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Context: Since the introduction of highly active anti-retroviral regimen for human im-
munodeficiency virus-1 infection, a significant increase in the incidence of hepatocellu-
lar carcinoma has been reported in patients already chronically infected with hepatitis B
virus and then given this form of regimen for their retroviral infection.

Evidence Acquisition: This phenomenon was initially attributed to the far more pro-
longed survival of those patients who received this new regimen, which provided suf-
ficient time, allowing hepatitis B virus-induced hepatocellular carcinoma to develop.
Results: The current belief is that the increased incidence of hepatocellular carcinoma
is because of co-infection with the two viruses, one known to be hepatocarcinogenic and
the other suspected to increase the carcinogenic potential of the other. Because both
hepatitis B virus and human immunodeficiency virus -1are endemic in the Black popula-
tion of sub-Saharan Africa and are transmitted in similar ways, as many as 20% of this
population are co-infected with the two viruses. In this way, the already high risk of Black
African patients developing hepatitis B virus-induced hepatocellular carcinoma is fur-
ther increased.

Conclusions: The pathogenetic mechanism or mechanisms involved in the carcinogen-
icinteraction between the hepatitis B virus and the human immunodeficiency virus-1in
sub-Saharan Black Africans and other populations co-infected with these viruses have yet

to be determined. Published by Kowsar Corp, 2012. cc 3.0.

» Implication for health policy/practice/research/medical education:
An understanding of the nature of the interaction between hepatitis B virus infection and human immunodeficiency virus infec-
tion in the pathogenesis of hepatocellular carcinoma is required.
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1. Context

1.1. Hepatocellular Carcinoma

Based on the number of new cases of cancer in humans

of the tumor has been recorded, this number has been
increased every year. In the most recent reported year
(2008), 748,000 new cases of HCC were recorded (1), con-
stituting 9.2% of all new cancers (2), 522,000 in males and

each year, hepatocellular carcinoma (HCC) is the sixth 5,6 500 in females (1). Of these cases 626,700 occurred

most common cancer worldwide, the fifth in males and

in resource-constrained (developing) regions, 440,700

the seventh in females (1). While the number of new cases
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in males and 186,000 in females (1). These data confirm
previous information in which approximately 83% of
global HCCs have been occurred in resource-constrained
regions (2, 3). The incidence of the tumor differs from
high-risk and low-risk regions of HCC by as much as 100-
fold, a ratio which is amongst the highest for any of the
major human cancers. Published incidences of HCC in
sub-Saharan Africa, a resource-constrained region, un-
derestimate the true incidence of the tumor because of
many instances in which HCC is not either definitively
diagnosed or recorded in any cancer registry. Neverthe-
less, at least 46,000 new cases of HCC are known to occur
each year (4), with incidences as high as 101.7 per 100,000
persons/year in males and 31.4 per 100,000 persons|year
in females being recorded in Mocambique in southern
Africa (5), which is the highest reported incidence of the
tumor ever recorded in the world. HCC also carries an es-
pecially grave prognosis. In the year mentioned, the glob-
al death rate from the tumor was 695,900 (1). Of these
deaths, 478,300 were in males (the second most com-
mon cause of death from cancer), and 217,000 in females
(the sixth most common cause of death from cancer) (1).
Additionally the prognosis of HCC is especially grave in
resource-constrained geographical regions, including
sub-Saharan Africa. During the same year, the number of
deaths in these regions was 580,600, in which 402,900
occurred in males (the second most common cause of
cancer deaths) and 177,000 in females (the fifth most
common cause of cancer deaths) (1). The 12-month fatal-
ity ratio for HCC (0.94) in resource-constrained regions,
including that in sub-Saharan Africa, is the highest of any
human tumor (1).

2. Evidence Acquisition
2.1. Chronic Hepatitis B Virus Infection

Hepatitis B virus (HBV) infection is today the leading
cause of chronic liver diseases and liver-related deaths
worldwide, with approximately 400 million people
chronically infected with the virus and at risk of devel-
oping the life-threatening complications of cirrhosis
and HCC (3). Infection with this virus is the tenth leading
cause of deaths worldwide, accounting for as many as 1.4
million deaths each year (6, 7). Approximately 45% of the
world’s population live in areas endemic for HBV, and are
thus at high risk of becoming infected with this virus.
HBV infection is thus a major public health threat, being
on a similar scale of magnitude to human immunodefi-
ciency virus infection (HIV-1), malaria, and tuberculosis
(8). Approximately 65 million people live in sub-Saharan
Africa, which the most are Blacks and live in rural areas.
Under-reporting and inefficient collection of data make
it difficult to accurately quantitate the burden of HBV
infection in the sub-continent. Despite this, sub-Saharan
Africa is known to have the highest incidence of HBV en-
demicity in the world (9). In the Black African population,
as in other high prevalence populations, more than 8%

(and as many as 15%) of the population are chronic carri-
ers of the HBV, and between 70% and 98% show serological
evidence of being exposed to the virus (6, 10, 11). Both ex-
posure and carrier rates are higher in Black African rural
than urban dwellers (12, 13). Chronic HBV infection may
be the cause of as much as 84% of HCCs in sub-Saharan
African Black Africans (13-16).

2.2. Human Immunodeficiency Virus Infection

Between 33 and 40 million people worldwide are in-
fected with the human immunodeficiency virus -1 (HIV-
1), with approximately 2.7 million new cases and two
million deaths occurring each year (17, 18). Because of
the high frequency of co-infection of HIV and HBV in Af-
rica and Asia, HIV-1 infection alone is more common in
resource-rich regions. With the increasing availability of
highly active anti-retroviral regimen (HAART), there has
been a significant decrease in the incidence of opportu-
nistic HIV-1 infections, hospitalizations and in-patient
costs, with a precipitously fewer AIDS associated deaths
and a corresponding more people surviving with HIV-1in-
fection (17-19). One of the consequences of this transition
has been the emergence of liver diseases as a major cause
of death in HIV-1 infected persons (20-22).

HIV-1 infection may result in abnormal liver function
tests, hepatic fibrosis, liver decompensation with or
without histological evidence of cirrhosis, non-alcoholic
steatohepatitis and its more severe forms, non-alcoholic
steatohepatitis, and HCC (23-25). The virus may infect mul-
tiple cells in the liver, resulting in enhanced intrahepatic
apoptosis and fibrosis. HIV-1 may also alter gastrointesti-
nal tract permeability, leading to increased levels of cir-
culating lipopolysaccharide that may have an impact on
liver function (23-25). In a large Swiss cohort of individuals
infected with HIV-1 alone, 16% had chronically elevated ala-
nine aminotransferase levels (23). Most individuals infect
ed with HIV-1live in sub-Saharan Africa or Asia. Those living
in sub-Saharan Africa constitute 67% of the global burden
of the virus, with 22.4 million HIV-l-infected people living
in the sub-continent (26-29). The overall incidence of the
infection is 11%, although incidences as high as 21% have
been recorded in Lesotho and 38.8% in Botswana, both
southern African countries (26-29).

2.3. Human Immunodeficiency Virus / Hepatitis B Virus
Co-Infection

HBV and HIV-1 individually are among the 10 leading
causes of infectious diseases deaths worldwide (30, 31).
The two viruses are transmitted in similar ways and 5% to
15% of individuals worldwide who are infected with HIV
are also infected with HBV (1719, 26,30-34). In countries in
which HIV-1 is highly endemic, association rate between
HIV-1and HBV may be as high as 25%. Of the individuals in-
fected with HIV-1, two to four million are estimated to be
chronically co-infected with HBV (35). Patients co-infect-
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ed with HBV and HIV-1 have increased rates of HBV repli-
cation and progression to chronic hepatitis and cirrhosis
more quickly and more often than those with HBV alone,
and are therefore at greater risk of developing HCC (30).
Moreover, the liver-related mortality rate from combined
HBV and HIV-1 infections is increased beyond each infec-
tion alone: 14.2/100,000 in those with combined infec-
tion, compared to 1.7/100,000 in those with HIV infection
alone or 0.8/100,000 in those with HBV infection alone
(17). The impact of co-infection is especially apparent in
regions with widespread use of HAART. In co-infected
individuals the liver-related mortality rate was highest
with those with lower nadir CD4+ cell counts (17).

Among HIV-l-infected persons in areas of low HBV
endemicity in Western Europe and the United States,
co-infection is usually acquired in adulthood because
of unsafe sexual practices and, to a lesser extent, drug
abusers injection (20, 22, 23, 35, 36). Between 6% and 14%
of these individuals at risk are chronically infected with
HBV, including 4% to 6% % of HIV-1-positive heterosexuals,
9% to 17% of men who have sex with men, and 7% to 10%
of injection drug users (30). In these circumstances HBV
is 100 times more infectious than HIV-1. In another study
the increased risk of HCC among Swiss men co-infected
with HIV-1 and HBV and with low CD4+ cell counts, who
have had sex with men, heterosexual sex, or other sex,
was greater than that in injection drug users (36). As a
consequence of these modes of transmission, HBV/HIV-1
infection affects essentially the adult population.

Co-infections with HBV and HIV-1 are common, not only
due to shared modes of transmission of the viruses, but
also because HIV-1 infection causes multi-dimensional
immune suppression, which reduces the probability of
spontaneous recovery from HBV infection (17). Liver dis-
ease is now the leading cause of morbidity and mortality
in individuals co-infected with the two viruses (31, 37). In
the era of widespread use of HAART, the mortality of AIDS-
defining diseases has been dramatically declined (17). For
example, the number of deaths among HIV-positive indi-
viduals in 1996 was 7/100,000, but this figure had been al-
ready declined to 1/100,000 individuals by 2004 (17). But,
during this time proportional increases in liver diseases,
partly associated with HBV infection and partly with hep-
atitis C virus (HCV) infection, emerged as a major cause
of morbidity and mortality in HIV-l-infected persons (22,
23), with a mortality rate twice as high as that in the pre-
HAART era (18).

Since the introduction of HAART for the treatment of
HIV-1/acquired immunodeficiency syndrome (HIV/AIDS),
more patients co-infected with HIV-1 and HBV and receiv-
ing this regimen have been reported to develop HCC (26,
31-34, 36-40). Consequently, this tumor has become an in-
creasingly frequent cause of death in patients co-infected
with HBV[HIV-, to the point that it is now the major cause
of death in these patients. The mortality rate is currently
twice that in 1996 (18), with a 36% excess risk of all-causes
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mortality (26, 3134, 36-40). An improved life expectancy
in the HAART era might provide a longer time for cirrho-
sis to develop, and also for both HAART-associated he-
patic toxicity (25, 40) and immune restoration to occur
(22, 32). Studies undertaken in Western countries have
shown that individuals co-infected with HIV-1 and HBV
are more likely to be HBeAg-positive, have higher levels
of HBV DNA in their sera, and have lower serum alanine
aminotransferase concentrations compared to individu-
als without HIV-1 infection, suggesting that the immune
response to HBV in these individuals is less vigorous (18,
33, 34). Any deleterious effect arising from the difference
between the HBeAg-positivity rate alone would, however,
be less likely to be a factor in sub-Saharan Black African
patients with HIV-1/HBV because HBeAg is known to sero-
convert to anti-HBe positivity at a significantly earlier age
in this population (11, 41).

2.4. Human Immunodeficiency Virus /[Hepatitis B Virus
Co-Infection in Sub-Saharan Black Africans

Both HBV and HIV are endemic, or even hyperendemic,
in the Black population of sub-Saharan Africa, with as
many as 20% of the population living in the sub-conti-
nent being co-infected with the two viruses (26-29, 42-
46). In the only study conducted in the sub-continent
in which occult HBV infection has been evaluated in
patients with HBV[HIV-1 co-infection, the number of pa-
tients co-infected with HBV and HIV-1increased from 4.8%
without testing to 12.4% with testing (45). As HAART con-
tinues to be increasingly introduced in a large scale into
sub-Saharan African countries, it is likely that the con-
sequent HBV/HIV-1 induced HCC will become as an even
greater complication (27). In sub-Saharan Black Africans,
the way in which HBV is transmitted among individuals
and the timing of the infection differs from what is oc-
curring in economically-rich countries. In Black Africans
the infection is predominantly acquired before the age
of 5 years. In a relatively small percentage of those in-
fected (less than 1 %), HBV infection is acquired because
of the perinatal transmission of the virus from a highly
infectious HBV-positive carrier mother to her babies (46).
In most of infants or young children infected, the infec-
tion is acquired a little later because of the ‘horizontal’
transmission of the virus (47). The source of this infec-
tion is predominantly an infected mother or a recently
infected young sibling or playmate, nevertheless infected
fathers provide a lower risk. In rural areas, the virus may
be transmitted, in addition to ritual tattooing, incision,
or scarification of the skin, or minor ritual surgical pro-
cedures, such as circumcision or amputation of the ter-
minal phalanx of the little finger, performed by the local
traditional healer (witch-doctor, “inyanga”) using instru-
ments which have been never sterilized and in ceremo-
nies involving a number of infants or very young chil-
dren from the village. Detection of HBV in blood-sucking
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insects, such as mosquitoes and bed bugs, has suggested
the probable transmission risk of the virus from insects’
bites to humans; furthermore this source has to be prov-
en. In sub-Saharan Black African adults who acquire the
infection, the major route of transmission of the virus is
heterosexual practices, rather than the homosexual ones
. More than 95% of adults in all geographical regions, In-
cluding sub-Saharan Africa, spontaneously recover from
an acute HBV infection (17).

2.5. Hepatitis B Virus/Hiv Co-Infection as a Possible
Cause for Hepatocellular Carcinoma With Emphasis on
the Occurrence in Sub-Saharan Black Africans

Until the latter half of the 1990s, no increase in the
number of patients infected with HIV-1 developing HCC
was reported. Patients were, surviving for a short period
of time which was unlikely that sufficient time to allow
the tumor to develop. But with the increasing occurrence
of HCC in patients infected with HIV-1 after the introduc-
tion and widespread use of HAART for the treatment of
the retroviral infection, among the possible explana-
tions was the prolonged survival of patients with HIV-1
infection now possible with HAART in comparison with
the earlier short survival time, might be complicated by
hepatocellular carcinogenesis. Two published studies ad-
dressed the question of the hepatocarcinogenic poten-
tial of HIV-1 infection alone. The first, performed in Black
patients in southern Africa, showed that HIV-1 infection
alone does not cause HCC (48), and this finding was con-
firmed in a later considerably larger study performed in
the United States (49). Another possible explanation for
the increasing incidence of HCC in HIV-1-positive patients
was the far longer survival of the patients because HAART
provided sufficient time for risk factors known to cause
HCC, notably chronic hepatitis C virus or HBV infection,
to be responsible for the development of the tumor (50,
51). Although this possible explanation held sway for a
short time, it soon became apparent that the increasing
incidence of the tumor was because of an increasing in-
cidence of patients with HCC who were co-infected with
either HIV-1 and HCV or HIV-1 and HBV. Chronic HBV in-
fection is universally recognised as a major cause of HCC.
Subsequent to the introduction and widespread use of
HAART, between 5% and 15% of all HIV-1-positive patients
with HCC have been reported to be co-infected with HBV
(26-38, 40, 42). Almost all of the remaining patients have
some clues of previous HBV infection, especially in sub-
Saharan Black Africans who are almost always exposed
to this virus in early childhood (47). This observation
is, however, unlikely to be relevant when considering
the pathogenesis of the malignant transformation. Al-
though a global increase in incidence of HCC has been
occurred over this period (1-4), a parallel increase spe-
cifically attributed to HBV infection alone has not been

documented. In an attempt to exclude a role for more
prolonged survival due to the treatment with HAART and
also to confirm whether a hepatocarcinogenic interac-
tion does occur between the two viruses, a retrospective
comparison of the occurrence of HCC in patients co-in-
fected with HIV-1 and HBV before and after the introduc-
tion of HAART would be of limited use because of the very
short survival time of the patients in the pre-HAART era.
Furthermore, a prospective study of the development of
the tumor in patients with dual HBV/HIV-1 infection re-
ceiving or not receiving HAART is ethically unacceptable.
A case-control comparing the incidence of HBV/HIV-1
co-infection in the serum of patients with HBV-induced
HCC with that in matched asymptomatic carriers of HBV,
both groups from the pre-HAART era, might be a pointer
to an increased hepatocarcinogenic potential of the two
viruses in tandem. One such study in southern African
Blacks showed a statistically significant higher incidence
of HBV/HIV-1 co-infection in HCC patients than in controls
(52). But the study had limitations prevented reaching a
firm conclusion.

3. Results

Two possible ways in which HIV-1 co-infection might
indirectly increase the risk of HBV-induced HCC should
be taken into account. High HBV loads are known to in-
crease the risk of HCC development (53, 54). Immune
suppression of the host induced by HIV-1 infection could
result in higher HB viral loads, thereby increasing the
risk of HBV-induced hepatocellular carcinogenesis. HIV-
1-positive individuals co-infected with HBV in adulthood
have been shown to have an increased rate of HBV rep-
lication, and progression to chronic hepatitis five times
more than HIV-negative individuals, thereby accelerating
progression to cirrhosis and hence to HCC (17, 26, 55).

4. Conclusions

Very little laboratory research directed at proving or
disproving a synergistic hepatocarcinogenic interaction
between HBV and HIV-1, or unveiling possible mecha-
nisms of an interaction between the two viruses in the
pathogenesis of HCC, has thus far been published, how-
ever there are undoubtedly considerable investigations
on the subject in progress. The HBV x gene and X protein
are known to play a key role in the pathogenesis of HCC
induced by this virus (41), and HBV X protein has been
shown to induce HIV-1 replication and transcription in
synergy with Tat protein and T-cell activation signals (56).
Moreover, observations in transgenic mice in which HIV
Tat protein had been expressed constitutively in the liver,
enhanced the effect of a number of hepatocarcinogens
(57) and results in a high incidence of HCC after a long
latency (58). It is hoped that the results of the current and
future researches at a molecular level will provide one or
more explanations for the synergistic hepatocarcinogen-
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ic interaction between HBV and HIV-1.

Acknowledgements

None declared

Authors’ Contribution

The author did all the reading needed to write this re-
view article. The manuscript was written by the author

alone.

Financial Disclosure

None declared

Funding/Support

None declared.

References

1

10.

1.

12.

14.

15.

16.

17.

Jemal A, Bray F, Center MM, Ferlay ], Ward E, Forman D. Global
cancer statistics. CA Cancer ] Clin. 2011;61(2):69-90.

Ferlay ], Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Esti-
mates of worldwide burden of cancer in 2008: GLOBOCAN 2008.
Int] Cancer. 2010;127(12):2893-917.

Bosch FX, Ribes ], Diaz M, Cleries R. Primary liver cancer: world-
wide incidence and trends. Gastroenterology. 2004;127(5 Suppl
1):55-S16.

Parkin DA, Ferlay J. Scientific Publications. Lyon, IARC Press; 2005.
Prates MD, Torres FO. A cancer survey in Lourenco Marques, Por-
tuguese East Africa. ] Natl Cancer Inst.1965;35(5):729-57.

World Health Organization. Hepatitis B vaccines. WHO; 2003;
Available  from:  http://www.who.int/immunization/topics/
hepatitis_b/en/index.html.

Goldstein ST, Zhou F, Hadler SC, Bell BP, Mast EE, Margolis HS. A
mathematical model to estimate global hepatitis B disease bur-
den and vaccination impact. Int ] Epidemiol. 2005;34(6):1329-39.
Weiss RA, McMichael AJ. Social and environmental risk factors
in the emergence of infectious diseases. Nat Med. 2004;10(12
Suppl):S70-6.

Ott JJ, Stevens GA, Groeger ], Wiersma ST. Global epidemiology of
hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity. Vaccine. 2012;30(12):2212-9.

Kew MC. Epidemiology of chronic hepatitis B virus infection,
hepatocellular carcinoma, and hepatitis B virus-induced hepato-
cellular carcinoma. Pathol Biol (Paris). 2010;58(4):273-7.

Kramvis A, Kew MC. Epidemiology of hepatitis B virus in Africa,
its genotypes and clinical associations of genotypes. Hepatol Res.
2007;37(s1):59-S19.

Prozesky OW, Szmuness W, Stevens CE, Kew MC, Harley EJ, Hoy-
land JA, et al. Baseline epidemiological studies for a hepatitis B
vaccine trial in Kangwane. S Afr Med J. 1983;64(23):891-3.
Dibisceglie AM, Kew MC, Dusheiko GM, Berger EL, Song E, Paterson
AC, et al. Prevalence of hepatitis B virus infection among black
children in Soweto. Br Med ] (Clin Res Ed).1986;292(6533):1440-2.
Kew MC, Fujita Y, Takahashi H, Coppins A, Wands JR. Comparison
between polyclonal and first and second generation monoclo-
nal radioimmunoassays in the detection of hepatitis B surface
antigen in patients with hepatocellular carcinoma. Hepatology.
1986;6(4):636-9.

World Health Organization. The World Health Report. WHO;
2002; Available from: http://[www.who.int/whr/2002/annex/en/.
World Health Organization. Hepatitis B Fact. WHO; 2005; Avail-
able from: http://www.who.int/mediacentre/factsheets/fs204/en/
index.html.

Thio CL, Seaberg EC, Skolasky R, Jr., Phair ], Visscher B, Munoz A, et
al. HIV-1, hepatitis B virus, and risk of liver-related mortality in the
Multicenter Cohort Study (MACS). Lancet. 2002;360(9349):1921-6.

Hepat Mon. 2012;,12(10 HCC):e7876

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Smith C, Sabin CA, Lundgren |D, Thiebaut R, Weber R, Law M, et
al. Factors associated with specific causes of death among HIV-
positive individuals in the D:A:D Study. AIDS. 2010;24(10):1537-48.
Kaplan JE, Hanson D, Dworkin MS, Frederick T, Bertolli ], Linde-
gren ML, et al. Epidemiology of human immunodeficiency virus-
associated opportunistic infections in the United States in the
era of highly active antiretroviral therapy. Clin Infect Dis.2000;30
(Suppl 1):S5-14.

Bica I, McGovern B, Dhar R, Stone D, McGowan K, Scheib R, et al.
Increasing mortality due to end-stage liver disease in patients
with human immunodeficiency virus infection. Clin Infect Dis.
2001;32(3):492-7.

Lacombe K, Bottero ], Lemoine M, Boyd A, Girard PM. HIV/hepati-
tis B virus co-infection: current challenges and new strategies. |
Antimicrob Chemother. 2010;65(1):10-7.

Konopnicki D, Mocroft A, de Wit S, Antunes F, Ledergerber B,
Katlama C, et al. Hepatitis B and HIV: prevalence, AIDS progres-
sion, response to highly active antiretroviral therapy and in-
creased mortality in the EuroSIDA cohort. AIDS. 2005;19(6):593-
601.

Kovari H, Ledergerber B, Battegay M, Rauch A, Hirschel B, Fogue-
na AK, et al. Incidence and risk factors for chronic elevation of
alanine aminotransferase levels in HIV-infected persons without
hepatitis b or c virus co-infection. Clin Infect Dis. 2010;50(4):502-
11.

Crane M, Iser D, Lewin SR. Human immunodeficiency virus infec-
tion and the liver. World ] Hepatol. 2012;4(3):91-8.

Sulkowski MS, Thomas DL, Chaisson RE, Moore RD. Hepatotoxic-
ity associated with antiretroviral therapy in adults infected with
human immunodeficiency virus and the role of hepatitis C or B
virus infection. JAMA. 2000;283(1):74-80.

Hoffmann CJ, Thio CL. Clinical implications of HIV and hepatitis
B co-infection in Asia and Africa. Lancet Infect Dis. 2007;7(6):402-9.
Burnett R], Francois G, Kew MC, Leroux-Roels G, Meheus A, Hoos-
en AA, et al. Hepatitis B virus and human immunodeficiency vi-
rus co-infection in sub-Saharan Africa: a call for further investiga-
tion. Liver Int. 2005;25(2):201-13.

Mphahlele M], Lukhwareni A, Burnett R], Moropeng LM, Ngobeni
JM. High risk of occult hepatitis B virus infection in HIV-positive
patients from South Africa. J Clin Virol. 2006;35(1):14-20.

Modi AA, Feld J]. Viral hepatitis and HIV in Africa. AIDS Rev.
2007;9(1):25-39.

Alter MJ. Epidemiology of viral hepatitis and HIV co-infection. |
Hepatol. 2006;44(1 Suppl):S6-9.

Thio CL. Hepatitis B and human immunodeficiency virus coin-
fection. Hepatology. 2009;49(5 Suppl):S138-45.

Bonacini M, Louie S, Bzowej N, Wohl AR. Survival in patients with
HIV infection and viral hepatitis B or C: a cohort study. AIDS.
2004;18(15):2039-45.

Lewden C, May T, Rosenthal E, Burty C, Bonnet F, Costagliola
D, et al. Changes in causes of death among adults infected by
HIV between 2000 and 2005: The “Mortalite 2000 and 2005”
surveys (ANRS EN19 and Mortavic). | Acquir Immune Defic Syndr.
2008;48(5):590-8.

Nikolopoulos GK, Paraskevis D, Hatzitheodorou E, Moschidis
Z, Sypsa V, Zavitsanos X, et al. Impact of hepatitis B virus infec-
tion on the progression of AIDS and mortality in HIV-infected
individuals: a cohort study and meta-analysis. Clin Infect Dis.
2009;48(12):1763-71.

AIDS Epidemic Update 2009 - UNAIDS. 2008; Available from:
http://data.unaids.org/pub/report/2009/jc1700_epi_up-
date_2009_en.pdf.

Clifford GM, Rickenbach M, Polesel ], Dal Maso L, Steffen I, Led-
ergerber B, et al. Influence of HIV-related immunodeficiency on
the risk of hepatocellular carcinoma. AIDS. 2008;22(16):2135-41.
Palella FJ, Jr., Baker RK, Moorman AC, Chmiel ]S, Wood KC, Brooks
JT, et al. Mortality in the highly active antiretroviral therapy era:
changing causes of death and disease in the HIV outpatient
study. ] Acquir Immune Defic Syndr. 2006;43(1):27-34.

Guiguet M, Boue F, Cadranel ], Lang JM, Rosenthal E, Costagliola
D. Effect of immunodeficiency, HIV viral load, and antiretrovi-
ral therapy on the risk of individual malignancies (FHDH-ANRS



Kew MC

Hepatitis B Virus / Human Immunodeficiency Virus Co-Infection

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

CO4): a prospective cohort study. Lancet Oncol. 2009;10(12):1152-9.
Clifford GM, Polesel ], Rickenbach M, Dal Maso L, Keiser O, Kofler
A, et al. Cancer risk in the Swiss HIV Cohort Study: associations
with immunodeficiency, smoking, and highly active antiretrovi-
ral therapy. ] Natl Cancer Inst. 2005;97(6):425-32.

Galceran ], Marcos-Gragera R, Soler M, Romaguera A, Ameijide A,
Izquierdo A, et al. Cancer incidence in AIDS patients in Catalonia,
Spain. Eur ] Cancer. 2007;43(6):1085-91.

Kew MC. Hepatitis B virus x protein in the pathogenesis of hepa-
titis B virus-induced hepatocellular carcinoma. J Gastroenterol
Hepatol. 2011;26 (Suppl 1):144-52.

Hoffmann CJ, Charalambous S, Thio CL, Martin D], Pemba L,
Fielding KL, et al. Hepatotoxicity in an African antiretroviral
therapy cohort: the effect of tuberculosis and hepatitis B. AIDS.
2007;21(10):1301-8.

Lodenyo H, Schoub B, Ally R, Kairu S, Segal I. Hepatitis B and C
virus infections and liver function in AIDS patients at Chris
Hani Baragwanath Hospital, Johannesburg. East Afr Med J.
2000;77(1):13-5.

Firnhaber C, Reyneke A, Schulze D, Malope B, Maskew M, MacPhail
P, et al. The prevalence of hepatitis B co-infection in a South Afri-
can urban government HIV clinic. S Afr Med J. 2008;98(7):541-4.
Firnhaber C, Viana R, Reyneke A, Schultze D, Malope B, Maskew M,
et al. Occult hepatitis B virus infection in patients with isolated
core antibody and HIV co-infection in an urban clinic in Johan-
nesburg, South Africa. Int ] Infect Dis. 2009;13(4):488-92.

Shisano O, Rehle T, Sinbayi L. South African National HIV preva-
lence, HIV incidence, behaviour and communication survey. Cape
Town, South Africa: HSRC press; 2005.

Botha JF, Ritchie MJ, Dusheiko GM, Mouton HW, Kew MC. Hepati-
tis B virus carrier state in black children in Ovamboland: role of
perinatal and horizontal infection. Lancet. 1984;1(8388):1210-2.
Sitas F, Bezwoda WR, Levin V, Ruff P, Kew MC, Hale M], et al. Associ-
ation between human immunodeficiency virus type 1 infection
and cancer in the black population of Johannesburg and Soweto,
South Africa. BrJ Cancer.1997;75(11):1704-7.

Giordano TP, Kramer JR, Souchek J, Richardson P, El-Serag HB. Cir-

50.

51.

52.

53.

54.

55.

56.

57.

58.

rhosis and hepatocellular carcinoma in HIV-infected veterans
with and without the hepatitis C virus: a cohort study, 1992-2001.
Arch Intern Med. 2004;164(21):2349-54.

MacDonald DC, Nelson M, Bower M, Powles T. Hepatocellular car-
cinoma, human immunodeficiency virus and viral hepatitis in
the HAART era. World | Gastroenterol. 2008;14(11):1657-63.

Puoti M, Bruno R, Soriano V, Donato F, Gaeta GB, Quinzan GP, et
al. Hepatocellular carcinoma in HIV-infected patients: epide-
miological features, clinical presentation and outcome. AIDS.
2004;18(17):2285-93.

Kew MC, Smuts H, Stewart A. Does HIV infection enhance the
hepatocarcinogenic potential of chronic hepatitis B virus infec-
tion? J Acquir Immune Defic Syndr. 2010;53(3):413-4.

Wu CF, Yu MW, Lin CL, Liu CJ, Shih WL, Tsai KS, et al. Long-term
tracking of hepatitis B viral load and the relationship with
risk for hepatocellular carcinoma in men. Carcinogenesis.
2008;29(1):106-12.

Chan HL, Tse CH, Mo F, Koh ], Wong VW, Wong GL, et al. High
viral load and hepatitis B virus subgenotype ce are associated
with increased risk of hepatocellular carcinoma. J Clin Oncol.
2008;26(2):177-82.

Colin JF, Cazals-Hatem D, Loriot MA, Martinot-Peignoux M, Pham
BN, Auperin A, et al. Influence of human immunodeficiency vi-
rus infection on chronic hepatitis B in homosexual men. Hepa-
tology.1999;29(4):1306-10.

Gomez-Gonzalo M, Carretero M, Rullas |, Lara-Pezzi E, Aramburu
], Berkhout B, et al. The hepatitis B virus X protein induces HIV-
1 replication and transcription in synergy with T-cell activation
signals: functional roles of NF-kappaB/NF-AT and SPi-binding
sites in the HIV-1 long terminal repeat promoter. | Biol Chem.
2001;276(38):35435-43.

Vogel |, Hinrichs SH, Napolitano LA, Ngo L, Jay G. Liver cancer in
transgenic mice carrying the human immunodeficiency virus
tat gene. Cancer Res.1991;51(24):6686-90.

Altavilla G, Caputo A, Lanfredi M, Piola C, Barbanti-Brodano G,
Corallini A. Enhancement of chemical hepatocarcinogenesis by
the HIV-1 tat gene. Am J Pathol. 2000;157(4):1081-9.

Hepat Mon. 2012;12(10 HCC):e7876



