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Abstract
Prostate cancer disproportionately affects men of African descent and it is estimated that Africa will bear the highest disease
burden in the next decade. Underlying genomic factors may contribute to prostate cancer disparities; however, it is unclear
whether Africa has prioritised genomics research toward addressing these disparities. A Pubmed review was performed of
publications spanning a 15-year period, with specific focus on prostate cancer genomics research that included samples from
Africa and investigators in Africa. Data are presented on research publications from Africa relative to similar publications from
different geographical regions, and more specifically, the extent of disparities and the contributions to prostate cancer
knowledge as a result of genomics research that included African samples and African institutions. Limited publication output
may reflect the infrastructure and funding challenges in Africa. Widespread cooperation should be fostered by sharing capacity
and leveraging existing expertise to address the growing cancer burden facing the continent.
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Introduction

Prostate cancer (CaP) is the most commonly diagnosed cancer
in men,1 with men of African descent suffering dispropor-
tionately from the disease compared to men of other eth-
nicities.2 In the United States of America (USA), African
American men have a higher risk of developing CaP, and are at
increased risk of dying from CaP compared to men of Eu-
ropean or Asian descent.3,4 In the United Kingdom (UK), men
of African descent have an increased risk of being diagnosed
and dying from CaP.5 Data from GLOBOCAN 2008 showed
the CaP age-adjusted mortality rate in Caribbean men of
African descent was 26.3 per 100 000,6 while a more recent
study reported a higher age-adjusted mortality rate of 33.8 per
100 000, second only to the rate observed in African American
men (33.8 vs 41.0 per 100 000, respectively).4

For African men, the CaP age-adjusted incidence per
100 000 population ranges from 10.6 in Northern Africa to 61.7
in Southern Africa.7 In a recent study, the age-standardised
incidence rate (ASIR) in South African Black men was shown

to increase from 44.9 to 57.3 per 100 000 for the period between
2006 and 2016.8 In Sub-Saharan Africa (SSA) for the period
1990–2010, disability-adjusted life years (DALYs) and mor-
tality from CaP increased from 100 200 to 219 700 and 5600 to
12 300, respectively.7 Moreover, the International Agency for
Research on Cancer (IARC) estimated that CaP deaths in Africa
would increase from approximately 28 000 deaths in 2010 to
more than 57 000 deaths by 2030.6 Pinheiro and colleagues
observed CaP age-adjusted mortality rates of 32.7 vs 27.3 vs
17.3 per 100 000 for men from West-and-Central Africa vs
African men not from West-Central Africa vs East African
men.4 However, the true CaP incidence and mortality rates in
Africa is known to be significantly underestimated due to
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underdiagnoses, under treatment, inadequate health manage-
ment information systems, limited cancer registry data and lack
of screening.2,5

Worldwide, African American men are more likely to
develop CaP compared with European American men, and are
generally younger at diagnosis, present with more aggressive
disease and are up to 4.2-fold more likely of dying from the
disease.9 Furthermore, CaP disproportionately affects indi-
viduals of African ancestry, regardless of their country of
residence; consequently, it has thus been suggested that the
disproportionality might involve complex interplay between
biological, environmental and genetic factors.10 Although the
underlying causes of CaP largely remain inconclusive, the
only well-established risk factors for disease are age, ethnicity
and family history.11

Prostate cancer exhibits the highest reported heritability of
any major cancer, with a genetic contribution of approximately
58%.12,13 Additionally, individuals with a family history of CaP
have a 2.5-fold increased risk of developing lethal CaP if they
had a single affected first-degree relative, the risk increased to
5.3-fold for individuals with 3 or more affected first-degree
relatives.14 Prostate cancer is generally considered to be a
complex disease with several genes that play a role in disease
onset and severity; several susceptibility genes are also known
to contribute to disease risk. Early family-based linkage studies
identified causal loci with rare high-penetrance variants that
increase CaP risk; however, these studies were mainly carried
out in populations of European descent. These loci, responsible
for hereditary CaP, include HOXB13,15 HPC1 (1q24-25),16

HPCX (Xq27-28),17 HPC20 (20q13),18 PCAP (1q42-43)19 and
CAPB (1p36).20 Only a few studies were subsequently able to
replicate these finding in men of African ancestry, more spe-
cifically, in African American men, for HPC1, PCAP, HPC20,
andHPCX.21-23 Importantly, these hereditary CaP risk loci have
not been replicated in African men, although it is unclear
whether similar linkage-replication investigations were in fact
performed in African populations.

More recently, genome-wide association studies (GWAS)
had identified 170 single nucleotide polymorphisms (SNPs)
(or risk variants) associated with CaP risk, predominantly in
populations of European and Asian ancestry.24 A few studies
were able to replicate previous CaP GWAS findings in African
American men25-27; however, it was also noted in each of
these studies that a number of the previously reported SNP
associations could not be replicated in African American
men.27 Similarly, in African men (who are resident in Africa),
Tindall and colleagues demonstrated that a significant per-
centage of GWAS identified risk variants failed replication
within a Black South African cohort.28 A GWAS study in
Ghanaian men that tested 81 previously associated SNPs, was
only able to replicate associations with 10 SNPs.29 In a small
GWAS replication study, Fernandez and colleagues were only
able to demonstrate associations with variants on chromosome
8q24 and 10q11, although these authors noted that their study
may have been significantly underpowered and their African

descent study population was admixed.30 A notable conse-
quence of studies in African descent men was the identifi-
cation and subsequent replication of novel loci associated with
CaP risk, associations that were not observed in European or
Asian populations. Two studies identified novel risk loci in
African American men and were able to replicate these as-
sociations in Ghanaian and Ugandan men.31,32 Another study
identified novel associations with variants on chromosomes
13q24 and 22q12 in Ghanaian and Ugandan men.33 A recent
trans-ancestry GWAS identified 1 novel variant associated
with CaP risk, the association was only observed in men of
African ancestry.34

Advancements in high-throughput genomics technologies
such as array-based analyses and next generation sequencing
(NGS) have increasingly enabled large genomic studies to
provide insights into the CaP genome, transcriptome and
epigenome.35-38 However, men of African ancestry, and
particularly African men resident on the African continent, are
often underrepresented in these large genomic studies.39 It has
be suggested that this underrepresentation may be due to
insufficient number of available biological or clinical speci-
mens from African Ancestry men, and as a result, it has been
difficult to generalize genomic findings across all populations,
which in turn, may contribute to the continued health disparity
observed in African descent populations globally.13,40

Prostate cancer has the highest heritability of all major
cancers. Moreover, African ancestry is a major risk factor for
CaP, and disease-associated mortality is disproportionality
higher in men of African ancestry. There is substantial evi-
dence suggesting that underlying genomic factors may play a
role in CaP disparity in men of African descent, but it is
unclear whether CaP genomics research has been prioritised in
Africa in order to address these disparities. In this review, the
aim was to describe the extent of disparities and the novel
contributions to CaP knowledge of genomics research with
African involvement. A literature review was undertaken of
publication output over a 15-year period, in order to catalogue
CaP genomics research across the African continent with a
specific focus on research on biological or clinical samples
from Africa by investigators in Africa. The goal was to
demonstrate existing CaP genomics knowledge, and to
identify gaps that may need to be addressed in order to
challenge the growing cancer burden in Africa.

Materials and methods

Publications included in this review were extracted from
PubMed and covered a 15-year period, with a custom range of
publications set between 01 January 2006 and 28 February
2021. Pubmed searches were performed in an alphabetical
order by country name, and was initiated by entering the terms
‘CaP genomics AND Algeria’ (medical subject headings
(MeSH) terms incorporated several terms including ‘prostatic
neoplasms’, ‘prostate’ OR ‘cancer’, ‘genomes’ OR ‘genomic’
OR ‘genomically’ and ‘Algeria’). All returned publication
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abstracts for Algeria were then saved in a spreadsheet. Subse-
quently, the process was repeated to retrieve publication abstracts
linked to each of the other 53 African countries, and were saved
per country in separate spreadsheets. In addition, to compare
published genomics research abstracts from Africa to abstracts
from other geographical regions, a similar approach was em-
ployed for Asia, Europe, North America, Oceania and South
America, respectively. For Asia: the terms ‘CaP genomics and
Asia’ followed by the same term but entering different Asian
country names, for Europe: ‘CaP AND Europe’ followed by
the same term but entering different European country
names, for North America: ‘CaP genomics AND USA’ and
‘CaP genomics AND Canada’, for Oceania: ‘CaP genomics
AND Australia’ and ‘CaP genomics AND New Zealand’,
and for South America: ‘CaP genomics AND South
America’ followed by the same term but entering different
South American country names, also included was “CaP
genomics AND Caribbean” (for this study the Caribbean was
grouped with South America). Countries in Central America
and Central Europe were not included, this approach is a
limitation as it underestimates the total number of abstracts.
The non-African abstracts were not individually read.

Each of the African-specific abstracts were individually read.
Abstracts were excluded if (i) there was no full English text
freely available online, (ii) the article was a review of published
works, (iii) the abstract only detailed proceedings of meetings or
conferences, (iv) an author surname matched an African
country name (1 case was identified), or (v) no African
institution was listed in the author affiliations. This review
was purposefully targeted toward investigating genomics
research with active involvement of African investigators at
African institutions. Article access charges for certain
publications are a hindrance particularly to institutions in
lower-resourced settings; therefore, at the onset of this study
it was decided to only include freely available full-text ar-
ticles. The author concedes that these inclusion criteria are
notable study limitations because (i) African investigators
based at non-African institutions and (ii) relevant informa-
tion in the excluded articles, could be missed.

For the included abstracts, full text articles were retrieved
and each article individually read (at this stage publications
were still separated per country). Subsequently, publications
were excluded if they only involved analyses on commercially
obtained cell lines, that is, the publication did not include
African samples under any of the categories: biological,
clinical, tissue, saliva, urine, deoxyribonucleic acid (DNA) or
ribonucleic acid (RNA) (here collectively termed biosamples),
or genomic data directly derived from analyses of African
biosamples. The author acknowledges the excellent work
done by many colleagues on the continent using commercially
obtained cell lines. However, this conservative exclusion was
chosen because in many cases commercially obtained cell
lines are derived from non-African donors.

All prioritised publications were then pooled without sep-
aration per country. Each article was reviewed, with particular

note made of (i) the institution of the first (lead) author (ii)
African biosample representation, compared to non-African
samples for multi-national studies and (iii) novel findings/
contributions as a result of African inclusion. Funding sour-
ces were also observed, although this was primarily done to
assess the level of private funding (non-federal and/or non-
academic institution) for African CaP genomics research.

Results

For the abstract searches, 32 of the 54 African countries re-
turned at least 1 abstract, and combined, African countries
produced a total of 347 abstracts (Figure 1). Abstract counts
were low from most countries, only 12 of the 32 countries
returning 5 or more abstracts (Figure 1), and only 5 countries,
Egypt (n = 92) and South Africa (n = 79), Nigeria (n = 29),
Ghana (n = 28) and Tunisia (n = 25), each returning more than
20 abstracts. The abstract comparison against all geographical
regions produced a combined total of 11 777 abstracts (Figure
2). The African abstracts accounted for 347 of 11 777 (2.9%) of
the total abstracts. Most published abstracts were from North
America (4480 of 11 777; 38.0%), followed by Europe (3902 of
11 777; 33.1%), Asia (2379 of 11 777; 20.2%), and Oceania
(476 of 11 777; 4.0%), with only SouthAmerica (193 of 11 777;
1.6%) producing fewer abstracts than Africa (Figure 2).

After reviewing each of the 347 African abstract, 170 ab-
stracts were excluded based on (i) free availability, (ii) article
type, (iii) meeting or conference proceedings, (iv) an author-
country name match and (v) no African institution in the au-
thorship list, resulting in 177 full text publications being re-
trieved. Reading each full text publication (separately per
country) using the inclusion criteria that the research must
include African biosamples, or data directly derived from an-
alyses of African biosamples, resulted in 52 publications being
further prioritised. At this point, all the publications were
pooled and further assessed to determine if any of the studies
overlapped. A final total of 37 individual publications fulfilled
the conservative inclusion criteria set for this study (Table 1).

More than 60% of the CaP genomics research that included
African samples was published recently, within the last 6 years
(23 of 37; 62.2%) (Table 1). The majority of studies were
multi-national research collaborations. These collaboration
tended to follow specific patterns with West and East African
institutions primarily partnering with collaborators in the
USA, North African institutions generally partnered with
collaborators in Europe, while South African institutions
tended to publish on their own or partner with Australian
collaborators (Table 1). Only Cameroon, Egypt, Ghana, South
Africa and Tunisia generated studies on African samples
without non-African collaborations (Table 1); for most of
these self-generated studies, a national-federal agency in that
country provided all- or part-of the funding support.

In 10 of 37 studies (27.0%), the first author listed had an
affiliation at an African institution (Table 1). Association
studies and biomarker analyses comprised the majority of
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genomics investigations undertaken. Four studies detailed the
use of next generation genomics technologies on analyses of
African samples (Table 1). Two studies from the same group
described refining genomic sample collection and storage
protocols, and genotype analyses in a multi-centred African
setting, and subsequently the development of a custom
African-specific (Pan-African) cancer genotyping array (Table
1). The number of African samples were generally low to
moderate when compared to samples from other geographical
regions on large multi-national studies, with most of the CaP
genomics research being undertaken on samples from West
Africa (Ghana), East Africa (Uganda) and Southern Africa
(South Africa) (Table 1).

Discussion

The present study undertook a literature review of Pubmed
publications to catalogue CaP genomics research across the
African continent. Taken as a whole, CaP genomics research
was uniformly carried out across Africa, as evidenced by the
distribution of returned abstracts per country. However, there
was clear disparity in the number of abstract outputs per
country. Five African countries (Egypt, Ghana, Nigeria, South
Africa and Tunisia) generated a combined total of 253 of 347
abstracts (72.9%), the remaining 27 countries combined only
accounted for 94 of 347 abstracts (27.1%). Interestingly, for

these 5 countries there is somewhat of a discordance between
the CaP genomic research output and their cancer burden. In
Nigeria and South Africa, CaP is the most common cancer in
males, however, liver cancer is the most common in men in
Egypt and Ghana, while lung cancer in the most common in
men in Tunisia.1 When published abstract comparisons were
made to other geographical regions, returned abstracts for
Africa accounted for almost 3% of the global total. However,
this proportional percentage may be less because not all re-
gions were included in this study. Men of African descent are
disproportionately affected by CaP, underlying genomic
factors may influence disease disparity and increasing evi-
dence suggests that the CaP burden might in fact be higher in
African men residing on the continent.2,13 Intuitively, it would
be assumed that genomics research output would mostly
match the cancer burden. However, in Africa there is a large
deficit in infrastructure and funding required to carry out
necessary genomics research, with only South Africa having
dedicated government-sponsored grants for genomic re-
search.41 Rotimi and colleagues highlighted this deficit by
demonstrating that all African cancer genomics research
publications only represented 0.061% of total publications on
cancer globally.42 Additionally, for their CaP specific ana-
lyses, 14 of 375 (3.7%) relevant publications were found, this
is fairly close to the percentage observed in this study (2.9% vs
3.7%).

Figure 1. Published prostate cancer genomics abstracts for Africa (2006–2021).
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African-led CaP Genomics Research

Due to the inherent genetic diversity in populations, it has been
difficult to generalise genomic findings across populations.13,40

Additionally, African populations have the greatest amount of
genetic diversity, smaller linkage disequilibrium (LD) blocks
and a larger proportion of unique population specific
alleles,43,44 but biosamples of individuals of African ancestry
are often significantly underrepresented in large genomics
studies compared to samples of European or Asian descent.39,45

Consequently, the present study sought to catalogue CaP ge-
nomics research with involvement of African institutions and
analyses that specifically included African biosamples, or data
directly derived from African biosamples. Although wide-
ranging CaP genomics research is generally undertaken on
the continent, there was a substantial paucity of publications
that involves actual African biosamples and investigators from
African institutions. Of more concern, in only 10 of 37 pri-
oritised studies discussed here (Table 1) the first (lead) author
was based at an African institution.When separating the studies
by North Africa vs SSA, for the 4 studies from North
Africa,46-49 2 (50%) had the first author affiliated to an African
institution (Table 1). For the SSA studies, 8 of 33 studies
(24.2%) had a first author affiliated to an African institution
(Table 1). Interestingly, a recent study assessing authorship in
cancer genomics studies publications also observed a more than
50% first authorship for North African countries, but first
authorship for SSA countries ranged between 2.2% and
13.6%.50 The present study differed from that study as it only
focused of CaP genomics studies (not all cancers) and it used a
conservative filter that excluded studies that did not include at

least 1 African institution in the authorship list. In addition, this
study did not assess last authorship, these factors combinedmay
have contributed to the higher SSA first author percentage.
Notwithstanding, overall literature disappointingly showing
that less than one-third of African cancer genomics research is
headed by African-based investigators, should embolden more
investigators on the continent to assume a more leading role in
the dissemination of genomics research findings.

African Biosample Representation in CaP
Genomics Studies

There was also notable disparity in the African biosample
numbers, both inter-continentally when compared to bio-
samples from other geographical regions, and intra-
continentally when compared to contributions between Afri-
can countries (Table 1). Ghana, Uganda and South Africa
contributed the most biosamples to genomics analyses either on
their own or on collaborativemulti-national studies. The sample
numbers shown in Table 1 appear to suggest a robust and
constant collection of ‘new’ biosamples from different geo-
graphical regions across different studies. However, the num-
bers should be viewed with some restraint. Twelve studies
included biosamples fromGhana,29,31-34,51-57; however, 7 of the
12 studies used the same set of biobanked
biosamples,29,31-33,51,52,55 and 2 studies34,53 used genotype data
derived from the biobanked biosamples. Only 3 other
studies54,56,57 presented analyses of newly collected Ghanaian
biosamples. Similarly, the Uganda-linked studies all used bi-
osamples and/or data derived from the same set of
biosamples.32,34,53,58,59 Only 6 studies55,60-64 undertook

Figure 2. Published prostate cancer genomics abstracts per geographical region (2006–2021).
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Table 1. Prostate Cancer Genomics Publications on African Biosamples Involving African Institutions (2006-2021).

Author and Year
Listed Author Institutional Affiliations

by Country Number of Biosamples (Country or Region)

Candidate gene, candidate region, genome-wide association studies
Al Olama et al. 201551 Australia; Bulgaria; Denmark; Finland;

Germany; Ghana; Italy; Japan; Portugal;
Senegal; Uganda; UK; USA

5327 cases; 5136 controls (Ghana, Senegal, Uganda
- no information available on number of sample
from each country)

34 379 cases; 33 164 (European)
2563 cases; 4391 (Japanese)
1034 cases; 1046 controls (Latino)

Brureau at al. 201680 Democratic Republic of Congo; France;
Guadeloupe

162 cases; 144 controls (Democratic Republic of
Congo)

498 cases; 565 controls (Guadeloupe)
Chung et al. 201452 Ghana; USA 39 cases; 39 controls (Ghana)

47 controls (USA)
Conti et al. 201733 Barbados; France; Ghana; UK; USA 474 cases; 458 controls (Ghana)

9728 cases; 10 352 controls (USA)
Conti et al. 202134 Australia; Barbados; Belgium; Bulgaria; Canada;

China; Croatia; Denmark; Finland; France;
Ghana; Germany; Japan; Malaysia; Poland;
Portugal; Spain; Sweden; Uganda; UK; USA

1586 cases; 1047 controls (Uganda)
640 cases; 634 controls (Ghana - used available

genotype data)
85 554 cases; 91 972 controls (European)
8611 cases; 18 809 controls (East Asia)
2714 cases 5239 controls (USA)

Cook et al. 201429 Ghana; USA 474 cases; 458 controls (Ghana)
#Djomkam et al. 201974 Cameroon 103 cases; 80 controls (Cameroon)
Du et al. 201881 Uganda; USA 571 cases; 485 controls (Uganda)
#Fernandez et al. 200873 South Africa 151 cases; 134 controls (South Africa)
#Fernandez et al. 201530 South Africa 486 cases; 323 controls (South Africa)
Haiman et al. 201131 Barbados, Ghana; Senegal; Uganda; USA 271 cases; 968 controls (Ghana)

86 cases; 414 controls (Senegal)
3425 cases; 3290 controls (USA)

Han et al. 201553 Barbados; China; Finland; Germany; Ghana;
Japan; UK; USA

474 cases; 458 controls (Ghana - used available
data)

4852 cases; 4678 controls (USA)
8600 cases; 6946 controls (European)
2563 cases; 4391 controls (Japanese)
1034 cases; 1046 controls (Latino)

Han et al. 201632 Barbados; Ghana; USA; Uganda 474 cases; 458 controls (Ghana)
542 cases; 479 controls (Uganda)
3599 cases; 3510 controls (USA)
238 cases; 231 controls (Barbados)

Matejcic et al. 202058 Uganda; USA 664 cases; 487 controls (Uganda)
1457 cases; 996 controls (USA)

Murphy et al. 201282 Cameroon; Jamaica; USA 102 cases; 133 controls (Cameroon)
110 cases; 218 controls (Nigeria)
380 controls (Sierra Leone)

Rand et al. 201659 Uganda; USA 332 cases; 235 controls (Uganda)
1833 cases; 1799 controls (USA)

#Sfar et al. 200749 Tunisia 101 cases; 106 controls (Tunisia)
Tindall et al. 201328 Australia; South Africa; USA 522 cases; 315 controls (South Africa)
Tindall et al. 201471 Australia; South Africa; USA 36 controls (South Africa)

35 controls (Kenya – used available data)
47 controls (Nigeria – used available data)
18 controls (Cameroon – used available data)
15 controls (Equatorial Guinea – used available data)
22 controls (Guinea – used available data)

(continued)
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genomic analyses on prostate tissue. Besides funding limita-
tions, there are known shortages of ethics review committee
genomics expertise across the continent, this in addition to
cultural sensitivity to the use of human biological tissue65 might
have further contributed to the lack of tissue representation on
studies. Overall, African biosample numbers were lower
compared to biosamples from other geographical regions, this
underrepresentation mirrors what has been reported in the
literature.13,39,40 It also has to be noted that although not in-
dicated in Table 1, most of the listed biosamples from the USA
did at least include a large percentage of men of African an-
cestry, namely, African American men; similarly, the bio-
samples from Barbados and Guadeloupe were all of African

ancestry. Moreover, new and unique genomics data can be
generated from the same established biosample collections as
shown in the Ghanaian and Ugandan studies, and underscores
the significant value of establishing well-curated biobanks. This
is particularly relevant in Africa where numerous factors such
sample acquisition costs, but also administrative barriers and
cultural beliefs may limit obtaining large collections of bio-
samples from the continent’s unique and diverse populations.

Contributions to Cap Knowledge

The introduction section of this review presented some of the
novel contributions to global understanding of CaP made by

Table 1. (continued)

Author and Year
Listed Author Institutional Affiliations

by Country Number of Biosamples (Country or Region)

Admixture mapping studies
#Petersen et al. 201966 Australia; South Africa 134 cases; 18 controls (South Africa)

Biomarker studies
#Adeola et al. 201567 South Africa 15 cases; 15 BPH; 15 controls (South Africa)
#Adeola et al. 201668 South Africa 15 cases; 15 controls (South Africa)
#Adeola et al. 201669 South Africa 20 cases; 32 BPH; 15 no uropathy (South Africa)
#Arko-Boham et al. 201954 Ghana; Netherlands; Switzerland 21 cases; 30 controls (Ghana)
Blackburn et al. 2019 Australia; South Africa; USA 93 cases; 84 controls (South Africa)*

1 case (Zimbabwe)*
Esteban at al. 200646 Egypt; France; Italy; Morocco; Spain 74 controls (Algeria)

82 controls (Egypt)
88 controls (Cote d’Ivoire)
296 controls (Morocco) samples consisted of males

and females, no information available on male
and female composition

#Fawzy et al. 201647 Egypt 50 cases; 25 BPH; 30 controls (Egypt)
Haj-Ahmad et al. 201448 Canada; Egypt 8 cases; 12 BPH; 10 controls (Egypt)
Pal et al. 201983 Nigeria; USA 28 cases; 22 controls (Nigeria)*
Pal et al. 202084 Nigeria; USA 28 cases; 35 BPH; 22 controls (Nigeria)*
Zhou et al. 201755 Ghana; USA 262 cases (Ghana)*

Next generation sequencing, genome mapping and mutational analysis
Feng at al. 201961 Australia; Canada; China; South Africa 6 cases (South Africa)*

16 cases (Australia)
Jaratlerdsiri et al. 201762 Australia; South Africa; USA 1 case (South Africa)*+

Jaratlerdsiri et al. 201863 Australia; South Africa 6 cases (South Africa)*
McCrow et al. 201664 Australia; South Africa; USA 87 cases (South Africa)*

Genomics protocols, custom cancer genotype array development
Andrews et al. 201856 Ghana; Nigeria; Senegal; South Africa; UK, USA 311 cases; 218 controls (Ghana; Nigeria; Senegal;

South Africa - no information available on
number per country)

Harlemon et al. 202057 Ghana; Mauritius; Nigeria; Senegal; South Africa;
USA

112 cases; 117 controls (Ghana)
112 cases; 113 controls (Nigeria)
56 cases; 59 controls (Senegal)
129 cases; 114 controls (South Africa)

# = first author affiliated to an African institution; * = prostate tissue analysed; + = South African male of European ancestry; BPH = benign prostatic hyperplasia.
African country names are written in italics.
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association studies that included biosamples and researchers
from Africa.28-34 Because genomic databases are skewed
toward an underrepresentation of African variants, some
studies (Table 1) prior to performing association analyses, first
undertook genomic sequence analyses to identify unique
African variants. Chung and colleagues52 re-sequenced a 250
kilobase (kb) region on chromosome 8q24.21 and identified
285 novel sequence variants that had not previously been
reported in any public database at the time, of these, 135
variants were only observed in Ghanaian samples. Rand and
colleagues59 undertook the first large-scale whole exome
sequence (WES) analyses of samples of men of African an-
cestry (n = 4100) and identified 395 220 coding variants, of
which 60% of the rare variants they identified were not in other
sequencing project databases. The admixture mapping asso-
ciation study by Petersen and colleagues66 noted that for
studies that sought to identify African ancestral contributions
to high risk CaP, the South African mixed ancestry population
could serve as an alternative genomic resource to studies that
would otherwise focus solely on the African American
population (also with known mixed ancestry).

Several investigations identified potential CaP biomarkers
in African men that are unique and differed from European and
Asian men. Four studies demonstrated the use of non-
invasively collected urine to identify potential CaP
biomarkers.48,67-69 These preliminary findings are noteworthy
given that diagnostic sample collection in low-resource set-
tings is often constrained due to the cost of blood draws and
inadequate capacity to transport and store blood. Blackburn
and colleagues60 demonstrated that transmembrane protease
serine 2:v-ets erythroblastosis virus E26 oncogene
(TMPRSS2-ERG) fusions are significantly less common in
driving CaP tumorigenesis in African men compared to
European men. Moreover, Jaratlerdsiri and colleagues63

employed whole genome sequencing (WGS) on CaP tissue
samples from South African men and observed a 1.8-fold
increase in small somatic variants in African men vs European
men. A recent NGS analyses of samples from 87 South Af-
rican men demonstrated that mitochondrial genome muta-
tional load is associated with aggressive CaP in men of
African ancestry.64 Furthermore, they observed that a large
mitochondrial deletion identified in a European population
was absent in the African men. Another study that analysed
the bacterial genera composition in CaP tissue, noted a 1.6-
fold increase in bacterial burden and higher abundance of
anaerobic bacteria in South African vs Australian biosamples,
the authors suggested that bacterially driven oncogenic
transformation contributed to the aggressive CaP presentation
often observed in men of African ancestry.61

Funding and Genomics Capacity in Africa

Genomics research in Africa is severely underfunded com-
pared to other continents. Stark and colleagues highlighted
this global genomics funding disparity,70 by showing that

since 2013, government funded National Genomic Medicine
Initiatives, with cost ranging between US$1.6 million to
US$9.2 billion, have been launched on all continents except
for the African continent. The present study did not aim to
establish the extent of funding, but rather sought to determine
if alternative funding sources have contributed to African-
linked CaP genomics research initiatives. From the sparse
information provided, 6 studies28,60,62,64,66,71 had private
entity co-funding partners, while another study had received
funds raised through an institutional fundraiser.63 Interest-
ingly, for the full text articles that were excluded because they
did not include African biosamples and/or data, 9 studies were
identified with clear indications of some form of private co-
funder partners, Biopharmaceutical support was declared in 2
of these studies (data not shown). A recent report from the
Inaugural African Organisation for Research and Training in
Cancer (AORTIC) Cancer Genomics Conference, stated the
need for Africa to develop private sector funded data centres,
and encourage public-private partnerships, including bio-
banking, while exercising caution against biospecimen com-
mercialisation and profit-making by private partners.72 Given
the increasing global trend of shrinking federal research funding
budgets, particularly affecting low-to-middle income countries,
public-private partnerships might offer a feasible model to drive
future genomics research on the African continent.

Africa has the expertise but is severely underserved in
terms of genomics research capacity and infrastructure.41

Besides the self-driven studies from South Africa,30,67-69,73

Cameroon,74 Egypt47 and Tunisia,49 for all the other studies
the laboratory-based genomics analyses were performed at a
collaborating non-African centre (Table 1). For 2 additional
studies, dual analyses were performed on genomics platforms
in Africa and the USA.56,57 There has been an increased
acknowledgement of population-based disparities in cancer
research, unequal distribution of biomedical funding and the
shortcomings of not including more diverse populations in
genomics research.10,39,70,75 To this end, the American As-
sociation for Cancer Research (AACR), the American Cancer
Society (ACS), the American Society of Clinical Oncology
(ASCO) and the National Cancer Institute (NCI) released a
position statement with comprehensive recommendations to
address these disparities, including reforms to address bio-
medical research funding for developing and under-resourced
countries.76 In Africa, several large initiatives such as the
Southern African Human Genome Programme,77 the Human
Hereditary and Health (H3Africa) Consortium,78 and the
African Genome Variation Project (AGVP)79 have been es-
tablished to drive genomics research on the continent. Prostate
cancer genomics research on the continent is primarily being
led by the Men of African Descent and Carcinoma of the
Prostate (MADCaP) Consortium2,56,57 and the African An-
cestry CaP GWAS Consortium (AAPC GWAS).29,31-34,51,53

Several joint collaborations are already in existence between
the 2 consortia. However, given that the burden of CaP in
Africa is expected to increase significantly, cooperation should
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additionally be fostered with other non-cancer focused con-
sortia on the continent in order share expertise and resources.

Conclusion

This study sought to catalogue CaP genomics research spe-
cifically by African investigators on African biosamples. The
number of the published studies were low, but this may be due
to a combination of the genomics capacity, infrastructure and
funding challenges that are a reality in Africa, as well as the
conservative filtering criteria used in this study. It was noted
with some optimism that there was a steady increase in the
number of recent CaP genomics publications within the last 5
years, as compared to the previous decade, in addition to a
number of significant and novel contributions as a result of
African involvement. However, concerted efforts need to be
made to increase (i) African biosample representation/numbers
on studies, (ii) African investigator involvement on studies and
(iii) African investigators as first authors on genomics studies.
Funding for genomics research should be prioritised with
more emphasis given to increasing public–private partner-
ships. The diverse genomic architecture in Africa could
provide important insights to the global understanding of
CaP biology, this contribution can only be fostered by more
widespread cooperation and leveraging existing expertise
across the continent.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author received no financial support for the research, authorship,
and/or publication of this article.

Ethics statement

The author declared that ethics approval was not applicable.

ORCID iD

Pedro W. Fernandez  https://orcid.org/0000-0002-8728-9032

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries. CA A Cancer J Clin. 2021;
71(3):209-249. doi:10.3322/caac.21660.

2. Rebbeck TR, Devesa SS, Chang BL, et al. Global patterns of prostate
cancer incidence, aggressiveness, and mortality in men of African
descent. Prostate Cancer. 2013;2013:1-12. doi:10.1155/2013/560857.

3. Powell IJ. Epidemiology and pathophysiology of prostate cancer
in African-American men. J Urol. 2007;177(2):444-449. doi:10.
1016/j.juro.2006.09.024.

4. Pinheiro PS, Medina H, Callahan KE, et al. Cancer mortality
among US blacks: Variability between African Americans,
Afro-Caribbeans, and Africans. Cancer Epidemiol. 2020;66:
101709. doi:10.1016/j.canep.2020.101709.

5. Odedina FT, Akinremi TO, Chinegwundoh F, et al. Prostate cancer
disparities in Black men of African descent: A comparative liter-
ature review of prostate cancer burden among Black men in the
United States, Caribbean, United Kingdom, andWest Africa. Infect
Agents Cancer. 2009;4:S2.doi:10.1186/1750-9378-4-S1-S2.

6. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer. 2010;127(12):2893-2917. doi:10.1002/ijc.25516.

7. Lozano R, Naghavi M, Lim SS, et al. Global and Regional
Mortality from 235 Causes of Death for 20 Age Groups in 1990
and 2010: A Systematic Analysis for the Global Burden of
Disease Study 2010; Vol 380;2012. www.thelancet.com.

8. Cassim N, Ahmad A, Wadee R, Rebbeck TR, Glencross DK,
George JA. Prostate cancer age-standardised incidence increase
between 2006 and 2016 in Gauteng Province, South Africa: A
laboratory data-based analysis. S Afr Med J. 2021;111(1):26-32.
doi:10.7196/SAMJ.2021.v111i1.14850.

9. Kelly SP, Rosenberg PS, Anderson WF, et al.. Trends in the
incidence of fatal prostate cancer in the United States by race. Eur
Urol. 2017;71(2):195-201. doi:10.1016/j.eururo.2016.05.011.

10. Chornokur G, Dalton K, Borysova ME, Kumar NB. Disparities
at presentation, diagnosis, treatment, and survival in African
American men, affected by prostate cancer. Prostate. 2011;
71(9):985-997. doi:10.1002/pros.21314.

11. DeSantis CE, Siegel RL, Sauer AG, et al. Cancer statistics for
African AmericansProgress and opportunities in reducing racial
disparities. CA A Cancer J Clin. 2016;66(4):290-308. doi:10.
3322/caac.21340.

12. Hjelmborg JB, Scheike T, Holst K, et al. The heritability of
prostate cancer in the Nordic twin study of cancer. Cancer
Epidemiol Biomark Prevent. 2014;23(11):2303-2310. doi:10.
1158/1055-9965.EPI-13-0568.

13. Rebbeck TR. Prostate cancer genetics: Variation by race, eth-
nicity, and geography. Semin Radiat Oncol. 2017;27(1):3-10.
doi:10.1016/j.semradonc.2016.08.002.

14. Albright FS, Stephenson RA, Agarwal N, Cannon-Albright LA.
Relative risks for lethal prostate cancer based on complete
family history of prostate cancer death. Prostate. 2017;77(1):
41-48. doi:10.1002/pros.23247.

15. Beebe-Dimmer JL, HathcockM, Yee C, et al. The HOXB13 G84E
mutation is associated with an increased risk for prostate cancer and
other malignancies. Cancer Epidemiol Biomark Prevent. 2015;
24(9):1366-1372. doi:10.1158/1055-9965.EPI-15-0247.

16. Cartert BS, Beatyt TH, Steinbergt GD, Childs B, Walsht PC.
Mendelian Inheritance of Familial Prostate Cancer (Segrega-
tion Analysis/Genetic Epidemiology/Autosomal Dominant In-
heritance), Vol. 89; 1992.

17. Schleutker J, Matikainen M, Smith J, et al. A Genetic Epide-
miological Study of Hereditary Prostate Cancer (HPC) in
Finland: Frequent HPCX Linkage in Families with Late-Onset
Disease 1; 2000.

Fernandez 9

https://orcid.org/0000-0002-8728-9032
https://orcid.org/0000-0002-8728-9032
https://doi.org/10.3322/caac.21660
https://doi.org/10.1155/2013/560857
https://doi.org/10.1016/j.juro.2006.09.024
https://doi.org/10.1016/j.juro.2006.09.024
https://doi.org/10.1016/j.canep.2020.101709
https://doi.org/10.1186/1750-9378-4-S1-S2
https://doi.org/10.1002/ijc.25516
http://www.thelancet.com
https://doi.org/10.7196/SAMJ.2021.v111i1.14850
https://doi.org/10.1016/j.eururo.2016.05.011
https://doi.org/10.1002/pros.21314
https://doi.org/10.3322/caac.21340
https://doi.org/10.3322/caac.21340
https://doi.org/10.1158/1055-9965.EPI-13-0568
https://doi.org/10.1158/1055-9965.EPI-13-0568
https://doi.org/10.1016/j.semradonc.2016.08.002
https://doi.org/10.1002/pros.23247
https://doi.org/10.1158/1055-9965.EPI-15-0247


18. Berry R, Schroeder JJ, French AJ, et al.. Evidence for a Prostate
Cancer-Susceptibility Locus on Chromosome 20, Vol. 67; 2000.

19. Berthon P, Valeri A, Cohen-Akenine A, et al. Predisposing gene for
early-onset prostate cancer, localized on chromosome 1q42.2-43.
Am J Hum Genet. 1998;62(6):1416-1424. doi:10.1086/301879.

20. Gibbs M, Stanford JL, Mcindoe RA, et al. Evidence for a Rare
Prostate Cancer-Susceptibility Locus at Chromosome 1p36 Vol
64; 1999.

21. Cooney KA, Mccarthy JD, Lange E, et al. Prostate Cancer
Susceptibility Locus on Chromosome 1q: A Confirmatory Study;
1997. http://gdbwww.gdb.org.

22. Brown WM, Lange EM, Chen H, et al. Hereditary prostate
cancer in African American families: Linkage analysis using
markers that map to five candidate susceptibility loci. Br J
Cancer. 2004;90(2):510-514. doi:10.1038/sj.bjc.6601417.

23. Virlogeux V, Graff RE, Hoffmann TJ, Witte JS. Replication and
heritability of prostate cancer risk variants: Impact of
population-specific factors. Cancer Epidemiol Biomark Prevent.
2015;24(6):938-943. doi:10.1158/1055-9965.EPI-14-1372.

24. Benafif S, Kote-Jarai Z, Eeles RA. A review of prostate cancer
genome-wide association studies (GWAS). Cancer Epidemiol
Biomark Prevent. 2018;27(8):845-857. doi:10.1158/1055-9965.
EPI-16-1046.

25. Wang Y, Ray AM, Johnson EK, Zuhlke KA, Cooney KA, Lange
EM. Evidence for an association between prostate cancer and
chromosome 8q24 and 10q11 genetic variants in African
American men: The flint men’s health study. Prostate. 2011;
71(3):225-231. doi:10.1002/pros.21234.

26. Xu Z, Bensen JT, Smith GJ, Mohler JL, Taylor JA. GWAS SNP
replication among African American and European American
men in the North Carolina-Louisiana prostatecancer project
(PCaP). Prostate. 2011;71(8):881-891. doi:10.1002/pros.
21304.

27. Helfand BT, Roehl KA, Cooper PR, et al. Associations of
prostate cancer risk variants with disease aggressiveness: results
of the NCI-SPORE genetics working group analysis of 18,343
cases. Hum Genet. 2015;134(4):439-450. doi:10.1007/s00439-
015-1534-9.

28. Tindall EA, Bornman R, van Zyl S, et al. Addressing the
Contribution of Previously Described Genetic and Epidemio-
logical Risk Factors Associated with Increased Prostate Cancer
Risk and Aggressive Disease within Men from South Africa;
2013. www.SAPCS.Webs.com.

29. Cook MB, Wang Z, Yeboah ED, et al. A genome-wide asso-
ciation study of prostate cancer in West African men. Hum
Genet. 2014;133(5):509-521. doi:10.1007/s00439-013-1387-z.

30. Fernandez P, Salie M, du Toit D, van der Merwe A. Analysis of
prostate cancer susceptibility variants in South African men:
Replicating associations on chromosomes 8q24 and 10q11.
Prostate Cancer. 2015;2015:465184. doi:10.1155/2015/465184.

31. Haiman CA, Chen GK, BlotWJ, et al. Genome-wide association
study of prostate cancer in men of African ancestry identifies a
susceptibility locus at 17q21. Nat Genet. 2011;43(6):570-573.
doi:10.1038/ng.839.

32. Han Y, Rand KA, Hazelett DJ, et al. Prostate cancer suscepti-
bility in men of African ancestry at 8q24. J Nat Cancer Inst.
2016;108(7):djv431. doi:10.1093/jnci/djv431.

33. Conti Dv., Wang K, Sheng X, et al. Two novel susceptibility loci
for prostate cancer in men of African ancestry. J Nat Cancer Inst.
2017;109(8):djx084. doi:10.1093/jnci/djx084.

34. Conti Dv., Darst BF, Moss LC, et al. Trans-ancestry genome-wide
association meta-analysis of prostate cancer identifies new sus-
ceptibility loci and informs genetic risk prediction. Nat Genet.
2021;53(1):65-75. doi:10.1038/s41588-020-00748-0.

35. Barbieri CE, Bangma CH, Bjartell A, et al. The mutational
landscape of prostate cancer. Eur Urol. 2013;64(4):567-576.
doi:10.1016/j.eururo.2013.05.029.

36. Beltran H, Rubin MA. New strategies in prostate cancer:
Translating genomics into the clinic. Clin Cancer Res. 2013;
19(3):517-523. doi:10.1158/1078-0432.CCR-12-1452.

37. Rubin MA, Demichelis F. The genomics of prostate cancer: A
historic perspective. Cold Spring Harbor Perspect Med. 2019;
9(3):a034942. doi:10.1101/cshperspect.a034942.

38. Li J, Xu C, Lee HJ, et al. A genomic and epigenomic atlas of
prostate cancer in Asian populations. Nature. 2020;580(7801):
93-99. doi:10.1038/s41586-020-2135-x.

39. Spratt DE, Chan T, Waldron L, et al. Racial/ethnic disparities in
genomic sequencing. JAMA Oncol. 2016;2(8):1070-1074. doi:
10.1001/jamaoncol.2016.1854.

40. Malina D, Oni-Orisan A, Mavura Y, Banda Y, Thornton TA,
Sebro R. Embracing Genetic Diversity to Improve Black Health;
2021.

41. Ghansah A, Kamau E, Amambua-Ngwa A, et al. Targeted Next
Generation Sequencing for malaria research in Africa: Current
status and outlook. Malaria J. 2019;18:324. BioMed Central
Ltd.; 2019. 10.1186/s12936-019-2944-2.

42. Rotimi SO, Rotimi OA, Salhia B. A review of cancer genetics
and genomics studies in Africa. Front Oncol. 2021;10:606400.
doi:10.3389/fonc.2020.606400.

43. Tishkoff SA, Verrelli BC. Role of evolutionary history on
haplotype block structure in the human genome: Implications
for disease mapping. Curr Opin Genet Dev. 2003;13(6):
569-575. doi:10.1016/j.gde.2003.10.010.

44. Choudhury A, Aron S, Sengupta D, Hazelhurst S, Ramsay M.
African genetic diversity provides novel insights into evolu-
tionary history and local adaptations. Hum Mol Genet. 2018;
27(R2):R209-R218. doi:10.1093/hmg/ddy161.

45. Popejoy AB, Fullerton SM. Genomics is failing on diversity.
Nature. 2016;538(7624):161-164. doi:10.1038/538161a.

46. Esteban E, Rodon N, Via M, et al. Androgen receptor CAG and
GGC polymorphisms in Mediterraneans: repeat dynamics and
population relationships. J Hum Genet. 2006;51:129-136. doi:
10.1007/s10038-005

47. Fawzy A, Sweify KM, El-Fayoumy HM, Nofal N. Quantitative
analysis of plasma cell-free DNA and its DNA integrity in
patients with metastatic prostate cancer using ALU sequence. J
Egypt Natl Cancer Inst. 2016;28(4):235-242. doi:10.1016/j.jnci.
2016.08.003.

10 Cancer Control

https://doi.org/10.1086/301879
http://gdbwww.gdb.org
https://doi.org/10.1038/sj.bjc.6601417
https://doi.org/10.1158/1055-9965.EPI-14-1372
https://doi.org/10.1158/1055-9965.EPI-16-1046
https://doi.org/10.1158/1055-9965.EPI-16-1046
https://doi.org/10.1002/pros.21234
https://doi.org/10.1002/pros.21304
https://doi.org/10.1002/pros.21304
https://doi.org/10.1007/s00439-015-1534-9
https://doi.org/10.1007/s00439-015-1534-9
http://www.SAPCS.Webs.com
https://doi.org/10.1007/s00439-013-1387-z
https://doi.org/10.1155/2015/465184
https://doi.org/10.1038/ng.839
https://doi.org/10.1093/jnci/djv431
https://doi.org/10.1093/jnci/djx084
https://doi.org/10.1038/s41588-020-00748-0
https://doi.org/10.1016/j.eururo.2013.05.029
https://doi.org/10.1158/1078-0432.CCR-12-1452
https://doi.org/10.1101/cshperspect.a034942
https://doi.org/10.1038/s41586-020-2135-x
https://doi.org/10.1001/jamaoncol.2016.1854
https://doi.org/10.1186/s12936-019-2944-2
https://doi.org/10.3389/fonc.2020.606400
https://doi.org/10.1016/j.gde.2003.10.010
https://doi.org/10.1093/hmg/ddy161
https://doi.org/10.1038/538161a
https://doi.org/10.1007/s10038-005
https://doi.org/10.1016/j.jnci.2016.08.003
https://doi.org/10.1016/j.jnci.2016.08.003


48. Haj-Ahmad TA, Abdalla MAK, Haj-Ahmad Y. Potential urinary
miRNA biomarker candidates for the accurate detection of
prostate cancer among benign prostatic Hyperplasia patients. J
Cancer. 2014;5(3):182-191. doi:10.7150/jca.6799.

49. Sfar S, SaadH,MosbahF,Gabbouj S, ChouchaneL. TSP1 andMMP9
genetic variants in sporadic prostate cancer. Cancer Genet Cytogenet.
2007;172(1):38-44. doi:10.1016/j.cancergencyto.2006.07.014.

50. Rotimi SO, Rotimi OA, Salhia B. Cancer Prevention and
Control Original Reports; 2021.

51. Olama AAal, Kote-Jarai Z, Berndt SI, et al. A meta-analysis of
87,040 individuals identifies 23 new susceptibility loci for prostate
cancer. Nat Genet. 2014;46(10):1103-1109. doi:10.1038/ng.3094.

52. Chung CC, Hsing AW, Yeboah E, et al. A Comprehensive
Resequence-Analysis of 250kb Region of 8q24.21 in Men of
African Ancestry; 2014. http://www.idtdan.com.

53. Han Y, Hazelett DJ, Wiklund F, et al. Integration of multiethnic
fine-mapping and genomic annotation to prioritize candidate
functional SNPs at prostate cancer susceptibility regions. Hum
Mol Genet. 2015;24(19):5603-5618. doi:10.1093/hmg/ddv269.

54. Arko-Boham B, Aryee NA, Blay RM, et al. Circulating cell-free
DNA integrity as a diagnostic and prognostic marker for breast
and prostate cancers. Cancer Genet. 2019;235-236:65-71. doi:
10.1016/j.cancergen.2019.04.062.

55. Zhou CK, Young D, Yeboah ED, et al. TMPRSS2: ERG gene
fusions in prostate cancer of west African men and aMeta-
analysis of racial differences. Am J Epidemiol. 2017;186(12):
1352-1361. doi:10.1093/aje/kwx235.

56. Andrews C, Fortier B, Hayward A, et al. Development, eval-
uation, and implementation of a pan-African cancer research
network: Men of African descent and carcinoma of the prostate.
Journal of global oncology. 2018;4:1-14. doi:10.1200/JGO.18.
00063.

57. HarlemonM, Ajayi O, Kachambwa P, et al. A custom genotyping
array reveals population-level heterogeneity for the genetic risks
of prostate cancer and other cancers in Africa. Cancer Res. 2020;
80(13):2956-2966. doi:10.1158/0008-5472.CAN-19-2165.

58. Matejcic M, Patel Y, Lilyquist J, et al. Pathogenic variants in
cancer predisposition genes and prostate cancer risk in men of
African ancestry. JCO Precis Oncol. 2020;4:32-43. doi:10.
1200/PO.19.

59. Rand KA, Rohland N, Tandon A, et al. Whole-exome se-
quencing of over 4100 men of African ancestry and prostate
cancer risk. Hum Mol Genet. 2016;25(2):371-381. doi:10.1093/
hmg/ddv462.

60. Blackburn J, Vecchiarelli S, Heyer EE, et al. TMPRSS2-ERG
fusions linked to prostate cancer racial health disparities: A
focus on Africa. Prostate. 2019;79(10):1191-1196. doi:10.1002/
pros.23823.

61. Feng Y, Jaratlerdsiri W, Patrick SM, et al. Metagenomic analysis
reveals a rich bacterial content in high-risk prostate tumors from
African men. Prostate. 2019;79(15):1731-1738. doi:10.1002/pros.
23897.

62. Jaratlerdsiri W, Chan EKF, Petersen DC, et al. Next Generation
Mapping Reveals Novel LargeGenomic Rearrangements in Prostate
Cancer, Vol. 8; 2017. www.impactjournals.com/oncotarget/.

63. Jaratlerdsiri W, Chan EKF, Gong T, et al. Whole-genome se-
quencing reveals elevated tumor mutational burden and initiating
driver mutations in African men with treatment-naı̈ve, high-risk
prostate cancer. Cancer Res. 2018;78(24):6736-6746. doi:10.1158/
0008-5472.CAN-18-0254.

64. McCrow JP, Petersen DC, Louw M, et al. Spectrum of mito-
chondrial genomic variation and associated clinical presentation
of prostate cancer in South African men. Prostate. 2016;76(4):
349-358. doi:10.1002/pros.23126.

65. Wright GEB, Koornhof PGJ, Adeyemo AA, Tiffin N. Ethical
and legal implications of whole genome and whole exome
sequencing in African populations. BMC Med Ethics. 2013;
14(1):21. doi:10.1186/1472-6939-14-21.

66. Petersen DC, Jaratlerdsiri W, vanWykA, et al. African KhoeSan
ancestry linked to high-risk prostate cancer. BMC Med Genom.
2019;12(1):82. doi:10.1186/s12920-019-0537-0.

67. Adeola HA, Soares NC, Paccez JD, Kaestner L, Blackburn JM,
Zerbini LF. Discovery of novel candidate urinary protein bio-
markers for prostate cancer in a multiethnic cohort of South
African patients via label-free mass spectrometry. Proteonomics
Clin Appl. 2015;9(5-6):597-609. doi:10.1002/prca.201400197.

68. Adeola HA, Calder B, Soares NC, Kaestner L, Blackburn JM,
Zerbini LF. In silico verification and parallel reaction monitoring
prevalidation of potential prostate cancer biomarkers. Future
Oncol. 2016;12(1):43-57. doi:10.2217/fon.15.296.

69. Adeola HA, SmithM, Kaestner L, Blackburn JM, Zerbini LF.Novel
Potential Serological Prostate Cancer Biomarkers Using CT100+
Cancer Antigen Microarray Platform in a Multi-Cultural South
African Cohort, Vol 7; 2016. www.impactjournals.com/oncotarget.

70. Stark Z, Dolman L, Manolio TA, et al. Integrating genomics into
healthcare: A global responsibility. Am J Hum Genet. 2019;
104(1):13-20. doi:10.1016/j.ajhg.2018.11.014.

71. Tindall EA, Richard Monare L, Petersen DC, et al. Clinical
presentation of prostate cancer in Black South Africans.
Prostate. 2014;74(8):880-891. doi:10.1002/pros.22806.

72. Ayettey Anie HNG, Rotimi SO, Fernandez P, et al. Report
of the premier African organisation for research and
training in cancer virtual genomics conference held from
18-20 February 2021. Ecancermedicalscience. 2021;15:
1253. doi:10.3332/ECANCER.2021.1253.

73. Fernandez P, de Beer PM, van der Merwe L, Heyns CF. COX-
2 promoter polymorphisms and the association with prostate
cancer risk in South African men. Carcinogenesis. 2008;
29(12):2347-2350. doi:10.1093/carcin/bgn245.

74. Djomkam ALZ, Sala TB, Memba CB, Njimoh DL. Prevalence of
the Ser217leu variant of the ELAC2 gene and its association with
prostate cancer in population of the littoral region of Cameroon.
Prostate Cancer. 2019;2019:5974928. doi:10.1155/2019/5974928.

75. Bentley AR, Callier S, Rotimi CN. Diversity and inclusion in
genomic research: why the uneven progress? J Commun Genet.
2017;8(4):255-266. doi:10.1007/s12687-017-0316-6.

76. Polite BN, Adams-Campbell LL, Brawley OW, et al. Charting the
future of cancer health disparities research: A position statement
from the American association for cancer research, the American
cancer society, the American society of clinical oncology, and the

Fernandez 11

https://doi.org/10.7150/jca.6799
https://doi.org/10.1016/j.cancergencyto.2006.07.014
https://doi.org/10.1038/ng.3094
http://www.idtdan.com
https://doi.org/10.1093/hmg/ddv269
https://doi.org/10.1016/j.cancergen.2019.04.062
https://doi.org/10.1093/aje/kwx235
https://doi.org/10.1200/JGO.18.00063
https://doi.org/10.1200/JGO.18.00063
https://doi.org/10.1158/0008-5472.CAN-19-2165
https://doi.org/10.1200/PO.19
https://doi.org/10.1200/PO.19
https://doi.org/10.1093/hmg/ddv462
https://doi.org/10.1093/hmg/ddv462
https://doi.org/10.1002/pros.23823
https://doi.org/10.1002/pros.23823
https://doi.org/10.1002/pros.23897
https://doi.org/10.1002/pros.23897
http://www.impactjournals.com/oncotarget/
https://doi.org/10.1158/0008-5472.CAN-18-0254
https://doi.org/10.1158/0008-5472.CAN-18-0254
https://doi.org/10.1002/pros.23126
https://doi.org/10.1186/1472-6939-14-21
https://doi.org/10.1186/s12920-019-0537-0
https://doi.org/10.1002/prca.201400197
https://doi.org/10.2217/fon.15.296
http://www.impactjournals.com/oncotarget
https://doi.org/10.1016/j.ajhg.2018.11.014
https://doi.org/10.1002/pros.22806
https://doi.org/10.3332/ECANCER.2021.1253
https://doi.org/10.1093/carcin/bgn245
https://doi.org/10.1155/2019/5974928
https://doi.org/10.1007/s12687-017-0316-6


national cancer institute. Cancer Res. 2017;77(17):4548-4555.
doi:10.1158/0008-5472.CAN-17-0623.

77. Pepper 2011 SAHGP Launch.
78. Rotimi C, Abayomi A, AbimikuA, et al. Research capacity. Enabling

the genomic revolution in Africa. Science. 2014;344(6190):
1346-1348. doi:10.1126/science.1251546.

79. Gurdasani D, Carstensen T, Tekola-Ayele F, et al. The
African genome variation project shapes medical genetics in
Africa. Nature. 2015;517(7534):327-332. doi:10.1038/
nature13997.

80. Brureau L, Moningo D, Emeville E, et al. Polymorphisms of
estrogen metabolism-related genes and prostate cancer risk in
two populations of african ancestry. PLoS One. 2016;11(4). doi:
10.1371/journal.pone.0153609.

81. Du Z, Lubmawa A, Gundell S, et al. Genetic risk of prostate
cancer in Ugandan men. Prostate. 2018;78(5):370-376. doi:10.
1002/pros.23481.

82. Murphy AB, Ukoli F, Freeman V, et al. 8q24 risk alleles in West
African and Caribbean men. Prostate. 2012;72(12):1366-1373.
doi:10.1002/pros.22486.

83. PalG, Huaman J, Levine F, et al. Long noncodingRNA fromPVT1
exon 9 is overexpressed in prostate cancer and induces malignant
transformation and castration resistance in prostate epithelial cells.
Genes. 2019;10(12):964. doi:10.3390/genes10120964.

84. Pal G, Di L, Orunmuyi A, Oluwabunmi Olapade-Olaopa E, QiuW,
Ogunwobi OO. Population differentiation at the PVT1 gene locus:
Implications for prostate cancer. G3: Genes Genom Gene. 2020;
10(7):2257-2264. doi:10.1534/g3.120.401291.

12 Cancer Control

https://doi.org/10.1158/0008-5472.CAN-17-0623
https://doi.org/10.1126/science.1251546
https://doi.org/10.1038/nature13997
https://doi.org/10.1038/nature13997
https://doi.org/10.1371/journal.pone.0153609
https://doi.org/10.1002/pros.23481
https://doi.org/10.1002/pros.23481
https://doi.org/10.1002/pros.22486
https://doi.org/10.3390/genes10120964
https://doi.org/10.1534/g3.120.401291

	Prostate Cancer Genomics Research Disparities in Africa: Advancing Knowledge in Resource Constrained Settings
	Introduction
	Materials and methods
	Results
	Discussion
	African-led CaP Genomics Research
	African Biosample Representation in CaP Genomics Studies
	Contributions to Cap Knowledge
	Funding and Genomics Capacity in Africa

	Conclusion
	Declaration of Conflicting Interests
	Funding
	Ethics statement
	ORCID iD
	References


