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Abstract

AIM: To assess the role of the major risk factors for
hepatocellular carcinoma (HCC) development in the wes-
tern part of North Africa.

METHODS: A multicenter case control study was con-
ducted in Tunisia, Morocco and Algeria in collaboration
with Pasteur Institutes in these countries. A total of
164 patients with HCC and 250 control subjects without
hepatic diseases were included. Prevalences of HBsAg,
anti-hepatitis C virus (HCV) and diabetes were assessed.
HCV and HBV genotyping were performed for anti-HCV
and HBsAg positive patients.

RESULTS: The mean age of patients was 62 + 10
years old for a 1.5 M:F sex ratio. Sixty percent of
HCC patients were positive for anti-HCV and 17.9%
for HBsAg. Diabetes was detected in 18% of cases.
Odd ratio (OR) and 95% confidence intervals (CI)
were 32.0 (15.8 - 65.0), 7.2 (3.2 - 16.1) and 8.0 (3.1
- 20.0) for anti-HCV, HBsAg and diabetes respectively.
Multivariate analysis indicated that the three studied
factors were independent. 1b HCV genotype and D
HBV genotype were predominant in HCC patients. HCV
was the only risk factor significantly associated with
an excess of cirrhosis (90% vs 68% for all other risk
factors collectively, 2 = 0.00168). Excessive alcohol con-
sumption was reliably established for 19 (17.6%) cases
among the 108 HCC patients for whom data is available.

CONCLUSION: HCV and HBV infections and diabetes
are the main determinants of HCC development in North
Africa. An active surveillance and secondary prevention
programs for patients with chronic hepatitis and nu-
trition-associated metabolic liver diseases are the most
important steps to reduce the risk of HCC in the region.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the 130 major
causes of morbidity and mortality in the world!". Tt re-
presents the third leading cause of cancer death in males
and the fourth in females with more than 600 000 deaths
per year”. Geographical distribution of HCC varies
throughout the wotld with an incidence ranging from 2.1
in Central America to 35.5 in Eastern Asia. Globally,
three epidemiological zones have been defined according
to the age-adjusted HCC incidence per 100 000 habitants
per year: low (with less than 5), intermediate (between 5
and 15) and high (higher than 15)". There is a geographic
correlation between the incidence of HCC and the pre-
valence of chronic hepatitis B and C, suggesting that these
two viral infections are the most important risk factors of
HCC worldwide™. In countries where hepatitis C virus
(HCV) infection is endemic such as Japan and Egypt, high
prevalence of HCV infection is reported among people
with HCC. On the other hand, hepatitis B virus (HBV)
infection is the major risk of HCC in regions with large
populations like China and southern Asia because of the
high endemicity of this virus there!.

In addition to the viral infections largely implicated in
HCC development, other factors associated with HCC
are well documented. They include toxins and drugs (e.g
alcohol consumption, aflatoxins and anabolic steroid use),
cigarette smoking, metabolic liver diseases (e.g. hereditary
haemochromatosis, alphal-antitrypsin deficiency) and
steatosis'”’. Some of these factors have a direct cat-
cinogenic role while others interact by promoting fibrosis
and cirrhosis™. The significant association found recently
between non-insulin-dependent diabetes (NIDD or type
II diabetes) and HCC suggests that diabetes is a potential
tisk factor for HCC development™,

In the western part of North Africa (also called Mag-
hreb), HCC incidence is lower than in sub-Saharan Africa
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and southern Europe with approximately 1 to 2 cases per
100 000 habitants per year (Globocan 2002, http:/ /www-
dep.arc.fr/). HCC represents 5.9% of the total tumor
burden in Morocco and is responsible for 1.1% of cancer
deaths in Tunisia"”. This region belongs, culturally, to
the broader Arabo-Muslim wotld which is different from
Europe, Sub-Saharan Africa or Eastern Asia for the
characteristics of HCC risk factors. It is characterized by
a low consumption of alcoholic drinks, an intermediate
endemicity for chronic hepatitis B, low rate of HCV
carriage (with Egypt as a major exception) and a recent
rise of obesity and NIDD incidences due to lifespan
expansion and nutritional transition in populationsmﬂ.
To our knowledge, the only recent study on HCC in the
Maghreb region is a genetic one which demonstrated a
lower rate of p53 mutation in comparison with Egypt
and Sub-Saharan Africa. No report has yet detailed the
respective implications of viral infections or other risk
factors such us NIDD in HCC genesis in countries from
North Africa. Differently from other parts of the Arabo-
Muslim world such as Iran, Egypt and Saudi Arabia, HCC
in the Maghreb region has not been described since the
1980s"""™. We therefore conducted a multicenter case con-
trol study on risk factors for HCC in Tunisia, Morocco
and Algeria with the collaboration of Pasteur Institutes
in these countries. The most important factors examined
were diabetes and HBV or HCV infection.

MATERIALS AND METHODS

Study design and sample size justification

We conducted a case-control study matched by age (£ 5
years) and gender in Tunisia, Morocco and Algetia from
January 2002 to January 2005. The same protocol was
used for recruitment of patients in the three countries.
Investigations were approved by the Ethics Committee
of the Faculty of Medicine of Casablanca as well as the
Algerian and Tunisian Ministries of Health. Informed
consent was obtained from each patient. During the
study period, 164 cases were recruited from the three
countries and we attempted to recruit two matched con-
trols. With this sample size, we determined we would
have 90% power, assuming a 7.0% of prevalence of
HBV in the general population[“] and an OR of 3 with
a 5% significance level. Assuming that the matching was
effective, we expected the power to be higher. This level
of power would allow for some failure in the recruitment
of the targeted number of controls. Power calculations
were performed with EPI INFO (version 6.04).

Diagnostic criteria

Diagnosis of HCC was based on imaging showing the
characteristic features of HCC and/ot, when possible, his-
tological assessment of tissues samples and serum alpha-
fetoprotein levels. The presence or not of cirrhosis in the
non-tumor liver was considered. A diagnosis of cirthosis
was based on morphological and clinical criteria, ultra-
sound or computed tomography. For patients with diabe-
tes mellitus, data on onset of the disease, the evolution of
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Risk factor HCC cases Controls Odds ratio
(n=164) (n = 250)
NIDD 18.00% 2.70% 8.0 (3.1-20.0)
(n=139) (n =225)
HBV status
HBsAg +/anti-HBc + 17.90% 4.00% 7.2 (3.2-16.1)
Anti-HBc + alone 15.40% 11.50% 21(1.1-4.0)
Anti-HBc +/anti-HBs + 23.50% 14.60% 25(1.5-4.4)
Anti-HCV
Anti-HCV + 60.00% 4.40% 32.0 (15.8 - 65.0)

HCC: hepatocellular carcinoma; HCV: hepatitis C virus; HBV: hepatitis B
virus; NIDD: non-insulin-dependent diabetes.

glycemia rates and the type of treatments received were
recorded. History of dysmetabolic syndrome or excessive
alcohol consumption was also collected from the medical
records of each patient. Control subjects were patients
admitted during the same period with no hepatic diseases.

Serology and molecular tests

The presence of HBsAg and other serological markers
(antibodies to HBs and HBc) was assessed in all patients
and controls using commercial kits for enzyme-linked im-
munosorbent af LISA). Antibodies to HCV were as-
sessed using a%feradon ELISA test. Subjects positive
for anti-HCV were tested for the presence of HCV RNA
by PCR-hybridization (HCV 2.0 Roche); HCV RNA was
then genotyped by a commercial kit (Inno-Lipa, Innoge-
netics) or by partial sequencing in the 5 non-codant re-
gion. For HBV infected patients, virus genotyping was pet-
formed by PCR - RFLP in the pre-S region as previously
described (Bahri e a/ 2006, Ezzikouri et a/ 2008). Ongoing
HBYV infection was defined on the basis of the presence
of both HBsAg and anti-HBc in serum. HCV infection
was retained for all patients positive for anti-HCV.

Statistical analysis

Data entry was checked for consistency and accuracy
using Epi-data, version 3.0 and analysis was conducted
with the Statistical Package for the Social Science (SPSS,
version 13.0). The prevalence of HBsAg, anti-HCV and
diabetes mellitus was estimated with corresponding 95%
confidence intervals (95% Cls). Matched odds ratios (OR)
and their 95% were calculated by univariate logistic regres-
sion analysis. For each risk factor, those with P < 0.2 were
considered as statistically significant for further evaluation
in the multivariate analysis. The model also included age
and gender; participants were matched by these factors.
To identify variables independently associated with HCC
development, conditional logistic regression analysis (back-
ward logistic regression method) was conducted. The ad-
justed ORs (AORs) and their 95% Cls based on the final
model were used to interpret the results. The statistical

significance of the associations was based on a P value of
< 0.05.
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RESULTS

Demographic characteristics

A total of 164 HCC patients and 250 controls were in-
cluded in the study; 252 were men (100 HCC patients and
152 controls) and 162 women (64 HCC patients and 98
controls). The sex ratio M/F was 1.53 for HCC cases. The
mean age was 62 * 10.43 years among patients and 58 *
10.60 among controls. However, it should be noted that
the four year difference between mean age of patients and
controls may marginally affect the extent of calculated
odds ratio.

Prevalence of NIDD and viral markers in studied popula-
tion

The prevalence of NIDD, HBV markers and anti-HCV
in the population studied is shown in Table 1. History of
diabetes could be assessed in 139 HCC and 225 control
cases. This particular risk factor was present in 27 patients
(18%), a rate significantly higher than in controls (2.7%)
[odds ratio of 8.0, 95% CI (3.1-20.0)]. Of the 164 HCC
patients, 127 wete positive for HBsAg and/or anti-HCV
(77.7%). Twenty-nine (17.9%) were HBsAg-positive »s 9
(4%) of controls (P < 0.001). Anti-HBc positivity was ob-
served more frequently among HCC patients than among
controls with respectively 56.9% and 30.1% of prevalence
(P < 0.001). Resolutive HBV infection as defined by the
presence of both antibodies to HBs and HBc was found
in 32.5% of HCC patients and 14.6% of controls. Ninety-
eight cases (60%) and 10 controls (4.4%) wete positive (P
< 0.001) for anti-HCV. Nine patients were positive for the
two markers anti-HCV and HBsAg whereas none of the
controls had co-infection. Thirty-six HCC patients (22%)
had no history of diabetes and had negative serological
matkers for HBV and HCV. Excessive alcohol consump-
tion was reliably established for 19 (17.6%) cases among
the 108 HCC patients for whom data is available. In all
cases, no metabolic diseases (haemochromatosis, alphal-
antitrypsin deficiency) or primary biliary cirrhosis were
observed. Of the 98 anti-HCV positive patients, HCV
RNA was detected in 91 (93%) cases and in the remaining
7 patients was undetectable. Genotypes 1a, 1b and 2 were
determined in 17.3%, 63.7% and 14.5% of patients posi-
tive for HCV RNA respectively. For the 29 HBsAg posi-
tive patients, HBV DNA was detected in 11 (38%) cases;
almost all patients were infected by genotype D; genotype
A was detected in only one patient.

Multivariate analysis

Table 2 shows the risk factors considered in the mul-
tivariate model based on univariate results. The OR for
developing HCC in patients with dual infection was
estimated to 84.7 [95% IC (4.3-366.9)]. After adjustment
for age and gender, there was an association between
development of HCC and NIDD, HBV and HCV
infection and dual co-infection. No significant interaction
between these three risk factors was observed.
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Risk Factor Adjusted odds ratio 95% IC
NIDD 5.9 1.7-19.7
HBsAg +/anti-HBc + 10.6 3.9-2838
Anti-HCV + 33.3 14.1-78.8
B/ C co-infection 84.7 4.3 -366.9

HCV: hepatitis C virus; NIDD: non-insulin-dependent diabetes.

Association with cirrhosis

Conclusive evidence on the presence or absence of cit-
rhosis was reached in 133 HCC patients. Cirrhosis was
present in 108 patients (81%). Table 3 shows the preva-
lence of viral markers and diabetes in HCC patients ac-
cording to the presence of cirrhosis. Of the 108 HCC
patients with cirrhosis, 74 (68.5%) were positive for
anti-HCV and 21 (19.5%) were positive for HBsAg; 7
of them had both. NIDD was found in 20 (18.5%) pa-
tients: 18 patients were also positive for HBsAg and/or
anti-HCV; two patients were negative for both. Nineteen
(17.5%) HCC cases with cirrhosis were negative for all
factors analysed. HCV was the only risk factor signifi-
cantly associated with cirrhosis (90% »s 68% for all other
risk factors collectively, P = 0.00168).

DISCUSSION

WHO estimated that approximately three-quarters (78%)
of HCC worldwide are attributable to HBV or HCV!""™,
HBYV infection remains the main cause of HCC develop-
ment, especially in regions with high endemicity of the
virus such as China or sub-Saharan Africa where almost
75% of HCC patients are positive for HBsAgm. HCC
associated with chronic HCV infection is observed more
frequently in some countries of Asia and the Near East™,
However, to date, their association with HCC has not
been documented in the developing region of North
Affica.

This is the first study on the association between va-
rious etiological factors and the risk of development of
HCC in North Aftrican countries. We detected viral mark-
ers for HBsAg and anti-HCV in more than 70% of HCC
patients.

Anti-HCV were found in 60% of HCC cases; similar
levels were found in North America, Europe (44% to
66% in Italy, 27% to 58% in France, 60% to 75% in
Spain) and Asia (over 70% in Japan)“()]. Similar rates were
also reported in Egypt despite the marked difference in
HCC incidence and viral genotypesm’zﬂ.

In contrast, we observed HBsAg in only 17.9% of
our HCC cases whereas the reported rates were higher in
other parts of the Near- or Middle-East, like Saudi Arabia,
Lebanon, Iran and Turkey where HBV infection remains
the most important risk factor of HCC®?, This finding
was also markedly different from that reported by the only
study conducted in the North African region - a small Tu-
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Presence of cirrhosis Absence of cirrhosis

(n = 108) (n = 25)

Anti-HCV positive 51 5 0.01
HbsAg Positive 12 0.48
HBV and HCV 6 1 0.60
Presence of NIDD

NIDD alone 2 0 0.81

HCV and NIDD 16 1 0.12

HBV and NIDD 2 1 0.46

HBV, HCV and NIDD 1 1 0.34
Negative for HBV, 19 14 <10°
HCV and NIDD

HCC: hepatocellular carcinoma; HCV: hepatitis C virus; HBV: hepatitis B
virus; NIDD: non-insulin-dependent diabetes.

nisian HCC group in the early 1990s with 29 cases - that
estimated HBsAg prevalence at 60%"". This discrepancy
may be explained by the probable decline of HBV infec-
tion in recent years due to improvements in hygiene and
health standards and the widespread introduction of vac-
cination against HBV in the region. In addition, we used a
fourth generation enzyme assay to detect anti-HCV, a test
far more sensitive than first generation tests previously
used.

We observed 33-fold and 10-fold increase in HCV
and HBYV infections respectively compared to the control
group. This risk increased 84-fold when patients were co-
infected by the two viruses, suggesting a synergy between
the two infections. Such positive interactions between
HBYV and HCV infections have been previously reportedHJ
but are not constantly present in the Middle-East™. The
causes of such heterogeneity, presumably linked to the
timing of viral infections in a patient’s lifespan, are yet to
be defined. In a case-control study conducted in Italy, con-
comitant infection with HBV and HCV was associated
with an OR of 165 (95% CI, 81 to 374), while ORs of
17 and 23 were observed with HCV and HBV single posi-
tivity!"”,

The mechanisms of carcinogenesis in HBV and HCV
infection differ. HBV is known to play a direct role in
liver cell transformation through direct interactions be-
tween viral and cellular proteins or by integration of HBV
genome into the host genomem}”. We found no signi-
ficant association between cirrhosis and HBsAg (+) in
HCC patients confirming prior research. HCV, in contrast,
is thought to promote a fibrotic process progressing to
cirrhosis and ultimately to HCC"*”", Moreover, it has been
recently suggested that several aspects of the HCV life
cycle are important in the mechanism of carcinogenesis.

The impact of active replication of the virus and the
presence of HCV genotypes 1 and 2 was associated to
the development of tumor™. In the present work, more
than 90% of anti-HCV positive patients were positive for
viral RNA and were infected with Subtype 1b (63.7%)
or Genotype 2 (14.5%). Both genotypes are prevalent in
the region: In Tunisia, Subtype 1b is largely predominant
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(79%); Subtype 1a and Genotype 2 are less frequent (5%
and 10% respectively)””. In Morocco, Subtype 1b and
Genotype 2 have been found with a prevalence of 68.4%
and 15.8% respectively™. For HBV genotypes, our data
indicate that genotype D is dominant in HCC patients
from the western part of north-Africa, similatly to what
was previously reported in HCC patients from other coun-
tries of Neat- and Middle-East"™". Genotype D was also
detected in 80% and 86% of HBV-infected patients from
Tunisia and Morocco respectively[37’38].

In addition to HCV and HBV infections, NIDD ap-
pears to be associated with HCC in the countries where
our study was carried out. After adjusting for age, the
association of each risk factor with HCC development
remains significant. These findings which confirm previ-
ous studies suggest that HCV, HBV and NIDD play an
independent role in liver tumorigenesis[sg‘w. One may
question if diabetes is a risk factor for HCC development
or was caused by HCC. However, almost all our patients
had onset of diabetes several years before HCC develop-
ment, suggesting that NIDD would act more as risk fac-
tor than a consequence of this tumoral disease. NIDD
was frequently associated with cirrhosis in our HCC
series and likely plays an indirect role in HCC pathogen-
esis through predisposing the liver parenchyma to Non-
Alcoholic Fatty Liver Disease (NAFLD). This chronic
liver disease, frequently diagnosed in western countries'™,
is characterized as a chronic necroinflammatory condition
that can lead to liver fibrosis, cirrhosis and subsequently to
HCC™. Recent studies performed in the Middle-East or
North-Africa indicate that NIDD, early obesity, metabolic
syndrome and NAFLD represent serious public health
problemslA'Z%J. However, the roles of NIDD or NAFLD
are still not clear in the development of HCC. Some au-
thors reported NIDD as a risk factor of HCC in some
cases from Saudi Arabia and Egypt; this association is not
confirmed by studies conducted in Lebanon*. NIDD
has been frequently associated with other risk factors for
HCC by promoting cirrhosis'™. Corroborating these pre-
vious results, our study detected anti-HCV among 17 out
of the 20 patients, thereby associating NIDD and cirtho-
sis.

Alcohol consumption was found in only 17.9% of our
HCC patients. Similar proportions were reported in other
Muslims countries such as Turkey where alcohol abuse
was found in only 10% to 16% of HCC patients[zu’2 | In
countries like Lebanon where an important proportion
of the population is not Muslim, excessive alcohol con-
sumption is observed in more than 20% of HCC™. How-
evet, this risk factor is certainly underestimated because
it is not easily revealed by Muslim patients. It is actually
admitted that in the Maghreb region alcohol intake plays
an important role in different pathologies like psychiatric
disorders™

In conclusion, our results suggest that HCV and
HBYV infections and NIDD are the main determinants of
HCC development in individuals at risk in North Africa.
Preventing the transmission of hepatitis viruses is the
most important step to reduce the risk of HCC. However,

K

Jgn;l:oﬁng@ WJH | www.wjgnet.com

28

approximately one fourth of the HCC patients described
in our current study were negative for these three risk
factors. Other studies should be conducted in the region
to estimate the impact of factors such as occult hepatitis
B in HCC which are frequently associated with HCC
development throughout the world.
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