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Hepatitis B virus (HBV) infection is endemic in sub-Saharan Africa (SSA), yet access to HBY
screening and treatment is limited. The Prevention of Liver Fibrosis and Cancer in Africa
(PROLIFICA) study is a large multicentre study in The Gambia, Nigeria and Senegal, which
will evaluate the burden of HBV-related liver disease and establish feasibility and cost-
effectiveness of community-based HBV screening and treatment for prevention of

advanced liver disease and liver cancer in West Africa.

epatitis B virus (HBV) infection is endemic in sub-

Saharan Africa (SSA). However, the full impact of

HBV-related liver disease and liver cancer remains
poorly characterized in SSA. Access to screening and
treatment programmes is severely limited and HBV
treatment guidelines tailored to the African setting do not
currently exist. The Prevention of Liver Fibrosis and Cancer
in Africa (PROLIFICA) study seeks to evaluate the burden of
liver disease and liver cancer from HBV infection in West
Africa and demonstrate that community-based screening and
treatment of HBV is feasible, efficacious and cost-effective.
Inthis review, the PROLIFICA programme is outlined in detail
and preliminary results of the study are highlighted.

The global impact of hepatitis B infection

Hepatitis B virus (HBV) infection causes both acute and
chronic liver disease, with chronic infection ranging from
inactive chronic carrier status to progressive liver
inflammation and damage, culminating in end-stage cirrhosis
and liver cancer (1). Globally, over one third of the world’s
population has been or is currently infected with HBV and
350-400 million people remain chronic HBV surface antigen
(HBsAg) carriers (1). There are over 500-750,000 deaths

annually due to HBV-related cirrhosis and liver cancer

worldwide and this figure underestimates the true burden of
HBV disease in all likelihood, due to inadequate disease and
cancer surveillance in many resource-poor countries where
HBV is endemic (WHO. Hepatitis B. WHO [online],
http://www.who.int/csr/disease/hepatitis/HepatitisB_whocd
scsrlyo2002_2.pdf accessed 21 April 2014). The sheer scale
of HBV prevalence worldwide, coupled with the over-
representation of severe HBV-related liver disease burden in
resource-poor countries, such as those within SSA, the Pacific
Islands and Territories and South Asia, combine to make the
HBV epidemic of critical importance to global public health.

Hepatitis B and hepatocellular carcinoma in sub-
Saharan Africa

In SSA, HBV infection is endemic and the HBV-related liver
disease and liver cancer burden is high. The lifetime risk of
HBV infection is over 60% and over 8% of the population
remain chronic HBV carriers who are at risk of progressive
liver damage and HBV-related hepatocellular carcinoma
(HCC)(http://www.who.int/csr/disease/hepatitis/global_repo
rt/en/; accessed 21 November 2014). SSA has one of the
highest HBV-related liver cancer rates in the world (2), and
HBV-related HCC is the most common cancer among males
and the third most common cancer among females in the
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region (3, 4). To place these figures in context, according to
Globocan data for The Gambia, HCC accounts for more than
half of all cancer in men (176 of 292 cases per year in 2012)
and 62 of 265 cases per year among women in 2012. In
comparison cervical cancer, another cancer associated with
viral infection, accounted for an estimated 98 of the 265
reported cases in 2012, whilst breast cancer accounted for an
estimated 40 cases (5). Aflatoxin is a powerful mycotoxin;
exposure through Aspergillus flavus-contaminated groundnut
consumption in many regions of SSA works synergistically
with HBV infection to increase cancer risk (6, 7).
Unfortunately, the natural history of HCC usually follows a
highly aggressive course and limited treatment options are
available, particularly in resource-poor settings such as SSA
(8). Furthermore, HBV-related HCC affects African patients
in their working and reproductive years (8), maximising the
negative socioeconomic effects of this disease. HBV
therefore represents a critical threat to health in the African
continent.

Early detection and treatment of HBV infection reduces
HCC incidence and mortality (primary prevention) (9, 10).
Furthermore, HCC survival is improved by early detection of
potentially treatable HCC by screening of at-risk patients
(secondary prevention) (11). However, limited access to
affordable medical care is a major limiting factor in hepatitis
and liver cancer management in SSA. Routine HBV and HCC
screening and surveillance programmes for the general
population are virtually non-existent in SSA and there is a
lack of infrastructure to support channelling of screened
patients into long-term treatment programmes
(http://www.who.int/csr/disease/hepatitis/global_report/en/;
accessed 21 November 2014). Safe and effective treatments
for HBV exist, but treatment access is severely limited in SSA
due to cost. Despite highly effective nucleoside analogues
such as tenofovir being available in most countries in SSA, at
no cost through the Global Fund, or at generic price for the
treatment of HIV, very few African countries offer publicly-
funded HBV treatment (http://www.who.int/csr/disease/
hepatitis/global_report/en/; accessed 21 November 2014).

Treatment options for HCC are severely limited in SSA,
with percutaneous ethanol injection being the only modality
available at a small number of centres. Furthermore, this
modality is only effective for early stage HCC (8) and
limitations in access to screening and diagnostic services in
SSA mean most HCC cases are diagnosed when they are
already at an advanced stage and no longer amenable to
therapy.

Vaccination is the cornerstone of HBV prevention and is
most effective when given within 24 hours of birth (12, 13).
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Multiple studies from SSA have demonstrated that HBV
vaccination of infants is both feasible and highly effective for
preventing chronic HBV carriage (14-16). Despite WHO
guidelines recommending HBV vaccination be commenced
within 24 hours of birth, the vaccine schedule of 6, 10 and 14
weeks has been adopted in most African countries to allow
the use of combination vaccines and to minimise costs and
logistic expenses by streamlining vaccination schedules (17).
There is limited data on the relative effectiveness of this
approach compared to birth dose vaccination in sub-Saharan
Africa. Data from The Gambia Expanded Programme on
Immunization, where complete delivery of the intended
intervention of birth dose vaccination was not always
achieved due to logistical constraints, suggested efficacy of
95% in preventing chronic HBV infection overall (18, 19).
However, the number of women in these studies who were
HBeAg positive with high viral load was small and vaccine
(18).
Furthermore, in Africa there is incomplete HBV vaccine

failure appeared much higher in this group
coverage, widely ranging from 10% in Chad to 99% in The
Gambia, with the average less than 70% for Africa as a
whole) (20, 21) (http://www.who.int/csr/disease/hepatitis/
global_report/en/; accessed 21 Nov 2014; http://www.
afro.who.int/; accessed 21 November 2014).

Control of HBV prevalence is a major goal for the World
Health Organization (WHO) worldwide, with a key focus on
HBV prevention in African countries. In 2010, the World
Health Assembly (WHA) passed a resolution calling for
public health intervention to prevent and control viral
hepatitis. There is also a forthcoming WHA resolution
requesting the Global Health Fund to provide antiviral
medications for HBV mono-infected patients. However, until
greater global action for equitable treatment access is
achieved, there remains a significant burden from HBV-
related liver disease and HCC in SSA, with little access to
life-saving screening and treatment. Importantly, there is a
significant lack of Africa-specific guidelines for HBV and
HCC screening and treatment.

Prevention of hepatitis B-related liver fibrosis and
cancer in Africa: The PROLIFICA study

Against the sombre backdrop of HBV-related liver disease in
SSA described above, the Prevention of Liver Fibrosis and
Cancer in Africa (PROLIFICA) project was established in
2011 to address some of the urgent HBV research needs in
three West African countries: Senegal, The Gambia and
Nigeria. This is an on-going five-year translational research
project funded by the European Union Framework 7
(www.prolifica.eu; EU-FP7 #265994) and represents a



collaboration between Imperial College, London; MRC Unit,

The Gambia in Fajara, The Gambia; IARC, Lyon France; Le

Dantec University Hospital, Dakar and University of Thiés,

Sénégal; and Jos University Teaching Hospital, Jos, Nigeria.

The overall aim of the project is to reduce the incidence of

HBV-related HCC in West Africa. Specific aims of the project

include:

» Investigating the natural history and epidemiology of
HBV-related liver disease and HCC in West Africa,
including overall burden of disease;

» Demonstrating the feasibility of mass screening for HBV
infection and subsequent enrolment in an antiviral
treatment programme;

» Establishing whether treatment of HBV with nucleoside
analogues is a cost-effective method to reduce the
burden of HBV-related liver disease and liver cancer in
West Africa;

» Developing novel biomarkers to predict and diagnose
HBV-related liver fibrosis and HCC has also been a key
research goal for the project.

Ultimately, data provided by the study will be used to
develop screening and treatment guidelines for both HBV
and HCC for the African context, which will then inform
WHO HBV guideline development for resource-poor
settings.

PROLIFICA study design
The PROLIFICA study consists of two platforms: West
African Treatment Cohort for HBV (WATCH)
hepatocellular carcinoma case-control study (HC4). The
WATCH study has been conducted in two parts.

The first part is a population-based study, with 13,500

and

people screened for HBV infection using a point-of-care test
in Senegal and The Gambia. Subjects were invited for
screening from community, workplace, health service and
voluntary blood donor sites. In The Gambia, most
participants were recruited from community screening
through stratified selection from urban and rural areas
representative of western Gambia and also voluntary blood
donors; whereas in Senegal screening has been
predominantly through health facilities and workplaces. All
HBsAg positive participants and a proportion of HBsAg
negative control subjects are then invited to participate in a
full liver assessment. This includes clinical evaluation by a
trained hepatologist, ultrasound, transient elastography
(FibroScan™, Echosens, France), liver biopsy where required
and blood tests. HBsAg negative controls provide a single

blood and urine sample and HBsAg positive participants

provide blood and urine samples at regular intervals, when
they also attend for liver disease assessment and follow-up.

The second study is a non-randomised, open label study of
tenofovir therapy for HBsAg positive patients who fulfilled
EASL 2012 treatment guidelines for nucleoside analogue
therapy (1). These include HBsAg positive patients with 1)
advanced liver fibrosis or cirrhosis (Metavir F3 or greater
fibrosis stage on biopsy or equivalent on Fibroscan) and any
detectable HBV viral load; or 2) HBV DNA level >
2000IU/mL, ALT >40lU/mL and moderate fibrosis (as
evidenced on elastography or liver biopsy) and/or significant
inflammation on liver biopsy; or 3) HBV DNA level
>20,0001U/mL and ALT >80IU/mL; or 4) viral
>20,0001U/mL and a family history of hepatocellular

load

carcinoma, or age over 30 years and any ALT level.

In parallel, HBsAg positive patients who did not fulfil EASL
criteria for nucleoside analogue therapy were followed up
over time and offered six-monthly HCC screening by
ultrasound as per EASL guidelines (1, 8). Once on therapy,
participants undergo close monitoring for side effects from
tenofovir therapy and to assess virological and clinical
response to therapy. Study participants are then followed
for five years and the effect of treatment on HBV disease
outcome will be compared to historical control data of
matched patients available for each country. The outcome of
those who did not fulfil EASL treatment criteria will also be
assessed, to gauge whether current international guidelines
for HBV therapy are appropriate for the African setting.

The HC4 study was designed to develop a research
platform for discovering and validating biological markers of
HCC in Nigeria, The Gambia and Senegal. HCC cases as well
as controls have been recruited in tertiary hospitals in these
countries.

Achievements of the PROLIFICA research platform
so far

Screening and recruitment is now complete in The Gambia
and almost complete in Senegal. In The Gambia, 5,980
inhabitants in randomly selected communities have been
screened for HBsAg and clinical information and samples
have been collected. To date, the PROLIFICA study has
provided important insights into HBV-related HCC in West
Africa, including identification of novel metabonomic
biomarkers which may prove useful for HCC diagnosis in
resource-poor settings (22, 23), validation of simple,
inexpensive tests more appropriate for Africa to guide HBV
therapy (24, 25) and epidemiological insights into risks for
more severe HBV-related liver disease (26-28). These are
now outlined in more detail.
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Epidemiology and natural history of HBV infection
and HBV-related liver disease

The PROLIFICA study will provide accurate HBV infection
prevalence data for regions within The Gambia and Senegal,
as well as data on risk factors for HBsAg positivity. Important
data on vaccination coverage will also be provided. The
PROLIFICA study also represents the first large-scale study
describing the prevalence and magnitude of HBV-related
liver disease and incidence of cirrhosis and HCC in SSA,
obtained through comprehensive liver assessment of people
identified as HBsAg positive at screening. Risk factors for
HCC and its predictors will also be examined: of these, mode
of HBV transmission was suggested to be associated with
prolonged hepatitis B e antigenaemia in The Gambia (2). The
symptoms and end-of-life issues in HBV-related chronic liver
disease have been also described (29).

Implementation of HBV screening, liver assessment
and treatment

A key-aim of the study is to demonstrate that both
community and facility-based screening for HBV infection
and assessment of HBV-related liver disease is achievable
and beneficial for improving health in West Africa. Data for
the effectiveness of HBV screening and liver disease
management in the African context are lacking and this
information is crucial to inform government health policy-
makers. The project has also provided data to inform
strategies to improve HBV screening uptake and medical
follow-up within West African countries (27). Importantly,
our data to date have shown excellent uptake of HBV
screening and generally high attendance to medical clinics
by patients diagnosed with HBV infection, albeit within the
setting of a clinical trial (28).

Effectiveness of nucleoside analogue therapy for
improving HBV-related outcomes

Tenofovir therapy is widely established as an effective drug
with a high barrier to resistance for the treatment of HBV
infection (1, 31). However, studies have not been conducted
specifically within the African context, particularly
examining safety and effectiveness in African populations.
Data from PROLIFICA will therefore be critical to inform
local ministries of health and government health policy
developers and economists in Africa, as well as the World
Health Organization, on the feasibility, effectiveness and
costs of implementing tenofovir therapy in Africa.

Cost-effectiveness of HBV screening and treatment
Economic analyses use information on the costs, as well as
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the effectiveness of interventions, to provide a framework
for guiding public health interventions. Although this
research is arguably even more crucial in resource-poor
settings, where health-care budgets are severely limited and
burden of disease is high, previous economic models of HBV
treatment have been limited to high-income and Asian
settings or specific to targeted screening of high-risk groups
only.

One of the barriers to universal implementation of
screening and treatment for hepatitis B has historically been
the cost associated with delivering such an intervention.
However, the major progress in price reduction of antiviral
therapy including tenofovir, which is now available at a
generic price of US$ 48 per year of treatment, has made this
a more feasible strategy in low-middle income countries
(Source: http://www.msfaccess.org/content/untangling-
web-antiretroviral-price-reductions-16th-edition; accessed
12 December 2014). Within PROLIFICA, community based
screening for hepatitis B has also been shown to be cheap
(£6.47/ per person screened) (30) and cheaper alternative
methods of assessing liver fibrosis have been compared to
the current gold standard of liver biopsy (25). Further
models evaluating cost-effectiveness of screening and
treatment in terms of cost per life year saved are being
developed in collaboration with Imperial College London
(Department of Infectious Disease Epidemiology). This
research will be of utmost importance in informing
international hepatitis guidelines by WHO, as well as in
helping local health ministries prioritize implementation of
screening and treatment of HBYV, in places where it poses a
significant health care burden.

Virological determinants in HBV infection

PROLIFICA has provided a unique opportunity for research
on HBV genotype E, which is the dominant species in West
Africa. Next
investigation of novel associations between the viral

generation sequencing has allowed
genome and clinical disease. Development of cheaper,
efficient in-house assays to guide clinical management and
investigation of new technologies and biomarkers of
virological activity are also being investigated within the

PROLIFICA platform.

Development of novel point-of-care tests and non-
invasive tests for HBV diagnosis and management

A requirement of the EU grant was developing a research
collaboration with a small-sized commercial partner.
Partnership with commercial diagnostics company Xeptagen
has fast-tracked development of point-of-care tests for HBV



for resource-poor settings, including “Apps” for mobile
phones and other devices to facilitate easy result
verification in the field. Validation studies of several non-
invasive and inexpensive blood-based diagnostic models
such as the Aspartate to Platelet Ratio Index (APRI) and Fib-
4 (25, 34) have also been conducted in the African context.
Accuracy of transient elastography has also been assessed in
African patients (25). Results of these studies will be
paramount for implementation of liver disease assessment
in resource-poor settings.

New diagnostic markers for HCC - genomics,
epigenomics, proteomics and metabonomics

Several groups within the PROLIFICA team have been
investigating genetic, proteomic and metabonomic markers
for HCC diagnosis as current standard diagnostic modalities
such as CT scan and MRI scan are not available throughout
most of Africa. Key urinary metabolytes have been
identified which have excellent discriminative ability for
HCC, even in patients with background liver disease and
cirrhosis (22, 33), offering the exciting potential of a urinary
dipstick test for HCC diagnosis.

Overall benefits of the platform

Importantly, the PROLIFICA platform has resulted in
substantial capacity building in each of the three countries
involved in the study. Local health infrastructure has
benefitted from new technologies, such as Fibroscan™ to
assess liver fibrosis using ultra-sound-based transient
elastography a mass spectroscopy system in The Gambia
for local biomarker research and the development of in-
house laboratory assays, as well as skills transference to
build capacity for improved liver cancer health care in West
Africa.

The data provided by PROLIFICA will be crucial for the
development of local guidelines for the effective
management of HBV and HCC, including screening and
treatment. These data will also be of paramount importance
for the development of WHO HBYV treatment guidelines,
which are currently underway.

Local nursing, medical and laboratory staff have
benefitted from training, education and employment
opportunities. Procedures and training in effective and
secure data management and ethical research practices has
also been a central part of the PROLIFICA platform. Local
researchers have availed themselves of specialized
academic mentorship at each of the three sites involved in
the study to obtain higher research degrees and highly-
regarded academic publications. Finally, community

education on HBV infection, mode of transmission and
prevention is also likely to have had a positive impact on
HBV awareness, both at the community and political level.

Above all, the PROLIFICA platform has facilitated the
development of strong relationships for future research
collaborations between major academic centres and a
deeper understanding of the barriers to improved health-
care delivery in Africa. All centres have equally benefitted
from the experience and knowledge shared between the
investigating teams. These are arguably the greatest
achievements vyielded from this project to date.
International collaborative projects between academic
institutions in Africa and the rest of the world are a
fantastic opportunity to share ideas, specialized expertise
and new technologies and foster a united approach to
solving some of the greatest public health challenges in
Africa today. Collaborations also provide a stronger
international voice to raise global awareness of the
importance of liver disease in Africa to governments, the
pharmaceutical industry and the international community.

Conclusion

HBV screening and subsequent treatment that is accessible
and affordable to all is a pressing requirement in SSA and
greater support from the international medical community
is critical to engender support from the pharmaceutical
industry for equitable drug availability. The crucial
importance of viral hepatitis research cannot be overstated
in achieving this goal, particularly research demonstrating
that screening and treatment for HBV not only saves lives,
but is cost-effective. Furthermore, the strong collaborative
like
PROLIFICA between local and international partners

relationships formed by international projects
enable a strong, united international voice to campaign for
equitable access to HBV treatment and prevention and
improved lives for people living with HBV infection in
Africa.
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