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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].
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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-A 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 HBYV, 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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Fig. 1 Countries that constitute the ME

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
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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%



262

S. A. Al-Busafi and K. AINaamani

Table 1 Prevalence of HCV and the most common geno-
type among Middle Eastern countries

Common

Country Population Prevalence 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 9,157,000 1.3% Genotype 1
Emirates

Yemen 29,710,300 0.8% Genotype 4
Cyprus 1,189,000 0.46% Genotype 1

and 4

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
HCYV 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
(NSS, 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,
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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 la 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 la. 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,



264

S. A. Al-Busafi and K. AINaamani

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
HBYV 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
HBYV 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 HB V-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
HBYV vaccination and the high cure rate of HCV
associated with DAA treatment [100]. Thus,
future trends in HCC in Middle Eastern countries
are expected to come down and to have a favor-
able outcome than other parts of the world, such
as East Asia and Africa [112].
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4.1 Risk Factors of HCC Among

HCV-Infected Patients

The incidence rate of HCC related to CHC in the
ME has increased by 16% over 17 years, from
1990 to 2017 [73]. The interaction between CHC
and the host immune system is complex. This
interaction involves multiple factors leading to
the development and growth of HCC. The vast
majority of patients with CHC develop HCC on a
background of cirrhosis. However, approxi-
mately 15% of CHC patients who develop HCC
have no cirrhosis [113-116].

Multiple host and, to a lesser extent, viral fac-
tors play roles in developing liver cirrhosis and
HCC. Host factors such as chronic excessive
alcohol consumption, NASH, and coinfection
with HBV and HIV play major roles in accelerat-
ing liver fibrosis [98]. Poynard et al. showed that
patients with CHC who consume more than 50 g
of alcohol daily had a 34% higher rate of progres-
sion to advanced fibrosis compared to non-drink-
ers regardless of the age and duration of infection
[9]. Similar findings were reported by researchers
from Japan who showed that patients with HCV
who consume more than 65 g of alcohol daily for
more than 5 years have RR, 3.04; 95% CI, 1.31-
7.09; and P < 0.01 of developing HCC [117,
118]. Further evidence of the additive risk of
development of HCC in patients with HCV who
consume a large amount of alcohol for many
years was shown in the Dionysos study by Donato
et al. from Italy [71].

NASH is a common risk factor for the devel-
opment of HCC among CHC patients. There is
a complex relationship between NASH and
CHC. CHC, especially genotype 3, is known to
induce fatty liver through the direct cytopathic
mechanism, and NASH tends to accelerate
liver fibrosis progression in patients with CHC
[119]. The prevalence of fatty liver among
patients with CHC varies from 40% to 80%
[120]. However, the reported prevalence of
NASH among CHC patients is much lower,
around 4-10% [121-124]. Bedossa et al.
showed that patients with CHC and NASH
tend to have advanced fibrosis compared to
patients with CHC alone. A higher grade of

fibrosis and cirrhosis will predispose CHC to
the risk of HCC [123].

HBV is a carcinogenic virus. Patients with
CHB are at risk of developing HCC at any stage
of their liver fibrosis. CHC coinfected with CHB
tends to have a higher incidence of HCC of 6.4%
as compared with an incidence of 2% for CHB
alone and 3.7% for HCV infection alone [125].
Zampino et al. evaluated the development of
HCC among patients with viral hepatitis. They
found that 14% of HCV coinfected with HBV
developed HCC compared to 2% and 4% among
HBV and HCV mono-infection, respectively
[126]. A similar synergistic effect was reported
by Bevegnu et al., who showed 36% of HCV
coinfected with HBV patients developed HCC
compared to only 6% of CHC patients and 11%
of CHB patients [127]. This additive risk of
development of HCC in coinfected patients was
also demonstrated in Asian studies. Oh et al.
reported a hazard ratio of 115 for developing
HCC in coinfection, 17 in HBV mono-infection,
and 10.4 in HCV mono-infection [128]. Certain
factors such as alcohol consumption, genetic fac-
tors, and NASH presence could contribute to the
higher risk of development of HCC in HBV/
HCV coinfected patients [71, 129, 130].

HIV is common among CHC patients. Almost
one-quarter of HIV patients are coinfected with
HCV [131]. Liver disease is a major cause of
non-AIDS-related deaths, accounting for 16% of
mortality among HIV-infected patients [132].
The introduction of highly active antiretroviral
therapy (HAART) in the mid-1990s to treat HIV
has markedly changed the natural history of HIV
infection. The improvement in the survival of
HIV patients led to a significant reduction in dis-
eases related to the human immunodeficiency
syndrome. Prior studies demonstrated acceler-
ated liver injury in HIV mono-infection and HIV
coinfected with HCV [133, 134]. Puoti et al.
looked at an Italian cohort of 41 HIV patients
who developed HCC and demonstrated an unfa-
vorable association between HIV/HCV coinfec-
tion and HCC behavior (infiltrating tumors and/
or extra-nodal metastasis at presentation
(OR =11.8; P <0.001). HIV infection was inde-
pendently associated with poor survival (hazard
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ratio, 1.63; P = 0.015) [135]. Similar findings
were reported by Beretta et al. in 2011, who dem-
onstrated a shorter survival rate among young
patients coinfected with HIV and HCV who
develop HCC [136].

Most of the studies mentioned above were
observational studies with a small number of
patients, and there was no adjustment for other
risk factors such as alcohol intake and the pres-
ence of NASH. In addition to that, these studies
were performed before the era of DAA, where a
significant number of patients were not treated
for HCV using interferon-based therapy. The
above findings were not demonstrated by Marcon
et al., who looked at 399 Brazilian patients with
HIV coinfected with HCV and compared them to
405 monoinfected with HBV or HCV. One-third
of HIV-negative patients developed liver cirrho-
sis compared to 16.5% of coinfected (P < 0.001).
HCC was diagnosed in 10 HIV-coinfected
patients compared to 26 monoinfected with HBV
or HCV [137].

One of the crucial factors for the development
of HCC in patients with CHC is type 2 diabetes
mellitus (DM-2). DM-2 is characterized by
hyperglycemia, hyperinsulinemia, and insulin
resistance. DM-2 is becoming a major cause of
morbidity and mortality around the globe. The
prevalence of DM-2 in ME has increased enor-
mously over the last few decades. DM-2 has been
found to increase the risk of different types of
malignancies, such as breast, endometrial, renal,
and GI cancers such as colon, pancreatic, and
liver cancers [138—142]. DM-2 may induce liver
fibrosis and HCC through different mechanisms,
including hyperglycemia, hyperinsulinemia,
insulin resistance, and activation of insulin-like
growth factor (IGF) signaling pathways. These
mechanisms are known to have proliferative
effects such as insulin and insulin-like growth
factor 1 and oncogenic effects such as hypergly-
cemia [143]. In addition to that, DM-2 also pre-
disposes patients to NASH, which may progress
to cirrhosis in up to 5% of cases [144]. Rousseau
et al. looked at the 3107 male cancer cases and
509 population controls, used information on
diabetes and several covariates collected by inter-
view, and found that the risk of HCC was

increased among people with diabetes and
adjusted OR was 3.1 (95% CI: 1.1, 8.8) [145].
Similar findings were reported by El-Serag et al.,
who performed a meta-analysis of 13 cohort
studies and 13 case-control studies and found
that DM is associated with an approximately 2.5-
fold increased risk of HCC [146]. The risk of
developing HCC is significant in the presence of
other HCC risk factors, such as chronic viral hep-
atitis, high alcohol consumption, and liver
cirrhosis.

5 Pathogenesis of HCV-
Induced HCC

The exact mechanisms of development of HCC
in patients with CHC are unknown despite the
establishment of the relationship between CHC
and the formation of HCC [147, 148]. Chronic
viral hepatitis is the leading cause of HCC. HCV
has become an important risk factor for HCC in
regions with intermediate-incidence areas such
as the ME [73]. More than half of HCV-infected
patients will develop cirrhosis, and 14.4% are
predicted to develop HCC [149]. Different mech-
anisms of HCC development have been postu-
lated to explain the causal relationship between
HCC and HCV. Since the discovery of HCV in
1989, multiple studies using animal models
revealed that HCV changes many cell signaling
pathways involved in cell proliferation, migra-
tion, and transformation. Many of these changes
will ultimately lead to chronic inflammation and
fibrosis. The interaction between the host, the
virus, and other additive mechanisms leads to the
development of HCC (Fig. 2).

5.1 Viral-Related Mechanism

An extensive network of tubules and flattened
sacs within the hepatocyte cytosol called the
endoplasmic reticulum (ER) plays an essential
role in lipids and protein biosynthesis, therefore
maintaining hepatocyte function in the liver.
CHC infection poses significant stress on the ER
through alterations of protein synthesis, degrada-
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Others

Fig. 2 Interaction between viral, host, and other additive
mechanisms

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
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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

Table 2 Levels of prevention against HCV-related HCC

Level Description Examples
Primary Prevention of Screening blood
prevention new HCV products
infection Universal precautions to
prevent blood
contamination in
healthcare settings
Education programs for
high-risk patients
Treatment of HCV-
infected patients
Prevention of ~ Treatment of HCV-
fibrosis infected patients
progression to  Modifications of other
cirrhosis related factors (i.e.,
treatment of HBV, HIV,
lifestyle modifications
in NASH)
Secondary Prevention of  Treatment of HCV-
prevention progression of  infected patients
cirrhosis or Chemoprevention
regression of
cirrhosis
Early detection HCC screening (liver
of HCC to ultrasonography with/
improve without
treatment alpha-fetoprotein)
outcomes
Tertiary Prevention of Antiviral therapy for
prevention tumor HCV

progression or
recurrence after
curative

Locoregional therapies
Chemoprevention
Close monitoring

treatment
Modified from Hoshida et al. [174]

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
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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-a therapy in HCV-related
HCC [224]. However, IFN-a 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-a therapy after
complete ethanol ablation. Among the treated
patients, 14 (29%) demonstrated SVR. Compared
with the 25 patients who did not receive adjuvant
IFN-« therapy, the rates of first recurrence were
similar, but the rates of second and third recur-
rence were lower in those receiving adjuvant
IFN-o 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-IEN therapy versus DAA-based SVR, found

no evidence to support the higher rate of occur-
rence and recurrence of HCC post-DAA com-
pared to IFN therapy [238]. In addition, a
retrospective US cohort study including 797
patients with HCV-related HCC who achieved a
complete response to resection, local ablation,
transarterial chemo- or radio-embolization, or
radiation therapy has shown that DAA therapy
was associated with a significant reduction in the
overall risk of death [239]. Therefore, there are
no conclusive data that DAA therapy is associ-
ated with increased or decreased risk, differential
time to recurrence, or aggressiveness of recurrent
HCC in patients with a complete response to
HCC therapy. Thus, DAA therapy should not be
withheld from such patients. According to the
recent EASL guidelines, DAA therapy can con-
veniently be deferred 4-6 months in patients
without cirrhosis or with compensated, Child-
Pugh A, cirrhosis to consolidate treatment and
confirm a response to HCC therapy in patients
treated with curative intent [240].

Treatment of patients awaiting or post-liver
transplantation (LT) has also been controversial.
The impact of DAA on delisting for HCC pro-
gression or recurrent HCC post-LT has not been
well characterized. In a retrospective cohort study
of 149 LT candidates with HCV infection and
HCC at a single center, patients treated with
DAAs for their HCV infection had a lower risk of
waitlist dropout due to tumor progression or death
compared to the patients who had not been treated
[228]. Post-LT treatment of HCV was reported to
be cost-effective in patients with HCC [241]. In
patients with HCC, without cirrhosis, or with
compensated cirrhosis, with an indication for LT,
pre- or post-LT antiviral treatment indications are
similar to those in patients who do not have HCC
[240, 241]. In patients with HCC awaiting liver
transplantation with an HCV infection in centers
with long waiting times, HCV treatment should
be initiated before liver transplantation to facili-
tate locoregional therapies to reduce waiting list
dropouts due to tumor progression.
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7 HCC Risk Prediction Models

HCC risk scores are used to enable precise HCC
risk prediction. Such scores could identify a sub-
group of individuals at high risk, maximizing the
cost-effectiveness of screening tools and concen-
trating the efforts and resources, especially in
resources-limited countries [172], in other words,
applying HCC risk scores to those who are most
likely to benefit from prevention and early detec-
tion, i.e., individual personalized risk-based HCC
screening [172].

HCV-related HCC is previously discussed in
this chapter. The risk of developing HCV-related
HCC was shown in different studies to be signifi-
cantly associated with the presence of cirrhosis,
older age, male gender, excessive alcohol con-
sumption [117, 118], coinfection with HBV
[125-127, 129] and HIV [131-136], presence of
obesity [164, 242, 243], diabetes status [139,
141, 143, 144, 146], and NASH [119-124].

Other epidemiologic and clinical studies have
reported more demographic, clinical, lifestyle,
genetic, and pharmacological factors that further
affect or modify the likelihood of HCC [212].
The combination of different readily available
clinical risk factors has been evaluated by vari-
ous trials to develop HCC risk-predictive scores.
However, their performance is somewhat lim-
ited, and they are yet to be adopted in clinical
practice (Table 3) [212]. Molecular biomarkers
have also been actively explored like AFP
“a-fetoprotein,” AFP-13, and DCP “des gamma-
carboxy prothrombin,” and some of them were
combined with the clinical scoring systems to
improve their HCC risk prediction [172, 244].
While the promise of these candidate molecular
biomarkers is clear, some significant challenges
and obstacles limit their clinical translation, like
assay development and implementation and reg-
ulatory approval.

8 Antiviral Therapy and HCC

Before 2011, IFN-based therapy, with or without
concomitant ribavirin, was the mainstay of treat-
ment for those infected with HCV, with success

rates ranging between 5% and 50%, depending
on the genotype, stage of liver disease, and dura-
tion of therapy [259-261]. The addition of ribavi-
rin improved outcomes but was poorly tolerated
by most patients due to severe adverse effects.
The management of HCV has transformed over
the past decade, with SVR rates above 90% fol-
lowing the introduction of an IFN-free DAA-
based regimen even in patients with cirrhosis
[262-264].

Before using DAAs, IFN-based regimens
were used in specific subgroups of patients, with
significant histopathological improvements seen
following successful treatment. Nowadays, it is
harder to assess post-SVR histopathological
changes as we are no longer required to perform
pre-treatment biopsies as we were within the [FN
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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Table 3 Clinical risk prediction models for HCV-related HCC

Race/
Risk models  Study design No. subjects ethnicity ~ Cirrhosis Variables Validation
Singal et al.  Prospective- 442 + 10507 White, 100% + 41%* 23 clinical variables  External
[245] retrospective, black,
cohort Hispanic
REVEAL- Prospective- 1095 + 5722 Asian 1.4% + 7.0%* Age, ALT, AST/ALT, External
HCV [246]  retrospective, HCYV RNA, cirrhosis,
cohort HCYV genotype
Ganne- Prospective- 720 + 360° n.a. 100% Age, past alcohol Internal
Carrie etal.  retrospective, abuse, platelet, GGT,
[247] cohort SVR
Lok et al. Prospective- 1005 White, 40% (Ishak Age, race, platelet, No
[248] retrospective, black, 5/6) ALP, esophageal
cohort Hispanic varices, smoking
El-Serag Retrospective, 5586 + 576072 White, 100% AFP, ALT, platelet, Internal
et al. [249] cohort black age
Motosugi Retrospective, 66:66° Asian n.a. LSM by MRE
et al. [250] case-control
Chang et al. Retrospective, 1252 + 627* Asian 45% (F3/4)  Age, sex, platelet, Internal
[251] cohort AFP, advanced
fibrosis, HCV
genotype 1b, SVR
Ikeda et al. Retrospective, 1056 Asian 10% Age, AST, platelet No
[252] cohort before IFN treatment
scoreHCC Retrospective, 871 Asian 30% Age, AFP, platelet, No
[253] cohort advanced fibrosis
Wang etal.  Retrospective, 21:355P Asian 33.8% (F3/4) LSM, advanced No
[254] case-control fibrosis, diabetes
ADRESS- Retrospective, 17,124 + 17,808* White, 100% Age, diabetes, race, External
HCC [255]  cohort Hispanic etiology, sex,
Child-Pugh score
Velazquez Prospective, 295 + 1682 n.a. 100% Age, HCV, Internal
et al. [256] cohort prothrombin time,
platelet
VEMAP Retrospective, 1808 Asian 13% LSM, fast plasma No
[257] cohort glucose, sex, age, AFP

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, HbA Ic glycated hemoglobin, type Alc, 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

*Training + validation
"Case-control

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].
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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 (LRTSs) (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

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 SVR rates
HCV-positive donors considered
with improved wait times

No concern for DAA and HCC
recurrence

HCYV treatment
pre-transplantation

HCV treatment
post-transplantation

Disadvantages

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
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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Table 5 WHO’s targets for the elimination of viral hepatitis [302]

Target area Baseline 2015 2020 targets 2030 targets
Impact targets  Incidence: new cases of chronic ~ 6 and 10 million 30% reduction 90% reduction
leading to HBYV and HCV infections infections (900,000 infections)
elimination Mortality: HBV and HCV deaths  1.46 million 10% reduction 65% reduction

deaths (500,000 deaths)

Service Prevention
coverage targets Three-dose HBV vaccine for 81% 90% 90%

infants (coverage %)

Prevention of mother-to-child 38% 50% 90%

transmission of HBV: HBV birth

dose vaccination or other

approaches (coverage %)

Blood safety: donations screened = 89% 95% 100%

with quality assurance

Safe injections: percentage of 5% 50% 90%

injections administered with
safety-engineered devices in and

out of health facilities

Harm reduction: number of sterile 20
syringes provided per person who
injects drugs per year

200 (50% coverage) 300 (75% coverage)

(coverage%)

Treatment

HBYV and HCV diagnosis <5% of chronic ~ 30% 90%
hepatitis
infections
diagnosed

HBYV and HCV treatment <1% receiving 5 million people 80% of eligible
treatment will be receiving the persons with chronic

HBYV treatment HBYV infection
treated

<1% receiving 3 million people 80% of eligible
treatment have received HCV  persons with CHC

Abbreviations: HBV hepatitis B virus, HCV hepatitis C virus

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

treatment infection treated

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)
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Fig. 3 Hepatitis C
cascade of care in the
ME in 2015. HCV
hepatitis C virus

1,60,00,000
1,40,00,000
1,20,00,000
1,00,00,000
80,00,000
60,00,000
40,00,000
20,00,000

Total HCV Infections
(14,679,000)

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

No.of cases

N
Total Treated at the end of
the year (<10%)

Total Diagnosed (~25%)

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 Egyptin 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].

HCYV 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
HCYV 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
2030 Reduce HCV new Reduce HBsAg
target chronic cases to <5  prevalence among
per 100,000 1-year-olds to
(excluding the new <0.1%
cases from
immigration)
Measure Conduct two national Conduct HBsAg
options  surveys (minimum surveys in

1 year apart) and
estimate incidence
between the two by

1-year-olds in
multiple regions in
the country and

age group maintain
prophylaxis
measures

Conduct two surveys Conduct HBsAg

(minimum 1 year
apart) in high-risk
groups accounting for

surveys among
1-year-olds in high
prevalence regions/

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
HCC registry. Estimate
annual decompensated
cirrhosis to HCC incident

Reduce mortality
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

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
HCC registry. Estimate
annual decompensated
cirrhosis to HCC incident

>80% of new
infections and
estimate incidence
rate

Use modeling to
estimate incidence

populations and
maintain
prophylaxis
measures

Use modeling that
considers the
impact of
prophylaxis to
estimate the
incidence and
maintain
prophylaxis
measures

ratio in >1 major center. Use
HCC and cirrhosis survival
studies to estimate overall
mortality by year

Use modeling to estimate
HBV- and HCV-related HCC
and cirrhosis mortality

ratio in >1 major center. Use
HCC and cirrhosis survival
studies to estimate overall
mortality by year

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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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% HBV <0.1% HBYV 65%reduction  Countries HCV 90% HCV 65% Countries
reduction in  prevalence mortality meeting all  reduction in reduction in meeting all
incidence among HBYV targets incidence mortality HCYV targets
5-year-olds
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 HBYV reduces Countries HCV reduces HCYV reduces Countries
prevalence among mortality to <5 per  meeting all new chronic mortality to <5  meeting all
1-year-olds 100,000 and HBYV targets infectionsto  per 100,000 and HCV targets
decreases in new <5 per decreases in new
HCC cases 100,000 HCC cases
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

most countries, the incidence and prevalence of
HCYV 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
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the current and future contribution of HCV to
HCC in the region. These studies should examine
known and suspected risk factors and collect
appropriate biologic samples to assess HCC
markers that help early detection of HCC. Such
studies could additionally provide essential data
on the risk factors for the progression of CHC to
HCC. The relationship between HCV and other
conditions like obesity, diabetes, and NAFLD
needs further research, particularly given the
high prevalence of these conditions in the region
and the large number of HCC cases in which no
specific risk factor can be identified. Post-SVR
HCC is an important emerging issue, with press-
ing unmet needs for the clinical strategy of early
tumor detection and intervention and identifying
HCC molecular mechanisms for therapeutic tar-
get and biomarker discovery. Long-term clinical
trials on the impact of post-DAA SVR on HCC
development and recurrence are also required.
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