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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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Fig. 1  Countries that constitute the ME
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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, 

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East



264

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 

S. A. Al-Busafi and K. AlNaamani



267

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.

S. A. Al-Busafi and K. AlNaamani



273

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.

References

	 1.	Kaito M, Watanabe S, Tsukiyama-Kohara K, 
Yamaguchi K, Kobayashi Y, Konishi M, et  al. 
Hepatitis C virus particle detected by immuno-
electron microscopic study. J Gen Virol [Internet]. 
1994;75(7):1755–60. Available from: https://doi.
org/10.1099/0022-1317-75-7-1755.

	 2.	Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice 
CM, Stapleton JT, et al. Expanded classification of 
hepatitis C virus into 7 genotypes and 67 subtypes: 
updated criteria and genotype assignment web 
resource. Hepatology [Internet]. 2014;59(1):318–
27. Available from: https://pubmed.ncbi.nlm.nih.
gov/24115039.

	 3.	Shepard CW, Finelli L, Alter MJ. Global epidemi-
ology of hepatitis C virus infection. Lancet Infect 
Dis [Internet]. 2005;5(9):558–67. Available from: 
https://doi.org/10.1016/s1473-3099(05)70216-4.

	 4.	Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice 
C, Vos T, Abubakar I, et  al. The global burden of 
viral hepatitis from 1990 to 2013: findings from 
the Global Burden of Disease Study 2013. Lancet. 
2016;388(10049):1081–8.

	 5.	Gower E, Estes C, Blach S, Razavi-Shearer K, 
Razavi H.  Global epidemiology and genotype dis-
tribution of the hepatitis C virus infection. J Hepatol 
[Internet]. 2014;61(1):S45–57. Available from: 
https://doi.org/10.1016/j.jhep.2014.07.027.

	 6.	Blach S, Zeuzem S, Manns M, Altraif I, Duberg AS, 
Muljono DH, et al. Global prevalence and genotype 
distribution of hepatitis C virus infection in 2015: 

a modelling study. Lancet Gastroenterol Hepatol. 
2017.

	 7.	Alter MJ, Margolis HS, Krawczynski K, Judson FN, 
Mares A, Alexander WJ, et al. The Natural History 
of Community-Acquired Hepatitis C in the United 
States. N Engl J Med [Internet]. 1992;327(27):1899–
905. Available from: https://doi.org/10.1056/
nejm199212313272702.

	 8.	Thomas DL, Astemborski J, Rai RM, Anania 
FA, Schaeffer M, Galai N, et  al. The Natural 
History of Hepatitis C Virus Infection. JAMA 
[Internet]. 2000;284(4). Available from: https://doi.
org/10.1001/jama.284.4.450.

	 9.	Poynard T, Bedossa P, Opolon P. Natural history of 
liver fibrosis progression in patients with chronic 
hepatitis C. Lancet [Internet]. 1997;349(9055):825–
32. Available from: https://doi.org/10.1016/
s0140-6736(96)07642-8.

	 10.	Eyster ME, Diamondstone LS, Lien JM, Ehmann 
WC, Quan S, Goedert JJ. Natural history of hepatitis 
c virus infection in multitransfused hemophiliacs: 
effect of coinfection with human immunodeficiency 
virus. J Acquir Immune Defic Syndr. 1993.

	 11.	Ge D, Fellay J, Thompson AJ, Simon JS, Shianna 
KV, Urban TJ, et  al. Genetic variation in IL28B 
predicts hepatitis C treatment-induced viral clear-
ance. Nature [Internet]. 2009;461(7262):399–401. 
Available from: https://doi.org/10.1038/nature08309

	 12.	Suppiah V, Moldovan M, Ahlenstiel G, Berg T, 
Weltman M, Abate ML, et  al. IL28B is associated 
with response to chronic hepatitis C interferon-α 
and ribavirin therapy. Nat Genet [Internet]. 
2009;41(10):1100–4. Available from: https://doi.
org/10.1038/ng.447.

	 13.	Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, 
Matsuura K, Sakamoto N, et  al. Genome-wide 
association of IL28B with response to pegylated 
interferon-α and ribavirin therapy for chronic hepati-
tis C. Nat Genet. 2009.

	 14.	Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J, 
Mueller T, et al. Genetic variation in IL28B is asso-
ciated with chronic hepatitis C and treatment failure: 
a genome-wide association study. Gastroenterology 
[Internet]. 2010;138(4):1338–1345.e7. Available 
from: https://doi.org/10.1053/j.gastro.2009.12.056.

	 15.	Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, 
O’Huigin C, et  al. Genetic variation in IL28B and 
spontaneous clearance of hepatitis C virus. Nature 
[Internet]. 2009;461(7265):798–801. Available 
from: https://pubmed.ncbi.nlm.nih.gov/19759533.

	 16.	Pearson TA. How to interpret a genome-wide asso-
ciation study. JAMA [Internet]. 2008;299(11):1335. 
Available from: https://doi.org/10.1001/
jama.299.11.1335.

	 17.	Thompson AJ, Muir AJ, Sulkowski MS, Ge D, Fellay 
J, Shianna KV, et al. Interleukin-28B polymorphism 
improves viral kinetics and is the strongest pretreat-
ment predictor of sustained virologic... [Internet]. 
SciVee. SciVee, Inc; 2010. Available from: https://
doi.org/10.4016/19518.01.

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://doi.org/10.1099/0022-1317-75-7-1755
https://doi.org/10.1099/0022-1317-75-7-1755
https://pubmed.ncbi.nlm.nih.gov/24115039
https://pubmed.ncbi.nlm.nih.gov/24115039
https://doi.org/10.1016/s1473-3099(05)70216-4
https://doi.org/10.1016/j.jhep.2014.07.027
https://doi.org/10.1056/nejm199212313272702
https://doi.org/10.1056/nejm199212313272702
https://doi.org/10.1001/jama.284.4.450
https://doi.org/10.1001/jama.284.4.450
https://doi.org/10.1016/s0140-6736(96)07642-8
https://doi.org/10.1016/s0140-6736(96)07642-8
https://doi.org/10.1038/nature08309
https://doi.org/10.1038/ng.447
https://doi.org/10.1038/ng.447
https://doi.org/10.1053/j.gastro.2009.12.056
https://pubmed.ncbi.nlm.nih.gov/19759533
https://doi.org/10.1001/jama.299.11.1335
https://doi.org/10.1001/jama.299.11.1335
https://doi.org/10.4016/19518.01
https://doi.org/10.4016/19518.01


284

	 18.	Poynard T, Ratziu V, Benmanov Y, Di Martino V, 
Bedossa P, Opolon P. Fibrosis in patients with chronic 
hepatitis C: detection and significance. Semin Liver 
Dis [Internet]. 2000;20(01):47–56. Available from: 
https://doi.org/10.1055/s-2000-9258.

	 19.	Alter HJ, Seeff LB.  Recovery, persistence, and 
sequelae in hepatitis C virus infection: a perspective 
on long-term outcome. Semin Liver Dis [Internet]. 
2000;20(01):17–36. Available from: https://doi.
org/10.1055/s-2000-9505.

	 20.	Coppola N, Zampino R, Bellini G, Macera M, 
Marrone A, Pisaturo M, et al. Association between 
a polymorphism in cannabinoid receptor 2 and 
severe necroinflammation in patients with chronic 
hepatitis C.  Clin Gastroenterol Hepatol [Internet]. 
2014;12(2):334–40. Available from: https://doi.
org/10.1016/j.cgh.2013.05.008.

	 21.	Coppola N, Rosa Z, Cirillo G, Stanzione M, Macera 
M, Boemio A, et  al. TM6SF2 E167K variant is 
associated with severe steatosis in chronic hepati-
tis C, regardless of PNPLA3 polymorphism. Liver 
Int [Internet]. 2015;35(8):1959–63. Available from: 
https://doi.org/10.1111/liv.12781.

	 22.	El-Serag HB.  Hepatocellular carcinoma and hepa-
titis C in the United States. Hepatology [Internet]. 
2002;36(5B):s74–83. Available from: https://doi.
org/10.1053/jhep.2002.36807.

	 23.	El-Serag HB.  Epidemiology of viral hepatitis 
and hepatocellular carcinoma. Gastroenterology 
[Internet]. 2012;142(6):1264–1273.e1. Available 
from: https://doi.org/10.1053/j.gastro.2011.12.061.

	 24.	Ringelhan M, McKeating JA, Protzer U. Viral hepa-
titis and liver cancer. Philos Trans R Soc Lond Ser 
B Biol Sci [Internet]. 2017;372(1732):20160274. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/28893941.

	 25.	Chuang S-C, La Vecchia C, Boffetta P. Liver cancer: 
descriptive epidemiology and risk factors other than 
HBV and HCV infection. Cancer Lett [Internet]. 
2009;286(1):9–14. Available from: https://doi.
org/10.1016/j.canlet.2008.10.040.

	 26.	Llovet JM, Burroughs A, Bruix J. Hepatocellular car-
cinoma. Lancet [Internet]. 2003;362(9399):1907–
17. Available from: https://doi.org/10.1016/
s0140-6736(03)14964-1.

	 27.	Razavi H, Elkhoury AC, Elbasha E, Estes C, 
Pasini K, Poynard T, et  al. Chronic hepatitis 
C virus (HCV) disease burden and cost in the 
United States. Hepatology [Internet]. 2013/05/06. 
2013;57(6):2164–70. Available from: https://
pubmed.ncbi.nlm.nih.gov/23280550.

	 28.	Koppes CR. Captain Mahan, General Gordon, and 
the origins of the term ‘Middle East.’. Middle East 
Stud [Internet]. 1976;12(1):95–8. Available from: 
https://doi.org/10.1080/00263207608700307.

	 29.	Mohd Hanafiah K, Groeger J, Flaxman AD, 
Wiersma ST.  Global epidemiology of hepatitis C 
virus infection: new estimates of age-specific anti-
body to HCV seroprevalence. Hepatology [Internet]. 

2013;57(4):1333–42. Available from: https://doi.
org/10.1002/hep.26141.

	 30.	GLMM  - Gulf Labour Markets and Migration 
[Internet]. [cited 2020 Oct 30]. Available from: 
https://gulfmigration.org/.

	 31.	de Bel-Air F.  Demography, migration, and labour 
market in Qatar Gulf Labour Markets and Migration 
ExpLaNatory NotE MIGRATION POLICY 
CENTRE Demography, Migration, and Labour 
Market in Qatar [Internet]. 2014 [cited 2020 
Oct 30]. Available from: https://cadmus.eui.eu//
handle/1814/32431.

	 32.	Abdel-Hamid M, El-Daly M, El-Kafrawy S, Mikhail 
N, Strickland GT, Fix AD. Comparison of second- 
and third-generation enzyme immunoassays for 
detecting antibodies to hepatitis C virus. J Clin 
Microbiol [Internet]. 2002;40(5):1656–9. Available 
from: https://pubmed.ncbi.nlm.nih.gov/11980937.

	 33.	 Irani-Hakime N, Tamim H, Samaha H, Almawi 
WY.  Prevalence of antibodies against hepati-
tis C virus among blood donors in Lebanon, 
1997-2000. Clin Lab Haematol [Internet]. 
2001;23(5):317–23. Available from: https://doi.
org/10.1046/j.1365-2257.2001.00409.x.

	 34.	Araj GF, Kfoury-Baz EE, Barada KA, Nassif RE, 
Alami SY. Hepatitis C virus: prevalence in Lebanese 
blood donors and brief overview of the disease. J 
Med Liban. 1995;43(1):11–6.

	 35.	Fakeeh M, Zaki AM.  Hepatitis C: prevalence and 
common genotypes among ethnic groups in Jeddah, 
Saudi Arabia. Am J Trop Med Hyg [Internet]. 
1999;61(6):889–92. Available from: https://doi.
org/10.4269/ajtmh.1999.61.889.

	 36.	El Guneid AM, Gunaid AA, O’Neill AM, Zureikat 
NI, Coleman JC, Murray-Lyon IM.  Prevalence 
of hepatitis B, C, and D virus markers in yemeni 
patients with chronic liver disease. J Med Virol 
[Internet]. 1993;40(4):330–3. Available from: 
https://doi.org/10.1002/jmv.1890400413.

	 37.	Ezzat S, Abdel-Hamid M, Abdel-Latif Eissa S, 
Mokhtar N, Albert Labib N, El-Ghorory L, et  al. 
Associations of pesticides, HCV, HBV, and hepa-
tocellular carcinoma in Egypt. Int J Hyg Environ 
Health [Internet]. 2005;208(5):329–39. Available 
from: https://doi.org/10.1016/j.ijheh.2005.04.003.

	 38.	Ghavanini AA, Sabri MR. Hepatitis B surface anti-
gen and anti-hepatitis C antibodies among blood 
donors in the Islamic Republic of Iran. East Mediterr 
Health J. 2000;6(5–6):1114–6.

	 39.	Alavian SM, Gholami B, Masarrat S.  Hepatitis C 
risk factors in Iranian volunteer blood donors: a case-
control study. J Gastroenterol Hepatol [Internet]. 
2002;17(10):1092–7. Available from: https://doi.
org/10.1046/j.1440-1746.2002.02843.x.

	 40.	El-Zanaty Ann Way F.  Egypt Demographic and 
Health Survey 2008 [Internet]. 2009 [cited 2020 Oct 
30]. Available from: http://www.measuredhs.com.

	 41.	Ministry of Health and Population [Egypt], El-Zanaty 
and Associates [Egypt], and ICF International. 
Egypt Health Issues Survey 2015. Cairo, Egypt and 

S. A. Al-Busafi and K. AlNaamani

https://doi.org/10.1055/s-2000-9258
https://doi.org/10.1055/s-2000-9505
https://doi.org/10.1055/s-2000-9505
https://doi.org/10.1016/j.cgh.2013.05.008
https://doi.org/10.1016/j.cgh.2013.05.008
https://doi.org/10.1111/liv.12781
https://doi.org/10.1053/jhep.2002.36807
https://doi.org/10.1053/jhep.2002.36807
https://doi.org/10.1053/j.gastro.2011.12.061
https://pubmed.ncbi.nlm.nih.gov/28893941
https://pubmed.ncbi.nlm.nih.gov/28893941
https://doi.org/10.1016/j.canlet.2008.10.040
https://doi.org/10.1016/j.canlet.2008.10.040
https://doi.org/10.1016/s0140-6736(03)14964-1
https://doi.org/10.1016/s0140-6736(03)14964-1
https://pubmed.ncbi.nlm.nih.gov/23280550
https://pubmed.ncbi.nlm.nih.gov/23280550
https://doi.org/10.1080/00263207608700307
https://doi.org/10.1002/hep.26141
https://doi.org/10.1002/hep.26141
https://gulfmigration.org/
https://cadmus.eui.eu//handle/1814/32431
https://cadmus.eui.eu//handle/1814/32431
https://pubmed.ncbi.nlm.nih.gov/11980937
https://doi.org/10.1046/j.1365-2257.2001.00409.x
https://doi.org/10.1046/j.1365-2257.2001.00409.x
https://doi.org/10.4269/ajtmh.1999.61.889
https://doi.org/10.4269/ajtmh.1999.61.889
https://doi.org/10.1002/jmv.1890400413
https://doi.org/10.1016/j.ijheh.2005.04.003
https://doi.org/10.1046/j.1440-1746.2002.02843.x
https://doi.org/10.1046/j.1440-1746.2002.02843.x
http://www.measuredhs.com


285

Rockville, Maryland, USA: Ministry of Health and 
Population and ICF International. 2015. Available 
from: https://dhsprogram.com/pubs/pdf/FR313/
FR313.pdf.

	 42.	Merat S, Rezvan H, Nouraie M, Jafari E, Abolghasemi 
H, Radmard AR, et al. Seroprevalence of hepatitis C 
virus: the first population-based study from Iran. Int 
J Infect Dis [Internet]. 2010;14:e113–6. Available 
from: https://doi.org/10.1016/j.ijid.2009.11.032.

	 43.	Smolle E, Zöhrer E, Bettermann K, Haybaeck 
J.  Viral hepatitis induces hepatocellular cancer: 
what can we learn from epidemiology comparing 
iran and worldwide findings? Hepat Mon [Internet]. 
2012/10/30. 2012;12(10 HCC):e7879. Available 
from: https://pubmed.ncbi.nlm.nih.gov/23233866.

	 44.	Madani T.  Hepatitis C virus infections reported in 
Saudi Arabia over 11  years of surveillance. Ann 
Saudi Med [Internet]. 2007;27(3):191. Available 
from: https://doi.org/10.4103/0256-4947.51500.

	 45.	Mahmud S, Kouyoumjian SP, Al Kanaani Z, 
Chemaitelly H, Abu-Raddad LJ, Mahmud S, et  al. 
Individual-level key associations and modes of 
exposure for hepatitis C virus infection in the Middle 
East and North Africa: a systematic synthesis. Ann 
Epidemiol. 2018;28(7):452–61.

	 46.	Al-Naamani K, Al-Zakwani I, Al-Sinani S, Wasim 
F, Daar S.  Prevalence of hepatitis C among multi-
transfused thalassaemic patients in Oman single 
centre experience. Sultan Qaboos Univ Med J. 
2015;15(1):e46–51.

	 47.	Gasim GI, Murad IA, Adam I.  Hepatitis B and C 
virus infections among pregnant women in Arab 
and African countries. J Infect Dev Ctries [Internet]. 
2013;7(08):566–78. Available from: https://doi.
org/10.3855/jidc.3243.

	 48.	Sievert W, Altraif I, Razavi HA, Abdo A, Ahmed EA, 
AlOmair A, et  al. A systematic review of hepatitis 
C virus epidemiology in Asia. Australia and Egypt 
Liver Int [Internet]. 2011;31:61–80. Available from: 
https://doi.org/10.1111/j.1478-3231.2011.02540.x.

	 49.	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 [Internet]. 
2018;24(27):3038–54. Available from: https://
pubmed.ncbi.nlm.nih.gov/30038471.

	 50.	Al-Busafi SA, Al-Shuaili H, Omar H, Al-Zuhaibi 
H, Jeyaseelan L, Al-Naamani K.  Epidemiology of 
chronic hepatitis C infections at a tertiary care cen-
tre in Oman. Sultan Qaboos Univ Med J [Internet]. 
2018/01/10. 2017;17(4):e404–10. Available from: 
https://pubmed.ncbi.nlm.nih.gov/29372081.

	 51.	Harfouche M, Chemaitelly H, Kouyoumjian SP, 
Mahmud S, Chaabna K, Al-Kanaani Z, et  al. 
Hepatitis C virus viremic rate in the Middle East 
and North Africa: systematic synthesis, meta-anal-
yses, and meta-regressions. PLoS One [Internet]. 
2017;12(10):1–22. Available from: https://pubmed.
ncbi.nlm.nih.gov/29088252.

	 52.	Anderson JC, Simonetti J, Fisher DG, Williams J, 
Yamamura Y, Rodriguez N, et al. Comparison of dif-
ferent HCV viral load and genotyping assays. J Clin 
Virol [Internet]. 2003;28(1):27–37. Available from: 
https://doi.org/10.1016/s1386-6532(02)00235-4.

	 53.	Bullock GC, Bruns DE, Haverstick DM.  Hepatitis 
C genotype determination by melting curve analy-
sis with a single set of fluorescence resonance 
energy transfer probes. Clin Chem [Internet]. 
2002;48(12):2147–54. Available from: https://doi.
org/10.1093/clinchem/48.12.2147.

	 54.	Zein NN.  Clinical significance of hepatitis C 
virus genotypes. Clin Microbiol Rev [Internet]. 
2000;13(2):223–35. Available from: https://doi.
org/10.1128/cmr.13.2.223.

	 55.	Simmonds P, Mellor J, Sakuldamrongpanich T, 
Nuchaprayoon C, Tanprasert S, Holmes EC, et  al. 
Evolutionary analysis of variants of hepatitis C virus 
found in South-East Asia: comparison with classifi-
cations based upon sequence similarity. J Gen Virol 
[Internet]. 1996;77(12):3013–24. Available from: 
https://doi.org/10.1099/0022-1317-77-12-3013.

	 56.	Simmonds P, Alberti A, Alter HJ, Bonino F, Bradley 
DW, Brechot C, et  al. A proposed system for 
the nomenclature of hepatitis C viral genotypes. 
Hepatology [Internet]. 1994;19(5):1321–4. Available 
from: https://doi.org/10.1002/hep.1840190538.

	 57.	Markov PV, van de Laar TJ, Thomas XV, Aronson 
SJ, Weegink CJ, van den Berk GE, et  al. Colonial 
history and contemporary transmission shape the 
genetic diversity of hepatitis C virus genotype 
2  in Amsterdam. J Virol [Internet]. 2012/05/09. 
2012;86(14):7677–87. Available from: https://
pubmed.ncbi.nlm.nih.gov/22573865.

	 58.	Ramia S, Eid-Fares J.  Distribution of hepatitis 
C virus genotypes in the Middle East. Int J Infect 
Dis [Internet]. 2006;10(4):272–7. Available from: 
https://doi.org/10.1016/j.ijid.2005.07.008.

	 59.	Mahmud S, Al-Kanaani Z, Chemaitelly H, Chaabna 
K, Kouyoumjian SP, Abu-Raddad LJ.  Hepatitis 
C virus genotypes in the Middle East and North 
Africa: distribution, diversity, and patterns. J Med 
Virol [Internet]. 2017/09/12. 2018;90(1):131–41. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/28842995.

	 60.	Keyvani H, Alizadeh AHM, Alavian SM, Ranjbar 
M, Hatami S.  Distribution frequency of hepatitis 
C virus genotypes in 2231 patients in Iran. Hepatol 
Res [Internet]. 2007;37(2):101–3. Available from: 
https://doi.org/10.1111/j.1872-034x.2007.00015.x.

	 61.	Ghaderi-Zefrehi H, Gholami-Fesharaki M, Sharafi 
H, Sadeghi F, Alavian SM. The distribution of hepa-
titis C virus genotypes in middle eastern countries: 
a systematic review and meta-analysis. Hepat Mon 
[Internet]. 2016;16(9):e40357. Available from: 
https://pubmed.ncbi.nlm.nih.gov/27826320.

	 62.	Mohammadian M, Bakeshei KA, Salehiniya H, 
Allah Bakeshei F, Mohammadian-Hafshejani 
A. Geographical distribution of incidence and mor-
tality of breast cancer and their association with 

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://dhsprogram.com/pubs/pdf/FR313/FR313.pdf
https://dhsprogram.com/pubs/pdf/FR313/FR313.pdf
https://doi.org/10.1016/j.ijid.2009.11.032
https://pubmed.ncbi.nlm.nih.gov/23233866
https://doi.org/10.4103/0256-4947.51500
https://doi.org/10.3855/jidc.3243
https://doi.org/10.3855/jidc.3243
https://doi.org/10.1111/j.1478-3231.2011.02540.x
https://pubmed.ncbi.nlm.nih.gov/30038471
https://pubmed.ncbi.nlm.nih.gov/30038471
https://pubmed.ncbi.nlm.nih.gov/29372081
https://pubmed.ncbi.nlm.nih.gov/29088252
https://pubmed.ncbi.nlm.nih.gov/29088252
https://doi.org/10.1016/s1386-6532(02)00235-4
https://doi.org/10.1093/clinchem/48.12.2147
https://doi.org/10.1093/clinchem/48.12.2147
https://doi.org/10.1128/cmr.13.2.223
https://doi.org/10.1128/cmr.13.2.223
https://doi.org/10.1099/0022-1317-77-12-3013
https://doi.org/10.1002/hep.1840190538
https://pubmed.ncbi.nlm.nih.gov/22573865
https://pubmed.ncbi.nlm.nih.gov/22573865
https://doi.org/10.1016/j.ijid.2005.07.008
https://pubmed.ncbi.nlm.nih.gov/28842995
https://pubmed.ncbi.nlm.nih.gov/28842995
https://doi.org/10.1111/j.1872-034x.2007.00015.x
https://pubmed.ncbi.nlm.nih.gov/27826320


286

Human Development Index in Europe. Biomed Res 
Ther [Internet]. 2018;5(4):2174–86. Available from: 
https://doi.org/10.15419/bmrat.v5i4.431.

	 63.	Khalaf N, Ying J, Mittal S, Temple S, Kanwal F, 
Davila J, et  al. Natural history of untreated hepa-
tocellular carcinoma in a US cohort and the role 
of cancer surveillance. Clin Gastroenterol Hepatol 
[Internet]. 2017;15(2):273–281.e1. Available from: 
https://doi.org/10.1016/j.cgh.2016.07.033.

	 64.	Fitzmaurice C, Akinyemiju TF, Al Lami FH, Alam T, 
Alizadeh-Navaei R, Allen C, 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 
2016 a systematic analysis for the global burden 
of disease study global burden o. JAMA Oncol. 
2018;4(11):1553–68.

	 65.	Fitzmaurice C, Abate D, Abbasi N, Abbastabar 
H, Abd-Allah F, Abdel-Rahman O, et  al. Global, 
regional, and national cancer incidence, mortal-
ity, 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.

	 66.	Yuen M-F, Hou J-L, Chutaputti 
A.  Hepatocellular carcinoma in the Asia pacific 
region. J Gastroenterol Hepatol [Internet]. 
2009;24(3):346–53. Available from: https://doi.
org/10.1111/j.1440-1746.2009.05784.x.

	 67.	Yang JD, Roberts LR.  Hepatocellular carcinoma: 
a global view. Nat Rev Gastroenterol Hepatol 
[Internet]. 2010/07/13. 2010;7(8):448–58. Available 
from: https://pubmed.ncbi.nlm.nih.gov/20628345.

	 68.	Gurtsevitch VE. Human oncogenic viruses: hepatitis 
B and hepatitis C viruses and their role in hepatocar-
cinogenesis. Biochemist [Internet]. 2008;73(5):504–
13. Available from: https://doi.org/10.1134/
s0006297908050039.

	 69.	Chang M-H, Chen C-J, Lai M-S, Hsu H-M, Wu 
T-C, Kong M-S, et  al. Universal hepatitis B vacci-
nation in Taiwan and the incidence of hepatocellu-
lar carcinoma in children. N Engl J Med [Internet]. 
1997;336(26):1855–9. Available from: https://doi.
org/10.1056/nejm199706263362602.

	 70.	Chang M-H. Prevention of hepatocellular carcinoma 
by universal vaccination against hepatitis B virus: 
the effect and problems. Clin Cancer Res [Internet]. 
2005;11(21):7953–7. Available from: https://doi.
org/10.1158/1078-0432.ccr-05-1095.

	 71.	Donato F.  Alcohol and hepatocellular carcinoma: 
the effect of lifetime intake and hepatitis virus infec-
tions in men and women. Am J Epidemiol [Internet]. 
2002;155(4):323–31. Available from: https://doi.
org/10.1093/aje/155.4.323.

	 72.	Fitzmaurice C, Akinyemiju T, Abera S, Ahmed M, 
Alam N, Alemayohu MA, et al. The burden of pri-
mary liver cancer and underlying etiologies from 
1990 to 2015 at the global, regional, and national 

level results from the global burden of disease study 
2015. JAMA Oncol. 2017;3(12):1683–91.

	 73.	Sharafi H, Alavian SM.  The rising threat of hepa-
tocellular carcinoma in the Middle East and North 
Africa region: results from Global Burden of Disease 
Study 2017. Clin Liver Dis [Internet]. 2019 Jan 29 
[cited 2020 Oct 25];14(6):219–23. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1002/
cld.890.

	 74.	Saudi Cancer Registry. Cancer incidence report 
in Saudi Arabia [Internet]. 2014 [cited 2020 Oct 
30]. Available from: https://nhic.gov.sa/eServices/
Documents/2014.pdf.

	 75.	GLOBOCAN (IARC). Global cancer observatory: 
section of cancer information [Internet]. 2018 [cited 
2020 Oct 30]. Available from: https://gco.iarc.fr/.

	 76.	Alghamdi IG, Alghamdi MS.  The incidence rate 
of liver cancer in Saudi Arabia: an observational 
descriptive epidemiological analysis of data from the 
Saudi Cancer Registry (2004-2014). Cancer Manag 
Res [Internet]. 2020;12:1101–11. Available from: 
https://pubmed.ncbi.nlm.nih.gov/32104090.

	 77.	Al-Naamani K, Al-Hashami Z, Al-Siyabi O, 
Al-Moundri M, Al-Bahrani B, Al-Sinani S, et  al. 
Hepatocellular carcinoma in oman an analysis of 
284 cases. Sultan Qaboos Univ Med J [Internet]. 
2020 Aug 1 [cited 2020 Oct 26];20(3):e316–
22. Available from: https://doi.org/10.18295/
squmj.2020.20.03.011.

	 78.	Dimitroulis D, Damaskos C, Valsami S, Davakis 
S, Garmpis N, Spartalis E, et al. From diagnosis to 
treatment of hepatocellular carcinoma: an epidemic 
problem for both developed and developing world. 
World J Gastroenterol [Internet]. 2017;23(29):5282–
94. Available from: https://pubmed.ncbi.nlm.nih.
gov/28839428.

	 79.	Yaghi C, Sharara A-I, Rassam P, Moucari R, Honein 
K, BouJaoude J, et al. Hepatocellular carcinoma in 
Lebanon: etiology and prognostic factors associ-
ated with short-term survival. World J Gastroenterol 
[Internet]. 2006;12(22):3575–80. Available from: 
https://pubmed.ncbi.nlm.nih.gov/16773714.

	 80.	Khodabandehloo M, Roshani D.  Prevalence of 
hepatitis C virus genotypes in Iranian patients: a 
systematic review and meta-analysis. Hepat Mon 
[Internet]. 2014;14(12):e22915. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25685164.

	 81.	Alavian SM, Hajarizadeh B, Ahmadzad-Asl M, 
Kabir A, Bagheri-Lankarani K.  Hepatitis B virus 
infection in Iran: a systematic review. Hepat Mon. 
2008.

	 82.	Hassanipour S, Mohammadzadeh M, Mansour-
Ghanaei F, Fathalipour M, Joukar F, Salehiniya H, 
et al. The incidence of hepatocellular carcinoma in 
Iran from 1996 to 2016: a systematic review and 
meta-analysis. J Gastrointest Cancer [Internet]. 
2019;50(2):193–200. Available from: https://doi.
org/10.1007/s12029-019-00207-y.

	 83.	Dogan E, Yalcin S, Koca D, Olmez 
A. Clinicopathological characteristics of hepatocel-

S. A. Al-Busafi and K. AlNaamani

https://doi.org/10.15419/bmrat.v5i4.431
https://doi.org/10.1016/j.cgh.2016.07.033
https://doi.org/10.1111/j.1440-1746.2009.05784.x
https://doi.org/10.1111/j.1440-1746.2009.05784.x
https://pubmed.ncbi.nlm.nih.gov/20628345
https://doi.org/10.1134/s0006297908050039
https://doi.org/10.1134/s0006297908050039
https://doi.org/10.1056/nejm199706263362602
https://doi.org/10.1056/nejm199706263362602
https://doi.org/10.1158/1078-0432.ccr-05-1095
https://doi.org/10.1158/1078-0432.ccr-05-1095
https://doi.org/10.1093/aje/155.4.323
https://doi.org/10.1093/aje/155.4.323
http://dx.doi.org/10.1002/cld.890
http://dx.doi.org/10.1002/cld.890
https://nhic.gov.sa/eServices/Documents/2014.pdf
https://nhic.gov.sa/eServices/Documents/2014.pdf
https://gco.iarc.fr/
https://pubmed.ncbi.nlm.nih.gov/32104090
https://doi.org/10.18295/squmj.2020.20.03.011
https://doi.org/10.18295/squmj.2020.20.03.011
https://pubmed.ncbi.nlm.nih.gov/28839428
https://pubmed.ncbi.nlm.nih.gov/28839428
https://pubmed.ncbi.nlm.nih.gov/16773714
https://pubmed.ncbi.nlm.nih.gov/25685164
https://doi.org/10.1007/s12029-019-00207-y
https://doi.org/10.1007/s12029-019-00207-y


287

lular carcinoma in Turkey. Asian Pacific J Cancer 
Prev [Internet]. 2012;13(6):2985–90. Available 
from: https://doi.org/10.7314/apjcp.2012.13.6.2985.

	 84.	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 [Internet]. 
2008;38(10):683–8. Available from: https://doi.
org/10.1093/jjco/hyn082.

	 85.	Colombo M, de Franchis R, Del Ninno E, 
Sangiovanni A, De Fazio C, Tommasini M, et  al. 
Hepatocellular carcinoma in Italian patients with cir-
rhosis. N Engl J Med [Internet]. 1991;325(10):675–
80. Available from: https://doi.org/10.1056/
nejm199109053251002.

	 86.	La Vecchia C, Negri E, dʼOro LC, Franceschi 
S.  Liver cirrhosis and the risk of primary 
liver cancer. Eur J Cancer Prev [Internet]. 
1998;7(4):315–20. Available from: https://doi.
org/10.1097/00008469-199808000-00007.

	 87.	Randi G, Altieri A, Gallus S, Franceschi S, Negri 
E, Talamini R, et  al. History of cirrhosis and risk 
of digestive tract neoplasms. Ann Oncol [Internet]. 
2005;16(9):1551–5. Available from: https://doi.
org/10.1093/annonc/mdi266.

	 88.	Zatoński WA, Sulkowska U, Mańczuk M, Rehm J, 
Boffetta P, Lowenfels AB, et al. Liver cirrhosis mor-
tality in Europe, with special attention to Central 
and Eastern Europe. Eur Addict Res [Internet]. 
2010;16(4):193–201. Available from: https://doi.
org/10.1159/000317248.

	 89.	Bosetti C, Levi F, Lucchini F, Zatonski WA, Negri 
E, La Vecchia C.  Worldwide mortality from cir-
rhosis: an update to 2002. J Hepatol [Internet]. 
2007;46(5):827–39. Available from: https://doi.
org/10.1016/j.jhep.2007.01.025.

	 90.	Sangiovanni A, Del Ninno E, Fasani P, De Fazio 
C, Ronchi G, Romeo R, et al. Increased survival of 
cirrhotic patients with a hepatocellular carcinoma 
detected during surveillance☆. Gastroenterology 
[Internet]. 2004;126(4):1005–14. Available from: 
https://doi.org/10.1053/j.gastro.2003.12.049.

	 91.	Ryerson AB, Eheman CR, Altekruse SF, Ward JW, 
Jemal A, Sherman RL, et  al. Annual report to the 
nation on the status of cancer, 1975-2012, featur-
ing the increasing incidence of liver cancer. Cancer 
[Internet]. 2016/03/09. 2016;122(9):1312–37. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/26959385.

	 92.	Lunn RM, Zhang YJ, Wang LY, Chen CJ, Lee PH, 
Lee CS, et  al. p53 mutations, chronic hepatitis B 
virus infection, and aflatoxin exposure in hepatocel-
lular carcinoma in Taiwan. Cancer Res [Internet]. 
1997 Aug 15 [cited 2020 Oct 30];57(16):3471–7. 
Available from: https://europepmc.org/article/
med/9270015.

	 93.	de Martel C, Maucort-Boulch D, Plummer M, 
Franceschi S.  World-wide relative contribution of 
hepatitis B and C viruses in hepatocellular carci-
noma. Hepatology [Internet]. 2015;62(4):1190–

200. Available from: https://pubmed.ncbi.nlm.nih.
gov/26146815.

	 94.	Ascha MS, Hanouneh IA, Lopez R, Tamimi TA-R, 
Feldstein AF, Zein NN. The incidence and risk fac-
tors of hepatocellular carcinoma in patients with 
nonalcoholic steatohepatitis. Hepatology [Internet]. 
2010;51(6):1972–8. Available from: https://doi.
org/10.1002/hep.23527.

	 95.	Herbst DA, Reddy KR.  Risk factors for hepa-
tocellular carcinoma. Clin liver Dis [Internet]. 
2013;1(6):180–2. Available from: https://pubmed.
ncbi.nlm.nih.gov/31186882.

	 96.	Petruzziello A.  Epidemiology of Hepatitis B Virus 
(HBV) and Hepatitis C Virus (HCV) related hepa-
tocellular carcinoma. Open Virol J [Internet]. 
2018;12:26–32. Available from: https://pubmed.
ncbi.nlm.nih.gov/29541276.

	 97.	Chen C-H, Lee C-M, Lu S-N, Changchien C-S, 
Eng H-L, Huang C-M, et al. Clinical significance of 
hepatitis B virus (HBV) genotypes and precore and 
core promoter mutations affecting HBV e antigen 
expression in Taiwan. J Clin Microbiol [Internet]. 
2005;43(12):6000–6. Available from: https://
pubmed.ncbi.nlm.nih.gov/16333089.

	 98.	Fattovich G, Stroffolini T, Zagni I, Donato 
F.  Hepatocellular carcinoma in cirrhosis: inci-
dence and risk factors. Gastroenterology [Internet]. 
2004;127(5):S35–50. Available from: https://doi.
org/10.1053/j.gastro.2004.09.014.

	 99.	Chen C-JJ, Yang HI, Su J, Jen CL, You SL, Lu 
SN, et  al. Risk of hepatocellular carcinoma across 
a biological gradient of serum hepatitis B virus 
DNA level. JAMA [Internet]. 2006 Apr 1 [cited 
2020 Oct 30];295(1):65. Available from: https://doi.
org/10.1001/jama.295.1.65.

	100.	Razavi-Shearer D, Razavi H. Global prevalence of 
hepatitis B virus infection and prevention of mother-
to-child transmission  – Authors’ reply. Lancet 
Gastroenterol Hepatol [Internet]. 2018;3(9):599. 
Available from: https://doi.org/10.1016/
s2468-1253(18)30199-7.

	101.	Puigvehí M, Moctezuma-Velázquez C, Villanueva 
A, Llovet JM.  The oncogenic role of hepatitis 
delta virus in hepatocellular carcinoma. JHEP 
Rep Innov Hepatol [Internet]. 2019;1(2):120–30. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/32039360.

	102.	Smedile A, Verme G, Cargnel A, Dentico P, 
Opolon P, Vergani D, et al. Influence of delta infec-
tion on severity of hepatitis B.  Lancet [Internet]. 
1982;320(8305):945–7. Available from: https://doi.
org/10.1016/s0140-6736(82)90156-8.

	103.	Toukan AU, Abu-El-Rub OA, Abu-Laban SA, 
Tarawneh MS, Kamal MF, Hadler SC, et al. The epi-
demiology and clinical outcome of hepatitis D virus 
(delta) infection in Jordan. Hepatology [Internet]. 
1987;7(6):1340–5. Available from: https://doi.
org/10.1002/hep.1840070627.

	104.	Uzunalimoǧlu Ö, Yurdaydin C, Çetinkaya H, 
Bozkaya H, Şahin T, Çolakoǧlu S, et al. Risk factors 

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://doi.org/10.7314/apjcp.2012.13.6.2985
https://doi.org/10.1093/jjco/hyn082
https://doi.org/10.1093/jjco/hyn082
https://doi.org/10.1056/nejm199109053251002
https://doi.org/10.1056/nejm199109053251002
https://doi.org/10.1097/00008469-199808000-00007
https://doi.org/10.1097/00008469-199808000-00007
https://doi.org/10.1093/annonc/mdi266
https://doi.org/10.1093/annonc/mdi266
https://doi.org/10.1159/000317248
https://doi.org/10.1159/000317248
https://doi.org/10.1016/j.jhep.2007.01.025
https://doi.org/10.1016/j.jhep.2007.01.025
https://doi.org/10.1053/j.gastro.2003.12.049
https://pubmed.ncbi.nlm.nih.gov/26959385
https://pubmed.ncbi.nlm.nih.gov/26959385
https://europepmc.org/article/med/9270015
https://europepmc.org/article/med/9270015
https://pubmed.ncbi.nlm.nih.gov/26146815
https://pubmed.ncbi.nlm.nih.gov/26146815
https://doi.org/10.1002/hep.23527
https://doi.org/10.1002/hep.23527
https://pubmed.ncbi.nlm.nih.gov/31186882
https://pubmed.ncbi.nlm.nih.gov/31186882
https://pubmed.ncbi.nlm.nih.gov/29541276
https://pubmed.ncbi.nlm.nih.gov/29541276
https://pubmed.ncbi.nlm.nih.gov/16333089
https://pubmed.ncbi.nlm.nih.gov/16333089
https://doi.org/10.1053/j.gastro.2004.09.014
https://doi.org/10.1053/j.gastro.2004.09.014
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1016/s2468-1253(18)30199-7
https://doi.org/10.1016/s2468-1253(18)30199-7
https://pubmed.ncbi.nlm.nih.gov/32039360
https://pubmed.ncbi.nlm.nih.gov/32039360
https://doi.org/10.1016/s0140-6736(82)90156-8
https://doi.org/10.1016/s0140-6736(82)90156-8
https://doi.org/10.1002/hep.1840070627
https://doi.org/10.1002/hep.1840070627


288

for hepatocellular carcinoma in turkey. Dig Dis Sci 
[Internet]. 2001 [cited 2020 Oct 30];46(5):1022–8. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/11341644/.

	105.	Deǧertekin H, Yalçin K, Yakut M. The prevalence of 
hepatitis delta virus infection in acute and chronic 
liver diseases in Turkey: an analysis of clinical stud-
ies. Turk J Gastroenterol. 2006;17(1):25–34.

	106.	Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, 
Henry L, Wymer M. Global epidemiology of nonal-
coholic fatty liver disease-Meta-analytic assessment 
of prevalence, incidence, and outcomes. Hepatology 
[Internet]. 2016;64(1):73–84. Available from: 
https://doi.org/10.1002/hep.28431.

	107.	Ahmed MH, Noor SK, Bushara SO, Husain NE, 
Elmadhoun WM, Ginawi IA, et  al. Non-alcoholic 
fatty liver disease in Africa and Middle East: an 
attempt to predict the present and future implica-
tions on the healthcare system. Gastroenterol Res 
[Internet]. 2017/10/26. 2017;10(5):271–9. Available 
from: https://pubmed.ncbi.nlm.nih.gov/29118867.

	108.	Al Hammadi H, Reilly J.  Prevalence of obesity 
among school-age children and adolescents in the 
Gulf cooperation council (GCC) states: a systematic 
review. BMC Obes [Internet]. 2019;6:3. Available 
from: https://pubmed.ncbi.nlm.nih.gov/30637108.

	109.	Gawrieh S, Dakhoul L, Miller E, Scanga A, de 
Lemos A, Kettler C, et  al. Characteristics, aeti-
ologies and trends of hepatocellular carcinoma in 
patients without cirrhosis: a United States multi-
centre study. Aliment Pharmacol Ther [Internet]. 
2019;50(7):809–21. Available from: https://doi.
org/10.1111/apt.15464.

	110.	Miyakawa Y, Iino S.  Toward prevention of hepa-
tocellular carcinoma developing in chronic 
hepatitis C.  J Gastroenterol Hepatol [Internet]. 
2001;16(7):711–4. Available from: https://doi.
org/10.1046/j.1440-1746.2001.02543.x.

	111.	Rahman E-ZA.  Prevalence and epidemiological 
features of hepatocellular carcinoma in Egypt—a 
single center experience. Hepatol Res [Internet]. 
2001;19(2):170–9. Available from: https://doi.
org/10.1016/s1386-6346(00)00105-4.

	112.	Hesamizadeh K, Sharafi H, Rezaee-Zavareh MS, 
Behnava B, Alavian SM. Next steps toward eradica-
tion of hepatitis C in the era of direct acting antivirals. 
Hepat Mon [Internet]. 2016;16(4):e37089. Available 
from: https://pubmed.ncbi.nlm.nih.gov/27275164.

	113.	El-Serag HB.  Hepatocellular carcinoma. N Engl J 
Med [Internet]. 2011;365(12):1118–27. Available 
from: https://doi.org/10.1056/nejmra1001683.

	114.	Bralet M-P, Régimbeau J-M, Pineau P, Dubois 
S, Loas G, Degos F, et  al. Hepatocellular carci-
noma occurring in nonfibrotic liver: epidemiologic 
and histopathologic analysis of 80 French cases. 
Hepatology [Internet]. 2000;32(2):200–4. Available 
from: https://doi.org/10.1053/jhep.2000.9033.

	115.	Bullock RE, Zaitoun AM, Aithal GP, Ryder SD, 
Beckingham IJ, Lobo DN.  Association of non-
alcoholic steatohepatitis without significant fibrosis 

with hepatocellular carcinoma. J Hepatol [Internet]. 
2004;41(4):685–6. Available from: https://doi.
org/10.1016/j.jhep.2004.05.008.

	116.	Desai A, Sandhu S, Lai J-P, Sandhu 
DS. Hepatocellular carcinoma in non-cirrhotic liver: 
a comprehensive review. World J Hepatol [Internet]. 
2019;11(1):1–18. Available from: https://pubmed.
ncbi.nlm.nih.gov/30705715.

	117.	Kubo S, Kinoshita H, Hirohashi K, Tanaka 
H, Tsukamoto T, Shuto T, et  al. High malig-
nancy of hepatocellular carcinoma in alcoholic 
patients with hepatitis C virus. Surgery [Internet]. 
1997;121(4):425–9. Available from: https://doi.
org/10.1016/s0039-6060(97)90313-5.

	118.	Aizawa Y, Shibamoto Y, Takagi I, Zeniya M, Toda 
G.  Analysis of factors affecting the appearance of 
hepatocellular carcinoma in patients with chronic 
hepatitis C.  Cancer [Internet]. 2000;89(1):53–9. 
Available from: https://doi.org/10.1002/1097-
0142(20000701)89:1%3C53::aid-cncr8%3E3.0.co.

	119.	Vidali M, Tripodi M-F, Ivaldi A, Zampino R, 
Occhino G, Restivo L, et al. Interplay between oxi-
dative stress and hepatic steatosis in the progres-
sion of chronic hepatitis C.  J Hepatol [Internet]. 
2008;48(3):399–406. Available from: https://doi.
org/10.1016/j.jhep.2007.10.011.

	120.	Asselah T, Rubbia-Brandt L, Marcellin P, Negro 
F. Steatosis in chronic hepatitis C: why does it really 
matter? Gut [Internet]. 2006;55(1):123–30. Available 
from: https://pubmed.ncbi.nlm.nih.gov/16344578.

	121.	Ong JP, Younossi ZM, Speer C, Olano A, Gramlich 
T, Boparai N. Chronic hepatitis C and superimposed 
nonalcoholic fatty liver disease. Liver [Internet]. 
2001;21(4):266–71. Available from: https://doi.
org/10.1034/j.1600-0676.2001.021004266.x.

	122.	Brunt EM, Ramrakhiani S, Cordes BG, 
Neuschwander-Tetri BA, Janney CG, Bacon BR, 
et al. Concurrence of histologic features of steatohep-
atitis with other forms of chronic liver disease. Mod 
Pathol [Internet]. 2003;16(1):49–56. Available from: 
https://doi.org/10.1097/01.mp.0000042420.21088.
c7.

	123.	Bedossa P, Moucari R, Chelbi E, Asselah T, Paradis 
V, Vidaud M, et al. Evidence for a role of nonalco-
holic steatohepatitis in hepatitis C: a prospective 
study. Hepatology [Internet]. 2007;46(2):380–7. 
Available from: https://doi.org/10.1002/hep.21711.

	124.	Liu CJ, Jeng YM, Chen PJ, Lai MY, Yang HC, Huang 
WL, et  al. Influence of metabolic syndrome, viral 
genotype and antiviral therapy on superimposed 
fatty liver disease in chronic hepatitis C.  Antivir 
Ther. 2005;10(3):405–15.

	125.	Chiaramonte M, Stroffolini T, Vian A, Stazi 
MA, Floreani A, Lorenzoni U, et  al. Rate 
of incidence of hepatocellular carcinoma 
in patients with compensated viral cirrho-
sis. Cancer [Internet]. 1999;85(10):2132–7. 
Available from: https://doi.org/10.1002/
(sici)1097-0142(19990515)85:10%3C2132::aid-
cncr6%3E3.0.co.

S. A. Al-Busafi and K. AlNaamani

https://pubmed.ncbi.nlm.nih.gov/11341644/
https://pubmed.ncbi.nlm.nih.gov/11341644/
https://doi.org/10.1002/hep.28431
https://pubmed.ncbi.nlm.nih.gov/29118867
https://pubmed.ncbi.nlm.nih.gov/30637108
https://doi.org/10.1111/apt.15464
https://doi.org/10.1111/apt.15464
https://doi.org/10.1046/j.1440-1746.2001.02543.x
https://doi.org/10.1046/j.1440-1746.2001.02543.x
https://doi.org/10.1016/s1386-6346(00)00105-4
https://doi.org/10.1016/s1386-6346(00)00105-4
https://pubmed.ncbi.nlm.nih.gov/27275164
https://doi.org/10.1056/nejmra1001683
https://doi.org/10.1053/jhep.2000.9033
https://doi.org/10.1016/j.jhep.2004.05.008
https://doi.org/10.1016/j.jhep.2004.05.008
https://pubmed.ncbi.nlm.nih.gov/30705715
https://pubmed.ncbi.nlm.nih.gov/30705715
https://doi.org/10.1016/s0039-6060(97)90313-5
https://doi.org/10.1016/s0039-6060(97)90313-5
https://doi.org/10.1002/1097-0142(20000701)89:1<53::aid-cncr8>3.0.co
https://doi.org/10.1002/1097-0142(20000701)89:1<53::aid-cncr8>3.0.co
https://doi.org/10.1016/j.jhep.2007.10.011
https://doi.org/10.1016/j.jhep.2007.10.011
https://pubmed.ncbi.nlm.nih.gov/16344578
https://doi.org/10.1034/j.1600-0676.2001.021004266.x
https://doi.org/10.1034/j.1600-0676.2001.021004266.x
https://doi.org/10.1097/01.mp.0000042420.21088.c7
https://doi.org/10.1097/01.mp.0000042420.21088.c7
https://doi.org/10.1002/hep.21711
https://doi.org/10.1002/(sici)1097-0142(19990515)85:10<2132::aid-cncr6>3.0.co
https://doi.org/10.1002/(sici)1097-0142(19990515)85:10<2132::aid-cncr6>3.0.co
https://doi.org/10.1002/(sici)1097-0142(19990515)85:10<2132::aid-cncr6>3.0.co


289

	126.	Zampino R, Pisaturo MA, Cirillo G, Marrone A, 
Macera M, Rinaldi L, et  al. Hepatocellular carci-
noma in chronic HBV-HCV co-infection is corre-
lated to fibrosis and disease duration. Ann Hepatol 
[Internet]. 2015;14(1):75–82. Available from: 
https://doi.org/10.1016/s1665-2681(19)30803-8

	127.	Benvegnù L, Fattovich G, Noventa F, Tremolada F, 
Chemello L, Cecchetto A, et al. Concurrent hepatitis 
B and C virus infection and risk of hepatocellular 
carcinoma in cirrhosis. A prospective study. Cancer 
[Internet]. 1994;74(9):2442–8. Available from: 
https://doi.org/10.1002/1097-0142(19941101)74:9%3C2442::aid-
cncr2820740909%3E3.0.co.

	128.	Oh J-K, Shin H-R, Lim MK, Cho H, Kim D-I, Jee 
Y, et al. Multiplicative synergistic risk of hepatocel-
lular carcinoma development among hepatitis B and 
C co-infected subjects in HBV endemic area: a com-
munity-based cohort study. BMC Cancer [Internet]. 
2012;12:452. Available from: https://pubmed.ncbi.
nlm.nih.gov/23039099.

	129.	Konstantinou D, Deutsch M.  The spectrum of 
HBV/HCV coinfection: epidemiology, clinical 
characteristics, viral interactions and management 
[Internet]. Ann Gastroenterol. Hellenic Society of 
Gastroenterology; 2015 [cited 2020 Oct 30];28:221–
8. Available from: www.annalsgastro.gr.

	130.	Ikeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubota 
A, Koida I, et  al. Disease progression and hepa-
tocellular carcinogenesis in patients with chronic 
viral hepatitis: a prospective observation of 2215 
patients. J Hepatol [Internet]. 1998;28(6):930–
8. Available from: https://doi.org/10.1016/
s0168-8278(98)80339-5.

	131.	Soriano V, Vispo E, Fernandez-Montero JV, 
Labarga P, Barreiro P.  Update on HIV/HCV 
coinfection. Curr HIV/AIDS Rep [Internet]. 
2013;10(3):226–34. Available from: https://doi.
org/10.1007/s11904-013-0169-5.

	132.	Price JC, Thio CL. Liver disease in the HIV-infected 
individual. Clin Gastroenterol Hepatol [Internet]. 
2010/09/17. 2010;8(12):1002–12. Available from: 
https://pubmed.ncbi.nlm.nih.gov/20851211.

	133.	Tien PC, Kotler DP, Overton ET, Lewis CE, Rimland 
D, Bacchetti P, et al. Regional adipose tissue and ele-
vations in serum aminotransferases in HIV-infected 
individuals. J Acquir Immune Defic Syndr [Internet]. 
2008;48(2):169–76. Available from: https://pubmed.
ncbi.nlm.nih.gov/18285711.

	134.	Antonello VS, Kliemann DA, Rigel Santos B, Tovo 
CV. HAART and liver: is it safe? J Infect Dev Ctries 
[Internet]. 2014;8(11):1444–50. Available from: 
https://doi.org/10.3855/jidc.5012.

	135.	Puoti M, Bruno R, Soriano V, Donato F, Gaeta 
GB, Quinzan GP, et  al. Hepatocellular carci-
noma in HIV-infected patients. AIDS [Internet]. 
2004;18(17):2285–93. Available from: https://doi.
org/10.1097/00002030-200411190-00009.

	136.	Berretta M, Garlassi E, Cacopardo B, Cappellani A, 
Guaraldi G, Cocchi S, et al. Hepatocellular carcinoma 
in HIV-infected patients: check early, treat hard. 

Oncologist [Internet] 2011/08/25. 2011;16(9):1258–
69. Available from: https://pubmed.ncbi.nlm.nih.
gov/21868692.

	137.	Marcon PDS, Tovo CV, Kliemann DA, Fisch P, de 
Mattos AA.  Incidence of hepatocellular carcinoma 
in patients with chronic liver disease due to hepa-
titis B or C and coinfected with the human immu-
nodeficiency virus: a retrospective cohort study. 
World J Gastroenterol [Internet]. 2018;24(5):613–
22. Available from: https://pubmed.ncbi.nlm.nih.
gov/29434450.

	138.	Chen H-F, Liu M-D, Chen P, Chen L-H, Chang 
Y-H, Wen P-C, et  al. Risks of breast and endo-
metrial cancer in women with diabetes: a popu-
lation-based cohort study. PLoS One [Internet]. 
2013;8(6):e67420. Available from: https://pubmed.
ncbi.nlm.nih.gov/23826297.

	139.	Chen L, Li H, Gu L, Ma X, Li X, Gao Y, et al. The 
impact of diabetes mellitus on renal cell carci-
noma prognosis: a meta-analysis of cohort studies. 
Medicine (Baltimore) [Internet]. 2015;94(26):e1055. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/26131819.

	140.	Guraya SY. Association of type 2 diabetes mellitus 
and the risk of colorectal cancer: a meta-analysis and 
systematic review. World J Gastroenterol [Internet]. 
2015;21(19):6026–31. Available from: https://
pubmed.ncbi.nlm.nih.gov/26019469.

	141.	Adami H-O, McLaughlin J, Ekbom A, Berne C, 
Silverman D, Hacker D, et al. Cancer risk in patients 
with diabetes mellitus. Cancer Causes Control 
[Internet]. 1991;2(5):307–14. Available from: 
https://doi.org/10.1007/bf00051670.

	142.	Lawson DH, Gray JM, McKillop C, Clarke J, Lee 
FD, Patrick RS. Diabetes mellitus and primary hepa-
tocellular carcinoma. Q J Med [Internet]. 1986 [cited 
2020 Oct 30];61(1):945–55. Available from: https://
doi.org/10.1093/oxfordjournals.qjmed.a068053.

	143.	Giovannucci E, Harlan DM, Archer MC, Bergenstal 
RM, Gapstur SM, Habel LA, et  al. Diabetes and 
cancer: a consensus report. Diabetes Care [Internet]. 
2010;33(7):1674–85. Available from: https://
pubmed.ncbi.nlm.nih.gov/20587728.

	144.	Bhatt HB, Smith RJ. Fatty liver disease in diabetes 
mellitus. Hepatobiliary Surg Nutr. 2015.

	145.	Rousseau M-C, Parent M-É, Pollak MN, 
Siemiatycki J. Diabetes mellitus and cancer risk in 
a population-based case-control study among men 
from Montreal, Canada. Int J Cancer [Internet]. 
2005;118(8):2105–9. Available from: https://doi.
org/10.1002/ijc.21600.

	146.	El–Serag HB, Hampel H, Javadi F. The association 
between diabetes and hepatocellular carcinoma: a 
systematic review of epidemiologic evidence. Clin 
Gastroenterol Hepatol [Internet]. 2006;4(3):369–
80. Available from: https://doi.org/10.1016/j.
cgh.2005.12.007.

	147.	Vescovo T, Refolo G, Vitagliano G, Fimia GM, 
Piacentini M.  Molecular mechanisms of hepatitis 
C virus–induced hepatocellular carcinoma. Clin 

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://doi.org/10.1016/s1665-2681(19)30803-8
https://doi.org/10.1002/1097-0142(19941101)74:9<2442::aid-cncr2820740909>3.0.co
https://doi.org/10.1002/1097-0142(19941101)74:9<2442::aid-cncr2820740909>3.0.co
https://pubmed.ncbi.nlm.nih.gov/23039099
https://pubmed.ncbi.nlm.nih.gov/23039099
http://www.annalsgastro.gr
https://doi.org/10.1016/s0168-8278(98)80339-5
https://doi.org/10.1016/s0168-8278(98)80339-5
https://doi.org/10.1007/s11904-013-0169-5
https://doi.org/10.1007/s11904-013-0169-5
https://pubmed.ncbi.nlm.nih.gov/20851211
https://pubmed.ncbi.nlm.nih.gov/18285711
https://pubmed.ncbi.nlm.nih.gov/18285711
https://doi.org/10.3855/jidc.5012
https://doi.org/10.1097/00002030-200411190-00009
https://doi.org/10.1097/00002030-200411190-00009
https://pubmed.ncbi.nlm.nih.gov/21868692
https://pubmed.ncbi.nlm.nih.gov/21868692
https://pubmed.ncbi.nlm.nih.gov/29434450
https://pubmed.ncbi.nlm.nih.gov/29434450
https://pubmed.ncbi.nlm.nih.gov/23826297
https://pubmed.ncbi.nlm.nih.gov/23826297
https://pubmed.ncbi.nlm.nih.gov/26131819
https://pubmed.ncbi.nlm.nih.gov/26131819
https://pubmed.ncbi.nlm.nih.gov/26019469
https://pubmed.ncbi.nlm.nih.gov/26019469
https://doi.org/10.1007/bf00051670
https://doi.org/10.1093/oxfordjournals.qjmed.a068053
https://doi.org/10.1093/oxfordjournals.qjmed.a068053
https://pubmed.ncbi.nlm.nih.gov/20587728
https://pubmed.ncbi.nlm.nih.gov/20587728
https://doi.org/10.1002/ijc.21600
https://doi.org/10.1002/ijc.21600
https://doi.org/10.1016/j.cgh.2005.12.007
https://doi.org/10.1016/j.cgh.2005.12.007


290

Microbiol Infect [Internet]. 2016;22(10):853–
61. Available from: https://doi.org/10.1016/j.
cmi.2016.07.019.

	148.	Mitchell JK, Lemon SM, McGivern DR.  How do 
persistent infections with hepatitis C virus cause 
liver cancer? Curr Opin Virol [Internet]. 2015/09/29. 
2015;14:101–8. Available from: https://pubmed.
ncbi.nlm.nih.gov/26426687.

	149.	Rein DB, Wittenborn JS, Weinbaum CM, Sabin 
M, Smith BD, Lesesne SB.  Forecasting the mor-
bidity and mortality associated with prevalent 
cases of pre-cirrhotic chronic hepatitis C in the 
United States☆☆☆. Dig Liver Dis [Internet]. 
2011;43(1):66–72. Available from: https://doi.
org/10.1016/j.dld.2010.05.006.

	150.	Wang M, Kaufman RJ.  Protein misfolding in the 
endoplasmic reticulum as a conduit to human dis-
ease. Nature [Internet]. 2016;529(7586):326–35. 
Available from: https://doi.org/10.1038/nature17041.

	151.	Green DR, Galluzzi L, Kroemer G.  Cell biology. 
Metabolic control of cell death. Science [Internet]. 
2014;345(6203):1250256. Available from: https://
pubmed.ncbi.nlm.nih.gov/25237106.

	152.	Hofmann S, Krajewski M, Scherer C, Scholz V, 
Mordhorst V, Truschow P, et al. Complex lipid meta-
bolic remodeling is required for efficient hepatitis 
C virus replication. Biochim Biophys Acta Mol 
Cell Biol Lipids [Internet]. 2018;1863(9):1041–
56. Available from: https://doi.org/10.1016/j.
bbalip.2018.06.002.

	153.	Kubes P, Mehal WZ. Sterile inflammation in the liver. 
Gastroenterology [Internet]. 2012;143(5):1158–
72. Available from: https://doi.org/10.1053/j.
gastro.2012.09.008.

	154.	Glick D, Barth S, Macleod KF.  Autophagy: cellu-
lar and molecular mechanisms. J Pathol [Internet]. 
2010;221(1):3–12. Available from: https://pubmed.
ncbi.nlm.nih.gov/20225336.

	155.	Dash S, Aydin Y, Wu T. Integrated stress response in 
hepatitis C promotes Nrf2-related chaperone-medi-
ated autophagy: a novel mechanism for host-microbe 
survival and HCC development in liver cirrho-
sis. Semin Cell Dev Biol [Internet]. 2019/08/08. 
2020;101:20–35. Available from: https://pubmed.
ncbi.nlm.nih.gov/31386899.

	156.	Tornesello ML, Buonaguro L, Izzo F, Buonaguro 
FM.  Molecular alterations in hepatocellular carci-
noma associated with hepatitis B and hepatitis C 
infections. Oncotarget [Internet]. 2016;7(18):25087–
102. Available from: https://pubmed.ncbi.nlm.nih.
gov/26943571.

	157.	Schulze K, Imbeaud S, Letouzé E, Alexandrov LB, 
Calderaro J, Rebouissou S, et al. Exome sequencing 
of hepatocellular carcinomas identifies new muta-
tional signatures and potential therapeutic targets. 
Nat Genet [Internet]. 2015/03/30. 2015;47(5):505–
11. Available from: https://pubmed.ncbi.nlm.nih.
gov/25822088.

	158.	Shuai Z, Leung MW, He X, Zhang W, Yang G, Leung 
PS, et al. Adaptive immunity in the liver. Cell Mol 

Immunol [Internet]. 2016/03/21. 2016;13(3):354–
68. Available from: https://pubmed.ncbi.nlm.nih.
gov/26996069.

	159.	Park S-HH, Rehermann B.  Immune responses 
to HCV and other hepatitis viruses. Immunity 
[Internet]. 2014;40(1):13–24. Available from: 
https://pubmed.ncbi.nlm.nih.gov/24439265.

	160.	Eming SA, Wynn TA, Martin P.  Inflammation 
and metabolism in tissue repair and regeneration. 
Science (80-) [Internet]. 2017;356(6342):1026–30. 
Available from: https://doi.org/10.1126/science.
aam7928.

	161.	Koyama Y, Brenner DA.  Liver inflammation and 
fibrosis. J Clin Invest [Internet]. 2017/01/03. 
2017;127(1):55–64. Available from: https://pubmed.
ncbi.nlm.nih.gov/28045404.

	162.	Kruse RL, Kramer JR, Tyson GL, Duan Z, Chen L, 
El-Serag HB, et al. Clinical outcomes of hepatitis B 
virus coinfection in a United States cohort of hepa-
titis C virus-infected patients. Hepatology [Internet]. 
2014/10/29. 2014;60(6):1871–8. Available from: 
https://pubmed.ncbi.nlm.nih.gov/25065513.

	163.	Gjærde LI, Shepherd L, Jablonowska E, Lazzarin 
A, Rougemont M, Darling K, et al. Trends in inci-
dences and risk factors for hepatocellular carcinoma 
and other liver events in HIV and hepatitis C virus-
coinfected individuals from 2001 to 2014: a multi-
cohort study. Clin Infect Dis [Internet]. 2016/06/15. 
2016;63(6):821–9. Available from: https://pubmed.
ncbi.nlm.nih.gov/27307505.

	164.	Dyson J, Jaques B, Chattopadyhay D, Lochan R, 
Graham J, Das D, et al. Hepatocellular cancer: the 
impact of obesity, type 2 diabetes and a multidisci-
plinary team. J Hepatol [Internet]. 2014;60(1):110–
7. Available from: https://doi.org/10.1016/j.
jhep.2013.08.011.

	165.	Rao H, Wu E, Fu S, Yang M, Feng B, Lin A, et al. 
The higher prevalence of truncal obesity and diabe-
tes in American than Chinese patients with chronic 
hepatitis C might contribute to more rapid progres-
sion to advanced liver disease. Aliment Pharmacol 
Ther [Internet]. 2017;46(8):731–40. Available from: 
https://doi.org/10.1111/apt.14273.

	166.	Burchill MA, Golden-Mason L, Wind-Rotolo M, 
Rosen HR.  Memory re-differentiation and reduced 
lymphocyte activation in chronic HCV-infected 
patients receiving direct-acting antivirals. J Viral 
Hepat [Internet]. 2015;22(12):983–91. Available 
from: https://doi.org/10.1111/jvh.12465.

	167.	Martin B, Hennecke N, Lohmann V, Kayser A, 
Neumann-Haefelin C, Kukolj G, et  al. Restoration 
of HCV-specific CD8+ T cell function by interferon-
free therapy. J Hepatol [Internet]. 2014;61(3):538–
43. Available from: https://doi.org/10.1016/j.
jhep.2014.05.043.

	168.	Serti E, Chepa-Lotrea X, Kim YJ, Keane M, Fryzek 
N, Liang TJ, et al. Successful interferon-free ther-
apy of chronic hepatitis C virus infection normal-
izes natural killer cell function. Gastroenterology 
[Internet]. 2015/03/06. 2015;149(1):190–200.

S. A. Al-Busafi and K. AlNaamani

https://doi.org/10.1016/j.cmi.2016.07.019
https://doi.org/10.1016/j.cmi.2016.07.019
https://pubmed.ncbi.nlm.nih.gov/26426687
https://pubmed.ncbi.nlm.nih.gov/26426687
https://doi.org/10.1016/j.dld.2010.05.006
https://doi.org/10.1016/j.dld.2010.05.006
https://doi.org/10.1038/nature17041
https://pubmed.ncbi.nlm.nih.gov/25237106
https://pubmed.ncbi.nlm.nih.gov/25237106
https://doi.org/10.1016/j.bbalip.2018.06.002
https://doi.org/10.1016/j.bbalip.2018.06.002
https://doi.org/10.1053/j.gastro.2012.09.008
https://doi.org/10.1053/j.gastro.2012.09.008
https://pubmed.ncbi.nlm.nih.gov/20225336
https://pubmed.ncbi.nlm.nih.gov/20225336
https://pubmed.ncbi.nlm.nih.gov/31386899
https://pubmed.ncbi.nlm.nih.gov/31386899
https://pubmed.ncbi.nlm.nih.gov/26943571
https://pubmed.ncbi.nlm.nih.gov/26943571
https://pubmed.ncbi.nlm.nih.gov/25822088
https://pubmed.ncbi.nlm.nih.gov/25822088
https://pubmed.ncbi.nlm.nih.gov/26996069
https://pubmed.ncbi.nlm.nih.gov/26996069
https://pubmed.ncbi.nlm.nih.gov/24439265
https://doi.org/10.1126/science.aam7928
https://doi.org/10.1126/science.aam7928
https://pubmed.ncbi.nlm.nih.gov/28045404
https://pubmed.ncbi.nlm.nih.gov/28045404
https://pubmed.ncbi.nlm.nih.gov/25065513
https://pubmed.ncbi.nlm.nih.gov/27307505
https://pubmed.ncbi.nlm.nih.gov/27307505
https://doi.org/10.1016/j.jhep.2013.08.011
https://doi.org/10.1016/j.jhep.2013.08.011
https://doi.org/10.1111/apt.14273
https://doi.org/10.1111/jvh.12465
https://doi.org/10.1016/j.jhep.2014.05.043
https://doi.org/10.1016/j.jhep.2014.05.043


291

e2. Available from: https://pubmed.ncbi.nlm.nih.
gov/25754160.

	169.	Llovet JM, Brú C, Bruix J. Prognosis of hepatocel-
lular carcinoma: the BCLC staging classification. 
Semin Liver Dis. 1999;19(3):329–38.

	170.	Alswat KA, Sanai FM, Altuwaijri M, Albenmousa 
A, Almadi M, Al-Hamoudi WK, et  al. Clinical 
characteristics of patients with hepatocellular car-
cinoma in a middle eastern population. Hepat Mon 
[Internet]. 2013 May [cited 2020 Oct 26];13(5). 
Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3732662/.

	171.	Rasul KI, Al-Azawi SH, Chandra P, Abou-Alfa GK, 
Knuth A. Status of hepatocellular carcinoma in Gulf 
region. Chinese Clin Oncol [Internet]. 2013 [cited 
2020 Oct 26];2(4):2–7. Available from: https://
pubmed.ncbi.nlm.nih.gov/25841921/.

	172.	Fujiwara N, Friedman SL, Goossens N, Hoshida 
Y. Risk factors and prevention of hepatocellular car-
cinoma in the era of precision medicine. J Hepatol 
[Internet]. 2018;68(3):526–49. Available from: 
https://doi.org/10.1016/j.jhep.2017.09.016.

	173.	Vogelstein B, Papadopoulos N, Velculescu VE, Zhou 
S, Diaz LA, Kinzler KW. Cancer genome landscapes 
[Internet]. Science. American Association for the 
Advancement of Science; 2013 [cited 2020 Oct 
6];340:1546–58. Available from: http://science.sci-
encemag.org/.

	174.	Hoshida Y, Fuchs BC, Tanabe KK.  Prevention of 
hepatocellular carcinoma: potential targets, experi-
mental models, and clinical challenges. Curr Cancer 
Drug Targets [Internet]. 2013 Jan 4 [cited 2020 Nov 
26];12(9):1129–59. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3776581/.

	175.	Bishayee A, Thoppil RJ, Waghray A, Kruse JA, 
Novotny NA, Darvesh AS. Dietary phytochemicals 
in the chemoprevention and treatment of hepatocel-
lular carcinoma: in vivo evidence, molecular targets, 
and clinical relevance. Curr Cancer Drug Targets. 
2013.

	176.	Hoshida Y, Fuchs BC, Bardeesy N, Baumert TF, 
Chung RT, et  al. Pathogenesis and prevention of 
hepatitis C virus-induced hepatocellular carcinoma. 
J Hepatol [Internet]. 2018;61(1):S79–90. Available 
from: https://doi.org/10.1016/j.jhep.2017.09.016.

	177.	Mahmud S, Kouyoumjian SP, Al Kanaani Z, 
Chemaitelly H, Abu-Raddad LJ.  Individual-level 
key associations and modes of exposure for hepa-
titis C virus infection in the Middle East and North 
Africa: a systematic synthesis. Ann Epidemiol. 
2018;28(7):452–61.

	178.	Emre DB. Current prevention approaches for hepa-
tocellular carcinoma. J Cancer Prev Curr Res. 
2016;4(1):1–3.

	179.	Blach S, Sanai FM.  HCV burden and barriers to 
elimination in the Middle East. Clin Liver Dis. 
2019;14(6):224–7.

	180.	Esmat G, El-Sayed MH, Hassany M, Doss W, 
Waked I. One step closer to elimination of hepati-
tis C in Egypt [Internet]. The Lancet Gastroenterol 

Hepatol. Elsevier Ltd; 2018 [cited 2020 Oct 
25];3:665. Available from: https://pubmed.ncbi.nlm.
nih.gov/30215356/.

	181.	Altraif I. Can hepatitis c virus be eliminated by 2030? 
Saudi arabia as an example. Saudi Med J [Internet]. 
2018 Aug 1 [cited 2020 Oct 26];39(8):842–5. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6194989/.

	182.	Chemaitelly H, Mahmud S, Kouyoumjian SP, 
Al-Kanaani Z, Hermez JG, Abu-Raddad LJ.  Who 
to test for hepatitis C virus in the Middle East and 
North Africa?: pooled analyses of 2,500 preva-
lence measures, including 49 million tests. Hepatol 
Commun [Internet]. 2019 Mar 23 [cited 2020 Oct 
25];3(3):325–39. Available from: https://onlineli-
brary.wiley.com/doi/abs/10.1002/hep4.1310.

	183.	Di Bisceglie AM, Shiffman ML, Everson GT, 
Lindsay KL, Everhart JE, Wright EC, et  al. 
Prolonged therapy of advanced chronic hepati-
tis C with low-dose peginterferon. N Engl J Med. 
2008;359(23):2429–41.

	184.	Bruix J, Poynard T, Colombo M, Schiff E, Burak 
K, Heathcote EJL, et al. Maintenance therapy with 
peginterferon Alfa-2b does not prevent hepatocel-
lular carcinoma in cirrhotic patients with chronic 
hepatitis C. Gastroenterology. 2011;140(7):1990–9.

	185.	Okita K, Izumi N, Matsui O, Tanaka K, Kaneko S, 
Moriwaki H, et al. Peretinoin after curative therapy 
of hepatitis C-related hepatocellular carcinoma: a 
randomized double-blind placebo-controlled study. 
J Gastroenterol. 2015;50(2):191–202.

	186.	Janjua NZ, Chong M, Kuo M, Woods R, Wong J, 
Yoshida EM, et  al. Long-term effect of sustained 
virological response on hepatocellular carcinoma 
in patients with hepatitis C in Canada. J Hepatol. 
2017;66(3):504–13.

	187.	Brown JL.  Interferon therapy reduces the risk for 
hepatocellular carcinoma. Gut. 2000;47(5):610–1.

	188.	Imai Y, Tamura S, Tanaka H, Hiramatsu N, 
Kiso S, Doi Y, et  al. Reduced risk of hepatocel-
lular carcinoma after interferon therapy in aged 
patients with chronic hepatitis C is limited to 
sustained virological responders. J Viral Hepat. 
2010;17(3):185–91.

	189.	Pereira Guedes T, Fragoso P, Lemos C, Garrido M, 
Silva J, Falcão D, et  al. Long-term follow-up of 
advanced liver disease after sustained virological 
response to treatment of hepatitis C with direct-acting 
antivirals: outcomes from a Real-World Portuguese 
Cohort. GE  - Port J Gastroenterol [Internet]. 
2020 Apr 1 [cited 2020 Dec 26];27(3):149–59. 
Available from: https://www.karger.com/Article/
FullText/503074.

	190.	Kozbial K, Moser S, Al-Zoairy R, Schwarzer R, Datz 
C, Stauber R, et al. Follow-up of sustained virologi-
cal responders with hepatitis C and advanced liver 
disease after interferon/ribavirin-free treatment. 
Liver Int [Internet]. 2018 Jun 1 [cited 2020 Dec 
26];38(6):1028–35. Available from: http://doi.wiley.
com/10.1111/liv.13629.

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://pubmed.ncbi.nlm.nih.gov/25754160
https://pubmed.ncbi.nlm.nih.gov/25754160
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3732662/
https://pubmed.ncbi.nlm.nih.gov/25841921/
https://pubmed.ncbi.nlm.nih.gov/25841921/
https://doi.org/10.1016/j.jhep.2017.09.016
http://science.sciencemag.org/
http://science.sciencemag.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3776581/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3776581/
https://doi.org/10.1016/j.jhep.2017.09.016
https://pubmed.ncbi.nlm.nih.gov/30215356/
https://pubmed.ncbi.nlm.nih.gov/30215356/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6194989/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6194989/
https://onlinelibrary.wiley.com/doi/abs/10.1002/hep4.1310
https://onlinelibrary.wiley.com/doi/abs/10.1002/hep4.1310
https://www.karger.com/Article/FullText/503074
https://www.karger.com/Article/FullText/503074
http://doi.wiley.com/10.1111/liv.13629
http://doi.wiley.com/10.1111/liv.13629


292

	191.	 Innes HA, Mcdonald SA, Dillon JF, Allen S, Hayes 
PC, Goldberg D, et  al. Toward a more complete 
understanding of the association between a hepa-
titis C sustained viral response and cause-specific 
outcomes. Hepatology [Internet]. 2015 Aug 1 [cited 
2020 Dec 26];62(2):355–64. Available from: https://
pubmed.ncbi.nlm.nih.gov/25716707/.

	192.	Hsu CS, Huang CJ, Kao JH, Lin HH, Chao YC, Fan 
YC, et  al. Interferon-based therapy decreases risks 
of hepatocellular carcinoma and complications of 
cirrhosis in chronic hepatitis C patients. PLoS One 
[Internet]. 2013 Jul 23 [cited 2020 Dec 26];8(7). 
Available from: https://pubmed.ncbi.nlm.nih.
gov/23894660/.

	193.	Mallet V, Gilgenkrantz H, Serpaggi J, Verkarre 
V, Vallet-Pichard A, Fontaine H, et  al. Brief com-
munication: the relationship of regression of cir-
rhosis to outcome in chronic hepatitis C.  Ann 
Intern Med [Internet]. 2008 Sep 16 [cited 2020 
Dec 26];149(6):399–403. Available from: https://
pubmed.ncbi.nlm.nih.gov/18794559/.

	194.	Hsu C-S, Huang C-J, Kao J-H, Lin HH, Chao Y-C, 
Fan Y-C, et al. Interferon-based therapy decreases 
risks of hepatocellular carcinoma and complica-
tions of cirrhosis in chronic hepatitis C patients. 
Polis MA, editor. PLoS One [Internet]. 2013 Jul 23 
[cited 2020 Dec 26];8(7):e70458. Available from: 
https://dx.plos.org/10.1371/journal.pone.0070458.

	195.	Poynard T, McHutchison J, Manns M, Trepo C, 
Lindsay K, Goodman Z, et al. Impact of pegylated 
interferon alfa-2b and ribavirin on liver fibrosis in 
patients with chronic hepatitis C. Gastroenterology 
[Internet]. 2002 [cited 2020 Dec 26];122(5):1303–
13. Available from: https://pubmed.ncbi.nlm.nih.
gov/11984517/.

	196.	D’Ambrosio R, Aghemo A, Rumi MG, Ronchi G, 
Donato MF, Paradis V, et  al. A morphometric and 
immunohistochemical study to assess the benefit of 
a sustained virological response in hepatitis C virus 
patients with cirrhosis. Hepatology [Internet]. 2012 
Aug [cited 2020 Dec 26];56(2):532–43. Available 
from: https://pubmed.ncbi.nlm.nih.gov/22271347/.

	197.	Velosa J.  Why is viral eradication so important in 
patients with HCV-related cirrhosis? [Internet]. 
Antivir Ther. International Medical Press Ltd; 
2017 [cited 2020 Dec 26];22:1–12. Available from: 
https://pubmed.ncbi.nlm.nih.gov/27553973/.

	198.	Bruno G, Saracino A, Fabrizio C, Scudeller L, 
Milella M, Angarano G. Rapid improvement in liver 
fibrosis in HCV-infected patients with or without 
HIV infection and DAA-induced SVR: a “turning-
off” effect of liver inflammation? [Internet]. J Viral 
Hepat. Blackwell Publishing Ltd; 2017 [cited 2020 
Dec 26];24:174–5. Available from: https://pubmed.
ncbi.nlm.nih.gov/27862657/.

	199.	Knop V, Hoppe D, Welzel T, Vermehren J, 
Herrmann E, Vermehren A, et  al. Regression 
of fibrosis and portal hypertension in HCV-
associated cirrhosis and sustained virologic 
response after interferon-free antiviral therapy. 

J Viral Hepat [Internet]. 2016 Dec 1 [cited 2020 
Dec 26];23(12):994–1002. Available from: https://
pubmed.ncbi.nlm.nih.gov/27500382/.

	200.	Chekuri S, Nickerson J, Bichoupan K, Sefcik R, 
Doobay K, Chang S, et al. Liver stiffness decreases 
rapidly in response to successful hepatitis C treat-
ment and then plateaus. PLoS One [Internet]. 2016 
Jul 1 [cited 2020 Dec 26];11(7). Available from: 
https://pubmed.ncbi.nlm.nih.gov/27442255/.

	201.	Pockros P, Crissien-Martinez AM, Frenette C, 
Skillin C, Bao F, Du E, et al. Degree of liver fibrosis 
regression predicted by transient elastography after 
cure of chronic hepatitis C with direct acting antivi-
rals is overestimated but confirmed by liver biopsy. 
J Hepatol [Internet]. 2017 Jan 1 [cited 2020 Dec 
26];66(1):S108. Available from: http://www.jour-
nal-of-hepatology.eu/article/S0168827817304750/
fulltext.

	202.	Salmon D, Sogni P, Gilbert C, Bani-Sadr F, 
Rosenthal E, Poizot-Martin I, et  al. Regression of 
liver stiffness after sustained hepatitis C virus (HCV) 
virological responses among HIV/HCV-coinfected 
patients. AIDS [Internet]. 2015 [cited 2020 Dec 
26];29(14):1821–30. Available from: https://
pubmed.ncbi.nlm.nih.gov/26372388/.

	203.	Ghoneim S, Butt MU, Trujillo S, Asaad I.  FIB-4 
regression with direct-acting antiviral therapy 
in patients with hepatitis C infection: a safety-
net hospital experience. Front Med [Internet]. 
2020 Jul 22 [cited 2020 Dec 26];7:359. Available 
from: https://www.frontiersin.org/article/10.3389/
fmed.2020.00359/full.

	204.	Lens S, Baiges A, Alvarado-Tapias E, LLop E, 
Martinez J, Fortea JI, et  al. Clinical outcome and 
hemodynamic changes following HCV eradication 
with oral antiviral therapy in patients with clinically 
significant portal hypertension. J Hepatol [Internet]. 
2020 Dec 1 [cited 2021 Mar 12];73(6):1415–24. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/32535060/.

	205.	Heimbach JK, Kulik LM, Finn RS, Sirlin CB, 
Abecassis MM, Roberts LR, et  al. AASLD guide-
lines for the treatment of hepatocellular carcinoma. 
Hepatology. 2018;67(1):358–80.

	206.	Galle PR, Forner A, Llovet JM, Mazzaferro V, 
Piscaglia F, Raoul JL, et al. EASL Clinical Practice 
Guidelines: management of hepatocellular carci-
noma. J Hepatol. 2018;69(1):182–236.

	207.	Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, 
Jia J, et al. Asia–Pacific clinical practice guidelines 
on the management of hepatocellular carcinoma: a 
2017 update. Hepatol Int. 2017;11(4):317–70.

	208.	Abdo A, Al Abdul Karim H, Al Fuhaid T, Sanai F, 
Kabbani M, Al Jumah A, et  al. Saudi gastroenter-
ology association guidelines for the diagnosis and 
management of hepatocellular carcinoma: sum-
mary of recommendations. Saudi J Gastroenterol 
[Internet]. 2007 Jan 1 [cited 2020 Oct 25];13(1):45. 
Available from: http://www.saudijgastro.com/text.
asp?2007/13/1/45/30467.

S. A. Al-Busafi and K. AlNaamani

https://pubmed.ncbi.nlm.nih.gov/25716707/
https://pubmed.ncbi.nlm.nih.gov/25716707/
https://pubmed.ncbi.nlm.nih.gov/23894660/
https://pubmed.ncbi.nlm.nih.gov/23894660/
https://pubmed.ncbi.nlm.nih.gov/18794559/
https://pubmed.ncbi.nlm.nih.gov/18794559/
https://dx.plos.org/10.1371/journal.pone.0070458
https://pubmed.ncbi.nlm.nih.gov/11984517/
https://pubmed.ncbi.nlm.nih.gov/11984517/
https://pubmed.ncbi.nlm.nih.gov/22271347/
https://pubmed.ncbi.nlm.nih.gov/27553973/
https://pubmed.ncbi.nlm.nih.gov/27862657/
https://pubmed.ncbi.nlm.nih.gov/27862657/
https://pubmed.ncbi.nlm.nih.gov/27500382/
https://pubmed.ncbi.nlm.nih.gov/27500382/
https://pubmed.ncbi.nlm.nih.gov/27442255/
http://www.journal-of-hepatology.eu/article/S0168827817304750/fulltext
http://www.journal-of-hepatology.eu/article/S0168827817304750/fulltext
http://www.journal-of-hepatology.eu/article/S0168827817304750/fulltext
https://pubmed.ncbi.nlm.nih.gov/26372388/
https://pubmed.ncbi.nlm.nih.gov/26372388/
https://www.frontiersin.org/article/10.3389/fmed.2020.00359/full
https://www.frontiersin.org/article/10.3389/fmed.2020.00359/full
https://pubmed.ncbi.nlm.nih.gov/32535060/
https://pubmed.ncbi.nlm.nih.gov/32535060/
http://www.saudijgastro.com/text.asp?2007/13/1/45/30467
http://www.saudijgastro.com/text.asp?2007/13/1/45/30467


293

	209.	Singal AG, Pillai A, Tiro J.  Early detection, cura-
tive treatment, and survival rates for hepatocellular 
carcinoma surveillance in patients with cirrhosis: a 
meta-analysis. PLoS Med. 2014;11(4):e1001624.

	210.	Mittal S, Kanwal F, Ying J, Chung R, Sada YH, 
Temple S, et  al. Effectiveness of surveillance for 
hepatocellular carcinoma in clinical practice: a 
United States cohort. J Hepatol. 2016;65(6):1148–54.

	211.	Singal AG, Mittal S, Yerokun OA, Ahn C, Marrero 
JA, Yopp AC, et  al. Hepatocellular carcinoma 
screening associated with early tumor detection and 
improved survival among patients with cirrhosis in 
the US. Am J Med. 2017;130(9):1099–1106.e1.

	212.	Singal AG, El-Serag HB. Hepatocellular carcinoma 
from epidemiology to prevention: translating knowl-
edge into practice. Clin Gastroenterol Hepatol. 
W.B. Saunders. 2015;13:2140–51.

	213.	Singal AG, Yopp AC, Gupta S, Skinner CS, Halm 
EA, Okolo E, et al. Failure rates in the hepatocellu-
lar carcinoma surveillance process. Cancer Prev Res 
(Phila). 2012;5(9):1124–30.

	214.	Dalton-Fitzgerald E, Tiro J, Kandunoori P, Halm EA, 
Yopp A, Singal AG. Practice patterns and attitudes of 
primary care providers and barriers to surveillance of 
hepatocellular carcinoma in patients with Cirrhosis. 
Clin Gastroenterol Hepatol. 2015;13(4):791–8.e1.

	215.	Singal AG, Tiro JA, Marrero JA, McCallister K, 
Mejias C, Adamson B, et  al. Mailed outreach pro-
gram increases ultrasound screening of patients 
with cirrhosis for hepatocellular carcinoma. 
Gastroenterology. 2017;152(3):608–615.e4.

	216.	Naghavi M, Wang H, Lozano R, Davis A, Liang X, 
Zhou M, et al. Global, regional, and national age-sex 
specific all-cause and cause-specific mortality for 
240 causes of death, 1990-2013: a systematic analy-
sis for the Global Burden of Disease Study 2013. 
Lancet. 2015;385(9963):117–71.

	217.	Goossens N, Bian CB, Hoshida Y.  Tailored algo-
rithms for hepatocellular carcinoma surveillance: 
is one-size-fits-all strategy outdated? Curr Hepatol 
Rep. 2017;16(1):64–71.

	218.	Atiq O, Tiro J, Yopp AC, Muffler A, Marrero JA, 
Parikh ND, et al. An assessment of benefits and harms 
of hepatocellular carcinoma surveillance in patients 
with cirrhosis. Hepatology. 2017;65(4):1196–205.

	219.	Llovet JM, Schwartz M, Mazzaferro V.  Resection 
and liver transplantation for hepatocellular carci-
noma. Semin Liver Dis. 2005.

	220.	Poon RTP, Fan ST, Lo CM, Liu CL, Ng IOL, Wong 
J. Long-term prognosis after resection of hepatocel-
lular carcinoma associated with hepatitis B-related 
cirrhosis. J Clin Oncol. 2000;18(5):1094–101.

	221.	 Ikeda K, Arase Y, Kobayashi M, Saitoh S, Someya 
T, Hosaka T, et al. Significance of multicentric can-
cer recurrence after potentially curative ablation of 
hepatocellular carcinoma: a long term cohort study 
of 892 patients with viral cirrhosis. J Gastroenterol. 
2003;38(9):865–76.

	222.	 Imamura H, Matsuyama Y, Tanaka E, Ohkubo T, 
Hasegawa K, Miyagawa S, et al. Risk factors con-

tributing to early and late phase intrahepatic recur-
rence of hepatocellular carcinoma after hepatectomy. 
J Hepatol. 2003;38(2):200–7.

	223.	Wu JC, Huang YH, Chau GY, Su CW, Lai CR, Lee 
PC, et al. Risk factors for early and late recurrence 
in hepatitis B-related hepatocellular carcinoma. J 
Hepatol. 2009;51(5):890–7.

	224.	Mazzaferro V, Romito R, Schiavo M, Mariani L, 
Camerini T, Bhoori S, et  al. Prevention of hepato-
cellular carcinoma recurrence with alpha-interferon 
after liver resection in HCV cirrhosis. Hepatology. 
2006;44(6):1543–54.

	225.	Shiratori Y, Shiina S, Teratani T, Imamura M, Obi S, 
Sato S, et al. Interferon therapy after tumor ablation 
improves prognosis in patients with hepatocellular 
carcinoma associated with hepatitis C virus. Ann 
Intern Med. 2003;138(4):299–306.

	226.	Lu LC, Cheng AL, Poon RTP. Recent advances in 
the prevention of hepatocellular carcinoma recur-
rence. Semin Liver Dis. 2014;34(4):427–34.

	227.	Hsu YC, Ho HJ, Wu MS, Lin JT, Wu CY. 
Postoperative peg-interferon plus ribavirin is asso-
ciated with reduced recurrence of hepatitis C virus-
related hepatocellular carcinoma. Hepatology. 
2013;58(1):150–7.

	228.	Huang AC, Mehta N, Dodge JL, Yao FY, Terrault 
NA. Direct-acting antivirals do not increase the risk 
of hepatocellular carcinoma recurrence after local-
regional therapy or liver transplant waitlist dropout. 
Hepatology. 2018;68(2):449–61.

	229.	Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi 
L, Caraceni P, et al. Early occurrence and recurrence 
of hepatocellular carcinoma in HCV-related cirrhosis 
treated with direct-acting antivirals. J Hepatol. 2016.

	230.	Reig M, Mariño Z, Perelló C, Iñarrairaegui M, 
Ribeiro A, Lens S, et  al. Unexpected high rate of 
early tumor recurrence in patients with HCV-related 
HCC undergoing interferon-free therapy. J Hepatol. 
2016.

	231.	Kozbial K, Moser S, Schwarzer R, Laferl H, 
Al-Zoairy R, Stauber R, et  al. Unexpected high 
incidence of hepatocellular carcinoma in cirrhotic 
patients with sustained virologic response follow-
ing interferon-free direct-acting antiviral treatment. 
J Hepatol. 2016.

	232.	Sanduzzi-Zamparelli M, Boix L, Leal C, Reig 
M.  Hepatocellular carcinoma recurrence in HCV 
patients treated with direct antiviral agents. Viruses. 
2019.

	233.	Nagata H, Nakagawa M, Asahina Y, Sato A, Asano 
Y, Tsunoda T, et  al. Effect of interferon-based 
and -free therapy on early occurrence and recurrence 
of hepatocellular carcinoma in chronic hepatitis C. J 
Hepatol. 2017.

	234.	Lin WC, Lin YS, Chang CW, Chang CW, Wang TE, 
Wang HY, et  al. Impact of direct-acting antiviral 
therapy for hepatitis C–related hepatocellular carci-
noma. PLoS One [Internet]. 2020 May 1 [cited 2020 
Nov 24];15(5). Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC7244104/.

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7244104/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7244104/


294

	235.	Nishibatake Kinoshita M, Minami T, Tateishi R, 
Wake T, Nakagomi R, Fujiwara N, et  al. Impact 
of direct-acting antivirals on early recurrence of 
HCV-related HCC: comparison with interferon-
based therapy. J Hepatol. 2019.

	236.	Singer AW, Reddy KR, Telep LE, Osinusi AO, 
Brainard DM, Buti M, et al. Direct-acting antiviral 
treatment for hepatitis C virus infection and risk of 
incident liver cancer: a retrospective cohort study. 
Aliment Pharmacol Ther. 2018.

	237.	Cabibbo G, Petta S, Calvaruso V, Cacciola I, 
Cannavò MR, Madonia S, et al. Is early recurrence of 
hepatocellular carcinoma in HCV cirrhotic patients 
affected by treatment with direct-acting antivirals? 
A prospective multicentre study. Aliment Pharmacol 
Ther. 2017.

	238.	Waziry R, Hajarizadeh B, Grebely J, Amin J, Law 
M, Danta M, et  al. Hepatocellular carcinoma risk 
following direct-acting antiviral HCV therapy: a sys-
tematic review, meta-analyses, and meta-regression. 
J Hepatol. 2017.

	239.	Singal AG, Rich NE, Mehta N, Branch AD, Pillai 
A, Hoteit M, et  al. Direct-acting antiviral therapy 
for hepatitis C virus infection is associated with 
increased survival in patients with a history of hepa-
tocellular carcinoma. Gastroenterology. 2019.

	240.	EASL recommendations on treatment of Hepatitis C 
2020 - EASL-The Home of Hepatology. [Internet]. 
[cited 2021 Feb 12]. Available from: https://easl.eu/
publication/easl-recommendations-on-treatment-of-
hepatitis-c-2020/.

	241.	Cortesi PA, Belli LS, Facchetti R, Mazzarelli C, 
Perricone G, De Nicola S, et  al. The optimal tim-
ing of hepatitis C therapy in liver transplant-eligible 
patients: cost-effectiveness analysis of new opportu-
nities. J Viral Hepat. 2018.

	242.	Ohki T, Tateishi R, Sato T, Masuzaki R, Imamura 
J, Goto T, et al. Obesity is an independent risk fac-
tor for hepatocellular carcinoma development in 
chronic hepatitis C patients. Clin Gastroenterol 
Hepatol [Internet]. 2008 Apr 1 [cited 2020 Nov 
2];6(4):459–64. Available from: http://www.cgh-
journal.org/article/S1542356508001249/fulltext.

	243.	Suceveanu A-I, Mazilu L, Gheorghe A-D, Pantea 
Stoian A, Voinea F, Suceveanu A-P.  Metabolic 
risk factors in hepatocellular carcinoma. In: Liver 
cancer [Internet]. IntechOpen; 2018. [cited 2020 
Nov 2]. Available from: https://doi.org/10.5772/
intechopen.80527.

	244.	Tateishi R, Yoshida H, Matsuyama Y, Mine N, 
Kondo Y, Omata M. Diagnostic accuracy of tumor 
markers for hepatocellular carcinoma: a systematic 
review. Hepatol Int. 2008.

	245.	Singal AG, Mukherjee A, Elmunzer JB, Higgins 
PDR, Lok AS, Zhu J, et al. Machine learning algo-
rithms outperform conventional regression models in 
predicting development of hepatocellular carcinoma. 
Am J Gastroenterol [Internet]. 2013 Nov [cited 2020 

Oct 23];108(11):1723–30. Available from: http://
journals.lww.com/00000434-201311000-00010.

	246.	Lee M-H, Lu S-N, Yuan Y, Yang H-I, Jen C-L, You 
S-L, et  al. Development and validation of a clini-
cal scoring system for predicting risk of HCC in 
asymptomatic individuals seropositive for anti-HCV 
antibodies. Villa E, editor. PLoS One [Internet]. 
2014 May 6 [cited 2020 Oct 23];9(5):e94760. 
Available from: https://dx.plos.org/10.1371/journal.
pone.0094760.

	247.	Ganne-Carrié N, Layese R, Bourcier V, Cagnot C, 
Marcellin P, Guyader D, et al. Nomogram for indi-
vidualized prediction of hepatocellular carcinoma 
occurrence in hepatitis C virus cirrhosis (ANRS 
CO12 CirVir). Hepatology [Internet]. 2016 Oct 1 
[cited 2020 Oct 23];64(4):1136–47. Available from: 
http://doi.wiley.com/10.1002/hep.28702.

	248.	Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, 
Sterling RK, Curto TM, et  al. Incidence of hepa-
tocellular carcinoma and associated risk fac-
tors in hepatitis C-related advanced liver disease. 
Gastroenterology. 2009;136(1):138–48.

	249.	El-Serag HB, Kanwal F, Davila JA, Kramer J, 
Richardson P.  A new laboratory-based algorithm 
to predict development of hepatocellular carci-
noma in patients with hepatitis C and cirrhosis. 
Gastroenterology [Internet]. 2014 [cited 2020 Oct 
23];146(5). Available from: https://pubmed.ncbi.
nlm.nih.gov/24462733/.

	250.	Motosugi U, Ichikawa T, Koshiishi T, Sano K, 
Morisaka H, Ichikawa S, et al. Liver stiffness mea-
sured by magnetic resonance elastography as a risk 
factor for hepatocellular carcinoma: a preliminary 
case-control study. Eur Radiol [Internet]. 2013 Jan 
20 [cited 2020 Oct 23];23(1):156–62. Available 
from: https://link.springer.com/article/10.1007/
s00330-012-2571-6.

	251.	Chang KC, Wu YY, Hung CH, Lu SN, Lee CM, 
Chiu KW, et  al. Clinical-guide risk prediction of 
hepatocellular carcinoma development in chronic 
hepatitis C patients after interferon-based therapy. 
Br J Cancer [Internet]. 2013 Oct 29 [cited 2020 Oct 
23];109(9):2481–8. Available from: www.bjcancer.
com.

	252.	 Ikeda M, Fujiyama S, Tanaka M, Sata M, Ide T, 
Yatsuhashi H, et al. Risk factors for development of 
hepatocellular carcinoma in patients with chronic 
hepatitis C after sustained response to interferon. 
J Gastroenterol [Internet]. 2005 Feb [cited 2020 
Oct 17];40(2):148–56. Available from: https://link.
springer.com/article/10.1007/s00535-004-1519-2.

	253.	Chang KC, Hung CH, Lu SN, Wang JH, Lee CM, 
Chen CH, et al. A novel predictive score for hepa-
tocellular carcinoma development in patients 
with chronic hepatitis C after sustained response 
to pegylated interferon and ribavirin combina-
tion therapy. J Antimicrob Chemother [Internet]. 
2012 Nov 1 [cited 2020 Oct 23];67(11):2766–72. 

S. A. Al-Busafi and K. AlNaamani

https://easl.eu/publication/easl-recommendations-on-treatment-of-hepatitis-c-2020/
https://easl.eu/publication/easl-recommendations-on-treatment-of-hepatitis-c-2020/
https://easl.eu/publication/easl-recommendations-on-treatment-of-hepatitis-c-2020/
http://www.cghjournal.org/article/S1542356508001249/fulltext
http://www.cghjournal.org/article/S1542356508001249/fulltext
https://doi.org/10.5772/intechopen.80527
https://doi.org/10.5772/intechopen.80527
http://journals.lww.com/00000434-201311000-00010
http://journals.lww.com/00000434-201311000-00010
https://dx.plos.org/10.1371/journal.pone.0094760
https://dx.plos.org/10.1371/journal.pone.0094760
http://doi.wiley.com/10.1002/hep.28702
https://pubmed.ncbi.nlm.nih.gov/24462733/
https://pubmed.ncbi.nlm.nih.gov/24462733/
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00330-012-2571-6
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00330-012-2571-6
http://www.bjcancer.com
http://www.bjcancer.com
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00535-004-1519-2
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00535-004-1519-2


295

Available from: https://academic.oup.com/jac/
article/67/11/2766/708112.

	254.	Wang J-H, Yen Y-H, Yao C-C, Hung C-H, Chen C-H, 
Hu T-H, et  al. Liver stiffness-based score in hepa-
toma risk assessment for chronic hepatitis C patients 
after successful antiviral therapy. Liver Int [Internet]. 
2016 Dec 1 [cited 2020 Oct 23];36(12):1793–9. 
Available from: http://doi.wiley.com/10.1111/
liv.13179.

	255.	Flemming JA, Yang JD, Vittinghoff E, Kim WR, 
Terrault NA. Risk prediction of hepatocellular carci-
noma in patients with cirrhosis: the ADRESS-HCC 
risk model. Cancer [Internet]. 2014 Nov 15 [cited 
2020 Oct 23];120(22):3485–93. Available from: 
http://doi.wiley.com/10.1002/cncr.28832.

	256.	Velázquez RF, Rodríguez M, Navascués CA, 
Linares A, Pérez R, Sotorríos NG, et al. Prospective 
analysis of risk factors for hepatocellular carci-
noma in patients with liver cirrhosis. Hepatology. 
2003;37(3):520–7.

	257.	Aoki T, Iijima H, Tada T, Kumada T, Nishimura 
T, Nakano C, et  al. Prediction of development 
of hepatocellular carcinoma using a new scoring 
system involving virtual touch quantification in 
patients with chronic liver diseases. J Gastroenterol 
[Internet]. 2017 Jan 1 [cited 2020 Oct 23];52(1):104–
12. Available from: https://link.springer.com/
article/10.1007/s00535-016-1228-7.

	258.	Simon RM, Paik S, Hayes DF.  Use of archived 
specimens in evaluation of prognostic and predictive 
biomarkers [Internet]. J Natl Cancer Inst. Oxford 
Academic; 2009 [cited 2020 Oct 23];101:1446–52. 
Available from: https://academic.oup.com/jnci/
article/101/21/1446/964215.

	259.	Mchutchison JG, Gordon SC, Schiff ER, Shiffman 
ML, Lee WM, Rustgi VK, et al. Interferon alfa-2b 
alone or in combination with ribavirin as initial treat-
ment for chronic hepatitis C. N Engl J Med [Internet]. 
1998 Nov 19 [cited 2020 Oct 16];339(21):1485–92. 
Available from: https://pubmed.ncbi.nlm.nih.
gov/9819446/.

	260.	Manns MP, Wedemeyer H, Cornberg M.  Treating 
viral hepatitis C: efficacy, side effects, and compli-
cations [Internet]. Gut. Gut; 2006 [cited 2020 Oct 
16];55:1350–9. Available from: https://pubmed.
ncbi.nlm.nih.gov/16905701/.

	261.	Hsu CS, Chao YC, Lin HH, Chen DS, Kao 
JH.  Systematic review: impact of interferon-based 
therapy on HCV-related hepatocellular carcinoma 
[Internet]. Sci Rep. Nature Publishing Group; 2015 
[cited 2020 Oct 16];5. Available from: https://
pubmed.ncbi.nlm.nih.gov/25963067/.

	262.	Kohli A, Shaffer A, Sherman A, Kottilil S. Treatment 
of hepatitis C a systematic review [Internet]. JAMA - 
Journal of the American Medical Association. 
American Medical Association; 2014 [cited 2020 
Oct 16];312:631–40. Available from: https://
pubmed.ncbi.nlm.nih.gov/25117132/.

	263.	Schmidt WN, Nelson DR, Pawlotsky JM, Sherman 
KE, Thomas DL, Chung RT.  Direct-acting anti-
viral agents and the path to interferon indepen-
dence. Clin Gastroenterol Hepatol. W.B. Saunders. 
2014;12:728–37.

	264.	Poordad F, Hezode C, Trinh R, Kowdley KV, Zeuzem 
S, Agarwal K, et al. ABT-450/r–ombitasvir and das-
abuvir with ribavirin for hepatitis C with cirrhosis. N 
Engl J Med [Internet]. 2014 May 22 [cited 2020 Oct 
10];370(21):1973–82. Available from: http://www.
nejm.org/doi/10.1056/NEJMoa1402869.

	265.	Putra J, Schiano T, Fiel MI. Histological assessment 
of the liver explant in transplanted HCV-patients 
achieving sustained virologic response with direct-
acting antiviral agents Running Title: Histologic 
assessment of HCV patients with SVR. 2017.

	266.	Van Der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, 
Dufour JF, Lammert F, et  al. Association between 
sustained virological response and all-cause mor-
tality among patients with chronic hepatitis C and 
advanced hepatic fibrosis. JAMA  - J Am Med 
Assoc [Internet]. 2012 Dec 26 [cited 2020 Oct 
10];308(24):2584–93. Available from: https://jama-
network.com/.

	267.	Shiratori Y, Imazeki F, Moriyama M, Yano M, 
Arakawa Y, Yokosuka O, et al. Histologic improve-
ment of fibrosis in patients with hepatitis C who have 
sustained response to interferon therapy. Ann Intern 
Med. 2000;132(7):517–24.

	268.	Yang JD, Aqel BA, Pungpapong S, Gores GJ, 
Roberts LR, Leise MD. Direct acting antiviral ther-
apy and tumor recurrence after liver transplantation 
for hepatitis C-associated hepatocellular carcinoma. 
J Hepatol. 2016.

	269.	Pol S. Lack of evidence of an effect of Direct Acting 
Antivirals on the recurrence of hepatocellular carci-
noma. J Hepatol. 2016. http://dx.doi.org/10.1016/j.
jhep.2016.05.045.

	270.	Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, 
Falck-Ytter Y. Eradication of hepatitis C virus infec-
tion and the development of hepatocellular carci-
noma: a meta-analysis of observational studies. Ann 
Intern Med. 2013.

	271.	Rutledge SM, Zheng H, Li DK, Chung RT. No evi-
dence for higher rates of hepatocellular carcinoma 
after direct-acting antiviral treatment: a meta-analy-
sis. Hepatoma Res. 2019.

	272.	Meringer H, Shibolet O, Deutsch L. Hepatocellular 
carcinoma in the post-hepatitis C virus era: should 
we change the paradigm? World J Gastroenterol. 
2019;25(29):3929–40.

	273.	El-Shamy A, Eng FJ, Doyle EH, Klepper AL, Sun 
X, Sangiovanni A, et  al. A cell culture system for 
distinguishing hepatitis C viruses with and without 
liver cancer-related mutations in the viral core gene. 
J Hepatol. 2015.

	274.	Akuta N, Suzuki F, Hirakawa M, Kawamura Y, 
Sezaki H, Suzuki Y, et al. Amino acid substitutions 

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://academic.oup.com/jac/article/67/11/2766/708112
https://academic.oup.com/jac/article/67/11/2766/708112
http://doi.wiley.com/10.1111/liv.13179
http://doi.wiley.com/10.1111/liv.13179
http://doi.wiley.com/10.1002/cncr.28832
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00535-016-1228-7
https://springerlink.bibliotecabuap.elogim.com/article/10.1007/s00535-016-1228-7
https://academic.oup.com/jnci/article/101/21/1446/964215
https://academic.oup.com/jnci/article/101/21/1446/964215
https://pubmed.ncbi.nlm.nih.gov/9819446/
https://pubmed.ncbi.nlm.nih.gov/9819446/
https://pubmed.ncbi.nlm.nih.gov/16905701/
https://pubmed.ncbi.nlm.nih.gov/16905701/
https://pubmed.ncbi.nlm.nih.gov/25963067/
https://pubmed.ncbi.nlm.nih.gov/25963067/
https://pubmed.ncbi.nlm.nih.gov/25117132/
https://pubmed.ncbi.nlm.nih.gov/25117132/
http://www.nejm.org/doi/10.1056/NEJMoa1402869
http://www.nejm.org/doi/10.1056/NEJMoa1402869
https://jamanetwork.com/
https://jamanetwork.com/
http://dx.doi.org/10.1016/j.jhep.2016.05.045
http://dx.doi.org/10.1016/j.jhep.2016.05.045


296

in hepatitis C virus core region predict hepatocar-
cinogenesis following eradication of HCV RNA by 
antiviral therapy. J Med Virol. 2011.

	275.	Hassany SM, Hassan W, Abo-Alam HS, Khalaf 
M, Nafeh AM, Nasr-Eldin E, et  al. Direct-acting 
antiviral drugs and occurrence of hepatocellu-
lar carcinoma: unjust or oppressed. Infect Drug 
Resist [Internet]. 2020 Jun 18 [cited 2020 Nov 
21];13:1873–80. Available from: https://www.
dovepress.com/direct-acting-antiviral-drugs-
and-occurrence-of-hepatocellular-carcino-peer-
reviewed-article-IDR.

	276.	AASLD/IDSA HCV guidance: recommendations 
for testing, managing, and treating hepatitis C. Clin 
Liver Dis. 2018.

	277.	Pawlotsky JM, Negro F, Aghemo A, Berenguer M, 
Dalgard O, Dusheiko G, et al. EASL recommenda-
tions on treatment of hepatitis C 2018. J Hepatol. 
2018.

	278.	Alfaleh FZ, Alghamdi AS, Alghamdi H, Alqutub A, 
Alswat K, Altraif I, et al. SASLT practice guidelines: 
management of hepatitis C virus infection. Saudi J 
Gastroenterol [Internet]. 2012 Sep [cited 2020 Nov 
21];18(Suppl 1):S1. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC3713589/.

	279.	Kanda T, Lau GKK, Wei L, Moriyama M, Yu 
ML, Chuang WL, et  al. APASL HCV guidelines 
of virus-eradicated patients by DAA on how to 
monitor HCC occurrence and HBV reactivation. 
Hepatol Int [Internet]. 2019 Nov 1 [cited 2020 Nov 
21];13(6):649–61. Available from: https://pubmed.
ncbi.nlm.nih.gov/31541423/.

	280.	Kushner T, Dieterich D, Saberi B.  Direct-acting 
antiviral treatment for patients with hepatocellu-
lar carcinoma [Internet]. Curr Opin Gastroenterol. 
Lippincott Williams and Wilkins; 2018 [cited 2020 
Oct 17];34:132–9. Available from: https://pubmed.
ncbi.nlm.nih.gov/29517502/.

	281.	Radhakrishnan K, Di Bisceglie AM, Reddy KR, Lim 
JK, Levitsky J, Kuo A, et al. Impact of hepatocellular 
carcinoma (HCC) and tumor treatment on sustained 
virologic response (SVR) rates with direct-acting 
antiviral (DAA) therapy for hepatitis C: HCV-target 
results. Hepatology. 2017.

	282.	Prenner SB, Kulik L.  Hepatocellular carcinoma in 
the wait-listed patient with hepatitis C virus. Curr 
Opin Organ Transplant. 2018.

	283.	Saberi B, Dadabhai AS, Durand CM, Philosophe B, 
Cameron AM, Sulkowski MS, et  al. Challenges in 
treatment of hepatitis C among patients with hepato-
cellular carcinoma. Hepatology [Internet]. 2017 Aug 
1 [cited 2020 Oct 17];66(2):661–3. Available from: 
http://doi.wiley.com/10.1002/hep.29126.

	284.	Beste LA, Green PK, Berry K, Kogut MJ, Allison 
SK, Ioannou GN. Effectiveness of hepatitis C anti-
viral treatment in a USA cohort of veteran patients 
with hepatocellular carcinoma. J Hepatol. 2017.

	285.	Harrod E, Moctezuma-Velazquez C, Gurakar A, Ala 
A, Dieterich D, Saberi B. Management of concomi-

tant hepatocellular carcinoma and chronic hepatitis 
C: a review. Hepatoma Res. 2019;2019

	286.	Pascasio JM, Vinaixa C, Ferrer MT, Colmenero 
J, Rubin A, Castells L, et  al. Clinical outcomes of 
patients undergoing antiviral therapy while awaiting 
liver transplantation. J Hepatol. 2017.

	287.	Prenner SB, VanWagner LB, Flamm SL, Salem R, 
Lewandowski RJ, Kulik L.  Hepatocellular carci-
noma decreases the chance of successful hepatitis C 
virus therapy with direct-acting antivirals. J Hepatol. 
2017.

	288.	Persico M, Aglitti A, Aghemo A, Rendina M, Lleo 
A, Ciancio A, et  al. High efficacy of direct-acting 
anti-viral agents in hepatitis C virus-infected cir-
rhotic patients with successfully treated hepatocel-
lular carcinoma. Aliment Pharmacol Ther. 2018.

	289.	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.

	290.	Himmelsbach K, Sauter D, Baumert TF, Ludwig L, 
Blum HE, Hildt E. New aspects of an anti-tumour 
drug: sorafenib efficiently inhibits HCV replication. 
Gut. 2009.

	291.	Descamps V, Helle F, Louandre C, Martin E, Brochot 
E, Izquierdo L, et al. The kinase-inhibitor sorafenib 
inhibits multiple steps of the Hepatitis C Virus infec-
tious cycle in vitro. Antivir Res. 2015.

	292.	Zona L, Lupberger J, Sidahmed-Adrar N, Thumann 
C, Harris HJ, Barnes A, et al. HRas signal transduc-
tion promotes hepatitis C virus cell entry by trig-
gering assembly of the host tetraspanin receptor 
complex. Cell Host Microbe. 2013.

	293.	Menzel N, Fischl W, Hueging K, Bankwitz D, 
Frentzen A, Haid S, et  al. MAP-kinase regulated 
cytosolic phospholipase A2 activity is essential for 
production of infectious Hepatitis C virus particles. 
PLoS Pathog. 2012.

	294.	Cabrera R, Limaye AR, Horne P, Mills R, Soldevila-
Pico C, Clark V, et  al. The anti-viral effect of 
sorafenib in hepatitis C-related hepatocellular carci-
noma. Aliment Pharmacol Ther. 2013.

	295.	Bruix J, Cheng AL, Meinhardt G, Nakajima K, De 
Sanctis Y, Llovet J.  Prognostic factors and predic-
tors of sorafenib benefit in patients with hepatocel-
lular carcinoma: analysis of two phase III studies. J 
Hepatol. 2017.

	296.	Kawaoka T, Aikata H, Teraoka Y, Inagaki Y, Honda F, 
Hatooka M, et al. Impact of hepatitis C virus eradica-
tion on the clinical outcome of patients with hepatitis 
C virus-related advanced hepatocellular carcinoma 
treated with sorafenib. Oncologia [Internet]. 2017 
May 1 [cited 2020 Nov 24];92(6):335–46. Available 
from: https://pubmed.ncbi.nlm.nih.gov/28245484/.

	297.	Revuelta-Herrero JL, Giménez-Manzorro A, 
Matilla-Peña A, Herranz-Alonso A, Sanjurjo-Sáez 
M.  Concomitant use of sorafenib with ombitasvir/
paritaprevir/ritonavir and dasabuvir: effectiveness 
and safety in clinical practice. J Clin Pharm Ther. 
2018.

S. A. Al-Busafi and K. AlNaamani

https://www.dovepress.com/direct-acting-antiviral-drugs-and-occurrence-of-hepatocellular-carcino-peer-reviewed-article-IDR
https://www.dovepress.com/direct-acting-antiviral-drugs-and-occurrence-of-hepatocellular-carcino-peer-reviewed-article-IDR
https://www.dovepress.com/direct-acting-antiviral-drugs-and-occurrence-of-hepatocellular-carcino-peer-reviewed-article-IDR
https://www.dovepress.com/direct-acting-antiviral-drugs-and-occurrence-of-hepatocellular-carcino-peer-reviewed-article-IDR
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3713589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3713589/
https://pubmed.ncbi.nlm.nih.gov/31541423/
https://pubmed.ncbi.nlm.nih.gov/31541423/
https://pubmed.ncbi.nlm.nih.gov/29517502/
https://pubmed.ncbi.nlm.nih.gov/29517502/
http://doi.wiley.com/10.1002/hep.29126
https://pubmed.ncbi.nlm.nih.gov/28245484/


297

	298.	Munir B, Ahmed B, Kiran S, Jalal F, Zahoor MK, 
Shehzadi S, et al. Sorafenib tosylate, Ribavirin and 
Sofosbuvir combination therapy for HCV virus 
infected patients with decompensated liver cancer. 
Pak J Pharm Sci [Internet]. 2017 Nov 1 [cited 2020 
Nov 24];30(6):2383–7. Available from: https://euro-
pepmc.org/article/med/29188773.

	299.	Kew MC.  Hepatocellular carcinoma in develop-
ing countries: prevention, diagnosis and treatment. 
World J Hepatol [Internet]. 2012 [cited 2020 Nov 
26];4(3):99–104. Available from: https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3321496/.

	300.	Chiang CJ, Yang YW, Chen J De, You SL, Yang HI, 
Lee MH, et  al. Significant reduction in end-stage 
liver diseases burden through the national viral hepa-
titis therapy program in Taiwan. Hepatology. 2015.

	301.	WHO | Global hepatitis report, 2017 [Internet]. 
[cited 2020 Oct 18]. Available from: https://
w w w. w h o . i n t / h e p a t i t i s / p u b l i c a t i o n s /
global-hepatitis-report2017/en/.

	302.	World Health Organization [WHO]. Global health 
sector strategy on viral hepatitis 2016–2021: towards 
ending viral hepatitis. Global Hepatitis Programme 
Department of HIV/AIDS. 2016.

	303.	Chen CJ.  Global elimination of viral hepatitis and 
hepatocellular carcinoma: opportunities and chal-
lenges. Gut. 2018;67(4):595–8.

	304.	Omata M, Kanda T, Wei L, Yu ML, Chuang WL, 
Ibrahim A, et  al. APASL consensus statements 
and recommendation on treatment of hepatitis 
C. Hepatol Int. 2016.

	305.	WHO. Guidelines for the care and treatment of per-
sons diagnosed with chronic hepatitis C virus infec-
tion. WHO; 2018.

	306.	Omran D, Alboraie M, Zayed RA, Wifi M-N, Naguib 
M, Eltabbakh M, et  al. Towards hepatitis C virus 
elimination: Egyptian experience, achievements 
and limitations. World J Gastroenterol [Internet]. 
2018;24(38):4330–40. Available from: https://
pubmed.ncbi.nlm.nih.gov/30344418.

	307.	Derbala M, Abd Farag E, Al-Romaihi H, Al Kaabi 
S, Al-Thani M, El Sayed E, et  al. An overview of 
the hepatitis C control plan in Qatar. East Mediterr 
Health J [Internet]. 2019;25(5):362–5. Available 
from: https://doi.org/10.26719/emhj.18.046.

	308.	Freeman JAD, Hill A.  The use of generic medica-
tions for hepatitis C. Liver Int. 2016.

	309.	Al-Busafi SA, Omar H. Towards supporting greater 
and lower cost access to direct acting antiviral 
treatment for hepatitis C for all patients. Saudi J 
Gastroenterol. 2017.

	310.	Wade AJ, McCormack A, Roder C, McDonald K, 
Davies M, Scott N, et  al. Aiming for elimination: 
outcomes of a consultation pathway supporting 
regional general practitioners to prescribe direct-
acting antiviral therapy for hepatitis C. J Viral Hepat. 
2018.

	311.	Kattakuzhy S, Gross C, Emmanuel B, Teferi G, 
Jenkins V, Silk R, et al. Expansion of treatment for 
hepatitis C virus infection by task shifting to com-
munity-based nonspecialist providers a nonrandom-
ized clinical trial. Ann Intern Med. 2017.

	312.	WHO | Global health sector strategy on viral hep-
atitis 2016–2021. WHO [Internet]. 2019 [cited 
2020 Nov 6]; Available from: http://www.who.int/
hepatitis/strategy2016-2021/ghss-hep/en/.

	313.	Maaroufi A, Vince A, Himatt SM, Mohamed R, 
Fung J, Opare-Sem O, et al. Historical epidemiology 
of hepatitis C virus in select countries—volume 4. J 
Viral Hepat. 2017;24(June):8–24.

	314.	Chen DS, Hamoudi W, Mustapha B, Layden J, 
Nersesov A, Reic T, et al. Strategies to manage hepa-
titis C virus infection disease burden—Volume 4. J 
Viral Hepat. 2017.

	315.	Razavi H, Blach S, Razavi-Shearer D, Abaalkhail F, 
Abbas Z, Abdallah A, et al. The case for simplifying 
and using absolute targets for viral hepatitis elimina-
tion goals. J Viral Hepat [Internet]. 2020 Nov 4 [cited 
2020 Nov 6];jvh.13412. Available from: https://
onlinelibrary.wiley.com/doi/10.1111/jvh.13412.

	316.	Sibley A, Han KH, Abourached A, Lesmana LA, 
Makara M, Jafri W, et  al. The present and future 
disease burden of hepatitis C virus infections with 
today’s treatment paradigm - volume 3. J Viral Hepat 
[Internet]. 2015 Dec 1 [cited 2020 Nov 13];22:21–
41. Available from: http://doi.wiley.com/10.1111/
jvh.12476.

	317.	Chan HLY, Chen CJ, Omede O, Al Qamish J, Al 
Naamani K, Bane A, et  al. The present and future 
disease burden of hepatitis C virus infections with 
today’s treatment paradigm: volume 4. J Viral Hepat 
[Internet]. 2017 Nov 1 [cited 2020 Nov 13];24:25–
43. Available from: http://doi.wiley.com/10.1111/
jvh.12760.

Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East

https://europepmc.org/article/med/29188773
https://europepmc.org/article/med/29188773
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3321496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3321496/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://pubmed.ncbi.nlm.nih.gov/30344418
https://pubmed.ncbi.nlm.nih.gov/30344418
https://doi.org/10.26719/emhj.18.046
http://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
http://www.who.int/hepatitis/strategy2016-2021/ghss-hep/en/
https://onlinelibrary.wiley.com/doi/10.1111/jvh.13412
https://onlinelibrary.wiley.com/doi/10.1111/jvh.13412
http://doi.wiley.com/10.1111/jvh.12476
http://doi.wiley.com/10.1111/jvh.12476
http://doi.wiley.com/10.1111/jvh.12760
http://doi.wiley.com/10.1111/jvh.12760

	Hepatitis C-Induced Hepatocellular Carcinoma in the Middle East
	1	 Introduction
	2	 HCV Epidemiology in ME
	2.1	 HCV Genotype and Subtype

	3	 Epidemiology of HCC in the ME
	4	 Risk Factors of HCC in ME
	4.1	 Risk Factors of HCC Among HCV-Infected Patients

	5	 Pathogenesis of HCV-Induced HCC
	5.1	 Viral-Related Mechanism
	5.2	 Host-Related Mechanisms
	5.3	 Additive Mechanisms

	6	 Strategies to Prevent HCV-Induced HCC
	6.1	 Primary Prevention
	6.2	 Secondary Prevention
	6.3	 Tertiary Prevention

	7	 HCC Risk Prediction Models
	8	 Antiviral Therapy and HCC
	8.1	 Post-SVR Surveillance

	9	 Management of HCV in Patients with HCC
	9.1	 DAAs in HCV-Related HCC

	10	 HCV Treatment Considerations Based on HCC Therapy
	10.1	 DAAs and Locoregional Therapies
	10.2	 DAAs and Liver Transplantation
	10.3	 DAAs and Systemic Therapies
	10.4	 Timing of HCV Treatment in Advanced HCC

	11	 HCV Elimination in the ME: Opportunities and Challenges
	12	 Projection of Future HCV-Related HCC Trends in ME
	13	 Future Research Needs
	References




