ, Sun P, Wang JP, Liu Y, Gong W, Liu 
J.  MiR-34a overexpression enhances the inhibi-
tory effect of doxorubicin on HepG2 cells. World 
J Gastroenterol. 2019;25:2752–62. https://doi.
org/10.3748/wjg.v25.i22.2752.

 208. Wu X, Liu X, Koul S, Lee CY, Zhang Z, Halmos 
B.  AXL kinase as a novel target for cancer ther-
apy. Oncotarget. 2014;5:9546–63. https://doi.
org/10.18632/oncotarget.2542.

 209. Zhu C, Wei Y, Wei X. AXL receptor tyrosine kinase 
as a promising anti-cancer approach: functions, 
molecular mechanisms and clinical applications. 
Mol Cancer. 2019;18:153. https://doi.org/10.1186/
s12943- 019- 1090- 3.

 210. Ye X, Li Y, Stawicki S, Couto S, Eastham-Anderson 
J, Kallop D, et al. An anti-Axl monoclonal antibody 
attenuates xenograft tumor growth and enhances the 
effect of multiple anticancer therapies. Oncogene. 
2010;29:5254–64. https://doi.org/10.1038/
onc.2010.268.

 211. Leconet W, Chentouf M, du Manoir S, Chevalier C, 
Sirvent A, Aït-Arsa I, et al. Therapeutic Activity of 
Anti-AXL Antibody against Triple-Negative Breast 
Cancer Patient-Derived Xenografts and Metastasis. 
Clin Cancer Res. 2017;23:2806–16. https://doi.
org/10.1158/1078- 0432.CCR- 16- 1316.

 212. Quirico L, Orso F, Esposito CL, Bertone S, Coppo 
R, Conti L, et al. Axl-148b chimeric aptamers inhibit 
breast cancer and melanoma progression. Int J Biol 
Sci. 2020;16:1238–51. https://doi.org/10.7150/
ijbs.39768.

 213. Kanlikilicer P, Ozpolat B, Aslan B, Bayraktar R, 
Gurbuz N, Rodriguez-Aguayo C, et al. Therapeutic 
Targeting of AXL Receptor Tyrosine Kinase Inhibits 
Tumor Growth and Intraperitoneal Metastasis 
in Ovarian Cancer Models. Mol Ther  - Nucleic 
Acids. 2017;9:251–62. https://doi.org/10.1016/j.
omtn.2017.06.023.

 214. Cerchia L, Esposito CL, Camorani S, Rienzo A, 
Stasio L, Insabato L, et al. Targeting Axl with an high-
affinity inhibitory aptamer. Mol Ther. 2012;20:2291–
303. https://doi.org/10.1038/mt.2012.163.

 215. Kariolis MS, Miao YR, Jones DS, Kapur S, Mathews 
II, Giaccia AJ, et  al. An engineered Axl “decoy 
receptor” effectively silences the Gas6-Axl signal-
ing axis. Nat Chem Biol. 2014;10:977–83. https://
doi.org/10.1038/nchembio.1636.

 216. Holland SJ, Pan A, Franci C, Hu Y, Chang B, 
Li W, et  al. R428, a Selective Small Molecule 
Inhibitor of Axl Kinase, Blocks Tumor Spread and 
Prolongs Survival in Models of Metastatic Breast 

Cancer. Cancer Res. 2010;70:1544–54. https://doi.
org/10.1158/0008- 5472.CAN- 09- 2997.

 217. Zhang Y-X, Knyazev PG, Cheburkin YV, Sharma 
K, Knyazev YP, Orfi L, et  al. AXL Is a Potential 
Target for Therapeutic Intervention in Breast Cancer 
Progression. Cancer Res. 2008;68:1905–15. https://
doi.org/10.1158/0008- 5472.CAN- 07- 2661.

 218. An H, He L.  Current understanding of metformin 
effect on the control of hyperglycemia in diabe-
tes. J Endocrinol. 2016;228:R97–106. https://doi.
org/10.1530/JOE- 15- 0447.

 219. Saraei P, Asadi I, Kakar MA, Moradi-Kor N.  The 
beneficial effects of metformin on cancer preven-
tion and therapy: a comprehensive review of recent 
advances. Cancer Manag Res. 2019;11:3295–313. 
https://doi.org/10.2147/CMAR.S200059.

 220. MIYOSHI H, KATO K, IWAMA H, MAEDA E, 
SAKAMOTO T, FUJITA K, et al. Effect of the anti- 
diabetic drug metformin in hepatocellular carcinoma 
in  vitro and in  vivo. Int J Oncol. 2014;45:322–32. 
https://doi.org/10.3892/ijo.2014.2419.

 221. FUJIMORI T, KATO K, FUJIHARA S, IWAMA H, 
YAMASHITA T, KOBAYASHI K, et al. Antitumor 
effect of metformin on cholangiocarcinoma: In vitro 
and in  vivo studies. Oncol Rep. 2015;34:2987–96. 
https://doi.org/10.3892/or.2015.4284.

 222. Bansal N, Mishra PJ, Stein M, DiPaola RS, 
Bertino JR.  Axl receptor tyrosine kinase is up- 
regulated in metformin resistant prostate cancer 
cells. Oncotarget. 2015;6:15321–31. https://doi.
org/10.18632/oncotarget.4148.

 223. Personeni N, Rimassa L, Pressiani T, Smiroldo V, 
Santoro A. Cabozantinib for the treatment of hepa-
tocellular carcinoma. Expert Rev Anticancer Ther. 
2019;19:847–55. https://doi.org/10.1080/14737140.
2019.1674141.

 224. Yates LR, Seoane J, Le Tourneau C, Siu LL, Marais 
R, Michiels S, et  al. The European Society for 
Medical Oncology (ESMO) Precision Medicine 
Glossary. Ann Oncol. 2018;29:30–5. https://doi.
org/10.1093/annonc/mdx707.

 225. Gönen M, Weir BA, Cowley GS, Vazquez F, Guan 
Y, Jaiswal A, et  al. A Community Challenge for 
Inferring Genetic Predictors of Gene Essentialities 
through Analysis of a Functional Screen of Cancer 
Cell Lines. Cell Syst. 2017;5:485–497.e3. https://
doi.org/10.1016/j.cels.2017.09.004.

 226. Ben-Hamo R, Jacob Berger A, Gavert N, Miller 
M, Pines G, Oren R, et al. Predicting and affecting 
response to cancer therapy based on pathway-level 
biomarkers. Nat Commun. 2020;11:3296. https://
doi.org/10.1038/s41467- 020- 17090- y.

 227. Chan P-C, Chen S-Y, Chen C-H, Chen H-C. Crosstalk 
between hepatocyte growth factor and integrin sig-
naling pathways. J Biomed Sci. 2006;13:215–23. 
https://doi.org/10.1007/s11373- 005- 9061- 7.

 228. Li W, Xiong X, Abdalla A, Alejo S, Zhu L, Lu XF, 
et  al. HGF-induced formation of the MET-AXL- 
ELMO2-DOCK180 complex promotes RAC1 acti-
vation, receptor clustering, and cancer cell migration 

Y. Yılmaz et al.

https://doi.org/10.1038/ng.2330
https://doi.org/10.1016/j.neuint.2018.03.011
https://doi.org/10.1016/j.neuint.2018.03.011
https://doi.org/10.3748/wjg.v25.i22.2752
https://doi.org/10.3748/wjg.v25.i22.2752
https://doi.org/10.18632/oncotarget.2542
https://doi.org/10.18632/oncotarget.2542
https://doi.org/10.1186/s12943-019-1090-3
https://doi.org/10.1186/s12943-019-1090-3
https://doi.org/10.1038/onc.2010.268
https://doi.org/10.1038/onc.2010.268
https://doi.org/10.1158/1078-0432.CCR-16-1316
https://doi.org/10.1158/1078-0432.CCR-16-1316
https://doi.org/10.7150/ijbs.39768
https://doi.org/10.7150/ijbs.39768
https://doi.org/10.1016/j.omtn.2017.06.023
https://doi.org/10.1016/j.omtn.2017.06.023
https://doi.org/10.1038/mt.2012.163
https://doi.org/10.1038/nchembio.1636
https://doi.org/10.1038/nchembio.1636
https://doi.org/10.1158/0008-5472.CAN-09-2997
https://doi.org/10.1158/0008-5472.CAN-09-2997
https://doi.org/10.1158/0008-5472.CAN-07-2661
https://doi.org/10.1158/0008-5472.CAN-07-2661
https://doi.org/10.1530/JOE-15-0447
https://doi.org/10.1530/JOE-15-0447
https://doi.org/10.2147/CMAR.S200059
https://doi.org/10.3892/ijo.2014.2419
https://doi.org/10.3892/or.2015.4284
https://doi.org/10.18632/oncotarget.4148
https://doi.org/10.18632/oncotarget.4148
https://doi.org/10.1080/14737140.2019.1674141
https://doi.org/10.1080/14737140.2019.1674141
https://doi.org/10.1093/annonc/mdx707
https://doi.org/10.1093/annonc/mdx707
https://doi.org/10.1016/j.cels.2017.09.004
https://doi.org/10.1016/j.cels.2017.09.004
https://doi.org/10.1038/s41467-020-17090-y
https://doi.org/10.1038/s41467-020-17090-y
https://doi.org/10.1007/s11373-005-9061-7


363

and invasion. J Biol Chem. 2018;293:15397–418. 
https://doi.org/10.1074/jbc.RA118.003063.

 229. Yeh CY, Shin SM, Yeh HH, Wu TJ, Shin JW, 
Chang TY, et  al. Transcriptional activation of the 
Axl and PDGFR-α by c-Met through a ras- and 
Src-independent mechanism in human bladder 
cancer. BMC Cancer. 2011;11:139. https://doi.
org/10.1186/1471- 2407- 11- 139.

 230. Rankin EB, Fuh KC, Castellini L, Viswanathan 
K, Finger EC, Diep AN, et  al. Direct regulation 
of GAS6/AXL signaling by HIF promotes renal 
metastasis through SRC and MET. Proc Natl Acad 
Sci. 2014;111:13373–8. https://doi.org/10.1073/
pnas.1404848111.

 231. Choi YJ, Kim JH, Rho JK, Kim JS, Choi CM, Kim 
WS, et al. AXL and MET receptor tyrosine kinases 
are essential for lung cancer metastasis. Oncol 
Rep. 2017;37:2201–8. https://doi.org/10.3892/
or.2017.5482.

 232. Zhou L, Liu XD, Sun M, Zhang X, German P, Bai S, 
et  al. 基因的改晋NIH Public Access. Cancer Res. 
2017;8:1–9. https://doi.org/10.1038/jid.2014.371.

 233. Kong J, Wang W.  A Systemic Review on the 
Regulatory Roles of miR-34a in Gastrointestinal 
Cancer. Onco Targets Ther. 2020;13:2855–72. 
https://doi.org/10.2147/OTT.S234549.

 234. Ren F-H, Yang H, He R, Lu J, Lin X, Liang H-W, 
et  al. Analysis of microarrays of miR-34a and its 
identification of prospective target gene signature in 
hepatocellular carcinoma. BMC Cancer. 2018;18:12. 
https://doi.org/10.1186/s12885- 017- 3941- x.

 235. Lai SC, Su YT, Chi CC, Kuo YC, Lee KF, Wu YC, 
et al. DNMT3b/OCT4 expression confers sorafenib 
resistance and poor prognosis of hepatocellular car-
cinoma through IL-6/STAT3 regulation. J Exp Clin 
Cancer Res. 2019;38:1–18. https://doi.org/10.1186/
s13046- 019- 1442- 2.

 236. Liang Y, Zheng T, Song R, Wang J, Yin D, Wang L, 
et al. Hypoxia-mediated sorafenib resistance can be 
overcome by EF24 through Von Hippel-Lindau tumor 
suppressor-dependent HIF-1α inhibition in hepato-
cellular carcinoma. Hepatology. 2013;57:1847–57. 
https://doi.org/10.1002/hep.26224.

 237. Méndez-Blanco C, Fondevila F, García-Palomo A, 
González-Gallego J, Mauriz JL.  Sorafenib resis-
tance in hepatocarcinoma: role of hypoxia-inducible 
factors. Exp Mol Med. 2018;50:1–9. https://doi.
org/10.1038/s12276- 018- 0159- 1.

 238. Rho JK, Choi YJ, Kim SY, Kim TW, Choi EK, 
Yoon SJ, et al. MET and AXL inhibitor NPS-1034 
exerts efficacy against lung cancer cells resistant to 
EGFR kinase inhibitors because of MET or AXL 
activation. Cancer Res. 2014;74:253–62. https://doi.
org/10.1158/0008- 5472.CAN- 13- 1103.

 239. Clemenson C, Chargari C, Liu W, Mondini M, 
Ferte C, Burbridge MF, et al. The MET/AXL/FGFR 
inhibitor S49076 impairs Aurora B activity and 
improves the antitumor efficacy of radiotherapy. 
Mol Cancer Ther. 2017;16:2107–19. https://doi.
org/10.1158/1535- 7163.MCT- 17- 0112.

 240. Rodon J, Postel-Vinay S, Hollebecque A, Nuciforo 
P, Azaro A, Cattan V, et  al. First-in-human phase 
I study of oral S49076, a unique MET/AXL/
FGFR inhibitor, in advanced solid tumours. Eur J 
Cancer. 2017;81:142–50. https://doi.org/10.1016/j.
ejca.2017.05.007.

 241. Viteri S, Chang G-C, Chiari R, Cho BC, Ciardiello F, 
Curigliano G, et al. Combination of the S49076 with 
gefitinib in NSCLC patients progressing on EGFR- 
TKI and harboring MET/AXL dysregulation. Ann 
Oncol. 2018;29:viii525. https://doi.org/10.1093/
annonc/mdy292.074.

 242. Mahadevan D, Theiss N, Morales C, Stejskal 
AE, Cooke LS, Zhu M, et al. Novel receptor tyro-
sine kinase targeted combination therapies for 
imatinib-resistant gastrointestinal stromal tumors 
(GIST). Oncotarget. 2015;6:1954–66. https://doi.
org/10.18632/oncotarget.3021.

 243. Zhou L, Liu XD, Sun M, Zhang X, German P, 
Bai S, et  al. Targeting MET and AXL overcomes 
resistance to sunitinib therapy in renal cell carci-
noma. Oncogene. 2016;35:2687–97. https://doi.
org/10.1038/onc.2015.343.

 244. Neal JW, Dahlberg SE, Wakelee HA, Aisner SC, 
Bowden M, Huang Y, et  al. Erlotinib, cabozan-
tinib, or erlotinib plus cabozantinib as second- 
line or third-line treatment of patients with EGFR 
wild-type advanced non-small-cell lung cancer 
(ECOG-ACRIN 1512): a randomised, controlled, 
open-label, multicentre, phase 2 trial. Lancet 
Oncol. 2016;17:1661–71. https://doi.org/10.1016/
S1470- 2045(16)30561- 7.

 245. Desai A, Small EJ. Treatment of advanced renal cell 
carcinoma patients with cabozantinib, an oral mul-
tityrosine kinase inhibitor of MET, AXL and VEGF 
receptors. Futur Oncol. 2019;15:2337–48. https://
doi.org/10.2217/fon- 2019- 0021.

 246. Rathi N, Maughan BL, Agarwal N, Swami 
U. Mini-Review: Cabozantinib in the Treatment of 
Advanced Renal Cell Carcinoma and Hepatocellular 
Carcinoma. Cancer Manag Res. 2020;12:3741–9. 
https://doi.org/10.2147/CMAR.S202973.

 247. Zaccagnino A, Vynnytska-Myronovska B, Stöckle 
M, Junker K.  Cross-resistance to Cabozantinib in 
renal cell carcinoma second-line treatment? Eur 
Urol Suppl. 2019;18:e3105. https://doi.org/10.1016/
s1569- 9056(19)33350- 0.

 248. Schroeder GM, An Y, Cai ZW, Chen XT, 
Clark C, Cornelius LAM, et  al. Discovery of 
N-(4-(2-amino-3-chloropyridin-4-yloxy)-3- 
fluorophenyl)-4- ethoxy-1-(4-fluorophenyl)-2-oxo- 
1,2-dihydropyridine-3-carboxamide (BMS-777607), 
a selective and orally efficacious inhibitor of the met 
kinase superfamily. J Med Chem. 2009;52:1251–4. 
https://doi.org/10.1021/jm801586s.

 249. Dai Y, Siemann DW.  BMS-777607, a small-
molecule Met kinase inhibitor, suppresses hepa-
tocyte growth factor-stimulated prostate cancer 
metastatic phenotype in  vitro. Mol Cancer Ther. 

Targeting c-Met and AXL Crosstalk for the Treatment of Hepatocellular Carcinoma

https://doi.org/10.1074/jbc.RA118.003063
https://doi.org/10.1186/1471-2407-11-139
https://doi.org/10.1186/1471-2407-11-139
https://doi.org/10.1073/pnas.1404848111
https://doi.org/10.1073/pnas.1404848111
https://doi.org/10.3892/or.2017.5482
https://doi.org/10.3892/or.2017.5482
https://doi.org/10.1038/jid.2014.371
https://doi.org/10.2147/OTT.S234549
https://doi.org/10.1186/s12885-017-3941-x
https://doi.org/10.1186/s13046-019-1442-2
https://doi.org/10.1186/s13046-019-1442-2
https://doi.org/10.1002/hep.26224
https://doi.org/10.1038/s12276-018-0159-1
https://doi.org/10.1038/s12276-018-0159-1
https://doi.org/10.1158/0008-5472.CAN-13-1103
https://doi.org/10.1158/0008-5472.CAN-13-1103
https://doi.org/10.1158/1535-7163.MCT-17-0112
https://doi.org/10.1158/1535-7163.MCT-17-0112
https://doi.org/10.1016/j.ejca.2017.05.007
https://doi.org/10.1016/j.ejca.2017.05.007
https://doi.org/10.1093/annonc/mdy292.074
https://doi.org/10.1093/annonc/mdy292.074
https://doi.org/10.18632/oncotarget.3021
https://doi.org/10.18632/oncotarget.3021
https://doi.org/10.1038/onc.2015.343
https://doi.org/10.1038/onc.2015.343
https://doi.org/10.1016/S1470-2045(16)30561-7
https://doi.org/10.1016/S1470-2045(16)30561-7
https://doi.org/10.2217/fon-2019-0021
https://doi.org/10.2217/fon-2019-0021
https://doi.org/10.2147/CMAR.S202973
https://doi.org/10.1016/s1569-9056(19)33350-0
https://doi.org/10.1016/s1569-9056(19)33350-0
https://doi.org/10.1021/jm801586s


364

2010;9:1554–61. https://doi.org/10.1158/1535-
 7163.MCT- 10- 0359.

 250. Dai Y, Bae K, Pampo C, Siemann DW.  Impact of 
the small molecule Met inhibitor BMS-777607 on 
the metastatic process in a rodent tumor model with 
constitutive c-Met activation. Clin Exp Metastasis. 
2012;29:253–61. https://doi.org/10.1007/
s10585- 011- 9447- z.

 251. Onken J, Torka R, Korsing S, Radke J, Krementeskaia 
I, Nieminen M, et  al. Inhibiting receptor tyrosine 
kinase AXL with small molecule inhibitor BMS- 
777607 reduces glioblastoma growth, migration, 
and invasion in  vitro and in  vivo. Oncotarget. 
2016;7:9876–89. https://doi.org/10.18632/
oncotarget.7130.

 252. Hu X, Zheng X, Yang S, Wang L, Hao X, Cui X, 
et al. First-in-human phase i study of BPI-9016M, a 

dual MET/Axl inhibitor, in patients with non-small 
cell lung cancer. J Hematol Oncol. 2020;13:1–10. 
https://doi.org/10.1186/s13045- 019- 0834- 2.

 253. Yan SB, Peek VL, Ajamie R, Buchanan SG, Graff 
JR, Heidler SA, et al. LY2801653 is an orally bio-
available multi-kinase inhibitor with potent activ-
ity against MET, MST1R, and other oncoproteins, 
and displays anti-tumor activities in mouse xeno-
graft models. Investig New Drugs. 2013;31:833–44. 
https://doi.org/10.1007/s10637- 012- 9912- 9.

 254. Wu W, Bi C, Credille KM, Manro JR, Peek VL, 
Donoho GP, et  al. Inhibition of Tumor Growth 
and Metastasis in Non-Small Cell Lung Cancer by 
LY2801653, an Inhibitor of Several Oncokinases, 
Including MET. Clin Cancer Res. 2013;19:5699–710. 
https://doi.org/10.1158/1078- 0432.CCR- 13- 1758.

Y. Yılmaz et al.

https://doi.org/10.1158/1535-7163.MCT-10-0359
https://doi.org/10.1158/1535-7163.MCT-10-0359
https://doi.org/10.1007/s10585-011-9447-z
https://doi.org/10.1007/s10585-011-9447-z
https://doi.org/10.18632/oncotarget.7130
https://doi.org/10.18632/oncotarget.7130
https://doi.org/10.1186/s13045-019-0834-2
https://doi.org/10.1007/s10637-012-9912-9
https://doi.org/10.1158/1078-0432.CCR-13-1758


365© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021 
B. I. Carr (ed.), Liver Cancer in the Middle East, https://doi.org/10.1007/978-3-030-78737-0_22

Hepatocellular Carcinoma 
in Morocco

Younes Cherradi

HCC in Morocco: What’s the Current Situation?

1 General Features.
 1.1 Incidence.
 1.2 Causes.
 1.3 HCC risk factors in Moroccan population.

• Hepatic condition.
• Risk of HCC development after antivi-

ral therapy.
• Emerging risk factors: obesity, diabe-

tes, and lifestyle.
2 Commonest manifestations, diagnosis, treat-

ments and local variations.
3 A general overview of HCC-related research in 

Morocco.

1  General Features

Management of HCC is of great interest in 
Morocco. The Declaration of Rabat for African 
fight against viral hepatitis and HCC, first issued 
in 2008, has been updated in 2011 and 2015 [1]. 
The last update in February 2015—in the context 
of the fifth African Middle East Congress on 
Digestive Oncology—focused on strategies to be 
implemented in order to reduce the incidence of 
HCC in African countries [1]. In this chapter, we 
present the epidemiological profile of HCC in 

Morocco and the specific features of this tumor in 
Moroccan patients.

1.1  Incidence

Morocco is a country with low endemicity of 
HCC [2]. According to Global Cancer 
Observatory, Morocco and Nepal have the lowest 
estimated age-standardized incidence rates 
(ASIR) per 100,000 people for HCC (equally 
about 1.1) [2]. Also, the age-standardized mortal-
ity rates (ASMR) from liver cancer in both gen-
ders have been established as low in Moroccan 
population [2]. However, if it seems evident that 
Morocco is a country with low incidence of HCC, 
it’s important to mention the increasing trends of 
this cancer’s incidence and mortality rates in 
Morocco from 1990 to 2017 moving, respec-
tively, from 1.6 to 1.74 and from 1.73 to 1.83 [3]. 
The low HCC incidence in Morocco is explained 
by the multifocal actions and strategies adopted 
by Moroccan health authorities in order to reduce 
risk factor incidence and prevent HCC develop-
ment. Genetic hypotheses are also implicated.

1.2  Causes

Regarding etiological factors of HCC occurrence 
in Morocco, chronic hepatitis is the first incrimi-
nated pathogen. Chronic hepatitis C is the major 
causal agent of HCC in the country. Yapali et al. 
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reported chronic hepatitis C as a primary etio-
logical factor for HCC occurrence in 36% of 
patients followed by chronic hepatitis B in 31% 
and alcohol in 14% [4]. Among 440 Moroccan 
patients with HCC in Ibn Sina Hospital during 
the period from 2001 to 2015, Essaid et al. con-
firmed the prominence of hepatitis C virus 
(HCV) and hepatitis B virus (HBV) as the lead-
ing causes of HCC in Morocco with, respectively, 
69.7% and 15.2% [5]. Chronic alcoholic cirrhosis 
was reported as an etiology in only 0.9% of all 
patients’ series. A study conducted in Marrakech 
University Hospital on 76 cases of HCC con-
firmed those findings with chronic hepatitis C as 
a causal agent in 18.5% of patients and chronic 
hepatitis B in 12.5% [6]. The same findings were 
confirmed in the Global Burden of Disease study 
in 1990 and 2017.

Chronic hepatitis B is the second cause of 
HCC in Morocco. The profile of HBV is charac-
terized by a predominance of genotype D and 
negative HBe antigen [7]. Occult hepatitis B 
infection (OBI) is a frequent but underdiagnosed 
condition; it corresponds to the presence of HBV 
DNA in the liver of patients with negative HBs 
antigen (with HBV DNA detectable or not in the 
serum) [8]. In Moroccan patients with negative 
HBs antigen and cryptogenic cirrhosis, OBI 
should not be missed out. It was demonstrated 
that OBI was strongly associated with the sever-
ity of the underlying hepatopathy with HCC 
more frequent in case of association of chronic 
hepatitis C and OBI compared to OBI-positive 
cryptogenic patients [8]. The presence of OBI 
has been advanced as an independent risk factor 
for hepatocellular carcinoma development in 
Hepatitis C virus carriers suggesting a possible 
synergistic mechanism [8].

If aflatoxin B1 (AFB1) is incriminated in 
many sub-Saharan African countries as a 
potential causal agent of HCC, AFB1 levels in 
cereals are, apparently, two to three times 
lower in Morocco, and TP53 mutation seems 
exceptional [9]. In a study including 42 patients 
with HCC from Western North African 
(WNA)  countries-with 35 patients from 
Morocco-, only one TP53 R249S mutation has 
been reported [9].

1.3  HCC Risk Factors in Moroccan 
Population

• Hepatic Condition.

HCC is evidently related to liver hepatopathy 
with cirrhosis as a pre-cancerous condition. In a 
retrospective study conducted at Hassan IId 
University Hospital among 148 cases of HCC, 
advanced Child-Pugh, elevated alpha-fetoprotein 
level (>400  ng/ml), the presence of metastases, 
and the invasion of the portal vein were recog-
nized as bad prognosis factors in Moroccan pop-
ulation with liver cirrhosis[10].

• Risk Factors of HCC Development After 
Antiviral Therapy.

In the study published by Cherradi et al. and 
including 369 Moroccan patients previously 
treated for chronic hepatitis C, HCC occurred 
in 5% of all treated patients (n = 20). Advanced 
age (>50 year old) when HCV infection is diag-
nosed, severe fibrosis (F  >2 according to the 
Metavir score), and the absence of sustained 
virological response (SVR) were strongly asso-
ciated with the development of HCC in treated 
patients [11, 12]. HCC incidence was signifi-
cantly less important in SVR patients’ group 
with only 2.3% of patients who developed HCC 
versus 12.5% in nonresponder population 
[12] which confirms the evidence that achieving 
SVR have a mainly protective role against HCC 
development. 

According to the same study, severe fibrosis 
was the unique significant predictive factor of 
HCC occurrence in the group of patients who 
achieved SVR. This is highlighting the continu-
ous need for regular screening for HCC in 
patients treated for chronic hepatitis C even after 
achieving SVR, especially in case of  advanced 
fibrosis. It’s important to mention that patients 
considered for this study were all treated by 
pegylated interferon. No local data are available 
regarding direct-acting antiviral agents (DAAs).

• Emerging Risk Factors: Obesity, Diabetes, 
and Lifestyle.
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Between 1960—when Mediterranean food 
model was still present—and 2021, Moroccan 
food and lifestyle have considerably changed lead-
ing to a significant elevation of obesity and diabe-
tes prevalence over the last decades. The prevalence 
of obesity among the Moroccan adult population 
has significantly rose from 4.1% in 1984/1985 to 
10.3% in 1998/1999 and 13.3% in 2000. Similarly, 
the trends of persons with overweight condition or 
obesity are increasing [13, 14].

In patients with HCC from Morocco and North 
African countries, diabetes has been clearly estab-
lished as a risk factor for development of cirrhosis 
and primary liver cancer [15]. When present, dia-
betes increases eightfold the risk of HCC occur-
rence [15]. This is extremely important, especially 
when we know that 2.5 million (M) Moroccans 
are diabetic, 2.4 M are in prediabetes condition, 
and 10  M are overweight (including 63% of 
women and 16% of children) [14]. The contribu-
tion of nonalcoholic steatohepatitis in liver cancer 
incidence in Morocco has increased from 9.3 to 
11.8% from 1990 to 2017 [3].

2  Commonest Manifestations, 
Diagnosis, and Treatments

2.1  Commonest Presentation of 
HCC:

In the Moroccan population, since maternal fetal 
transmission mode is rare, HCC is occurring in 
older patients, mainly on cirrhotic liver. 
According to the Firwana et al. series including 
440 HCC, mean age at diagnosis was 63  years 
old [5]. It is similar in the Pratic et  al. series 
where mean age was 59  years old [6]. 
Development of HCC seems to be prominent in 
male gender with a sex ratio of 1.7  in both 
Firwana et  al. and Pratic et  al. series [5, 6]. 
However, a study among 148 patients in Hassan 
IId University Hospital showed female predomi-
nance [10].

HCC is mainly occurring in patients with cir-
rhosis. In Morocco, diagnosis is usually made in 
the context of a screening strategy in patients 
with chronic hepatopathy. Clinical presentation 

at diagnosis is not specific. Main clinical com-
plaint in Moroccan patients is abdominal pain as 
reported by Firwana et al. and Pratic et al. with, 
respectively, 25% and 75% [5, 6]. Among 440 
considered patients,  Sixty-one percent were 
asymptomatic at diagnosis, and HCC was diag-
nosed during regular ultrasonography screening 
in 38.5% of cases [5].

2.2  Screening: A Key Strategy 
in HCC Management:

In Morocco, with a great consciousness of the 
impact of screening on early tumor detection, eligi-
bility for curative treatment, and patient overall sur-
vival, regular screening was adopted early as a 
mandatory part of the follow-up of patients with 
chronic liver condition. Screening strategy consists 
of periodical ultrasonography exam in the hand of 
expert every 6 months. Alpha-fetoprotein may be 
considered as prognostic factor but is not necessary 
in Moroccan gastroenterologists practice.

Khannoussi et  al. compared screening find-
ings and HCC prognosis during two consecutive 
periods: the first period between 1994 and 1998 
with 225 diagnosed HCC and the second period 
between 2001 and 2007 including 270 cases of 
HCC [16]. In the first period, the screening con-
sisted of both serum alpha-fetoprotein dosage 
and ultrasonography (US)  examination every 3 
to 6 months. In the second period, only ultraso-
nographic examination was regularly performed 
every 6  months. The implementation of US 
screening impacted evidently the HCC early 
diagnosis which moved from 18% between 1994 
and 1998 to 54% between 2001 and 2007 [17]. 
Screening allowed the initiation of HCC treat-
ment with curative intention in 41% of patients. 
Mean nodule size at diagnosis in regularly 
screened patients was 31  mm compared to 
63 mm in the others [16]. US screening in cir-
rhotic patients allowed an early diagnosis of 
HCC with reduced size of tumors and better 
hepatic function (Child-Pugh score) offering 
more  therapeutic options for patients. Thus, the 
place of screening as a major tool in the improve-
ment of prognosis and management of HCC was 
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stated; biannual abdominal ultrasound examina-
tion was sufficient and most efficient with no 
need of alpha-fetoprotein.

2.3  A Preventive Approach

Many actions have been taken by Moroccan 
health authorities to reduce the incidence of HCC 
in Moroccan population and may  explain the 
local low incidence of HCC:

• Screening for both hepatitis B and C is man-
datory in blood transfusion centers in Morocco 
since 1995.

• HVB vaccination is systematic for all new-
borns since 1999.

• Hepatic ultrasound screening is mandatory in 
patients with chronic liver condition and is 
recommended by national scientific societies 
of gastroenterology.

• To decrease the risk of hepatitis B maternal 
fetal transmission mode, HBs antigen positiv-
ity screening is mandatory during pregnancy. 
Human hepatitis B immunoglobulin antibod-
ies are now available in Morocco for the pre-
vention of mother-to-child transmission in 
newborns in the case of a hepatitis B virus 
carrier-mother.

• Access to antiviral therapies has been improved, 
and DAAs are now easily available for patients 
with chronic hepatitis B and C.  However, 
efforts are still needed for universal health cov-
erage; Moroccan Government started in 2021 
working on social security reform in order to 
allow equal access to health services and bene-
fit from a basic social security.

• In 2019 and in order to reduce the impact of 
obesity and diabetes, as emerging risk factors 
of HCC development, Morocco was the first 
country in North Africa and the Middle East 
region to adopt taxation policies of beverages 
and sweetened products [14].

• The role of preventive approach regarding 
viral hepatitis-related HCC is present in 
Moroccan national plan 2020–2029 against 
cancer.

2.4  Treatment of HCC in Morocco

Except for hepatic transplantation, which is 
undoubtedly a cornerstone in the management of 
HCC, all other therapeutic options (alcoholiza-
tion, radiofrequency ablation, chemoemboliza-
tion, surgical resection, biotherapies) are 
available in Morocco. However, few data are 
published making difficult to establish a cartog-
raphy of therapeutic strategies in Moroccan 
patients with HCC.

According to the experience of 
M. Benazzouz and R. Afifi at Ibn Sina University 
Hospital in Rabat with a large series including 
440 HCC, treatment was curative in 41.5% of 
patients. As a result of screening, percutaneous 
approach was mainly possible (30%) with alcohol 
injection, radiofrequency ablation, and acetisa-
tion, respectively, in  17.9%, 9.7%, and 2.5% of 
patients [5]. Surgical resection was an option in 
13% of cases, and only one patient benefited from 
liver transplantation [5]. Palliative and symptom-
atic treatments were considered, respectively, in 
19.3% and 33.8%  of patients [5].  Unpublished 
data from both experts reported total necrosis rate 
of 87%, 89% and 94%, respectively, after alcohol-
ization of 164 HCC, acetisation of 45 HCC and 
radiofrequency  of  27 HCC.  Survival rate was, 
respectively, 47% at 5 years in patients who ben-
efited from alcoholization, 66% at 3years after 
acetisation and 87% at 2 years in patients treated 
by radiofrequency ablation. 

Data from Mohammed Vth University Hospital 
in Marrakech are slightly different. Among 76 
cases of HCC, curative treatment was only pos-
sible in 14.4% of patients (with radiofrequency 
ablation in seven patients, surgical resection for 
three patients, and liver transplantation in one 
case). Therapeutic approach was mainly pallia-
tive and symptomatic with, respectively, 26.3% 
and 52.6% of all patients [6].

For patients with advanced unresectable HCC 
in Morocco, trans-arterial chemoembolization 
(TACE) and sorafenib are available therapeutic 
options as palliative approach.

Regarding response to TACE, a study was 
conducted in Hassan IId University Hospital in 
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Fez, Morocco, among 162 patients diagnosed 
with 225 unresectable HCC.  Continuous com-
plete response (CR) was obtained in 14 patients 
(8%). It was significantly associated with male 
gender, chronic hepatitis C as a causal agent, 
location in the segments VI and VII of the liver, 
and complete blush extinction on digital subtrac-
tion angiography [18]. Hepatic condition was 
also a major determinant in CR with Child-Pugh 
A, MELD score ≤ 19, and BCLC B and C stages 
strongly correlated to CR [18].

Liver transplantation (LT) is a major issue in 
Morocco. Despite many legislative and technical 
improvements, too much efforts are still needed. 
Less than 30 liver transplants have been per-
formed in Morocco with the first successful liver 
transplantation totally performed by a Moroccan 
team (Benkabbou et al.) in 2016 [19]. It is certain 
that the development of LT programs in Morocco 
will bring vital opportunities for Moroccan 
patients with HCC and meeting indications and 
will improve significantly quality of healthcare 
and survival rate for this category.

3  A General Overview of HCC- 
Related Research

Pineau et al. stated that genomic stability prevails 
in North African HCC and demonstrated that 
genetic presentation of HCC in WNA countries is 
mainly different from Egypt and other African 
countries hypothesizing that the low endemicity 
may be explained by the low prevalence of muta-
genic (exceptional TP53 mutations) or cytotoxic 
(low consumption of alcohol) agents  [9]. Many 
other researches investigated the genetic aspects 
of HCC in Morocco especially the p53 pathway 
recognized as the most important target for 
hepatic carcinogenesis aberrations. Akil et  al. 
proposed that variants of the transcriptional co- 
activator genes (EP300 and PCAF) may influ-
ence HCC risk with an interesting association 
between the Val/Val genotype of the EP300 at 
codon 997 and Ser/Ser genotype of the PCAF at 
codon 386 and the risk to develop HCC in 
Moroccan population [20]. Rebbani et  al. 

explored the potential implication of a single 
nucleotide polymorphism (SNP) in the MDM2 
(the murine double minute 2) in development of 
HCC.  The GG genotype of SNP309 showed a 
significant association with a higher risk of HCC 
occurrence [21].

In a case-control study enrolling 74 HCC, 
Jadid et  al. suggested the implication of the 
SOCs3 polymorphism in the modulation of HCC 
development by affecting mRNA expression in 
chronic HCV-infected patients [22]. SOCs3, the 
suppressor of cytokine signaling 3, is a potent 
regulator of cytokine signal transduction which is 
involved in negative control on JAK/STAT path-
way [23]. Those findings are highlighting the 
specific molecular presentation of HCC in 
Morocco. Large pooled studies with multicentric 
recruitment are needed to explore more aspects 
of hepatocarcinogenesis pathways in the local 
population.

4  Conclusion

HCC in Morocco shows specific features. Due to 
genetic profile and a multifocal preventive 
approach, incidence is considerably low. Chronic 
hepatitis C is the major causal agent. A national 
register dedicated to HCC will help to collect all 
resources about this cancer and make all unpub-
lished data available for researchers. More multi-
centric studies are needed to understand better all 
clinical, therapeutic, and molecular aspects of 
HCC in Moroccan patients. Also, there is a serious 
need to implement a national program for liver 
transplantation to optimize survival rate and act on 
cirrhosis as it’s the precancerous condition.
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Hepatocellular Carcinoma 
in Lebanon and Its Association 
with Thalassemia

Maher Malaeb, Ali T. Taher, and Ala I. Sharara

1  HCC in Lebanon

Hepatocellular carcinoma (HCC) is a relatively 
rare cancer in Lebanon. According to the national 
cancer registry data for the years 2005–2015, the 
crude incidence rate of liver cancer in Lebanon 
ranges from 2.2 to 3.7 (males) and 1.9 to 3.4 
(females) per 100,000. Unpublished data from a 
major tertiary care center in Lebanon, the 
American University of Beirut Medical Center 
(AUBMC), reveal that 37 liver cancers were 
reported in 2018, making it the 18th most com-
mon type of cancer. The mean age was 62.6 
years, predominantly males (62.2%). On histol-
ogy, 11 out of 37 tumors (39.7%) were HCC. The 
reported number of HCC cases from AUBMC 
was 9, 6, and 12 in 2015, 2016, and 2017, respec-
tively. Liver cancer rates have been rising in 
Lebanon. A study by Shamseddine et al. over a 
5-year period from 2003 to 2008 showed the 
highest annual percent change of all cancers 
(13.6% in males and 18.3% in females) [1].

Yaghi et  al. studied 92 patients in Lebanon 
diagnosed with HCC and collected from 3 large 
university medical centers over a 5-year period 
between 1998 and 2003. The average age was 
60.5 ± 22.3 years, and the male/female ratio was 
5.6:1. Viral hepatitis was the most common cause 
(83.7%) of the underlying liver disease, and hepa-
titis B infection was more common than hepatitis 
C infection (67.4% versus 19.6%). Other etiolo-
gies included alcoholic liver disease in 8.2% and 
other miscellaneous rare causes such as primary 
biliary cirrhosis, hemochromatosis, autoimmune 
hepatitis, and tyrosinemia [2]. HCC occurred in 
the background of liver cirrhosis in the majority 
of patients (91 of 92 patients). Child- Pugh class at 
time of HCC diagnosis was A (34.8%), B (39.3%), 
and C (25.8%), respectively. Model of end-stage 
liver disease (MELD) score was available in 79 
patients, and the mean MELD score was 9.4 ± 7.6 
[2]. HCC was diagnosed in 36.1% of patients 
within the first 2 years after the diagnosis of cir-
rhosis and in 72.4% within 5 years. In 42.4% of 
cases, the diagnosis was established during fol-
low-up of cirrhosis with a mean follow- up period 
of 40 months. The average size of tumor nodules 
was 5.6  cm, and the number of nodules varied 
from single (46.1%) to two (15.7%) to three 
(5.6%), while 32.6% had diffuse HCC. Forty 
patients had less than three nodules <3  cm of 
diameter or a single tumor of less than 5 cm [2]. 
Portal vein thrombosis was present in 38.2% of 
the patients. Sixty-five percent of the patients 
were ineligible for curative resection based on the 
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presence of diffuse disease or tumor associated 
with portal vein thrombosis [2]. Overall survival 
was 44.8%, 32.8%, and 17.6% at 1, 2, and 3 years, 
respectively. The reported prognostic factors that 
were identified using univariate analysis included 
“age >55, bilirubin <3.2 mg/dL, HCC as the first 
manifestation of liver disease, eligibility for a 
curative treatment, International Normalized 
Ratio (INR) <2, MELD score >18, and the pres-
ence of portal vein thrombosis” [2]. The reported 
6-month mortality was 38.8%, and the factors that 
were associated with survival beyond 6  months 
included “INR< 2, bilirubin <3.2  mg/dL, tumor 
<5 cm of diameter or 3 nodules of <3 cm of diam-
eter without portal vein thrombosis, MELD score 
<16, lower Child-Pugh class, and the absence of 
portal vein thrombosis” [2].

2  HCC and Thalassemia

Thalassemia is a genetic disorder based on under-
lying molecular defects in the α-globin or 
β-globin gene clusters, which form the basis of 
the various inherited forms of α-thalassemias or 
β-thalassemias and the defective hemoglobin 
synthesis leading to ineffective erythropoiesis 
and anemia [3, 4]. Based on the transfusion 
requirements, patients are commonly classified 
into transfusion-dependent (TDT) for those who 
are not to survive without lifelong blood transfu-
sions by producing sufficient hemoglobin and 
non-transfusion-dependent thalassemias (NTDT) 
[4]. Both populations are at increased risk of iron 
overload as the liver is the primary site of storage 
of excess iron [5]. Iron overload development in 
TDT patients is secondary to blood transfusion. 
In patients with NTDT, however, it is mainly due 
to increased intestinal absorption. Hepcidin lev-
els are low; thus, the excess iron is absorbed into 
the system and released into the circulation caus-
ing preferential portal and hepatocyte iron load-
ing. This ultimately results in an increase in free 
iron into the blood, which can lead to end-organ 
damage, such as endocrinopathies, cirrhosis, and 
malignancies [6].

Thalassemia patients used to die at an early 
age secondary to anemia and heart failure [7]. 

With the advent of wider and more correct use of 
iron-chelating agents as well as advancements in 
MRI technology for the assessment of iron over-
load in the liver and heart, the lifespan of thalas-
semia patients has increased [8]. Since the year 
2000, the improved survival of thalassemia 
patients has increased the incidence of disease 
complications, which were less likely to develop 
[9, 10]. Among these complications, one of the 
most worrying in recent years is hepatocellular 
carcinoma (HCC). The incidence of HCC in 
patients with thalassemia has been increasing 
with time [6]. Epidemiologic data based on an 
Italian registry reported a steady increase in the 
number of HCC cases in thalassemia patients in 
Italy from 8  in 1993–1997 to 31  in 2008–2012 
[11]. Compared to the general population, most 
patients with thalassemia develop HCC at age 
<50 years, and there is no discernible difference 
in incidence between men and women in this 
group of patients [6].

Worldwide, the major risk factors for liver 
cancer are infection with the hepatitis B and C 
viruses [12], while the reported risk factors for 
HCC in thalassemia patients include iron over-
load and chronic hepatitis B and C [13]. Chronic 
viral hepatitis is a risk factor for HCC in 
patients with thalassemia [6]. Due to blood 
transfusions, many patients are or have been 
infected with HCV or HBV, namely, those born 
before 1990 or those born in countries where 
universal HBV vaccination and safe blood 
transfusion programs are still not completely 
applied [10]. Worldwide, 0.3–5.7% of thalas-
semia patients are HBsAg- positive [10]. The 
reported prevalence of anti- HCV antibodies in 
thalassemia patients ranges from 4.4% to 85.4% 
[11]. However, HCC has also been reported in 
non-transfused patients and in those who are 
HCV- and HBV-negative. Therefore, other risk 
factors, primarily iron overload, are involved in 
hepatocarcinogenesis in patients with thalas-
semia (Fig. 1) [10].

Hepcidin is a key regulator responsible for iron 
balance and functions by decreasing iron absorp-
tion from the gut and its release from the reticulo-
endothelial system [6]. Ineffective erythropoiesis 
along with the subsequent hemolytic anemia leads 
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to an increase in the level of hepcidin and thereby 
results in an increase in iron absorption from the 
gut. In addition to the need for frequent transfu-
sions to ameliorate the resulting anemia, this 
results in an iron overload state [13]. Free iron is 
believed to generate reactive oxygen species, 
which can cause peroxidation of membrane fatty 
acids and consequent formation of toxic byprod-
ucts that disrupt DNA and impair protein synthe-
sis, thereby triggering malignant transformation 
through mutations in tumor suppressor genes 
(such as p53) and DNA repair genes [14]. Iron 
overload can also promote malignant transforma-
tion of the liver by accelerating the pathway from 
fibrosis to cirrhosis by activating stellate cells and 
the profibrogenic effects of lipid peroxidation 
[15]. It has also been suggested that iron overload 
may contribute to cancer formation by inducing 
immunologic aberrancies [6].
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An Overview of Hepatocellular 
Carcinoma (HCC) in Lebanon: 
A Focus on Hepatitis  
B- and Thalassemia-Related HCC

Sally Temraz and Ali T. Taher

1  Epidemiology of HCC 
in Lebanon

Lebanon is a 10,452  sq.km. country on the 
Mediterranean Sea with an estimated population 
of four million inhabitants and a life expectancy 
of 80 years. Hepatocellular carcinoma (HCC) is a 
relatively scarce cancer in Lebanon, ranking 18th 
among males and females with an age-adjusted 
incidence rate of 4.2 and 2.3 per 100,000 males 
and females, respectively. According to the latest 
WHO data published in 2018, there were 227 
newly diagnosed liver cancer cases and 211 liver 
cancer-related deaths in Lebanon. The age- 
adjusted death rate is 2.29 per 100,000 of popula-
tion making Lebanon #174  in the world. 
According to the Lebanese Ministry of Public 
Health, liver cancer cases increased from 84 
cases for a population of 3.987 million in 2005 to 
150 cases for a population of 4.597 million in 
2016 for both genders [1].

2  Risk Factors of HCC 
in Lebanon

Although many culprits are found to cause this 
aggressive cancer, most cases arise from chronic 

hepatitis B (HBV) and hepatitis C virus (HCV) 
infection; of these two viruses, HBV accounts for 
80% of causes of viral hepatitis [2]. The remain-
ing cases of HCC can be attributed to a profusion 
of other reasons such as aflatoxins in the diet, 
alcoholic and non-alcoholic fatty liver diseases, 
obesity, and some metabolic diseases such as 
hemochromatosis [3].

2.1  HBV and HCV Infections

Most HCC cases in Lebanon have hepatitis B 
virus (HBV)-related HCC, mainly through liver 
cirrhosis, accounting for nearly two thirds of 
patients [4, 5]. The prevalence of HBV in 
Lebanon is 1.74%. Figure 1 shows the distribu-
tion of HBV by region. The majority of cases 
(63%) are between 20 and 60  years [6]. HBV 
infection was recorded among 2.4% of prisoners, 
a relatively higher seroprevalence compared to 
the general Lebanese population [7]. On the other 
hand, among 204 men who have sex with men 
and female sex workers aged 18 years and above, 
the rate is much lower than the general popula-
tion with only one testing positive for HBV 
(0.99%) [8]. HBV infections are characterized by 
HBV genotype D.  In this regard, a study of 61 
HBV carrier blood donors from Lebanon was 
performed. Genotype D was the only type 
detected, with the majority of the strains related 
to subgenotype D1 and few strains related to sub-
genotype D2 [9].
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Another risk factor includes HCV infection in 
20% of patients [4, 5]. The prevalence of HCV in 
Lebanon is 0.21%. Figure 1 shows the distribu-
tion of HCV by region. HCV genotype 1 is most 
common (50%) followed by genotype 4 (33%) 

and genotype 3 (17%). Most cases of HCV infec-
tion (71%) occur in those older than 40 years [6].

Beirut, despite the overpopulation, has the 
least prevalence of hepatitis B (0.73%), mainly 
because of a higher socioeconomic status. On the 
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Fig. 1 The distribution of HBV cases (shown in red) and HCV cases (shown in green) among regions in Lebanon

S. Temraz and A. T. Taher



377

other hand, higher rates are found in Nabatieh 
and the South mainly due to vaccination pro-
gram failure because of lack of education and 
inefficient awareness campaigns [10, 11]. The 
modes of transmission of HBV in Lebanon are 
predominantly horizontal, resulting from the 
exposure of abraded skin, cuts, minor open 
wounds, or mucosal surfaces to blood or body 
fluids containing HBV from the afflicted sub-
jects [12]. Of note, the HBV and HCV carrier 
state in Lebanese blood donors is 1–2% and 0.1–
0.6%, respectively [13–15].

2.2  Alcoholic and Non-alcoholic 
Liver Disease

Alcohol abuse is responsible for 8% of HCC 
cases in Lebanon. According to the Lebanese 
Epidemiologic Survey on Alcohol (LESA), 
11.2% of Lebanese adults experienced alcohol 
use disorders in the prior 12  months (abuse, 
6.2%; dependence, 5%) in 2011 [16]. Non- 
alcoholic fatty liver disease (NAFLD) represents 
the hepatic manifestation of metabolic syndrome 
which is based on obesity and insulin resistance. 
Epidemiologic data clearly demonstrates that 
NAFLD and obesity-related disorders are signifi-
cant risk factors for tumor development in HCC 
[17]. A recent study evaluating the nutritional 
profile and the dietary patterns of Lebanese 
NAFLD patients demonstrated that 40% of cases 
belonged to the high fruit group as compared to 
30% following a high meat and fast food dietary 
pattern. Both groups increased the odds of 
NAFLD by fourfold [18]. National studies from 
Lebanon report increasing rates of overweight 
and obesity that is more evident in females and 
consistent with the growing epidemic of obesity 
worldwide [19, 20].

2.3  Aflatoxin Contamination

Aflatoxins are food-borne secondary fungal 
metabolites that are hepatotoxic, hepatocarcino-
genic, and mutagenic. Aflatoxin M1 (AFM1) has 
been recently classified by the International 

Agency for Research on Cancer (IARC) as a 
class 1 carcinogen after several studies demon-
strated the increased risks for HCC in individu-
als exposed to it. AFM1 presents a threat to 
public health since it tends to linger in milk and 
dairy, and many studies proved its capacity to 
remain intact and relatively stable after heat 
treatment such as pasteurization or ultra-high 
temperature treatment [21]. In Lebanon, milk 
and dairy are recognized for their high nutri-
tional value, and they are consumed by the 
majority of people from different regions and 
ages. Milk is also used as a major ingredient in 
the manufacturing of a wide array of Lebanese 
food especially dairy, pastries, and sweets. A 
recent study from Lebanon reported on the 
occurrence of AFM1 from 868 collected samples 
of raw cows’ milk, pasteurized and UHT cows’ 
milk, and dairy products. Results showed con-
tamination in raw milk, pasteurized and UHT 
milk, and dairy products at a range of 0.011–
0.440  μg/L, 0.013–0.219  μg/L, and 0.015–
7.350 μg/L, respectively, with 28%, 54.5%, and 
45.5%, respectively, of samples with AFM1 
above maximum tolerable limit set by the 
European Commission [22]. AFM1 consump-
tion was shown to be associated with 0.0041 
additional cancer cases per 100,000 persons per 
year [22].

3  Surveillance, Prevention, 
and Management of HCC 
in Lebanon

Government strategies to address the burden of 
HCC include surveillance, prevention, and man-
agement of the disease. As part of surveillance, 
the government has initiated the National Cancer 
Registry since 2004, the behavioral risk factors 
for non-communicable diseases in Lebanon, and 
the National Hepatitis Epidemiological Program 
for Hepatitis B and Hepatitis C.  As part of 
 prevention, several public health interventions 
have been implemented since 1994 which have 
led to the decrease in the prevalence of HBV 
cases in Lebanon. These include HBV vaccina-
tion of newborns since 1998, the mandatory pre-
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marital screening implemented by the Lebanese 
government since 1994, educational and aware-
ness campaigns regarding the disease, and 
screening and vaccinating high-risk groups. The 
decrease in prevalence of HCV from 0.7% to 
0.21% in Lebanon is mainly due to efficient 
awareness campaigns and most importantly to 
the instauration of national guidelines for the 
treatment of HCV. Moreover, accurate blood test-
ing for HCV in blood banks using ELISA tech-
nique as well as systematic screening of drug 
abusers in rehabilitation centers may have also 
played a role. As part of managing the disease, 
the government restructured cost sharing and 
insurance design in all institutions; these included 
fast-tracked, higher reimbursement rate and risk-
sharing agreements for oncology and immunol-
ogy products by the National Social Security 
Fund (NSSF), the creation of a national health 
technology assessment (HTA) unit by the 
Ministry of Public Health (MOPH), yearly tender 
BIDs by MOPH, cost-effectiveness local studies 
for oncology and immunology, and cost-sharing 
agreements by MOPH.  Lately, National 
Management Guidelines of the disease were set 
by a national experts group established by the 
MOPH and the WHO.

4  Diagnosis and Treatment 
of HCC

The diagnosis of HCC can be difficult and often 
requires the use of one or more imaging modali-
ties. Ideally, tumors should be detected when 
they are ≤2  cm in size so that all treatment 
options can be offered. However, HCC is fre-
quently diagnosed at a late stage because it is 
usually asymptomatic. Nonspecific symptoms 
associated with advanced stage of HCC may 
include jaundice, anorexia, weight loss, fatigue, 
and upper abdominal pain. Most commonly 
implemented diagnostic strategies in Lebanon 
involve the use of multiphasic liver protocol CT 
with IV contrast or multiphasic contrast-enhanced 
MRI in conjunction with the serum biomarker 
alpha-fetoprotein (AFP) to determine the perfu-
sion characteristics, extent and the number of 

lesions, vascular anatomy, and extrahepatic 
disease.

Surgical resection, liver transplantation, and 
ablation offer a potential for cure for HCC 
patients; however, only 20% of patients are suit-
able for primary surgical management at the time 
of diagnosis [23]. Liver transplant rates remain 
low in Lebanon mainly because of the sensitivity 
of the Arab culture towards the issue of possible 
loss of dignity of the dying process through organ 
procurement. This obstacle continues to hinder 
the progress in transplants in the region and has 
led to living-related liver transplants as an alter-
native source of organs for transplant. Patient 
survival in Lebanon following liver transplant 
was 76% at 1, 5, and 10 years [24]. The remain-
ing 80% cases of HCC are diagnosed at advanced 
stages when curative treatments become non- 
feasible [25]. The prognosis of HCC patients is 
dismal with a 5-year survival rate less than 5%, a 
median overall survival of 1  year [26], and a 
5-year recurrence rate of nearly 80% [27]. Thus, 
patients with advanced HCC are offered nonsur-
gical approaches such as chemotherapy, targeted 
therapy, immunotherapy, transhepatic chemoem-
bolization (TACE), RT, or percutaneous ethanol 
injection (PEI) [28–31].

5  HBV-Related 
Hepatocarcinogenesis

Both indirect and direct mechanisms are involved 
in HCC oncogenesis by HBV.  HCC-promoting 
HBV factors include chronic inflammation, HBV 
integration, HBV mutations, epigenetic mecha-
nisms, and HBV-encoded oncoproteins (e.g., 
HBx) (Fig. 2).

5.1  Chronic Inflammation

Following HBV infection, a robust T-cell immune 
response is stimulated to combat the infection. 
This results in hepatocyte necrosis, inflamma-
tion, and consequently regeneration, to compen-
sate for lost hepatocytes [32]. Thus, failure by the 
immune system to clear HBV results in sustained 
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cycles of necrosis-inflammation-regeneration. 
Immune-mediated liver injury is often associated 
with elevated ALT levels, and elevations in tumor 
necrosis factor-α (TNF-α) and interleukin (IL)-1β 
levels are often observed in the sera of HBV- 
infected patients [33]. Additionally, long-lasting 
hepatic inflammation caused by host immune 
responses during chronic HBV infection can pro-
mote liver fibrosis, cirrhosis, and HCC progres-
sion due to accelerated hepatocyte turnover rates 
and the accumulation of mutations [34].

5.2  HBV Integration

The HBV genome is found integrated in the host 
genome in nearly 80–90% of HBV-associated 
liver tumors and in around 30% of non-HCC liver 
tissue adjacent to HCC [35], and this integration 
appears prior to the occurrence of HCC [36]. 
Mechanisms by which the integration of HBV 
DNA could contribute to hepatocarcinogenesis 
include host DNA alterations at several cancer- 
relevant genes including cyclin A, telomerase 
reverse transcriptase (TERT), platelet-derived 
growth factor receptor-beta (PDGFRB), mitogen- 
activated protein kinase 1 (MAPK1), and others 
[37, 38].

TERT is located on chromosome 5p and is 
directly associated with HBV genome integration 
in the TERT locus [39]. HBx functions as a tran-
scriptional activator and suppressor and has 
effects on hepatocellular apoptosis [40]. HBx 
proteins may upregulate the transcriptional acti-
vation of human telomerase transcriptase [41]. 
Cis-activation of human TERT mRNA by HBx 
gene may also play a role in hepatocarcinogene-
sis [42].

5.3  HBV Mutations

Recent studies observed that single nucleotide 
polymorphisms (SNPs) of genes including 
GSTM1 (Glutathione S-Transferase Mu1), 
GSTT1 (Glutathione S-Transferase Theta1), 
STAT4 (Signal Transducer and Activator of 
Transcription 4), TPTE2 (Transmembrane 
Phosphoinositide 3-Phosphatase and Tensin 
Homolog 2), DCL1 (CD302 Molecule), KIF1B 
(Kinesin Family Member 1B), and PGD 
(Phosphogluconate Dehydrogenase) are associ-
ated with increased risk of HBV-mediated HCC 
[43]. Moreover, mutations in the tumor suppres-
sor p53 (TP53), WNT pathway (APC, AXIN1, 
CTNNB1), and epigenetic enzymes (ARID1A, 
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Fig. 2 HBV infection may develop to chronic hepatitis 
and progress to HCC, or to liver cirrhosis and subse-
quently HCC.  Molecular mechanisms of HBV-related 
HCC involve (1) chronic inflammation; (2) epigenetic fac-

tors that confer cell growth advantage; (3) integration of 
HBV DNA into the host genome and activation of host 
genes controlling cell proliferation; and (4) direct promo-
tion of cell proliferation by viral proteins (mainly HBx)
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ARID2, MLL4) have also been reported in HBV- 
mediated HCC [43, 44].

5.4  Epigenetic Mechanisms

Epigenetic modifications are heritable changes 
in gene expression that do not result from 
changes in the genomic sequence. These could 
be attributed to DNA modifications (methyla-
tion of cytosine residues generating 5-meth-
ylcytosine, oxidation of 5-methylcytosine to 
5- hydroxymethylcytosine), histone modifica-
tions (methylation, acetylation, phosphorylation, 
and ubiquitination of N-terminal of histone tails), 
nucleosome restructuring by ATP-dependent 
chromatin remodeling complexes, and altered 
expression of long non-coding RNAs (lncRNA) 
and microRNAs (miRNAs) [45].

Several miRNAs involved in the Toll-like 
receptor (TLR) signaling pathway play a critical 
role in innate immunity against HBV infection 
[46]. For instance, miR-145 and miR-148a target 
TLR3; miR-200b, miR-200c, miR148a, miR- 
455, and let-7-family members target TLR4; let-
 7b and miR-155 target TLR7; and miR-148a 
targets TLR9, and all of which are involved in 
HBV infection [46, 47].

5.5  HBV-Encoded Oncoproteins

The HBV genome encodes at least four proteins 
[HBsAg, a core protein (splice variant: HBeAg), 
a DNA polymerase, and the HBx protein] that are 
translated from mRNAs transcribed from HBV 
covalently closed circular DNA and/or from 
HBV genome sequences integrated into the host 
genome [48].

A truncated mutant of HBsAg increases HBV- 
related tumorigenesis through the downregulated 
expression of transforming growth factor (TGF)
BI associated with the TGFβ-SMAD pathway 
[49]. Furthermore, HBsAg enhances the IL-6–
STAT3 pathway, thereby increasing the HBsAg- 
mediated malignant potential of HBV-associated 
HCC [50]. HBeAg is associated with the host 

immune response and cytokine production, both 
of which play roles in HBV-associated HCC [51].

Overexpression of the HBV polymerase due 
to core gene deletion enhances HCC cell growth 
by inhibiting miR-100 [52]. Results of a recent 
study revealed that transgenic mice expressing 
the reverse transcriptase domain of HBV poly-
merase in their livers developed early cirrhosis 
with steatosis by 18  months of age, with 10% 
subsequently developing HCC [53].

The viral regulatory protein HBx contributes 
critically to HBV replication and is thought to be 
closely related to HBV oncogenicity [54]. HBx 
transactivates binding sites for the transcription 
factors AP-1 and NF-κB [55], activates the p53-RB 
and β-catenin pathways [56, 57], and is involved in 
chromatin remodeling [58] and transcriptional 
modulation in hepatocarcinogenesis [59].

6  Thalassemia-Related 
Hepatocarcinogenesis

Thalassemia is a genetically transmitted, quanti-
tative disorder of hemoglobin. It is divided into 
two main categories, transfusion-dependent thal-
assemia (TDT)—patients who are not capable of 
producing sufficient hemoglobin to survive with-
out blood transfusions—or non-transfusion- 
dependent thalassemia (NTDT). Patients with 
β-thalassemia intermedia, hemoglobin H disease, 
and mild-to-moderate forms of hemoglobin E/β- -
thalassemia often fall under the classification of 
NTDT, whereas patients with β-thalassemia 
major and severe forms of hemoglobin E/β- -
thalassemia are classified as having TDT [60].

HCC is a major life-threatening cancer that is 
becoming more frequently identified in thalas-
semia patients mainly because of the increased life 
span of these patients which previously had lim-
ited survival [61, 62]. The incidence of HCC 
among thalassemia major patients was 2% during 
a 1-year observation period, which is almost the 
same as the risk of HCC in the general population 
[63]. Most patients with thalassemia develop HCC 
at age <50 years, and there is no noticeable differ-
ence in incidence between men and women in this 
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group of patients [63, 64]. The two mainly estab-
lished risk factors for the development of HCC in 
thalassemia include iron overload and viral hepati-
tis with or without cirrhosis [61, 62] (Fig. 3).

6.1  Iron Overload

In TDT patients, iron overload is secondary to 
regular transfusions, while in NTDT patients, it 
develops from increased intestinal absorption 
and increased release of recycled iron from the 
reticuloendothelial system (due to the suppres-
sion of hepcidin synthesis in the liver) [65]. One 
mechanism by which free iron is believed to trig-
ger malignant transformation is through the gen-
eration of reactive oxygen species (ROS), which 
causes peroxidation of membrane fatty acids and 

subsequent formation of toxic byproducts that 
impair protein synthesis and disrupt DNA, lead-
ing to mutations in tumor suppressor genes (such 
as p53) and DNA repair genes [66]. Iron overload 
may also promote malignant transformation in 
the liver through the acceleration of fibrosis to 
cirrhosis by activation of stellate cells and 
through the profibrogenic effects of lipid peroxi-
dation [67]. Cases of HCC in NTDT, hepatitis 
C-negative patients who have significant iron 
overload have been reported, which further high-
light the role of iron overload as a definite risk 
factor for HCC [68, 69]. Thus, screening thalas-
semia patients using magnetic resonance imaging 
(MRI)-based liver iron concentration (LIC) 
 measurement and liver ultrasound is strongly rec-
ommended for early detection of iron overload 
and HCC, respectively [68].
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Fig. 3 Different mechanism related to HCC development 
in thalassemia patients. FR free radicals; HBV hepatitis B 
virus, HCV hepatitis C virus, HCC hepatocellular carci-
noma, HSC hepatic stellate cells, NTBI non-transferrin- 

bound iron, ROS reactive oxygen species, TGFβ 
transforming growth factor β. (Adapted from Taher A, 
2018)
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6.2  HCV/Cirrhosis

Chronic viral infection related to blood transfu-
sions is another risk factor for HCC in thalas-
semia patients. Of the HCC in thalassemia 
reported in the literature, 88% are infected with 
HCV (either as HCV Ab or HCV RNA) [64]. 
HCV-mediated carcinogenesis is either directly 
related to the virus or to complications of HCV 
hepatic infection like fibrosis and cirrhosis. HCV 
genes seem to induce the production of trans-
forming growth factor β and consequently acti-
vating hepatic stellate cells that are responsible 
for hepatic fibrosis [70]. It is important to men-
tion that chronic hepatitis C and liver iron over-
load have been proposed to work in synergy to 
increase the HCC risk, which is reflected by the 
fact that hepatic iron is often increased in patients 
who have chronic HCV infection secondary to an 
HCV-induced decrease in serum hepcidin levels 
[71, 72].

7  Secondary and Tertiary 
Prevention of HBV- or HCV- 
Related HCC

In chronic HBV carriers, the risk of HCC is 
higher in those with certain host factors such as 
older age, male gender, African origin, the pres-
ence of cirrhosis, chronic hepatic necro- 
inflammation, alcohol use, coinfection with 
chronic HCV or HIV, metabolic syndrome, and 
genetic polymorphisms or viral factors such as 
HBV DNA levels and presence of specific viral 
mutations. HBV DNA level can be reduced by 
antiviral drugs, thus rendering them the main 
treatment target for chronic HBV [73]. Two main 
classes of drugs control viral replication: inter-
feron (IFN) and nucleos(t)ide analogs (NA). The 
use of NA specifically entecavir and tenofovir 
disoproxil decreases the HCC incidence rate [74] 
and is shown to be associated with regression of 
fibrosis and, to a lesser extent, reversal of cirrho-
sis [75, 76]. The use of IFN in chronic HBV was 

also shown to reduce the risk of HCC in a selected 
subgroup of patients with early cirrhosis who 
responded to IFN compared with controls; how-
ever, the response rate in chronic HBV is disap-
pointing and incurs numerous adverse effects 
[77, 78]. Specific to chronic HBV, in those who 
already developed HCC, tertiary prevention 
mainly involves initiation (if not given before the 
HCC) or continuation of antiviral therapy. The 
beneficial effects of NA are observed in patients 
who received curative liver resection for HCC 
[79] and also in patients receiving radiofrequency 
ablation [80]. However, there is not yet enough 
evidence showing the beneficial effect of NA in 
prevention of HCC recurrence. Also, the effect of 
NA on HCC in patients with inoperable HCC 
undergoing locoregional therapy is not well 
defined.

With the use of direct-acting antiviral (DAA) 
agents as anti-HCV therapy, HCV infection can 
be cured with a minimum of side effects. Antiviral 
therapy against HCV has a positive impact on the 
risk of development of HCC [81, 82] and has 
shown excellent rates of sustained virologic 
response (SVR). A few recent studies have raised 
concerns on the increased risk of HCC occur-
rence or recurrence after DAA therapy [83–86]. 
However, other studies support that treatment 
with DAAs is not associated with increased HCC 
risk compared to treatment with IFN or in DAA- 
unexposed patients [87–90]. Although prospec-
tive trial is needed to clarify this controversy, 
surveillance for HCC occurrence or recurrence is 
required among patients with an SVR at risk of 
liver disease progression, irrespective of the anti-
viral agent used [91]. In patients without cancer, 
recent data highlight the potential consequences 
of delaying antiviral treatment on subsequent risk 
of HCC and support treatment of all patients with 
HCV before their progression to advanced fibro-
sis and cirrhosis, because progression to cirrhosis 
might be associated with substantial downstream 
costs related to the need for lifelong HCC sur-
veillance and/or cancer care for those who 
develop HCC [87].
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8  Conclusions

Although HCC rates in Lebanon are relatively 
low compared to other regions of the world, they 
are on the rise. It is anticipated that the increased 
incidence in the future will be more related to 
nonviral causes such as obesity, aflatoxin con-
tamination, and alcohol abuse and less to viral 
causes as HCV and HBV infection rates have 
been decreasing as a result of efficient govern-
mental strategies undertaken to control the virus. 
Finally, thalassemia patients are also emerging to 
be at high risk of developing HCC which has not 
been previously an issue as the survival rates of 
thalassemia patients were low and HCC did not 
pose an issue beforehand. Now, the emergence of 
HCC as a pressing morbidity in thalassemia sug-
gests the need for structured HCC screening pro-
grams. Moreover, the development of HCC can 
be avoided by preventing or treating the HCC 
risk factors, namely, chronic viral hepatitis and 
iron overload. Although little data has been pub-
lished on HCC treatment in thalassemia, the fol-
lowing modalities have been proven both safe 
and effective in selected patients with thalas-
semia: (1) surgical resection, (2) chemoemboli-
zation, and (3) simultaneous percutaneous 
radiofrequency thermoablation and ethanol injec-
tion [62].
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1  Introduction

Cancer remains a leading cause of death world-
wide. There were 18.1 million new cases and 9.5 
million cancer-related deaths worldwide in the 
year 2018. By 2040, the number of cancer-related 
deaths is expected to rise to 16.4 million [1]. 
Liver cancer is the fifth most common cancer in 
men and the ninth most common cancer in 
women. In 2018, there were over 840,000 new 
cases of liver cancer in the world [2]. Pakistan is 
one of the eight countries in South Asia (Fig. 1).

Based on the United Nations Children’s Fund 
(UNICEF) data, the estimated population of 
Pakistan is 212, 228, 286 and the under-five mor-
tality rate is 67.2 per 1000 live births [3]. It is the 
fifth largest country in the world population wise, 
but lags behind in various important determinants 
of health care when compared with neighboring 
countries [4, 5].

There is a steady increase in the incidence 
of liver cancer in Pakistan [6, 7]. Between 85% 
and 90% of the liver cancer originates from the 
hepatocytes. Hepatocellular carcinoma (HCC) 
in Pakistan represents a unique challenge in a 
number of ways. In the absence of a functional 
national cancer registry, our inferences are 
based on results from hospital-based registries. 

Hepatitis C virus infection is the most common 
risk factor for HCC, which is in contrast with 
some of the other countries in the Asia Pacific 
region, where hepatitis B infection is endemic. 
Moreover, there is very limited data on natu-
ral history of non-hepatitis C and B HCC [8]. 
Consequentially, applicability of established 
guidelines remains questionable, yet we need 
to reach a national consensus on HCC manage-
ment. Well-known risk factors for HCC include 
viral infections, alcohol consumption, autoim-
mune and hereditary disorders, diabetes, and 
obesity [9–11].

Based on available data, age-standardized rate 
for HCC in Pakistan is 7.6 per 100,000 persons 
per year for males and 2.8 for females [12, 13]. In 
this chapter, we have attempted to review the epi-
demiology of HCC in Pakistan, with special 
focus on surveillance and diagnostic and treat-
ment strategies more relevant to developing 
countries.

2  Risk Factors for HCC

2.1  Hepatitis C and B Virus 
Infection

To date, hepatitis C virus (HCV) and hepatitis B 
virus (HBV) infection is the most common risk 
factor for progression to liver cirrhosis and HCC 
in Pakistan. Most patients present in the fifth 
decade of life [14–16]. Pakistan is one of the few 
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countries in the world with >3% anti-HCV anti-
body positivity [17–19]. Approximately 58% 
patients have HCV, while 25% have HBV infec-
tion [20]. However, HCV antibody positivity can 
vary from 24% to 72.5%, while hepatitis B sur-
face antigen positivity ranges between 13.1% and 
51.2% [21–23]. This reported variability stems 
from patchy nature of available information, high 
prevalence of HCV and HBV in certain pockets 
of the country, and lack of national cancer sur-
veillance programs [8].

Factors implicated in the spread of HCV 
infection include rural population, illiteracy, 
unscreened blood products, use of unsterilized 
instruments for shaving, misuse of injectables, 
and minor surgical procedures particularly cir-
cumcision [24]. In fact it has been shown that the 
risk of HCV transmission is increased when cir-
cumcision is performed by barbers and not in the 
hospital setting [25, 26]. Up to 48% barbers 

might use unsterilized blades for shaving. This 
behavior might be replicated when performing 
circumcision [27]. In addition, distinct phytoge-
netic clustering of HCV in Pakistan has also been 
implicated in exponential spread of HCV [28]. 
All these factors might account for high preva-
lence of HCV and not HBV in our country.

2.2  HIV Coinfection

In HIV-positive patients, HCV or HBV coinfec-
tion leads to accelerated progression to cirrhosis 
and HCC. A significant number of HIV-positive 
patients might have HCV or HBV coinfection. 
Sexual promiscuity and blood transfusions are 
the major risk factors [29]. HCV and HBV coin-
fection in HIV patients is a growing problem in 
Pakistan but remains underreported. The avail-
able data are predominantly based on high-risk 

Fig. 1 Political map of Pakistan (www.surveyofpakistan.gov.pk)
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groups like prisoners. These studies have shown 
an alarming rate of >50% coinfection in HIV- 
positive patients [30, 31]. Reasons for the high 
coinfection rate include illegal drug use, homo-
sexuality, etc. The impact of HCV or HBV infec-
tion in HIV-positive Pakistani patients largely 
remains unknown.

2.3  Non-alcoholic Fatty Liver 
Disease

The risk of HCC is increased two to four times in 
patients with diabetes mellitus (DM). Studies 
from the West and Asia have confirmed these 
findings [32, 33]. DM not only accelerates liver 
fibrosis and development of HCC, but contributes 
to poor outcomes. Moreover, after curative treat-
ment, risk of recurrence is also increased in the 
presence of DM [34]. Non-alcoholic fatty liver 
disease (NAFLD) is a common problem in 
DM. NAFLD is associated with presence of fat in 
the liver after exclusion of other contributory fac-
tors like alcohol and certain drugs. It ranges from 
simple steatosis to fibrosis, cirrhosis, and HCC 
[35]. NAFLD is a growing problem in the world 
including Asia and Pakistan. This is due to mod-
ernization and urbanization associated with 
increasing wealth, sedentary lifestyle, and dietary 
changes predisposing to obesity [36]. Chronic 
liver disease due to non-alcoholic steatohepatitis 
(NASH) may soon be the most common reason 
for liver transplantation in the world [37]. Fatty 
liver disease has reached epidemic proportion in 
Pakistan but still remains unnoticed [38–40].

2.4  Aflatoxin-Mediated HCC

Aflatoxins are difuranocoumarin derivatives of 
Aspergillus flavus and Aspergillus parasiticus. 
These fungi contaminate crops in warm, humid 
climates both during the growth and the storage 
phase [41]. Aflatoxin B1 (AFB1) is the most 
potent hepatocarcinogen and is found in contami-
nated human food stuff [42]. AFB1 is known to 
have a synergistic effect and increases the risk of 
HCC development many folds in the presence of 
HBV infection [43].

It is estimated that about 45 million of the 
world’s population is exposed to aflatoxins. There 
are various types of aflatoxins, and AFB1 is the 
most important in terms of clinical impact. In 
high-income countries, due to strict governmen-
tal regulations, effective screening ensures that 
food stuff exposed to aflatoxin does not reach 
consumers and is safely discarded. Regulations 
to control dietary exposure to AFB1 are either 
non-existent or difficult to implement in low- 
income countries. Thus infected food stuff can 
gain entry into the consumer markets. Least, they 
are consumed by the family members, friends, 
and neighbors of the farmers growing these crops 
which leads to spread of infection [41]. In fact, it 
has been shown that more than 50% of corn- 
based products and 18.3% rice products in 
Pakistan might have AFB1 contamination [44].

3  Screening and Diagnosis 
for HCC

Since HCC has a median subclinical period of 
3.2  years, screening with early detection has a 
substantial impact on outcomes [45, 46]. 
Although ultrasound is highly sensitive in detect-
ing HCC, its ability is limited in obese and cir-
rhotic patients [47]. Significant differences in 
regional guidelines on HCC screening and diag-
nosis exist. The American Association for the 
Study of Liver Disease (AASLD) recommends 6 
monthly ultrasound (US) with or without AFP in 
high-risk patients [48]. The Asian Pacific 
Association for the Study of the Liver (APASL) 
recommends US and AFP, while the European 
Association for the Study of the Liver (EASL) 
recommends US alone [49, 50].

For lesions >1 cm in size, diagnostic criteria 
for HCC rely on dynamic imaging of the liver 
with CT or MRI scan. In most cases, a lesion with 
arterial enhancement and venous washout is typi-
cal for HCC.  In patients with atypical liver 
lesions, biopsy can be performed to establish 
diagnosis. There is considerable controversy with 
regard to diagnosis and management of lesions 
<1 cm in size [47, 51, 52].

Majority of high-risk patients do not undergo 
screening in Pakistan. There is a large variation in 
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terms of choice of investigations and time dura-
tion between them [53]. In the presence of cir-
rhosis, it is difficult to detect early HCC.  Less 
than 10% patients are diagnosed with HCC on 
screening in Pakistan, and that perhaps explains 
the late presentation and poor prognosis in the 
majority [20, 21]. Less than 2% patients are diag-
nosed with HCC on CT findings alone in Pakistan. 
A combination of CT, AFP, and histopathology is 
used in most patients [21]. HCC is >5 cm in more 
than 40% patients, ≥50% patients have >1 tumor 
nodule, while majority have advanced liver fail-
ure at the time of presentation [22].

To summarize, patients with HCC generally 
have advanced disease at presentation and only 
are eligible for definitive treatment. In the 
absence of nationally accepted guidelines for 
diagnosis of HCC, majority of patients end up 
undergoing an array of expensive investigations 
for establishing a diagnosis.

4  HCC Treatments

HCC has a poor prognosis even in developed 
countries, and 5-year survival is only 10%. 
Survival is even worse in developing countries, 
and mortality is roughly equivalent to incidence 
rates [54, 55]. Tumor characteristics (size, multi-

nodularity, and vascular invasion), underlying 
liver function (Child-Pugh score), and perfor-
mance status (Eastern Cooperative Oncology 
Group Performance Status) play an important 
role in survival [56, 57].

Global trends in HCC treatment are not uni-
form and do not adhere to the most widely applied 
Barcelona Clinic Liver Cancer (BCLC) staging 
algorithm. These trends are dictated by availabil-
ity of treatment facilities and technical skills. 
Treatment may vary for the same stage across 
different regions. Transarterial chemoemboliza-
tion (TACE) is the most frequently used first 
treatment in North America, Europe, China, and 
South Korea, percutaneous ethanol injection 
(PEI) and radiofrequency ablation (RFA) in 
Japan, and resection in Taiwan (Fig. 2) [58].

Liver resection and liver transplanta-
tion Surgery remains the most effective treat-
ment for patients with HCC. In carefully selected 
patients, liver resection and transplantation can 
achieve 5-year overall survival of 40% and 70%, 
respectively [59–61]. In majority of cases, HCC 
develops on a background of cirrhosis, and liver 
resection is not always feasible due to underlying 
liver failure. Liver transplantation (LT) not only 
removes the HCC but also removes the failing 
liver.
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Very few centers in Pakistan offer the full 
spectrum of liver resections and transplant ser-
vices. The field of LT and liver surgery is rapidly 
evolving nationally. The last decade has proven 
to be much more promising in terms of develop-
ment of HCC treatment facilities in the country. 
At present, there are two well-established trans-
plant centers and at least five facilities where 
major liver resections are possible. The most 
experienced transplant program in Islamabad is 
nearing 1000 living donor liver transplants, while 
a government-funded transplant program in 
Sindh province is providing care to patients who 
cannot afford this treatment [62, 63]. Considering 
the burden of HCC and cirrhosis in Pakistan, 
there is an urgent need to develop more treatment 
facilities in the country. Unfortunately, since 
health care in Pakistan is predominantly out of 
pocket, it is imperative that government support 
for transplantation becomes more effective. In 
addition, a strong system of insurance coverage 
needs to be developed to bear the cost of expen-
sive treatments [64].

Local ablative therapies Percutaneous ethanol 
ablation (PEA), RFA, and microwave ablation 
(MWA) are the various ablative treatment 
options. Access to these treatments is limited to 
few centers in the major cities. In order to improve 
waiting times and ease of access to these treat-
ments, their availability should be ensured in 
smaller cities. In particular, relatively cheaper 
options like PEA deserve more attention. PEA 
was the first treatment option that became avail-
able, while RFA was introduced in the year 1999. 
RFA is believed to be superior in terms of clinical 
response and overall survival. However, this 
superiority has only been demonstrated in Asian 
studies. It is believed that there is substantial risk 
of bias in these studies [65]. PEA remains a 
cheaper yet effective treatment for HCC. In terms 
of cost-effectiveness, a single session of PEA 
costs 300 US dollars, while other ablative treat-
ments can cost up to 1500 US dollars. PEA needs 
to be reintroduced into clinical practice, and its 
widespread availability should be made possible 
on national level.

Chemo and radio embolization Transarterial 
radioembolization is currently not available in 
Pakistan. Much like other HCC treatments, 
TACE and TAE are available only in major cit-
ies. Most patients do not have access to these 
facilities and, as a result, do not receive treat-
ment for HCC. Moreover, a single TACE session 
can cost up to 1500 US dollars.

Systemic therapy In 2007, a tyrosine kinase 
inhibitor, sorafenib, became the first Food and 
Drug Administration (FDA)-approved systemic 
treatment for HCC. The drug confers only modest 
benefit in overall survival and comes with signifi-
cant side effects. Other multikinase inhibitors like 
lenvatinib and regorafenib might have superior 
clinical efficacy and have recently been approved 
[66]. Sorafenib is the standard of care for patients 
with advanced HCC in Pakistan. Newer multiki-
nase inhibitors are pending access to Pakistani 
markets. They remain very expensive with limited 
clinical benefit. At present, a month’s course of 
sorafenib might cost around 1000 US dollars. 
There is a need to develop local or regional alter-
natives that are easily available and affordable. 
Moreover, these products need to be regularized 
so that ease of access is ensured in far-flung parts 
of the country. On the other hand, certain herbal 
compounds have shown moderate activity against 
HCC in the laboratory. There is a need to explore 
these cost-effective options for HCC treatment. A 
specific plant derivative Berberis lycium has 
shown moderate activity in G2 phase of HCC 
growth [67]. These alternatives might become 
useful options for treatment or palliation for HCC.

5  Prevention and Screening

The most effective method for HCC control is via 
prevention and screening. Various potential 
issues in HCC care and their solutions have been 
summarized in Table 1.

HBV and HCV The recent decline in HBV- 
related infection, cirrhosis, and HCC in Pakistan 
can be attributed to effective implementation of 
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HBV vaccination programs across the country. 
Nevertheless there are certain pockets with very 
high prevalence of HBV infection. This is due to 
complete lack of awareness and availability of 
HBV vaccination. Outreach programs need to be 
developed to ensure safe and effective delivery of 
vaccination in such high-risk areas and education 
of native population [68]. On the contrary, HCV 
infection continues to be a growing menace, and 
more than half of the HCC in Pakistan is second-
ary to HCV infection. With the availability of more 
effective anti-HCV medications, the future might 
appear promising as far as HCV-related HCC is 
concerned. However, HCV eradication at present 
remains a mere dream than reality. It has been 
shown that massive efforts and support are required 
to achieve this goal and HCV elimination does not 
appear likely until 2030 unless major incentives 
are given by the government [69]. There is a need 
to promote locally manufactured products for 
HCV treatment. Moreover, high-risk behaviors 
associated with spread of HCV and HBV infection 
need to be discouraged by media campaigns and 
strict legal actions. Use of contaminated syringes 
should be discouraged, while disposable or steril-
ized instrumentation for dental procedures, cir-
cumcision, shaving, etc. should be promoted.

5.1  NAFLD

Diet and lifestyle might play an important role in 
development of HCC. Recent evidence suggests 
that adhering to healthy diet including fruits, veg-
etables, and fibers might protect from 
HCC. Healthy lifestyle including exercise helps 
overcome detrimental effects of energy-rich diet 
consumption and reduces cancer-related 
 mortality [70]. A large meta-analysis has sug-
gested that coffee intake might be linked with 
reduced risk of HCC [71]. Similar effects might 
also been seen with fish and vitamin E intake. On 
the contrary, tobacco has been strongly associ-
ated with development of HCC, and its use needs 
to be discouraged.

Table 1 Major problems in HCC control in Pakistan and 
their potential solutions

Issues Potential solutions
Incidence and prevalence of 
hepatitis C and hepatitis B 
are unknown

Implementation of 
national screening 
program

Lack of awareness 
regarding risk factors
Low screening rate
High prevalence of diabetes 
and obesity
Aflatoxin control
IV drug abuse
Circumcision
HIV coinfection

Public education via 
audiovisual dissemination 
regarding risk factor 
prevention
Maintenance of healthy 
lifestyle and exercise
Strict implementation of 
pre- and post-harvest 
control policies
Mandatory disposal of 
used syringes
Identification of high-risk 
behaviors
Policies to prevent 
circumcision in 
community
Identification of high-risk 
population

Insufficient HPB/liver 
transplant, palliative care, 
and cancer centers 
Enormous demand and 
supply gap

Development of 
infrastructure with 
collaboration of public 
and private sector
Easy access to cheaper 
options like ethanol 
ablation for smaller HCC
Legislation to provide 
easy access to local or 
regional alternatives to 
systemic therapies for 
HCC

Shortage of technical skills Acquire technical skills 
via national and 
international exposure 
and collaboration

Controversial aspects of 
HCC management
Knowledge gap

Collective 
decision-making
Online tumor boards
Personalized care for 
individual patients

Low remission rates for 
hepatitis C

Access to new treatments 
at affordable price
Market access to local or 
regional brands with 
cost-effective options

Scattered cancer 
registriestrue cancer 
incidence and prevalence 
unknown

National cancer registry

Modified from: Hafeez Bhatti et al. [8]
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5.2  Aflatoxin-Related HCC

Several methods have been implied to control 
spread of aflatoxins in the community. These 
include development of resistant cultivars, 
chemical and physical control, and biological 
control [72].

 1. By altering the agricultural practices in areas 
with high dietary AFB1 intake. For example, a 
change to a rice-based diet led to a significant 
decrease in AFB1 ingestion in China [43]. 
However, changes in dietary practices in low- 
income countries might face criticism due to 
resource limitations and the inability of gov-
ernment to come up with alternative options 
supporting both the nutritional and economic 
needs of the community.

 2. Pre-harvest prevention can be achieved with 
adequate irrigation and spraying of fungicides 
[43, 73, 74].

 3. Post-harvest prevention can be achieved effec-
tively by simple measures like sun drying on 
cloth rather than earth, hand sorting to remove 
crops with molds, and improved storage prac-
tices avoiding warm moist environments. 
However, such efforts require governmental 
involvement with provision of storage facili-
ties to farmers in low-income countries [43, 
72–74].

 4. Perhaps the most effective method of 
AFB1control is biological. In biological con-
trol, non-toxigenic strains of aspergillus are 
developed, which can then replace the toxigenic 
types at the time of crop colonization [72].

HCC is a growing problem in Pakistan. 
Although treatment of HCC is challenging, its 
occurrence at large remains preventable with 
simple measures. Our population remains 
unaware of simple changes in behavior and prac-
tices that might significantly reduce its incidence. 
There is a need to develop policies and ensure 
their strict implementation at national level per-
taining to prevention, surveillance, and access to 
various treatments in order to reduce HCC in 
Pakistan.
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Future Directions

Brian I. Carr

The Middle East comprises a range of countries 
with huge differences in income per capita, 
national wealth and its distribution, and hygiene 
and its practices: the ultra-wealthy and the ultra- 
poor. The causes of HCC and especially the 
cofactors are hugely varied. Some countries, such 
as Egypt, have a very high percent of HCV-based 
HCC, while others, such as Turkey, have a high 
percentage HBV-based HCC. Many countries in 
addition are joining the western epidemic of obe-
sity. Some suggestions for improving our ser-
vices to HCC patients follow.

 1. Tumor registries need to be taken seriously.
We cannot properly allocate resources and 

improve the quality of our services, without 
accurately knowing the size of the problem 
and what help is needed and where. Many 
major hospitals do not seem to have system-
atic data collection and often individually  – 
collected databases are like silos and not 
shared. Quite often, there is no salary alloca-
tion for the support staff that are needed to 
collect the HCC patient data and enter it into a 
hospital-based system.

 2. National neonatal HBV vaccination 
programs.

Some countries have been very forward- 
looking and diligent with this. Others, less so. 

Yet, HBV is a preventable major cause of 
HCC, when neonatal vaccination is used. The 
widespread national adoption of cheap neona-
tal HBV vaccination, to be included with 
other neonatal vaccines, will have major long- 
term benefits.

 3. Obesity is an increasing problem in the mod-
ern Middle East, as it is in so much of the 
western world. Since it is a modern epidemic 
and the cause of so much chronic illness, an 
educational program in schools and the work-
place, similar to that used for smoking cessa-
tion, is also likely to yield long-term societal 
benefits, especially since obesity-associated 
chronic liver disease (NAFLD, NASH) is a 
fast-rising cause of HCC, just as near- universal 
HBV vaccination is resulting in a decrease in 
HBV-based HCC.

 4. Increase in the use of surveillance. A large 
number of our newly diagnosed HCC cases 
occur when the symptoms of advanced dis-
ease lead to a physician visit. The diagnosed 
HCC at this time is often too advanced for 
treatments with curative intent. Yet, many of 
the factors that lead to HCC development are 
well-recognized and include cirrhosis from 
any cause, chronic HBV with or without cir-
rhosis, HBV plus HCV, and the combinations 
of chronic hepatitis with chronic alcohol con-
sumption. Such at-risk patients are often 
known to the medical system and need to have 
6-monthly surveillance ultrasound examina-
tions. This will lead to an increased proportion 
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of patients being diagnosed with earlier and 
hence more treatable HCCs.

 5. We need better biomarkers.
AFP is a time-honored and useful HCC 

biomarker in the 50% of cases in which it is 
elevated. However, there is evidence that cur-
rently available biomarker panels are more 
sensitive for diagnosis. These include GALAD 
score, a combination of gender, age, AFP- 
L3%, AFP, and DCP. AFP, AFP-L3, and DCP 
kits are sold with all three assays together. 
GALAD seems especially useful in detecting 
small obesity-associated HCCs. Although 
there are several new candidate serum bio-
markers being evaluated, such as proteomic, 
glycomic, and genetic markers that have gone 
through early stages of biomarker validation 
for the early detection of HCC, these markers 
still need to be validated in well-curated 
cohorts. It is expected that glypican-3, osteo-
pontin (a secreted phosphoprotein), C- reactive 
protein (CRP), Golgi protein-73, soluble Axl 
(sAxl, a transforming receptor tyrosine kinase 
member of the tumor-associated macrophage 
family), circulating microRNAs, and methyl-
ated DNA (epigenetic) markers in cell-free 
circulating DNA are likely to become clini-
cally validated in the near future.

 6. We need serum, plasma, and tissue biobanks.
As discussed in #6 above, there is a huge 

amount of biodiscovery being conducted in 
worldwide laboratories for early diagnosis of 
HCC. However, once a suitable candidate bio-
marker is identified, it needs to be validated 
using blood or tissues from patients with con-
firmed HCC diagnosis and preferably with 
known etiology. Otherwise it can take years 
for basic research workers to evaluate marker 
candidates. These repositories are especially 
important now that new TKIs and ICIs get 
FDA approval, but only with use of compan-
ion molecular tests of the drug targets. Thus, 
HCC biorepositories are an investment in the 
future of our subject.

 7. Inhibition of horizontal transmission of hepa-
titis B or C.

Although the screening of blood transfu-
sion donors has been a well-learned lesson, 

many areas for transmission exist in daily life 
that could be reduced by popular education. 
This is especially true in personal service 
industries, such as barber shops where razors 
and knives can be used for multiple custom-
ers, with associated micro-abrasions and 
transmission of blood-borne hepatitis (and 
other) viruses. Similar concerns involve 
village- level circumcisions by barbers or local 
practitioners of circumcision, as well as for 
female genital mutilation, and 25% of the 
worldwide cases occur in the Middle East and 
North Africa.

 8. More liver transplant centers are needed.
Since liver transplantation is the only cura-

tive treatment for both HCC and the underly-
ing diseased liver, it will be important to 
develop more centers with liver transplanta-
tion in the region. Since the surgical skills are 
already available in a few specialist centers in 
the Middle East, this should be an achievable 
goal.

 9. Middle East-focused clinical trials are needed.
The SHARP phase III trial of sorafenib 

versus placebo gave results for OS of 
10.7  months in the sorafenib arm and 
7.9 months in the placebo arm. Most patients 
were from Europe. The Asia-Pacific trial with 
identical design gave OS as 6.6 months in the 
sorafenib arm versus 4.2  months in the pla-
cebo arm. Thus, Asian patient survival on 
sorafenib was worse than European survival 
on placebo. This incredible difference high-
lights the fact that patients with the same dis-
ease, but in different peoples, can have quite 
different results with the same drug. There is 
far too little information on cancer drug toler-
ance and tumor responses in the peoples of the 
Middle East. Given that the population of the 
Middle East of about 250 million people is 
equivalent to that of the USA, this sizeable 
potential market should deserve the attention 
of international pharmaceutical companies, 
with respect to clinical trials of new HCC 
drugs. Numbers of HCC cases may be similar, 
being 13/100,000  in Egypt and Qatar and 
5/100,000  in MENA and Turkey, as against 
approximately 13.6 and 4.7/100,000  in the 
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USA for males and females, respectively. 
Having comparable numbers of HCC cases, 
the Middle East represents a sizeable market 
for new HCC drugs, which should be drawn to 
the attention of the manufacturers. Especially 
doing trials of the new immune checkpoint 
inhibitors (IHIs) should make these new 
agents available to many of our patients. 
Given the size of our populations, this same 
argument speaks to the merits of tasting bio-
markers for earlier diagnosis in our peoples.
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The Need for Region-Wide HCC 
Collaborations

Brian I. Carr

Each medical center in each town of each country 
does its best to treat its cancer patients, including 
those with HCC.  We all depend upon a certain 
flow of ideas and activity. This can be expressed 
as:

• Prevention: hepatitis, alcohol, dietary contam-
inants, obesity

• Surveillance for early diagnosis: 6-monthly 
ultrasounds, biomarkers

• Evaluation of diagnosed patients: multi- 
specialty tumor board

• Treatment selection or sequencing of choices: 
definite or other therapies

Each of these has limitations and needs for 
improvement. Several suggestions follow, on 
what can be better achieved by collaboration than 
by individual practitioners.

 1. Transnational HCC Patient Clinical Database
In order to estimate the size of the HCC 

problem and to quantitate the resources that 
will be needed, some confidence is needed in 
an assessment of the number of annual new 
cases.

Furthermore, most clinical analyses of 
HCC patient subsets or prognostic factors 
suffer from insufficient power due to small 

patient numbers. A big step forward will be 
the ability to analyze combined patient infor-
mation on several thousand patients.

 2. Shared National Databases to Identify 
Geographic Hotspots

A key to identifying unusual environmen-
tal determinants of disease is to compare 
incidence rates in differing geographical 
locations. Some areas may be HCV or afla-
toxin B1 hotspots. Since many countries in 
the Middle East are amalgams of various 
tribes and ethnicities, some with different 
sensitivity to various HCC causes, the study 
of shared national database comparisons will 
be helpful in this regard.

 3. Middle Eastern HCC Biobank
The rapidly increasing identification of 

signatures in serum, circulating plasma, and 
HCC tissues that can identify both HCC sub-
sets and prognostic features requires a pro-
spectively gathered specimen biobank or 
repository, with an associated spreadsheet of 
the clinical features of the de-identified 
patients associated with each specimen, 
including demographics, underlying hepatic 
disease, and radiologically identified deter-
minants of tumor biology: maximum tumor 
size, number of tumor nodules, presence and 
extent of portal vein thrombosis, as well as 
results of standard blood count, liver func-
tion tests, serum alpha-fetoprotein (AFP) 
levels, and hepatitis testing.B. I. Carr (*) 
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 4. Public Health Teaching on Public and Private 
Sanitary Practices

It is clear that much but not all HBV 
transmission is vertical, via the maternal- 
fetal route. However, other HBV and all 
HCV transmission is through the horizontal 
round, via transfusion of contaminated blood 
or its products, nonmedical drug administra-
tion parenterally, or other methods of expo-
sure to human blood or secretions, such as in 
the personal care professions, including hair-
dressers, tattoos, acupuncture, and medical 
or dental procedures. Public health education 
and perhaps inspection of the premises of 
these practitioners to ensure use of proper 
sterilization techniques or adoption of single- 
use and disposable needles and razors would 
be protective from horizontal viral transmis-
sion in daily life.

 5. Transnational HCC Conferences to Foster 
Education, Collaboration, and Surveillance

The support by governments, ministries 
of health, and local authorities of transna-
tional HCC meetings to disseminate tech-
niques on limiting virus transmission, 
surveillance, new treatments, and approaches 
and multi-institutional clinical trials would 
seem to be effective ways of improving pro-
fessional knowledge and encouraging 
collaborations.

 6. Transnational Clinical Trials: Access to New 
Drugs and Clinical Trial Experience

As explained in the chapter on New 
Directions, we cannot assume that the results 
of a clinical trial with a new drug that are 
applicable to one ethnic group are necessar-
ily either safe or effective in all other ethnic 
groups. Many drug activating and detoxify-
ing enzyme levels can be different among 
different groups of people. It would seem 
reasonable the new classes of drugs that are 
approved elsewhere should first be subject to 
confirmatory clinical trials in our region, 
before being given approval for use in our 
region. By use of transnational protocols, 
such trials can rapidly accrue the required 
patient numbers.

 7. Fabrication of Biosimilar Drugs for 
Expensive New Drugs

Local fabrication will address the avail-
ability of otherwise expensive drugs for ordi-
nary citizens. India provides an example of a 
country that has several pharmaceutical 
companies, some of them now major corpo-
rations, that have focused on the production 
or synthesis of biosimilar drugs that sell at a 
fraction of the cost of those produced by 
pharmaceutical giants in the USA and 
Europe. This would bring new business and 
income to our region and make new drugs 
available to both governments and individu-
als at a lower cost than if imported.

 8. Identification of Barriers to Early Diagnosis
Too many of our newly diagnosed HCC 

patients are diagnosed at an advanced stage 
when they cannot benefit from putatively 
curative therapies. The answer is to diagnose 
their tumors earlier. This requires knowing 
who is at risk and screening them. Screening 
ultrasonography is cheap and easy and does 
not need referral to major hospitals. 
Implementation of more aggressive screen-
ing, perhaps with the newer portable and 
handheld ultrasound machines, might be a 
simple and practical means of increasing the 
numbers of patients who get diagnosed at 
earlier and thus treatable HCC stages. 
Perhaps a decrease in platelet count in 
patients at risk might be a useful prompt for 
surveillance ultrasonography.

 9. Quality of Life Issues
How well are we serving our patients’ 

needs?
As physicians and surgeons, we tend to 

focus on objective measures of disease extent 
or response to our treatments. As patient 
families attest, an HCC patient is much more 
than the product of scans and blood tests. 
The whole patient needs to be considered, 
from symptoms (pain, nausea, weight 
change, ascites, mobility) to hope, fear, anxi-
ety, depression, self-image, and interactions 
with family and caregivers. As medical pro-
fessionals, we are not always sensitive or 
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pro-active with respect to the psychological 
and emotional needs of our patients and usu-
ally do not have the time in our busy clinics 
to deal with them. Yet they are often fore-
most in the minds of our patients. The qual-
ity of their lives is often intricately linked to 
their minds and emotions. A first step in 
helping them is for us to be aware of and be 
able to quantify these issues. In this respect, 
several validated quality of life question-
naires or tools have been made available and 
can be downloaded from the Web without 
cost. Examples are CDC Health related qual-
ity of life (HRQOL) questionnaire; WHO 
Quality of Life Instrument; Global Quality 
of Life Scale; EORTC QLQ-C30, and the 
FACT-G (Factual Assessment of Cancer 
Therapy, FACT) score, among others. 
Translations of any one of these into Arabic, 
Turkish, and Iranian languages should serve 
a large percentage of our patients.

A questionnaire needs to be given to each 
patient at various intervals during his or her 
disease course and then evaluated. The dif-
ference from all other testing in medicine is 
that the result is based on the opinion of the 
patient and not the service professional. We 
actually get the opinion of the patient this 
way. Too few such studies are done in our 
region, so it is difficult to discern what our 
patients are actually thinking and feeling 
about their disease course and the treatments 
that we offer.

 10. Unmet Needs for HCC Therapy
• Prevention of obesity; anti-inflammatory 

agents
• Biomarkers for patients with low-AFP 

HCC
• Effective PVT therapy
• Post-resection adjuvant therapies: HBV 

treatments, anti-inflammatories
• Downstaging for transplantation
• Expansion of transplant centers

There are several identifiable unmet needs 
in the subject of HCC studies, most of which 
require collaborative multi- institutional stud-
ies to advance. As always, the most impor-

tant is HCC prevention. While the uses and 
benefits of HBV vaccination are widely 
acknowledged, other preventative causes 
remain. In Sect. 4 above, the need for 
improvement in sanitary behavior is men-
tioned. In addition however, as HBV rates 
are falling, obesity rates are climbing and are 
a predisposing factor for HCC. This can only 
be approached at a national or local govern-
ment level through education and 
counselling.

Furthermore, it is increasingly clear that 
inflammation is an important part of the 
hepatocarcinogenic process. As mentioned 
in chapter “Biological Aspects of HCC”, epi-
demiologic studies have suggested that anti-
inflammatory agents can decrease the 
incidence of several cancer types, including 
HCC. Perhaps a clinical trial in this region of 
aspirin or NSAIDs in people at risk for HCC 
might be useful and point the way to another 
preventive action.

One of our clinically common and frus-
trating experiences is that in the 50% or more 
of HCC patients who do not have elevated 
serum AFP levels, we do not have another 
clinical biomarker to guide response to ther-
apy, only expensive scans. Both serum CRP 
or GGT levels have been suggested to be use-
ful as disease activity monitors in this situa-
tion, but new and sensitive biomarkers are 
still needed. In this regard, it has recently 
been shown that HCCs evolve during the 
course of the disease process in individual 
patients. Thus, the baseline biopsy may not 
reflect the same level of tumor aggressive-
ness as 6–12  months later. Some form of 
noninvasive biopsy is therefore needed that 
can be repeated safely. An obvious candidate 
is the so-called liquid biopsy, based upon 
measurement in a sample of peripheral blood 
of circulating HCC cells or cell fragments or 
circulating HCC cell DNA. Some epigenetics 
test (DNA methylation) kits have already 
been approved for some other cancer types 
for this purpose. It would be ideal for follow-
ing HCC during the course of a patient’s dis-
ease process.

The Need for Region-Wide HCC Collaborations
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Although multiple new tyrosine kinase 
inhibitors (TKIs) and immune checkpoint 
inhibitors (ICIs) have been recently approved 
for clinical use in advanced stage HCC, none 
of them have been shown to reverse portal 
vein thrombosis (PVT), which has been 
reported in 30–40% of HCC patients and is a 
major negative prognostic factor. Some form 
of new systemic agent or radiation or the 
combination is needed, and recent reports of 
combining TARE and SBRT look encourag-
ing, but need to be prospectively validated.

Another major issue is the high HCC 
recurrence rates after technically resectable 
HCC.  Only 131I-lipiodol has so far been 

shown effective in reducing post- resection 
recurrences. Perhaps the new ICIs or anti-
inflammatory therapies could be useful in the 
adjuvant setting, especially since the caus-
ative (virus) factor is still present. In this 
respect, some tertiary HBV therapy results 
look encouraging.

Finally, once HCC is present, the only 
therapy that removes both the tumor and the 
inflammatory background is liver transplan-
tation. Greater effort at downstaging the 
tumor mass pre-transplant and expansion of 
liver transplant availability are still needed. 
Both aims are fully accomplishable in our 
region.
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 HCC in the Middle East

Brian I. Carr

The Middle East comprises a heterogeneous col-
lection of mainly Muslim and Arab countries. In 
some discussions, nearby countries have also 
been included, such as those central Asian repub-
lics neighboring Iran and those north African 
countries to the west of Egypt and stretching to 
the Atlantic. A flexible and inclusive view is 
taken in this book. The differences in liver cancer 
or hepatocellular carcinoma (HCC) causes, inci-
dence, and clinical characteristics among the 
countries of this region provide an amazing 
opportunity to examine the influences of geogra-
phy, crops, and diet on the one hand, ethnicity on 
the other hand, and local behavior on the yet 
other hand. Most countries, to an outsider to the 
Middle East, might appear homogeneous. Yet 
they tend to be ethnically diverse, such as Arabs 
and Africans in Egypt, Berbers and Arabs in 
Morocco, Turks and Kurds in Turkey, and 
Persians, Azeris, and Kurds in Iran.

HCC incidence ranges 20-fold across coun-
tries, from 22.0 to 1.5 per 100,000 males (females 
usually have lower incidence) in Egypt versus 
Iran, respectively. In East Asia, where HCC is 
most frequent, the major causes are chronic hepa-
titis B or hepatitis C, Aflatoxin B1 contamination 
of stored and unrefrigerated grains and nuts, 
alcoholism, and increasingly, obesity. The coun-
tries of the Middle East are predominantly 
Muslim, so alcoholism has not been a major fac-
tor; nor is Aflatoxin B1 contamination of farm 
products. However, hepatitis B is a major issue, 
with differing incidence and genotypes in the 
various countries. Similarly, hepatitis C is also a 
major issue. Furthermore, some areas have popu-

lations with combination hepatitis B and C or 
hepatitis B and D.  As in the West and Asia, 
increasing prosperity has been accompanied by 
increases in obesity, another HCC risk factor. 
Several countries also have high rates of inherited 
metabolic liver diseases, likely due to consan-
guineous marriages. The availability of expen-
sive but effective new anti-hepatitis drugs is 
hugely variable, as is the availability of interven-
tional radiology for administering chemoemboli-
zation, or the considerable infrastructure and 
support that is needed for potentially curative 
liver transplantation. There is also wide variation 
on the concept of brain death, to enable cadaveric 
organ donation, and on the feasibility of live 
organ donation for unrelated recipient patients.

There has been massive social change in the 
region during the past 20 years, both positive and 
negative. Thus, there has been large upward 
social mobility in some areas such as Saudi 
Arabia and the Gulf Emirates (peace and wealth) 
and in Oman and Morocco (peace) and down-
ward mobility in other areas such as Yemen (war 
and starvation), Syria (war and population dis-
placement), and Libya (war). The central Asian 
countries (Turkmenistan, Azerbaijan, Uzbekistan) 
have by and large prospered. These social 
changes have been associated with changes in 
medical needs and availability.

The book is divided into several sections. 
Firstly, a general description of HCC, its causes 
and incidence and frequent modes of presenta-
tion. The 5 largest countries by population are 
Egypt, Turkey, Iran, Iraq and Saudi Arabia. The 
incidence of HCC is highest in Egypt and Saudi 
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Arabia and is low in Turkey and Iran. These 
countries are considered in separate chapters to 
evaluate their relative risks and country-specific 
HCC considerations. Since prevention is the key 
to long-term survival for most cancers, including 
HCC, separate chapters are written for hepatitis 
B, hepatitis C, and other HCC causes. Likewise, 
the best long-term survival seems to be for liver 
transplantation as a treatment modality (both 
cancer and diseased organ are removed), and this 
merited its own chapter, including the ethics, 
donor procurement, and technical 
considerations.

The reader of this book will gain insights into 
the societies and their mores in a politically very 
important part of the world, in so far as these con-
siderations help us understand a critically impor-
tant cancer. The understanding of the different 

causes of HCC in the most populous countries 
will inform the approaches needed to the all- 
important prevention and early diagnosis strate-
gies. An appreciation of the different treatment 
modalities, their uses and limitations, availabil-
ity, and costs will help inform rational treatment 
provision and selection. The possibilities of 
country-wide or region-wide centers of excel-
lence in HCC management is also considered.

For governments needing to plan social and 
medical services for their peoples and for inter-
national aid agencies needing to prioritize dona-
tions and projects, a knowledge of the causes, 
epidemiology, and treatments of HCC, the sec-
ond highest cause of death from cancer world-
wide, is likely to prove useful. It is with these 
aims that the current book has been written.
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