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Abstract

Context: Hepatocellular carcinoma (HCC) is the second most common cancer-related death worldwide. Although many factors
including dietary aflatoxin B1 (AFB1) and alcoholic and non-alcoholic fatty liver diseases can lead to HCC, globally most HCC cases
are due to hepatitis B virus (HBV) and hepatitis C virus (HCV). Considering the importance of these viral factors in most HCC cases and
relative lack of literature from eastern Mediterranean region office of world health organization (EMRO) countries and the Middle
East, we decided to perform this systematic review to find distribution of viral etiology of HCC in these regions.
Evidence Acquisition: In this systemic review, we included all studies from 1 January 1989 to 1 September 2015 with at least 20 sam-
ples that measured HBV surface antigen (HBsAg) and antibodies to HCV (anti-HCV). The authors searched MEDLINE, Embase, Popline,
Web of Science and WHO indexed databases. We searched the following MeSH terms; hepatocellular carcinoma, hepatitis B virus and
hepatitis C virus or hepacvirus. Only studies using second- and third-generation HCV assays were included. Only articles studying
HCC patients from EMRO countries and the Middle East were analyzed. Duplicate results that reported the same cases more than
once were found and omitted. Studies in English and Farsi were reviewed. If the study was eligible, we recorded the following data;
the first author, publication year and journal, study population and number and percentage of patients with different serologic
statuses.
Results: We found 44 studies from 12 countries in EMRO and the Middle East. HCC cases from Iran, Lebanon, Turkey and Yemen were
mainly due to HBV, while those of North African nations (Egypt, Tunisia, Morocco, Algeria and Somalia) in addition to Saudi Arabia
and Pakistan were mostly HCV related. Sudan showed a high seronegativity and HBV infection in its HCC cases. Unfortunately, some
countries from EMRO and the Middle East did not have eligible studies.
Conclusions: HBV and HCV are important culprits of HCC in EMRO countries and the Middle East and different nations need differ-
ent strategies to tackle them accordingly. Countries with high rates of HBV such as Turkey should continue their HBV vaccination
and also increase sanitation. Nations with high HCV rates such as Egypt should maintain their blood product monitoring in addi-
tion to increased sanitation, especially regarding injection drug users (IDU).
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1. Context

Worldwide, in adult male population, hepatocellular
carcinoma (HCC) is the fifth leading diagnosed cancer and
the second most common cancer-related death. In adult
females, it ranks the ninth most common diagnosed can-
cer and sixth cause of cancer related deaths. The cancer
is twice as high in men as women (1). Statistics showing
identical HCC related death rates and incidence rates in-
dicate its high case fatality. Although many culprits are
found to cause this aggressive cancer, most cases result
from chronic hepatitis B (HBV) and hepatitis C virus (HCV)
infection; of these two viruses, HBV accounts for 80% of
causes of viral hepatitis (2). The wide geographical, re-
gional and even racial disparities in prevalence of HCC is

mostly due to differences in viral hepatitis prevalence (3).
The little remaining cases of HCC can be attributed to a cor-
nucopia of other reasons such as aflatoxin B1 (AFB1) in diet,
alcoholic and non-alcoholic fatty liver diseases and some
metabolic diseases such as hemochromatosis (4). AFB1 acts
synergistically with HBV in hepatocellular carcinogenicity
(5); however, improvements in grain storage have reduced
AFB1 in many countries (6).

Globally speaking, the lion share of HCC is seen in
Asian and African countries where HBV and HCV are most
prevalent (1). Some countries in Eastern Mediterranean re-
gion office of the world health organization (EMRO) and
the Middle East have high incidence rates, whereas some
have low rates. For example, HCC incidence rate in West-
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ern Asian countries such as Iran to Lebanon and Turkey to
Yemen are amongst the lowest in the world. While, North
African countries rank the third highest in the world; rank-
ing immediately after Eastern and South-Eastern Asian
countries (1). Due to these vast varieties, we selected this re-
gion as an ideal place to study the reasons of international
discrepancies of HCC incidence rates by finding the etiol-
ogy and viral factors in the countries of this region.

Changes in HBV and HCV prevalence stem from their
characteristics. HBV, if transmitted vertically from mother
to neonate mainly leads to chronic hepatitis, while most
infected adults do not become chronic. It leads to longer
duration of infection and integration of HBV inside the
hepatocytes and a higher risk of HCC (7). Since it takes years
for HCC to develop in chronic hepatitis cases, vertical trans-
mission is an important contributor to high rate of HBV
carcinogenesis in endemic areas. On the other hand, HCV,
which is mainly transmitted via blood products and con-
taminated needles in case of IDU, usually leads to a chronic
hepatitis in adults (8). Due to its mode of transmission,
public health programs to promote needle exchange for
harm reduction in IDUs as well as improving safety in hos-
pitals and blood product screening for HCV are important
factors determining the prevalence of HCV in a country.
Hence, neighboring countries can sometimes have signifi-
cant HCV prevalence rate differences due to variable health
policies (9).

2. Evidence Acquisition

2.1. Search Strategy

The study was performed according to the PRISMA
guidelines criteria (10). After consulting an expert general-
ist librarian, we chose the following MeSH terms; hepato-
cellular carcinoma, hepatitis B virus and hepatitis C virus
or hepacvirus. All articles published from 1 January 1989
up to 1 September 2015 in MEDLINE, Embase, Popline, Web
of Science, and WHO indexed databases were searched.
Moreover, references of the aforementioned articles were
searched not to skip any relevant articles (ancestor search
strategy). Only EMRO and Middle Eastern countries were
included. Endnote X6 was used to catalogue the articles.

2.2. Study Selection

Before initiation of literature search, we established
the following inclusion and exclusion criteria.

Inclusion criteria were studies with a minimum of 20
samples pathologically proven HCC and a report of preva-
lence of HBV surface antigen (HBsAg), anti-HCV antibodies,
co-infection and seronegative. Other liver neoplasms were
excluded. Furthermore, studies reporting first-generation

enzyme linked immunosorbent assay (ELISA) for HCV were
excluded due to low sensitivity and specificity compared
to newer second- and third-generation tests (11). Studies
on recently immigrated populations were grouped as their
country of origin. For instance, one study from the US re-
cruited Somali immigrants; therefore, we grouped them in
Somalia (12). Articles in English and Farsi were searched.
The flowchart in Figure 1 shows the process of review of
publications.
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Figure 1. Flowchart of Study Selection

2.3. Data Extraction and Quality Assessment

Pertinent data included country, the first author, pub-
lication year and journal, study population and number
and percentage of all serology test results, namely HB-
sAg+, anti-HCV+, HBsAg/anti-HCV co-infection and seroneg-
ative cases for both markers. Data abstraction was per-
formed systematically by two authors independently. The
quality of methodology of the studies was assessed using
the standardized data collection forms derived from the
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Newcastle-Ottawa scale (NOS) (13). All data were systemati-
cally double checked to avoid any errors. To avoid covering
the same HCC patients more than once, time, and location
of the studies were crosschecked and only the most recent
studies were used. In case of unclear study methods, au-
thors were contacted for any additional information and
details, which are added to Tables 1 and 2.

3. Results

We studied 44 studies, 8267 cases, from 12 countries (Ta-
bles 1 - 3, Figure 2). Egypt had the highest number of cases,
followed by Pakistan, Turkey and Yemen. Significant differ-
ences in HBV and HCV etiology were observed inter- and
sometimes even intra-countries in the region.

3.1. North Africa

North African EMRO nations are Egypt, Somalia,
Djibouti, Tunisia, Morocco, Sudan and Libyan Arab
Jumahiriya. Egypt with 4215 cases single-handedly pro-
vided more than a half of all HCC cases for this systematic
review. After pooling data from nine Egyptian studies, we
concluded that 79.8% of HCC patients in Egypt are infected
with HCV. This high rate ranks the first in the world. In
total, 6.9% are HBV positive and 8.2% are co-infected with
both viruses. Moreover, the largest sample sizes in this
systematic review belonged to Egyptian studies. El-Zayadi
et al. studied on 1328 HCC patients and showed that 69% of
them were HCV positive (19). Another large and more re-
cently published study by Shaker et al. on 1313 HCC patients
found a higher rate of HCV infection in aforementioned
patients (91.3%) (15).

HCV is the main culprit for HCC patients from most
other North African nations. Bahri et al. conducted an in-
ternational study on 164 HCC patients from Algeria, Tunisia
and Morocco and found that slightly more than a half of
them were HCV related (14). Said et al. study on 74 Tunisian
cases yielded 63.5% seropositivity for HCV. HCV is also the
main cause of HCC in Somalia (48). From the two stud-
ies performed on Somali HCC patients, the older one from
1993 by Bile et al. on 62 cases demonstrated that HBV and
HCV infections were present in 37% and 35% of cases, re-
spectively. The more recent study on 28 Somali migrants to
Minnesota, USA found a high rate of 71% of HCV infection
in HCC patients (46).

After studying North African countries, we found that
Sudan was the exception regarding etiology of HCC. Omer
et al. studied 115 Sudanese HCC patients in 2001 and found
that they were mostly seronegative (47%) or HBV infected
(41.7%), whereas only 10% were due to HCV. Unfortunately,
we were not able to find any study fulfilling our inclusion
criteria, from Djibouti or Libyan Arab Jumahiriya.

3.2. Arab Countries Except North Africa

Arab countries of the Middle East are Bahrain, Iraq,
Jordan, Kuwait, Lebanon, Oman, Palestine (West Bank),
Qatar, Saudi Arabia, Syrian Arab Republic, United Arab Emi-
rates and Yemen. Regrettably, only Lebanon, Saudi Arabia
and Yemen had qualified studies for our systematic review.
Saudi Arabia with 4 studies and 474 cases was the main con-
tributor to our data. Overall, 40% of Saudi HCC patients
were the result of HCV, while 35% were HBV related. The
largest Saudi study by Sanai et al. conducted on 206 HCC
patients in 2010 showed HCV preponderance in Saudi HCC
patients (44). While, two other researches by Alsohaibani
et al. reaffirmed HCV predominance (43), the oldest study
by Ayoola et al. on 108 cases in 2004 ended up with a much
higher rate of HBV infection (63.6%), compared to a tiny
8.5% of HCV. This showed a chronological disparity in the
etiology of HCC in Saudi Arabia (45).

Unlike Saudi Arabia, HBV was the main reason for HCC
in Yemen and Lebanon. Grouped data from two distinct
studies on 339 Yemeni patients considered HBV as the ma-
jor cause of HCC (42.5%). Nevertheless, dissimilarity was
observed concerning Saeed et al.’s research on 88 Yemeni
patients, which illustrated that more than half of their
cases were seronegative (57). We only found one study from
Lebanon where Yaghi et al., reported a 61% HBV positive
rate in 92 HCC patients (25).

3.3. Non-Arab Countries

This category consists of Afghanistan, Cyprus, IR Iran,
Turkey and Pakistan. Pakistan with 15 studies and 1783 cases
provided most studies and cases among the Middle East-
ern nations. HCV ranked the first cause of HCC in Pakistani
patients (53.7%). All studies confirmed the important role
of HCV as the main cause of HCC, except two studies pub-
lished before 1998 by Abdul Mujeeb et al in which 43% and
78% of HCC patients were attributed to HBV, respectively
(40).

Furthermore, Turkey with seven studies on 850 HCC pa-
tients provided a reliable amount of data for this system-
atic review. Analysis of data proved that more than half
of Turkish HCC cases were HBV related (55%), whilst the re-
maining were equally likely to be either HCV positive or
seronegative (20%, each). Results of all the studies from
Turkey were roughly the same and no inconsistency was
detected. Our team detected only one eligible study from
IR Iran which provided information of 71 HCC positive pa-
tients. In total, 52% of Iranian patients were HBV positive,
when only a small percentage of them were due to HCV
(8.5%). A high percentage of cases from Iran were seroneg-
ative (39.4%), which is the highest in the Middle East and
the second highest in our study after Sudan. Afghanistan
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Table 1. [Part 1] Studies Reported in This Reviewa

First Author Country Number of Cases HBV HCV HBV/HCV None

Bahri (14) Algeria, Tunisia, Morocco 164 17.7 54.3 5.5 22.6

Shaker (15) Egypt 1313 2.5 91.3 3.2 3.0

Schiefelbein (16) Egypt 148 7.4 89.2 2.7 0.7

Abdel-Wahab (17) Egypt 1012 3.3 76.6 3.6 16.5

Ezzat (18) Egypt 450 3.8 82.0 5.3 8.9

El-Zayadi (19) Egypt 1328 10.5 69.0 17.8 2.6

El-Kafrawy (20) Egypt 41 2.4 90.2 0 7.4

Hassan (21) Egypt 33 15.2 75.8 0.0 9.1

Mabrouk (22) Egypt 34 5.9 79.4 14.7 0

Darwish (23) Egypt 70 21.4 30.0 40.0 8.6

Hajiani (24) IR Iran 71 52.1 8.5 0.0 39.4

Yaghi (25) Lebanon 92 64.1 16.3 3.3 16.3

Gulnaz (26) Pakistan 50 22.0 54.0 6.0 18.0

Butt (27) Pakistan 645 18.4 57.3 8.7 15.3

Abbasi (28) Pakistan 98 28.5 48.0 4.1 19.4

Abbasi (29) Pakistan 82 31.7 53.7 2.4 12.2

Khan (30) Pakistan 82 9.8 75.6 2.4 12.2

Idrees (31) Pakistan 145 12.4 63.4 13.1 4.1

Ansari (32) Pakistan 200 19.5 72.0 4.5 6.0

Abbas (33) Pakistan 129 11.1 66.7 7.4 14.8

Hamza (34) Pakistan 57 21.1 43.9 7.0 28.1

Khokhar (35) Pakistan 57 15.8 47.4 3.5 33.3

Sharieff (36) Pakistan 201 35.8 41.3 7.0 15.9

Mumtaz (37) Pakistan 44 25.0 54.5 6.8 13.6

Kausar (38) Pakistan 30 16.7 73.3 6.7 3.3

Butt (39) Pakistan 76 10.5 75.0 10.5 3.9

Abdu Mujeeb (40) Pakistan 54 42.6 9.3 24.1 24.1

Tong (41) Pakistan 23 78.3 4.3 4.3 13.0

aValues are expressed as %.

and Cyprus had no appropriate studies for this systematic
review.

4. Conclusions

This systematic review, on HCC cases in 12 countries, un-
derlines the variation of etiology of HCC in different loca-
tions. The most important contributor to this vast variety
is the difference in viral etiologies. Almost 3 of 5 HCC cases
are associated with HBV or HCV. These numbers could be
very different in various countries. Asian and African coun-
tries are the major contributors to global share of the virus.

Since HBV is the main etiologic factor of HCC in those coun-
tries, HBV is the main cause of HCC in the world (3). How-
ever, In Pakistan and North Africa, HCV played a more im-
portant role than HBV in causing HCC. High prevalence of
seropositive HCC cases in African and Asian countries does
not mean that seronegative cases are unimportant. We are
observing an increase in obesity and metabolic syndrome
prevalence all around the world, in both developed and de-
veloping nations (7). Consequently, authorities in hyper-
endemic areas of Asia and Africa should never ignore these
new trends.

This study, although inclusive and comprehensive, had
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Table 2. [Part 2] Studies Reported in This Reviewa

First Author Country Number of Cases HBV HCV HBV/HCV None

Alkhayat (42) Saudi Arabia 54 11.1 66.7 7.4 14.8

Alsohaibani (43) Saudi Arabia 96 20.8 46.9 5.2 27.1

Sanai (44) Saudi Arabia 206 31.1 48.5 0.0 20.4

Ayoola (45) Saudi Arabia 118 63.6 8.5 3.4 24.6

Shire (12) Somalia 28 14.3 71.4 3.6 10.7

Bile (46) Somalia 62 37.1 35.5 4.8 22.6

Omer (47) Sudan 115 41.7 10.4 0.9 47.0

Said (48) Tunisia 74 25.7 63.5 0.0 10.8

Dogan (49) Turkey 98 60.2 15.3 0.0 24.5

Bassullu (50) Turkey 84 65.8 17.6 3.5 11.6

Akkiz (51) Turkey 185 60.6 25.7 1.7 12.0

Yildirim (52) Turkey 31 61.3 19.3 0.0 19.3

Alacacioglu (53) Turkey 221 44.4 21.3 5.0 29.5

Ozer (54) Turkey 35 65.7 28.6 2.9 2.9

Uzunalimoglu (55) Turkey 207 52.2 19.3 3.9 24.6

Salem (56) Yemen 251 48.2 38.2 2.4 11.2

Saeed (57) Yemen 88 26.1 18.2 3.4 52.3

aValues are expressed as %.

Table 3. Prevalence of HBV, HCV, HBV/HCV Coinfection and Seronegativity in HCC Patients in Different Countriesa

Country Number of Cases HBV, % HCV, % HBV/HCV, % None, % ASR ASR (HBV) ASR (HCV) ASR (HBV/HCV) ASR (None)

Algeria, Tunisia, Morocco 164 17.7 54.3 5.5 22.6 1.3 0.2 0.7 0.1 0.3

Egypt 4215 6.9 79.8 8.2 5.1 25.6 1.8 20.4 2.1 1.3

IR Iran 71 52.1 8.5 0.0 39.4 2.5 1.3 0.2 0.0 1.0

Lebanon 92 64.1 16.3 3.3 16.3 2.6 1.7 0.4 0.1 0.4

Pakistan 1783 23.2 53.7 8.1 15.0 3.6 0.8 1.9 0.3 0.5

Saudi Arabia 474 34.8 40.3 2.7 22.1 4.7 1.6 1.9 0.1 1.0

Somalia 90 30.0 46.7 4.4 18.9 3.7 1.1 1.7 0.2 0.7

Sudan 115 41.7 10.4 0.9 47.0 4.5 1.9 0.5 0.0 2.1

Tunisia 74 25.7 63.5 0.0 10.8 1.1 0.3 0.7 0.0 0.1

Turkey 850 55.1 20.9 3.1 20.9 3.2 1.8 0.7 0.1 0.7

Yemen 339 42.5 33.0 2.7 21.8 2.9 1.2 1.0 0.1 0.6

a Data is derived From GLOBOCAN 2012, IARC-14.11.2015.

some limitations. One of the shortcomings of our study
was lack of high quality data from many Middle Eastern
and African countries. Developed nations with the low-
est prevalence of HCC have inclusive and reliable data reg-
istry systems, something that is lacking in developing na-
tions struggling with the highest burden of HCC. Although
the study portrayed percentages of hepatitis in the coun-
tries, it failed to demonstrate subtle temporal changes in
etiologies. For example, HBV vaccine has proven quite ef-
fective in Africa, and Saudi Arabia where its effects on HCC

would be seen in decades (58, 59). Taiwan is also seeing a
decrease in HBV and a surge in HCV associated HCC (60).
Like Taiwan, Saudi HCC patients used to be HBV related
but nowadays most are HCV related. Alkhayat et al. con-
tributed this change to the 25-year-old HBV vaccination
program in Saudi Arabia (42). Nonetheless, this trend is
mainly due to better sanitation practices, not HBV vaccines
(1, 61). Although vaccines have been proven very effective
in HBV prevention in adolescents, it takes decades to ob-
serve their effect in HCC reduction in adults. It is predicted

Hepat Mon. 2016; 16(3):e35106. 5

Arc
hive

 of
 S

ID

www.SID.ir



Alavian SM and Haghbin H

Figure 2. The Most Prevalent Cause of Hepatocellular Carcinoma (HCC) and Their Share in Causing HCC in Different Countries

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus.

that with the current treatment method, number of HCV
infected cases would remain stable through 2030 in Saudi
Arabia. However, it has been speculated that in case of
performing an aggressive screening and a strict treatment
program, there would be more than 95% reduction in ad-
vanced stages of HCV (62).

Another shortcoming of this systematic review was the
fact that samples from some studies were small and not
well representative of their population. What is more,
some researches were conducted approximately 2 decades
ago and the circumstances in the populations might have
changed since then, not mentioning advancement of labo-
ratory techniques with different sensitivities and specifici-
ties. Furthermore, many factors such as important contrib-
utors to HCC like AFB1, alcohol and metabolic syndrome
were not studied since they were not simultaneously cov-
ered in many studies. Additionally, since occult HBV is as-
sociated with HCC, it is not detectable easily by the afore-
mentioned methods and it is probably underestimated in
hyper endemic areas; hence, a good proportion of HBV neg-
ative cases in HBV hyper-endemic areas could have occult
HBV infection. For example, Honarkar et al. found a 22%
prevalence of positive HBV DNA in seronegative chronic

liver patients in IR Iran (63). Another study from Sudan on
91 HBsAg negative patients revealed that 51.6% of them had
positive HBc antibodies and 3.3% had HBV DNA using PCR
(64). Carcinogenicity is not limited only to occult HBV pa-
tients. Occult HCV cases are also proven to be prone to HCC
(65). Another limitation of this study was the fact that we
did not segregate etiologies based on gender due to lack of
data. Lastly, presence or lack of viral markers at the time
of HCC diagnosis does not necessarily show causality be-
cause there are a few decades of lag between contracting
hepatitis viruses, developing chronic hepatitis and subse-
quent transformation to HCC. For example, some devel-
oped countries that are observing a reduction in their HCV
prevalence in the general population have not yet seen its
long-term effects in decreasing HCC (66). The opposite also
holds true; in Nigeria where there has been a recent surge
in HCV in the general population, HCV related HCCs are
still at low rates, relatively (9). Similarly, in IR Iran, most
HCV infected patients are IDUs and very young; therefore,
HCV related morbidity and mortality would show a 200%
increase by 2030 (67, 68). IR Iran has one of the lowest
rates of HCV prevalence in the Middle East, but under the
current treatment paradigm, HCV prevalence rate will in-
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crease. More importantly, HCV disease burden will show
a larger boost, due to aging of the current young HCV in-
fected Iranian cohort and appearance of sequelae such as
HCC (62). Consequently, IR Iran must seize the opportunity
to treat those patients before becoming too late when their
conditions turn overwhelming (62).

To name other studies on viral factors of HCC in EMRO
countries, one must mention the systematic review by Ala-
vian et al. on epidemiology of HCV infection among tha-
lassemia patients in the region (69). However, unlike this
systematic review, that study did not measure HBV preva-
lence amongst HCC patients. Other studies investigat-
ing viral and non-viral etiologies of cirrhosis mortality are
published. As part of global burden of disease project, vi-
ral and non-viral risk factors are measured in patients with
liver cirrhosis (70). Considering viral etiologies, their find-
ings match those of ours in this study. Nevertheless, share
of non-viral etiologies contributing to cirrhosis is signif-
icantly larger than our results regarding non-viral factor
roles in developing HCCs. This finding is due to the fact
that alcohol abuse can lead to cirrhosis, but has a lower risk
of developing HCCs compared to viral etiologies (71).

To conclude, we reaffirmed the importance of HBV and
HCV in developing HCC all around the world. We also en-
courage primary preventive measures since treatment is
costly and cumbersome. Vaccination is the mainstay for
HBV prevention, which has proven its effectiveness time
and again. Since vaccination programs are causing a re-
duction in HBV cases, HCV is catching up fast as the lead-
ing cause of HCC. As there is no vaccine for HCV, integrated
preventive measures such as better blood screening tech-
niques, promoting safe injection practices among IV drug
abusers and other harm reduction programs must be the
main strategy to reduce HCV related HCC risk in the future
in most of the world, including EMRO countries and the
Middle East.
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Financial Disclosure: Authors declared no financial inter-
ests related to the material in this study.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. Cancer J Clin. 2015;65(2):87–108. doi:
10.3322/caac.21262.

2. Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contribu-
tions of hepatitis B virus and hepatitis C virus infections to cirrho-
sis and primary liver cancer worldwide. J Hepatol. 2006;45(4):529–38.
doi: 10.1016/j.jhep.2006.05.013. [PubMed: 16879891].

3. Parkin DM. The global health burden of infection-associated can-
cers in the year 2002. Int J Cancer. 2006;118(12):3030–44. doi:
10.1002/ijc.21731. [PubMed: 16404738].

4. McGlynn KA, London WT. The global epidemiology of hepatocellular
carcinoma: present and future. Clin Liver Dis. 2011;15(2):223–43. doi:
10.1016/j.cld.2011.03.006. [PubMed: 21689610].

5. Qureshi H. Aflatoxins and hepatitis b, c viral associated hepatocar-
cinogenesis. J Cell Sci. 2014;5(5) doi: 10.4172/2157-7013.1000179.

6. Sun Z, Chen T, Thorgeirsson SS, Zhan Q, Chen J, Park JH, et al. Dramatic
reduction of liver cancer incidence in young adults: 28 year follow-up
of etiological interventions in an endemic area of China. Carcinogen-
esis. 2013;34(8):1800–5. doi: 10.1093/carcin/bgt007.

7. Seeger C, Mason WS. Hepatitis B virus biology. Microbiol Mol Biol Rev.
2000;64(1):51–68. [PubMed: 10704474].

8. Follett EAC, Dow BC, McOmish F, Lee Yap P, Crawford RJ, Mitchell
R, et al. HCV confirmatory testing of blood donors. The Lancet.
1992;339(8798):928–9. doi: 10.1016/0140-6736(92)90964-5.

9. Gower E, Estes C, Blach S, Razavi-Shearer K, Razavi H. Global epidemiol-
ogy and genotype distribution of the hepatitis C virus infection. J Hep-
atol. 2014;61(1 Suppl):S45–57. doi: 10.1016/j.jhep.2014.07.027. [PubMed:
25086286].

10. Moher D, Liberati A, Tetzlaff J, Altman DG, Prisma Group . Preferred re-
porting items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med. 2009;151(4):264–9. [PubMed: 19622511].

11. Booth JC, O’Grady J, Neuberger J, Thr Royal College of Physicians of
London , The British Society of Gastroenterology . Clinical guide-
lines on the management of hepatitis C. Gut. 2001;49 Suppl 1:I1–21.
[PubMed: 11413125].

12. Shire AM, Sandhu DS, Kaiya JK, Oseini AM, Yang JD, Chaiteerakij R, et
al, editors. Viral hepatitis among Somali immigrants in Minnesota:
association of hepatitis C with hepatocellular carcinoma. Mayo Clinic
Proceedings. 2012; Elsevier; pp. 17–24.

13. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the as-
sessment of the quality of nonrandomized studies in meta-analyses.
Eur J Epidemiol. 2010;25(9):603–5. doi: 10.1007/s10654-010-9491-z.
[PubMed: 20652370].

14. Bahri O, Ezzikouri S, Alaya-Bouafif NB, Iguer F, Feydi AE, Mestiri H,
et al. First multicenter study for risk factors for hepatocellular carci-
noma development in North Africa. World J Hepatol. 2011;3(1):24–30.
doi: 10.4254/wjh.v3.i1.24. [PubMed: 21307984].

15. Shaker MK, Abdella HM, Khalifa MO, El Dorry AK. Epidemiological
characteristics of hepatocellular carcinoma in Egypt: a retrospec-
tive analysis of 1313 Cases. Liver International. 2013;33(10):1601–6. doi:
10.1111/liv.12209.

16. Schiefelbein E, Zekri AR, Newton DW, Soliman GA, Banerjee M, Hung
Ch W, et al. Hepatitis C virus and other risk factors in hepatocellular
carcinoma. Acta Virol. 2012;56(3):235–40. [PubMed: 23043603].

17. Abdel-Wahab M, El-Ghawalby N, Mostafa M, Sultan A, El-Sadany M,
Fathy O, et al. Epidemiology of hepatocellular carcinoma in lower
Egypt, Mansoura Gastroenterology Center. Hepato-gastroenterology.
2006;54(73):157–62.

18. Ezzat S, Abdel-Hamid M, Eissa SA, Mokhtar N, Labib NA, El-Ghorory L,
et al. Associations of pesticides, HCV, HBV, and hepatocellular carci-
noma in Egypt. Int J Hyg EnvironHealth. 2005;208(5):329–39. [PubMed:
16217918].

19. El-Zayadi AR, Badran HM, Barakat EM, Attia Mel D, Shawky S, Mohamed
MK, et al. Hepatocellular carcinoma in Egypt: a single center study
over a decade. World J Gastroenterol. 2005;11(33):5193–8. [PubMed:
16127751].

20. El-Kafrawy SA, Abdel-Hamid M, El-Daly M, Nada O, Ismail A,
Ezzat S, et al. P53 mutations in hepatocellular carcinoma pa-
tients in Egypt. Int J Hyg Environ Health. 2005;208(4):263–70. doi:
10.1016/j.ijheh.2005.02.002. [PubMed: 16078640].

21. Hassan MM, Zaghloul AS, El-Serag HB, Soliman O, Patt YZ, Chap-
pell CL, et al. The role of hepatitis C in hepatocellular carcinoma:
a case control study among Egyptian patients. J Clin Gastroenterol.
2001;33(2):123–6. [PubMed: 11468438].

22. Mabrouk GM. Prevalence of hepatitis C infection and schistosomia-

Hepat Mon. 2016; 16(3):e35106. 7

Arc
hive

 of
 S

ID

www.SID.ir

http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.1016/j.jhep.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16879891
http://dx.doi.org/10.1002/ijc.21731
http://www.ncbi.nlm.nih.gov/pubmed/16404738
http://dx.doi.org/10.1016/j.cld.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21689610
http://dx.doi.org/10.4172/2157-7013.1000179
http://dx.doi.org/10.1093/carcin/bgt007
http://www.ncbi.nlm.nih.gov/pubmed/10704474
http://dx.doi.org/10.1016/0140-6736(92)90964-5
http://dx.doi.org/10.1016/j.jhep.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/25086286
http://www.ncbi.nlm.nih.gov/pubmed/19622511
http://www.ncbi.nlm.nih.gov/pubmed/11413125
http://dx.doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
http://dx.doi.org/10.4254/wjh.v3.i1.24
http://www.ncbi.nlm.nih.gov/pubmed/21307984
http://dx.doi.org/10.1111/liv.12209
http://www.ncbi.nlm.nih.gov/pubmed/23043603
http://www.ncbi.nlm.nih.gov/pubmed/16217918
http://www.ncbi.nlm.nih.gov/pubmed/16127751
http://dx.doi.org/10.1016/j.ijheh.2005.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16078640
http://www.ncbi.nlm.nih.gov/pubmed/11468438


Alavian SM and Haghbin H

sis in Egyptian patients with hepatocellular carcinoma. Dis Markers.
1997;13(3):177–82. [PubMed: 9405930].

23. Darwish MA, Issa SA, Aziz AM, Darwish NM, Soliman AH. Hepatitis C
and B viruses, and their association with hepatocellular carcinoma
in Egypt. J Egypt Public Health Assoc. 1992;68(1-2):1–9.

24. Hajiani E, Masjedizadeh R, Hashemi J, Azmi M, Rajabi T. Risk fac-
tors for hepatocellular carcinoma in Southern Iran. Saudi Med J.
2005;26(6):974–7. [PubMed: 15983686].

25. Yaghi C, Sharara AI, Rassam P, Moucari R, Honein K, BouJaoude J,
et al. Hepatocellular carcinoma in Lebanon: Etiology and prognos-
tic factors associated with short-term survival. World J Gastroenterol.
2006;12(22):3575–80. [PubMed: 16773714].

26. Gulnaz A, Sayyed AH, Amin F, Khan A, Aslam MA, Shaikh RS, et al.
Association of XRCC1, XRCC3, and XPD genetic polymorphism with
an increased risk of hepatocellular carcinoma because of the hepati-
tis B and C virus. Eur J Gastroenterol Hepatol. 2013;25(2):166–79. doi:
10.1097/MEG.0b013e328359a775. [PubMed: 23044807].

27. Butt AS, Hamid S, Wadalawala AA, Ghufran M, Javed AA, Farooq O, et
al. Hepatocellular carcinoma in Native South Asian Pakistani popula-
tion; trends, clinico-pathological characteristics & differences in vi-
ral marker negative & viral-hepatocellular carcinoma. BMC Res Notes.
2013;6:137. doi: 10.1186/1756-0500-6-137. [PubMed: 23566475].

28. Abbasi A, Bhutto AR, Butt N, Munir SM. Corelation of serum alpha feto-
protein and tumor size in hepatocellular carcinoma. J Pak Med Assoc.
2012;62(1):33–6. [PubMed: 22352098].

29. Abbasi A, Butt N, Bhutto AR, Gulzar K, Munir SM. Hepatocellular
carcinoma: a clinicopathological study. J Coll Physicians Surg Pak.
2010;20(8):510–3. [PubMed: 20688014].

30. Khan A, Tanaka Y, Azam Z, Abbas Z, Kurbanov F, Saleem U, et al.
Epidemic spread of hepatitis C virus genotype 3a and relation to
high incidence of hepatocellular carcinoma in Pakistan. J Med Virol.
2009;81(7):1189–97. doi: 10.1002/jmv.21466. [PubMed: 19475617].

31. Idrees M, Rafique S, Rehman I, Akbar H, Yousaf MZ, Butt S, et al. Hepati-
tis C virus genotype 3a infection and hepatocellular carcinoma: Pak-
istan experience.World J Gastroenterol. 2009;15(40):5080–5. [PubMed:
19860002].

32. Ansari S, Memon MS, Devrajani BR. Frequency of hepatitis B and
hepatitis C in patients with hepatocellular carcinoma at Hyderabad.
JLUMHS. 2009;8(2):109.

33. Abbas Z, Siddiqui AU, Luck NH, Hassan M, Mirza R, Naqvi A, et al. Prog-
nostic factors of survival in patients with non-resectable hepatocel-
lular carcinoma: hepatitis C versus miscellaneous etiology. J Pak Med
Assoc. 2008;58(11):602–7. [PubMed: 19024130].

34. Hamza H, Akhtar S, Hamid S, Niaz S, Janjua N, Khan M. Role of hepatitis
B and C virus infections in hepatocellular carcinoma: A case-control
study in Karachi, Pakistan. XVIIth IEA World Congress of Epidemiol-
ogy. 2005; Bangkok, Thailand. .

35. Khokhar N, Aijazi I, Gill ML. Spectrum of hepatocellular carcinoma at
Shifa International Hospital, Islamabad. J Ayub Med Coll Abbottabad.
2003;15(4):1–4. [PubMed: 15067821].

36. Sharieff S, Burney KA, Ahmad N, Salam A, Siddiqui T. Radiological fea-
tures of hepatocellular carcinoma in Southern Pakistan. Trop Doct.
2001;31(4):224–5. [PubMed: 11676064].

37. Mumtaz MS, Iqbal R, Umar M, Khar B, Mumtaz MO, Anwar F, et al. Sero-
prevalence of hepatitis B and C viruses in hepatocellular carcinoma.
J Rawal Med Coll. 2001;5(2):78–80.

38. Kausar S, Shafqat F, Shafi F, Khan AA. The association of hepatocel-
lular carcinoma with hepatitis B and C viruses. Pak J Gastroenterol.
1998;12:1–2.

39. Butt AK, Khan AA, Alam A, Ahmad S, Shah SW, Shafqat F, et al.
Hepatocellular carcinoma: analysis of 76 cases. J Pak Med Assoc.
1998;48(7):197–201. [PubMed: 10067022].

40. Abdul Mujeeb S, Jamal Q, Khanani R, Iqbal N, Kaher S. Prevalence of
hepatitis B surface antigen and HCV antibodies in hepatocellular car-
cinoma cases in Karachi, Pakistan. TropDoct. 1997;27(1):45–6. [PubMed:

9030022].
41. Tong CY, Khan R, Beeching NJ, Tariq WU, Hart CA, Ahmad N, et al. The

occurrence of hepatitis B and C viruses in Pakistani patients with
chronic liver disease and hepatocellular carcinoma. Epidemiol Infect.
1996;117(2):327–32. [PubMed: 8870630].

42. Alkhayyat S, Fallatah HI, Akbar HO, Al Ahwal MS, Al Ghamdi WS. Causes
and Stages of Hepatocellular Carcinoma at Patient Presentation at
a Tertiary Medical Center in Western Saudi Arabia. J Cancer Res Ther.
2014;05(14):1303–10. doi: 10.4236/jct.2014.514130.

43. Alsohaibani F, Porter G, Al-Ashgar H, Walsh M, Berry R, Molinari M,
et al. Comparison of cancer care for hepatocellular carcinoma at
two tertiary-care referral centers from high and low endemic re-
gions for viral hepatitis. J Gastrointest Cancer. 2011;42(4):228–35. doi:
10.1007/s12029-010-9200-x. [PubMed: 20809396].

44. Sanai FM, Sobki S, Bzeizi KI, Shaikh SA, Alswat K, Al-Hamoudi W, et al.
Assessment of alpha-fetoprotein in the diagnosis of hepatocellular
carcinoma in Middle Eastern patients.DigDis Sci. 2010;55(12):3568–75.
doi: 10.1007/s10620-010-1201-x. [PubMed: 20397051].

45. Ayoola EA, Gadour MO. Hepatocellular carcinoma in Saudi Ara-
bia: role of hepatitis B and C infection. J Gastroenterol Hepa-
tol. 2004;19(6):665–9. doi: 10.1111/j.1440-1746.2003.03334.x. [PubMed:
15151622].

46. Bile K, Aden C, Norder H, Magnius L, Lindberg G, Nilsson L. Important
role of hepatitis C virus infection as a cause of chronic liver disease in
Somalia. Scand J Infect Dis. 1993;25(5):559–64. [PubMed: 7506842].

47. Omer RE, Veer PV, Kadaru AMY, Kampman E, El Khidir IM, Fedail SS,
et al. The role of hepatitis B and hepatitis C viral infections in the inci-
dence of hepatocellular carcinoma in Sudan. Trans R Soc TropMedHyg.
2001;95(5):487–91. doi: 10.1016/s0035-9203(01)90013-6.

48. Said Y, Debbeche R, Ben Ali Z, Bouzid K, Trabelsi S, Bouzaidi S, et al. [Epi-
demiological, clinical and therapeutic features of hepatocellular car-
cinoma in cirrhotic patients]. TunisMed. 2012;90(6):468–72. [PubMed:
22693088].

49. Dogan E, Yalcin S, Koca D, Olmez A. Clinicopathological character-
istics of hepatocellular carcinoma in Turkey. Asian Pac J Cancer Prev.
2012;13(6):2985–90. [PubMed: 22938494].

50. Bassullu N, Turkmen I, Yaprak O, Dayangac M, Demirbas T, Guler N, et
al. General evaluation of hepatectomy and hepatocellular carcinoma
cases. turk j path. 2011;27(3):221. doi: 10.5146/tjpath.2011.01079.

51. Akkiz H, Bayram S, Bekar A, Akgollu E, Ulger Y. A functional poly-
morphism in pre-microRNA-196a-2 contributes to the susceptibil-
ity of hepatocellular carcinoma in a Turkish population: a case-
control study. J Viral Hepat. 2011;18(7):e399–407. doi: 10.1111/j.1365-
2893.2010.01414.x. [PubMed: 21692953].

52. Yildirim Y, Ozyilkan O, Bilezikci B, Akcali Z, Haberal M. Lack of influ-
ence of cyclooxygenese-2 expression in hepatocellular carcinomas on
patient survival. Asian Pac J Cancer Prev. 2008;9(2):295–8. [PubMed:
18712978].

53. Alacacioglu A, Somali I, Simsek I, Astarcioglu I, Ozkan M, Camci C, et
al. Epidemiology and survival of hepatocellular carcinoma in Turkey:
outcome of multicenter study. Jpn J Clin Oncol. 2008;38(10):683–8. doi:
10.1093/jjco/hyn082. [PubMed: 18753360].

54. Ozer B, Serin E, Yilmaz U, Gumurdulu Y, Saygili OB, Kayaselcuk F, et al.
Clinicopathologic features and risk factors for hepatocellular carci-
noma: results from a single center in southern Turkey. Turk J Gastroen-
terol. 2003;14(2):85–90. [PubMed: 14614632].

55. Uzunalimoglu O, Yurdaydin C, Cetinkaya H, Bozkaya H, Sahin T, Co-
lakoglu S, et al. Risk factors for hepatocellular carcinoma in Turkey.
Dig Dis Sci. 2001;46(5):1022–8. [PubMed: 11341644].

56. Salem AK, Abdulrab A, Alfakeh Y, Aown A. Hepatocellular carcinoma
in Yemeni patients: a single centre experience over an 8-year period.
East Mediterr Health J. 2012;18(7):693–9. [PubMed: 22891515].

57. Saeed NM, Bawazir AA, Al-Zuraiqi M, Al-Negri F, Yunus F. Why is hep-
atocellular carcinoma less attributable to viral hepatitis in Yemen?.
Asian Pac J Cancer Prev. 2012;13(8):3663–7. [PubMed: 23098451].

8 Hepat Mon. 2016; 16(3):e35106.

Arc
hive

 of
 S

ID

www.SID.ir

http://www.ncbi.nlm.nih.gov/pubmed/9405930
http://www.ncbi.nlm.nih.gov/pubmed/15983686
http://www.ncbi.nlm.nih.gov/pubmed/16773714
http://dx.doi.org/10.1097/MEG.0b013e328359a775
http://www.ncbi.nlm.nih.gov/pubmed/23044807
http://dx.doi.org/10.1186/1756-0500-6-137
http://www.ncbi.nlm.nih.gov/pubmed/23566475
http://www.ncbi.nlm.nih.gov/pubmed/22352098
http://www.ncbi.nlm.nih.gov/pubmed/20688014
http://dx.doi.org/10.1002/jmv.21466
http://www.ncbi.nlm.nih.gov/pubmed/19475617
http://www.ncbi.nlm.nih.gov/pubmed/19860002
http://www.ncbi.nlm.nih.gov/pubmed/19024130
http://www.ncbi.nlm.nih.gov/pubmed/15067821
http://www.ncbi.nlm.nih.gov/pubmed/11676064
http://www.ncbi.nlm.nih.gov/pubmed/10067022
http://www.ncbi.nlm.nih.gov/pubmed/9030022
http://www.ncbi.nlm.nih.gov/pubmed/8870630
http://dx.doi.org/10.4236/jct.2014.514130
http://dx.doi.org/10.1007/s12029-010-9200-x
http://www.ncbi.nlm.nih.gov/pubmed/20809396
http://dx.doi.org/10.1007/s10620-010-1201-x
http://www.ncbi.nlm.nih.gov/pubmed/20397051
http://dx.doi.org/10.1111/j.1440-1746.2003.03334.x
http://www.ncbi.nlm.nih.gov/pubmed/15151622
http://www.ncbi.nlm.nih.gov/pubmed/7506842
http://dx.doi.org/10.1016/s0035-9203(01)90013-6
http://www.ncbi.nlm.nih.gov/pubmed/22693088
http://www.ncbi.nlm.nih.gov/pubmed/22938494
http://dx.doi.org/10.5146/tjpath.2011.01079
http://dx.doi.org/10.1111/j.1365-2893.2010.01414.x
http://dx.doi.org/10.1111/j.1365-2893.2010.01414.x
http://www.ncbi.nlm.nih.gov/pubmed/21692953
http://www.ncbi.nlm.nih.gov/pubmed/18712978
http://dx.doi.org/10.1093/jjco/hyn082
http://www.ncbi.nlm.nih.gov/pubmed/18753360
http://www.ncbi.nlm.nih.gov/pubmed/14614632
http://www.ncbi.nlm.nih.gov/pubmed/11341644
http://www.ncbi.nlm.nih.gov/pubmed/22891515
http://www.ncbi.nlm.nih.gov/pubmed/23098451


Alavian SM and Haghbin H

58. Peto TJ, Mendy ME, Lowe Y, Webb EL, Whittle HC, Hall AJ. Efficacy and
effectiveness of infant vaccination against chronic hepatitis B in the
Gambia Hepatitis Intervention Study (1986-90) and in the nationwide
immunisation program. BMC Infect Dis. 2014;14:7. doi: 10.1186/1471-
2334-14-7. [PubMed: 24397793].

59. Al Ghamdi SS, Fallatah HI, Fetyani DM, Al-Mughales JA, Gelaidan AT.
Long-term efficacy of the hepatitis B vaccine in a high-risk group.
J Med Virol. 2013;85(9):1518–22. doi: 10.1002/jmv.23658. [PubMed:
23852676].

60. Lu SN, Su WW, Yang SS, Chang TT, Cheng KS, Wu JC, et al. Secular
trends and geographic variations of hepatitis B virus and hepatitis
C virus-associated hepatocellular carcinoma in Taiwan. Int J Cancer.
2006;119(8):1946–52. doi: 10.1002/ijc.22045. [PubMed: 16708389].

61. Center MM, Jemal A. International trends in liver cancer inci-
dence rates. Cancer Epidemiol Biomarkers Prev. 2011;20(11):2362–8. doi:
10.1158/1055-9965.EPI-11-0643. [PubMed: 21921256].

62. Alfaleh FZ, Nugrahini N, Maticic M, Tolmane I, Alzaabi M, Ha-
jarizadeh B, et al. Strategies to manage hepatitis C virus infection
disease burden - volume 3. J Viral Hepat. 2015;22 Suppl 4:42–65. doi:
10.1111/jvh.12474. [PubMed: 26513447].

63. Honarkar Z, Alavian SM, Samiee S, Saeedfar K, Zali MR. Occult hepatitis
B among chronic liver disease patients. SaudiMed J. 2005;26(4):601–6.
[PubMed: 15900369].

64. Abdalhafeez AM, Khalid AE, Osama MK, Mohammed OH, Abdel Rahim
MEH, Isam ME. Prevalence of occult hepatitis B virus (HBV) infections
in haemodialysis patients in Khartoum State, Sudan from 2012 to

2014. J Med Lab Diagn. 2015;6(4):22–6. doi: 10.5897/jmld2015.0099.
65. Rezaee-Zavareh MS, Einollahi B. Treatment of Occult Hepatitis C

Virus Infection: Does It Need Special Attention?. Hepatitis Monthly.
2014;14(6) doi: 10.5812/hepatmon.16665.

66. Deuffic–Burban S, Deltenre P, Buti M, Stroffolini T, Parkes J,
Mühlberger N, et al. Predicted effects of treatment for HCV infection
vary among European countries. Gastroenterology. 2012;143(4):974–
85.

67. Alavian SM, Adibi P, Zali MR. Hepatitis C virus in Iran: Epidemiology
of an emerging infection. Arch Iranian Med. 2005;8(2):84–90.

68. 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. 2015;22
Suppl 4:21–41. doi: 10.1111/jvh.12476. [PubMed: 26513446].

69. Alavian SM, Tabatabaei SV, Lankarani KB. Epidemiology of HCV in-
fection among thalassemia patients in eastern Mediterranean coun-
tries: a quantitative review of literature. IRCMJ. 2010;2010(4):365–76.

70. Mokdad AA, Lopez AD, Shahraz S, Lozano R, Mokdad AH, Stanaway J, et
al. Liver cirrhosis mortality in 187 countries between 1980 and 2010:
a systematic analysis. BMC Med. 2014;12:145. doi: 10.1186/s12916-014-
0145-y. [PubMed: 25242656].

71. Persson EC, Quraishi SM, Welzel TM, Carreon JD, Gridley G, Graubard
BI, et al. Risk of liver cancer among US male veterans with cirrhosis,
1969-1996. Br J Cancer. 2012;107(1):195–200. doi: 10.1038/bjc.2012.193.
[PubMed: 22588556].

Hepat Mon. 2016; 16(3):e35106. 9

Arc
hive

 of
 S

ID

www.SID.ir

http://dx.doi.org/10.1186/1471-2334-14-7
http://dx.doi.org/10.1186/1471-2334-14-7
http://www.ncbi.nlm.nih.gov/pubmed/24397793
http://dx.doi.org/10.1002/jmv.23658
http://www.ncbi.nlm.nih.gov/pubmed/23852676
http://dx.doi.org/10.1002/ijc.22045
http://www.ncbi.nlm.nih.gov/pubmed/16708389
http://dx.doi.org/10.1158/1055-9965.EPI-11-0643
http://www.ncbi.nlm.nih.gov/pubmed/21921256
http://dx.doi.org/10.1111/jvh.12474
http://www.ncbi.nlm.nih.gov/pubmed/26513447
http://www.ncbi.nlm.nih.gov/pubmed/15900369
http://dx.doi.org/10.5897/jmld2015.0099
http://dx.doi.org/10.5812/hepatmon.16665
http://dx.doi.org/10.1111/jvh.12476
http://www.ncbi.nlm.nih.gov/pubmed/26513446
http://dx.doi.org/10.1186/s12916-014-0145-y
http://dx.doi.org/10.1186/s12916-014-0145-y
http://www.ncbi.nlm.nih.gov/pubmed/25242656
http://dx.doi.org/10.1038/bjc.2012.193
http://www.ncbi.nlm.nih.gov/pubmed/22588556

