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ABSTRACT: Africa harbors unparalleled genetic and cultural diversity. Yet, despite cancer being a major
global non-communicable disease, African populations, particularly Indigenous groups, remain remarkably
underrepresented in cancer genomics research. This review examines the current landscape of cancer
genomics studies across Africa, with emphasis on population diversity and the extent to which Indigenous
populations have been included. The genetic heterogeneity across African populations is discussed, and
how it can influence cancer susceptibility, tumor biology, and therapeutic response, underscoring the fact
that findings from non-African cohorts may not have the same significance in African cohorts. A substantial
knowledge gap persists, and expanding studies in Africa could significantly provide valuable insights for
global cancer biology. These factors emphasize the urgency of an African-based and African-owned
biobanking infrastructure to support equitable research, strengthen local capacity and ethical stewardship
of genomic resources towards the promotion of precision oncology and health equity on the continent.

Keywords: Cancer genomics; Africa; Indigenous populations; Cancer biology; Precision oncology;
Health equity

1. Introduction

Cancer burden is unevenly distributed across global populations, with individuals of African ancestry
experiencing disproportionately higher mortality rates, earlier age of onset, and a greater prevalence of
aggressive disease phenotypes [1,2]. While structural determinants such as socio-economic inequality,
barriers to healthcare access, and delayed diagnosis undeniably shape cancer outcomes, accumulating
evidence suggests that genetic ancestry makeup also plays a substantive role in cancer susceptibility,
progression, and therapeutic response [3—5]. The contribution of African genetic diversity to cancer risk
remains insufficiently characterised [6], notwithstanding that Africa harbours the greatest human genetic
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diversity worldwide. The average African genome contains approximately 25% more genetic variation than
genomes from non-African populations and reflects exceptionally complex population structure [7-9].

In this context, African Indigenous populations, whose genetic lineages have contributed substantially
to the ancestry of contemporary African populations across the world, remain markedly underrepresented
in cancer genomics and population health research [10,11]. This underrepresentation limits understanding
of ancestry-specific disease risk and constrains the generalisability of findings derived largely from non-
African or urbanised African cohorts. As a result, the biological relevance of African genetic diversity for
cancer risk and tumour behaviour remains insufficiently characterized and analysed.

Indigenous peoples are defined by the United Nations as populations with historical continuity to pre-
colonial or pre-settlement societies; cultural, linguistic, and social distinctiveness from dominant
populations; and sustained relationships with ancestral territories and natural resources [12]. In this review,
the term “Indigenous” is used for populations that align with the United Nations descriptive framing cited
above or are described as such in the source literature; where this is unclear, we use the specific
community’s name or ethnolinguistic designation and avoid assigning Indigenous status. The general
geographic distribution of the Indigenous and ethnolinguistic populations of Africa, as discussed in this
narrative review, is shown in Figure 1.

An estimated 476 million Indigenous people live in over 90 countries of the world, including Africa,
collectively constituting about 6.2% of the world’s population [13]. In contrast to global estimates,
comprehensive population statistics for Indigenous people in Africa are limited, with available data largely
restricted to country or group-specific estimates [14]. Within Africa, Indigenous populations encompass
diverse hunter-gatherer, pastoralist, and small-scale agrarian societies whose demographic histories often
predate major population expansions, including Bantu-speaking migrations [15—17]. These populations
retain genetic lineages that reflect some of the earliest divergences in human evolutionary history and
continue to shape the genetic architecture not only of modern African populations but also of the Homo
sapiens species as a whole [15,18,19]. Genomic reconstructions of African population history demonstrate
that Indigenous groups are related through deep ancestral lineages that diverged tens of thousands of years
ago, with population structure broadly aligning with geographic regions across North, West, Central, East,
and Southern Africa [20,21]. Subsequent migration events, such as pastoralist expansions and later
agricultural dispersals, facilitated varying degrees of genetic exchange among groups, while many
Indigenous populations maintained relative genetic distinctiveness due to geographic, ecological, or
cultural continuity [21-23]. Contemporary African populations therefore represent complex mosaics of
Indigenous and later-arriving ancestries, with important implications for patterns of disease susceptibility
and health outcomes. Studying the genetic makeup of African Indigenous populations is therefore critical.
These populations provide unique opportunities to identify genetic variants that may influence cancer
susceptibility in contemporary African populations, uncover population-specific risk factors for both
common and rare diseases, and elucidate gene-environment interactions shaped by long-standing
subsistence practices [18,24,25].

Beyond population-specific insights, inclusion of Indigenous populations has broader translational
implications. Because African populations harbor the greatest human genetic diversity and retain genetic
diversity that reflects early human population divergence [7-9], discoveries made in these groups can
strengthen the foundational architecture of disease gene discovery and phenotypes. This dual benefit
enables both the development of tailored precision medicine strategies for specific communities and the
generation of genomic insights that improve risk prediction and therapeutic approaches across multiple
populations [26-28].
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Figure 1. Map of selected African population groups discussed in the review. This map illustrates the spatial distribution of
selected population groups across the African continent, overlaid on the five African regions defined by the United Nations
(North, West, East, Central, and Southern Africa). Each circle marks the country in which a population group is situated,
identified by standardized abbreviations (see legend). The map of Africa was created with MapChart.

By integrating anthropological, evolutionary, and biomedical perspectives, this narrative literature
review situates health disparities among African Indigenous populations within the broader context of
African population history and contemporary cancer burden. It examines regional patterns of African
Indigenous and non-Indigenous populations’ distribution and associated health disparities across Africa,
focusing on the six most prevalent types of cancer on the continent according to Global Cancer Observatory
(GLOBOCAN) [2], as illustrated in Figure 2 and Table 1. Understanding the genomic landscape through a
more inclusive and population-oriented approach is essential for developing health solutions that are more
effective, context-appropriate, and aligned with the realities of the continent, ultimately contributing to
greater health equity.
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Figure 2. The most common cancer sites in African countries in males and females in 2022, by absolute numbers, according to

GLOBOCAN [2].
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Table 1. Incidence and mortality rates for the most common cancers in Africa in males and females in 2022, according to GLOBOCAN [2].

Central Africa East Africa North Africa Southern Africa West Africa Africa World
Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality Incidence Mortality

(ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR) (ASR)
Breast
Female 30.0 16.8 31.9 17.6 53.2 19.0 46.2 16.6 41.6 22.3 40.5 19.2 46.8 12.7
Cervical
Female 31.1 22.9 40.4 28.9 6.5 3.8 34.9 20.4 26.7 16.3 26.4 17.6 14.1 7.1
Prostate
Male 44.2 27.2 28.0 16.8 16.1 6.9 59.9 29.7 36.9 23.5 30.3 17.3 29.4 7.3
Liver
Male 9.8 9.5 59 5.7 18.7 18.0 6.1 57 9.9 9.6 11.1 10.7 12.7 10.9
Female 5.0 4.9 3.9 3.8 10.1 9.6 3.7 34 6.0 59 6.2 6.0 4.8 4.1
Lung
Male 32 3.0 3.9 3.7 20.6 18.6 25.7 23.7 2.6 2.5 9.9 9.1 32.1 24.8
Female 1.6 1.5 2.7 2.5 3.8 34 10.4 9.8 1.6 1.5 3.2 3.0 16.2 9.8
Colorectal
Male 5.9 43 8.5 6.1 11.0 6.2 16.1 10.2 7.4 5.6 9.1 6.1 21.9 9.9
Female 5.2 3.8 7.2 5.2 9.6 5.3 10.7 7.2 5.8 4.4 7.5 5.1 15.2 6.5

ASR: age-standardized incidence per 100,000 people. Source: International Agency for Research on Cancer (IARC), GLOBOCAN, [accessed on 18 February 2026].
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2. Prostate Cancer

Numerous publications show that, in African men, prostate cancer (PCa) is the most devastating cancer
in terms of incidence and mortality [29-31]. PCa diagnosis typically involves a Prostate-Specific Antigen
(PSA) blood test and a digital rectal examination (DRE), often conducted for men over 50 years of age.
PSA is a serum biomarker produced by the prostate gland and, in healthy men, is <4 ng/mL, although it
lacks specificity as elevated levels can indicate non-cancerous conditions or infections. Well-established
non-modifiable risk factors that are thought to contribute to PCa development include: advanced age
(diagnosis in men aged <40 years is rare, with incidence steadily rising thereafter), positive family history,
genetic predisposition (e.g., BRCAI, ERCC6, ARHGAP21, and ADAMTSL3 mutations [32]), and ethnicity,
with the latter two being somewhat interlinked [33]. It is of great concern that PCa mortality
disproportionately affects African men despite having a similar, or in some cases lower, incidence to
European men. This disparity is characterised either by earlier age at diagnosis, presentation of advanced-
stage disease, a lack of access to appropriate healthcare, and genetic susceptibility or hereditary
predisposition [34].

As 0f2022, Northern Africa has the lowest age-standardised rate (ASR) of PCa incidence and mortality
in Africa (Table 1). In Morocco, however, the burden of PCa is the highest in the region. It ranks as the
most frequently diagnosed cancer (23.6 per 100,000) and the second leading cause of cancer-related deaths
in men (10.8 per 100,000) [2,35]. Although prostatic adenocarcinoma histology is predominant at
presentation, the prevalence of advanced disease in the population (29.2% of cases) is considered lower
than that in other African regions and affects mainly older individuals [36]. Therefore, the high rate of
mortality has been attributed to delayed diagnosis, absence of a PCa screening program, smoking, and
socioeconomic status rather than clinical or genomic characteristics [36]. Genetic studies have found that
North Africa is somewhat unique in that there exists minimal differentiation between the Arab and
Indigenous Amazigh populations in the region, due to the high degree of inter-population admixture and
their common Neolithic Berber ancestry [37,38]. Indeed, a small study of a familial PCa cohort from
Morocco suggests that there are seemingly no discernible differences in PCa presentation for the Amazigh
and the remainder of the population. At presentation, both the Amazigh and their counterparts were on
average 70 years of age, had similar median PSA levels (45 ng/mL and 34 ng/mL, respectively), and had a
high proportion classified as having intermediate disease (Gleason score < 3+4) [39]. However, since this
study was limited to familial PCa and concerned a cohort of just 30 participants, these findings may not be
broadly representative. Interestingly, this homogeneity of PCa presentation amongst Indigenous and non-
Indigenous peoples was mirrored in Sudan, whose population faces both the lowest incidence (11.9 per
100,000 men) and the second lowest mortality rates (6.1 per 100,000) of the disease in the region [2]. PCa
burden and aggressiveness were relatively similar amongst the various ethnolinguistic groups in Sudan,
including Niger-Congo, Nilo-Saharan, and Afro-Asiatic speaking populations. The majority (85.4%) of
patients presented at the age of 70 and above with advanced (stage III and IV) disease [34,40,41]. The Afro-
Asiatic-speaking population presented with a lower median PSA level of 52 ng/mL compared to the overall
Sudanese population median of 100 ng/mL, but this was not significantly different [34,40]. One study,
however, found that the incidence of perineural invasion in prostatic tissue was elevated among Afro-
Asiatic patients, which tends to be more prevalent in advanced-stage tumors, and it is often associated with
unfavourable outcomes [34].

PCa is the most common cancer in Eastern African men, with incidence and mortality ASRs of 28.0
and 16.8 per 100,000, respectively (Table 1). At present, there are no epidemiological studies that describe
the burden or presentation of PCa in East African Indigenous populations. However, a few genomics studies
have identified PCa susceptibility loci in selected East African populations. One such study was performed
using genomics data from two Kenyan populations: the Luhya and Maasai [42]. This study found that
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Maasai had positive selection for a deleterious missense variant, rs773663, in the gene BAZ2A, the

overexpression of which has been associated with PCa recurrence [43]. A second genomics study sought

to investigate the contribution of susceptibility loci to PCa disparities across African populations. They

found that several East African populations had an intermediate PCa risk in comparison to that of non-

African populations [44]. In particular, the Pare and Luhya of Kenya, as well as the Hadza of Tanzania and

the Hamar of Ethiopia, had the highest predicted risk of PCa, likely due to the predominance of the known

PCa susceptibility loci 1s9623117 (TNRC6B gene, responsible for mRNA degradation mediated by miRNA)
and rs7584330 (MLPH gene, part of the androgen receptor binding site) [44—46].

This same genomics study found that the genetic risk of PCa is elevated for West African populations
[44]. Like in Eastern Africa, PCa is the leading cause of cancer incidence and mortality in the region, with
respective ASRs of 33.1 and 20.2 per 100,000 (Table 1). The vast majority of PCa epidemiological data in
Western Africa comes from Nigeria. Nigeria bears the heaviest burden of the disease among the sixteen
countries that comprise Western Africa. In fact, known PCa-associated SNPs (rs9623117 and rs11672691)
with the highest West African risk scores are particularly concentrated in the Esan and Yoruba populations
of Nigeria [44]. Nigerian men are typically diagnosed between the ages of 55 and 71 years [47]. Advanced
or metastatic disease (Gleason scores > 4+3) at presentation is common, and PSA levels > 100 ng/mL are
correlated with a higher burden of disease [47]. Interestingly, although the PSA levels at diagnosis amongst
Igbo men were far lower than those of the general population (1.20-33.9 ng/mL and 0.5-760 ng/mg,
respectively), they tended to present earlier with similar stages of PCa [47,48]. For the Igbo, advanced disease
(Gleason score > 4+3) was most common at presentation and was accompanied by chronic prostatitis in one
third of all cases [48]. Advanced or late-stage disease in relatively young men usually suggests that there may
be biological/environmental predisposition or heritable factors at play. This may also be the case with other
Nigerian ethnic population groups, as the incidence in Hausa and Yoruba men was found to be the highest in
the 50-60 year age group compared to that of 60—69 years for Nigeria overall [47—49]. However, since no
studies have been reported on the clinical features of these groups, this is purely conjecture.

Southern Africa experiences the most aggressive burden of PCa in Africa, where it ranks as having the
highest incidence and mortality of the disease. The ASR of incidence and mortality is nearly four times that
of Northern Africa (Table 1) [2]. The ethnolinguistic landscape of the region comprises two major branches:
the Indigenous KhoeSan and various Bantu-speaking peoples. For example, Southern Africans represent a
unique ancestry of predominantly Bantu-speaking groups (including the Ndebele, Pedi, Shangaan, Sotho,
Swati, Tswana, Tsonga, Venda, Xhosa, and Zulu), with contributing KhoeSan heritage [29]. In Namibia,
the Tswana, Herero, and Baster (descended from the Cape Coloured and KhoeSan of South Africa) are
more likely to develop PCa than all other groups [50], and the Nguni, Tsonga, Venda, and KhoeSan of
South Africa were more likely than men of European descent to be diagnosed with PCa [29]. By way of
explanation, studies have found that Southern African ancestry is linked to high-risk PCa (Gleason score >
8) and that this association is directly influenced by an increase in the mean KhoeSan genetic contribution.
Indeed, four chromosomal regions were identified as high-risk loci within ancient KhoeSan genomes—
2pl11.2,3pl4, 8923, and 22q13.2—of which variants of 2p11.2 and 22q13.2 had previously been associated
with PCa in Japanese, Australian, and various European populations [51]. This suggests that modern
humans’ earliest ancestors may already have carried genomic signatures for high-risk PCa. A similar
genomics study in Bantu-speaking populations in South Africa found that they carried genetic variants
significantly associated with clinical characteristics of aggressive PCa [52]. This may partly provide an
explanation as to why the Bantu-speaking Nguni, Tsonga, and Venda men from South Africa are at a higher
risk of PCa than all other groups, with one third being diagnosed with advanced PCa (Gleason score > 8)
at presentation [29,52].

Despite the high incidence of PCa in the Central African region, the second highest in Africa (Table 1),
data regarding Indigenous populations have proven scarce. The Fulani from Cameroon have the highest
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median genetic risk scores compared to all other Eastern, Western, or Non-African (i.e., Asian, European,
and South American) population groups investigated, closely followed by other groups such as the Lemande,
Bakola, Lyassa, and Mobololo of Cameroon, and the Bulala of Chad [44]. In Gabon, a study investigating the
relationship between Angiotensin-Converting Enzyme (ACE) gene insertion/deletion polymorphism and
disease onset found that one-third of individuals with PCa carry the ACE deletion polymorphism [53]. The
ACE enzyme is synthesized by the prostate, and the double deletion genotype of this gene has been previously
associated with an advanced stage of PCa [54]. This deletion polymorphism was significantly more frequent
among the Baka (Pygmy; 0.862) and the Fang (Bantu-speaking; 0.687) [54].

The PCa burden and biology among African populations, including several Indigenous populations,
reflect the continent’s evolutionary history and complex demographic structure. While in some regions
clinical homogeneity is observed between Indigenous and non-Indigenous groups, genomic analyses
increasingly reveal enrichment of distinct susceptibility loci within particular ancestral backgrounds.
Importantly, several of the populations discussed in this review present with advanced-stage PCa, yet the
relative contributions of inherited susceptibility, long-standing gene—environment interactions, and
structural inequities in healthcare access remain insufficiently addressed.

3. Breast Cancer

Breast cancer (BrCa) is the most common female malignancy in Africa, being the cancer with the first
or second highest incidence and/or mortality in most African countries, despite having lower incidence
rates than in the rest of the world (Table 1). Relative to BrCa in women of European ancestry, the disease
in Indigenous women in Africa is typically characterized by a younger age, an advanced stage, and a higher
grade at presentation [55]. Although this is certainly exacerbated by factors such as cultural beliefs, socio-
economic status, the lack of screening programs, and deficiencies in healthcare infrastructure, genetic
susceptibility and heritable factors also play a role in BrCa development and prognosis [56—58]. BrCa is
molecularly classified by oestrogen (ER), progesterone (PR), and human epidermal growth factor-2 (HER2)
receptor status, as they inform not only BrCa aetiology and incidence trends, but are also a major
determinant of treatment options, disease outcomes, and survival [54]. This is often further delineated into
four molecular subtypes based on the receptor’s expression: luminal A (Lum A; ER+ and/or PR+, HER2-),
luminal B (Lum B; ER+, PR+ and/or HER2+), HER2-enriched (HER2+), and triple-negative breast cancer
(TNBC), which lacks expression of all three receptors [59]. The Lum A and Lum B molecular subtypes are
associated with a better prognosis and long-term survival estimated at 80—85% for 5 years, while the TNBC,
characterized by aggressiveness and higher resistance to therapies, has the highest mortality rate of 40%
within a 5-year diagnostic period [58]. The luminal subtypes of BrCa, particularly those with ER+
expression, account for 45-65% of BrCa cases worldwide [59].

Although dominated by the luminal subtypes of BrCa, which typically correspond to better prognosis,
Northern Africa has the highest incidence and the second highest mortality rates of the disease in Africa
(Table 1). And yet, studies relating to the burden of disease in the region’s Indigenous populations remain
scarce and lack clinical or genetic etiological data. At present, only the Indigenous Amazigh people of
Morocco have been included in BrCa epidemiological studies. Although the composition of these studies’
cohorts closely reflected that of the rest of the Moroccan population, with approximately 30% identifying
as Amazigh, they could not provide any conclusion about the distribution or genetic contribution of BrCa
in the Indigenous Amazigh people [60-62].

Within Eastern Africa, the majority of studies on BrCa distribution and genetic contributions among
Indigenous groups come from Kenya. After Ethiopia, Kenya faces the highest incidence of BrCa in the
region, and it is the leading cause of cancer-related deaths in Kenyan women (ASR mortality of 19.6 per
100,000) [2]. Kenya’s population is often divided into three distinct ethnolinguistic and cultural groups: the
Bantu-speakers (e.g., the Kikuyu and Luhya), the Nilotes (e.g., the Luo and the Indigenous Massai and
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Turkana), and the Cushites (e.g., the Indigenous Somali) population groups. When BrCa characteristics
among these three groups were compared, the Nilotes tended to present with larger tumours, likely directly
correlated with their slightly higher proportion of HER2-enriched tumours than the Bantus [63]. In contrast,
the Cushites tended to present at a markedly earlier age (36 years) than both the other two groups and the
broader Kenyan population (median of 48 years) [63,64]. Later, a study investigating population-specific
variation in microRNA (miRNA) associated with cancer risk found the tumor suppressor miRNA hsa-miR-
202, which contains a T-allele polymorphism with a protective effect on BrCa mortality due to increased
expression of the mature miRNA, had a varied frequency amongst selected East African population groups.
Interestingly, this T-allele occurred at lower frequency in the nonhunter-gatherer Maasai and Luhya
populations of Kenya (0.08%) compared to the hunter-gatherer Hadza and Sandawe populations of
Tanzania (43%) [65]. Although there are no studies directly comparing the rates of incidence and mortality
amongst these Indigenous peoples, the overall BrCa mortality rate in Tanzania is almost half that of Kenya
despite the predominance of the more aggressive triple-negative subtype [58]. This is in part due to the
relatively high frequency of the protective hsa-miR-202 T-allele in people of Tanzania, but this cannot be
determined based solely on this one study [65]. It does, however, warrant further investigation of hsa-miR-
202 allele polymorphisms in a broader comparative study across the region or even the continent, as they
may serve as prognostic markers of BrCa and prove a valuable target for precision chemotherapeutics.

Despite having the second highest incidence of BrCa in Africa, Southern Africa has the second lowest
mortality rate of any region (Table 1). A meta-analysis of BrCa prognostic factors showed that the age at
diagnosis tended to be younger across most of Africa compared to Southern Africa, likely because the
highly admixed population in the region may exhibit genetic risk profiles closer to those observed in
European populations and because the relatively high frequency of luminal BrCa subtypes [56,58]. Indeed,
in Namibia BrCa was the most common cancer in the European-descent (44.7%) and admixed (38.3%)
populations, followed by women from Nama (28.7-35.7%), Baster (31.4%), Damara (29.5%), Herero
(26.5%), Ovambo (24.5%), Kavango (21.5%), Tswana (17.6%) and Caprivian (11.8%) [50]. In South
Africa, European-descent and admixed women also had the highest ASR of mortality compared to any
other group [66]. However, this does not mean that the Bantu-speaking populations of the region do not
also have a heavy burden of disease. In South Africa, 82.6% of Bantu-speaking women referred to the clinic
were diagnosed with early-onset TNBC before the age of 50 years, indicating that pre-menopausal Bantu
women are generally at a higher risk of hereditary BrCa than other populations in South Africa [67]. BRCA1
and BRCA?2 are tumour suppressor genes involved in DNA damage repair; mutations in these genes are
associated with an increased risk of BrCa [68]. Surprisingly, only 4.2% of Bantu-speaking patients tested
positive for BRCA, despite displaying BRCA I-like characteristics [67]. However, previous studies have
also demonstrated a low incidence of pathogenic BRCA! variants in Bantu-speaking South African
populations, such as the Xhosa (contributing just 7.1% variants), compared to other groups, suggesting that
there may be other population-specific pathogenic variants that are influencing the development of BrCa in
the region that have yet to be discovered [69].

The highest BrCa mortality and poorest survival rate of any African (and, in fact, world) region is
found in Western Africa (ASR of 22.3 per 100,000), despite having similar incidence rates to those of other
African regions (Table 1). West African ancestry has been correlated with a higher risk of developing the
TNBC subtype and shorter disease-free survival [64,70—72]. West African women typically present with
early-stage invasive BrCa with a median age at diagnosis of 44 years [71]. A limited case study of three
Yoruba women with bilateral BrCa found that all patients presented at an early age with invasive ductal
carcinoma, the most common type of histologically diagnosed BrCa in Nigeria [73]. All three patients were
later confirmed to have TNBC, the most common subtype in both Nigeria and the broader region [58,71].
Indeed, high proportions of BRCAI (7.4%) and BRCA2 (4.3%) variants have been identified among Y oruba
BrCa patients, but this was not significantly different from that of non-Yoruba Nigerian women [74].
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Additionally, the hsa-miR-202 T-allele with a known protective effect on BrCa mortality occurred at a
lower frequency in the Yoruba (0.08%) than African population groups of other regions, such as the Hadza
and Sandawe, suggesting that there may be differences in the potential applicability of prognostic markers
amongst the Indigenous people and broader population of Nigeria [65]. Similarly, in Niger, younger age
(<45 years) and late diagnosis were also reported as common features of Djerma-Sonrai and Haussa
Indigenous women with BrCa [75]. Although the majority (89.4%) of women had localised tumours at
diagnosis, survival was found to be low at just 13% after 12 months [75].

Of all African regions, Central Africa bears the lowest incidence and mortality of BrCa, perhaps
because the less aggressive luminal subtypes predominate the encompassing countries (Table 1). However,
much like its highly burdened counterpart, Northern Africa, very little is known about the burden of BrCa
in the region’s Indigenous populations, as only two genomics studies to date have been performed for this
purpose. One such study found several pathogenic variants in known BrCa susceptibility genes (BRCA,
BRCA2, CDHI, CHEK?2, PALB2, TP53, ATM, and BARDI) among the Indigenous Baganda women of
Uganda and the Bantu-speaking and Indigenous Pygmy population groups of Cameroon [76]. Notably, two
miRNAs previously associated with BrCa were discovered in the Pygmy people: hsa-miR-4640, which has
roles in tumorigenesis and metastasis, and hsa-miR-202, which had a low frequency of the protective T-
allele in the population [65]. Since Central Africa has the lowest rates of incidence and mortality in Africa,
it seems pertinent to investigate whether there are protective factors at play or if BrCa is simply
underreported in the region.

4. Liver Cancer (Hepatocellular Carcinoma)

Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver [77]. Africa and
Southeast Asia together account for more than 80% of the global incidence and prevalence, and HCC ranks
as the sixth most frequently diagnosed cancer and the third leading cause of cancer-related mortality
worldwide [2]. The development of HCC is typically driven by chronic liver injury characterized by
persistent inflammation, progressive fibrosis, and dysregulated hepatocyte generation. These pathological
processes promote cirrhosis and create a pro-tumorigenic microenvironment in which accumulated genetic
and epigenetic alterations ultimately result in malignant transformation [77]. The main risk factors for the
development of HCC include non-alcoholic fatty liver disease (NAFLD) [78], hepatitis infections (hepatitis
B or hepatitis C), aflatoxin exposure, and iron overload to a lesser extent [ 79]. In Sub-Saharan Africa (SSA),
approximately 80% of HCC cases are attributable to chronic hepatitis B virus (HBV) infection [80]. Due to
dietary changes, NAFLD is increasingly being reported as an emerging and potentially growing contributor
to HCC in SSA [81]. HBV contributes to hepatocarcinogenesis through both indirect and direct mechanisms:
chronic infection induces ongoing hepatic inflammation, oxidative stress, and cycles of hepatocyte death and
regeneration that promote fibrosis and cirrhosis, while integration of HBV DNA into the host genome can
disrupt tumour suppressor genes or activate oncogenes [82,83]. Additionally, the viral HBx protein has been
shown to interfere with p53 function, cell cycle regulation, and DNA repair pathways, thereby facilitating
malignant transformation [84]. Due to dietary changes, particularly the increasing shift towards a Westernised
diet characterised by high intake of processed foods, saturated fats, and refined sugars, NAFLD is increasingly
being reported as an emerging and potentially growing contributor to HCC in SSA [81]. Ethnic differences
in HCC susceptibility and clinical outcomes have been extensively investigated between Africans (including
African descendants, e.g., African Americans) and Europeans [85], but comparable analysis considering the
population plurality amongst different African populations is scarce.

In Mali, in the northern region of Africa, there’s a contrast between the southern and northern Saharan
zones. Southern Malian groups near Bamako face a multiplicative interaction of HBV and high aflatoxin
exposure in HCC, while northern Indigenous groups in Timbuktu, including Tuareg, Moor, and Songhay,
lack markers of aflatoxin exposure but have an 11% endemic HBV carriage rate [86]. The molecular
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characterization reveals that 86.7% of HBV carriers of these groups in Timbuktu harbour truncated forms
of the viral HBx gene in cell-free DNA, a molecular signature of viral integration and high-risk progression
of HCC [86]. These findings indicate that HCC risk factors are not evenly distributed across Mali, but vary
according to climatic, socioeconomic, and anthropological conditions, which may influence the patterns of
chronic liver disease and HCC development.

Further exploring risk factors implicated in the development of HCC, an aflatoxin-induced mutation at
codon 249 of the TP53 gene (p.Arg249Ser), an oncogenic hotspot mutation, has been reported in HCC
patients from Nigeria, Gambia, Senegal, and Cameroon [87-90]. Aflatoxin B1 carcinogenicity depends on
its hepatic bioactivation to the mutagenic AFB1-ex0-8,9-epoxide, a process partly mediated by the
polymorphic enzyme CYP3AS, a cytochrome P450 enzyme involved in the metabolism of xenobiotics.
Certain CYP3A5 variants are associated with increased formation of this mutagenic metabolite, particularly
in individuals with high CYP3A45 expression, thereby potentially increasing HCC susceptibility. Notably, a
study reports moderate or high expression levels of CYP345 in Gambian individuals, slightly more than
reported in African American liver biopsies. This difference is probably due to the European ancestry
admixture in African Americans, since European ancestry individuals express low levels of CYP345,
although the main expressing haplotype is present at similar frequencies in Gambians and African
Americans [91]. This highlights how the admixed populations do not completely reflect the genetic makeup
of African populations.

An analysis of the frequency of five HCC-related SNPs (rs1800562, rs2596542, 1s2267716, 1s9275572,
and rs17401966) across 53 human populations found that the Mbuti and San Indigenous populations had
the highest calculated risk score of HCC development [92]. These variations have established links to HCC
susceptibility: rs1800562 is associated with hereditary hemochromatosis (iron overload); rs17401966 and
1s9275572 have been linked to HBV- or HCV-related HCC risk; rs2596542 lies in the promoter region of
the MICA gene and is associated with increased HCC susceptibility; and rs2267716, located in the CRHR?2
gene, has been associated with HBV-related HCC in Chinese populations [92].

Most studies on HCC in Africa have primarily focused on the interplay between viral risk factors and
how genomic integration events affect human genome integrity. In contrast, investigations exploring
biomarkers such as miRNAs are emerging. In South Africa, a study has described 91 deregulated miRNAs
in the serum of HCC HBV associated in African patients (the individuals self-identified their ethnicity,
individuals of mixed ancestry were not included) that can be used as diagnostic biomarkers [93]. However,
research exploring the mechanistic aspects of HCC in Africa remains unexplored.

Collectively, these findings underscore that HCC risk across Africa is not uniform, but is shaped by
complex interactions between viral exposure, environmental carcinogens, metabolic transitions, and deeply
rooted ancestral genomic variation. Importantly, Indigenous African populations remain markedly
underrepresented in molecular, genomic, and biomarker-driven studies of HCC.

5. Cervical Cancer

Cervical cancer ranks as the second most common malignancy and the second leading cause of cancer-
related mortality among women in Africa (Table 1). The burden of cervical cancer in the African population
[94] is closely linked to the high prevalence of persistent infection with the oncogenic HPV, especially
high-risk genotypes such as HPV-16 and HPV-18, in Western and Southern Africa, respectively [95,96].
Interestingly, HPV has coevolved with ancestral Africans for at least 500,000 years; the HPV-16 lineage is
believed to have infected ancestral human populations long before modern humans emerged from Africa
[97]. The development of cervical cancer is the result of persistent infection of the HPV virus, followed by
the viral genome integration into the host genome, leading to the expression of £6 and E7 oncogenes. These
oncogenes disturb mechanisms of DNA repair, apoptosis, and cell cycle progression checkpoints. This
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process transforms normal cervical epithelial cells into pre-cancerous cells and, if not detected on time,
ultimately into invasive carcinoma [98].

It is important to highlight that, besides risk factors such as HPV, in SSA, approximately 60-75% of
women who develop cervical cancer live in rural areas, where access to medical facilities is poorest [99].
This often leads to late-stage diagnosis and higher mortality rates compared to urban populations [100].

Cultural habits may contribute to the increase in the chances of infections by HPV. The Maasai people
from Kenya and Tanzania face a substantial obstacle to controlling cervical cancer due to the lack of both
quantitative and qualitative healthcare data, which hinders effective surveillance and methods of control
[101]. Besides this, there are societal and cultural pressures such as polygynous family structures (a practice
common among Indigenous groups), wife-sharing, and pressure to conceive that may contribute to the
spread of HPV infection [101,102]. Other social factors, such as misinformation, serve as drivers of vaccine
hesitancy [103]. On the other hand, there are isolated cases of success, such as Rwanda, which implemented
a school-based approach and achieved HPV vaccine coverage of 80-90% in its routine cohorts [104].
However, data on the long-term impact of this program on HPV prevalence and cervical cancer incidence
are not yet available.

HPYV vaccination is the main target for primary prevention, with the potential to avert up to 90% of
cervical cancer cases [101,105,106]. Despite the substantial burden of cervical cancer among African
women (Table 1), research has largely concentrated on epidemiological patterns and viral aetiology. In
contrast, cancer genomic studies on cervical cancer in African populations are markedly underrepresented,
particularly among Indigenous groups, with most of the efforts focused on raising awareness about the
importance of HPV vaccination across the continent.

6. Colorectal Cancer

Colorectal cancer (CRC) is the fifth most common malignancy and the fifth leading cause of cancer-
related mortality in the African population. It poses a major public health challenge due to its rising
incidence, with an overall ASR of 9.1 and 7.5 per 100,000 person-years for males and females, respectively
(Table 1). The burden of CRC varies across the continent; Northern and Southern Africa generally report
higher age-standardized incidence rates compared to the rest of the regions [107]. A quarter of affected
individuals are younger than 40 years of age at presentation, and many CRC cases are already metastatic
or in an advanced state [30,108]. Potential risk factors include tobacco smoking, consumption of red meat,
alcohol drinking, low dietary fibre, and sedentary lifestyle; and these factors are thought to be on the incline
in Indigenous African populations due to urbanisation [109,110]. However, there is also a heritable and
genetic component to the disease, such as Lynch syndrome (DNA mismatch repair (MMR) disorder, which
substantially increases lifetime risk of colorectal cancer), but the contribution of this is understudied in
African populations [30].

As previously mentioned, Northern Africa has one of the highest burdens of CRC among African
regions, with ASRs for incidence and mortality of 10.3 and 5.7, respectively [2]. Although North African
countries have a similar population structure (consisting mainly of the Arab and Amazigh), they exhibit
diversity in both the disease’s distribution and genetic susceptibility factors. For example, Morocco and
Tunisia both have similar rates of CRC incidence, but the mortality rates in Morocco are slightly higher [2].
Population comparisons have since revealed significant differences between the Indigenous Moroccan
Amazigh and Tunisians in the occurrence of CYP344 and CYP3A45 variants—specifically the two-variant
haplotype CYP3A44*1B/CYP3A5*3, which has been linked to more severe forms of CRC (although the latter
is more likely associated with increased resistance to chemotherapeutic treatment) [111]. This haplotype
was found at considerably higher frequencies in the Indigenous Amazigh of Morocco (18.4%) than that of
the general Tunisian population (8.4%), and higher still than that observed in African American and
European men (5.3% and 0.6%, respectively) [111]. This may potentially explain mortality variance seen
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in the region, as the population of Amazigh peoples is relatively higher in heavily burdened countries such
as Morocco and Algeria, as compared to countries with a lower proportion of Amazigh, like Egypt
(mortality ASR of 6.7, 9.4, and 3.4 per 100,000, respectively) [2].

In Eastern Africa, CRC has a high ratio of mortality as compared to its relatively low incidence (7.8
vs. 5.6 ASR per 100,000, respectively; Table 1) as it presents at an advanced stage in the affected population
[112]. In Uganda, where the CRC mortality is similar to that of the rest of the region, the presentation of
many of the Indigenous Baganda patients was below 40 years compared to the mean of 54 years for the
general population, and they had both a higher predominance and number of adenomas in the colon [112].
Notably, the risk of having multiple adenomas (indicative of aggressive malignancy) was higher in Baganda
patients who had a familial history of colon or rectal cancer, pointing to a potential heritable risk factor for
advanced disease in this population [112]. However, to date, no genomic discovery studies have been
conducted in this population to ascertain this.

Within Southern Africa, South Africa has one of the highest rates of CRC-related mortality in Africa
(ASR of 8.9 per 100,000), second only to Libya, despite having one of the lowest rates of incidence.
Generally, the Bantu-speaking population has more aggressive disease and a poorer prognosis than the
European-descent population. The mean age at presentation is 56.8 in South Africa, but the median age
among the Bantu patients was significantly lower than the median age among European-descent patients
(55 vs. 63) [113]. This is despite the fact that left-sided colon cancer (which typically bears a better
prognosis than right-side colon cancer) was more common in Bantu-speaking (21.2%) patients compared
to European-descent (15.2%) patients [114], and was specifically linked to the BAT725 and BAT26
microsatellite markers [114]. These markers are commonly used to detect Microsatellite Instability high
(MSI-H) CRC tumours, as they can cause frame-shift mutations in tumor-suppressor genes when shortened
by DNA MMR deficiencies, thus leading to a worse prognosis [115]. They therefore appear also to be a
negative prognostic indicator in the Bantu-speaking population of South Africa [114]. Notably, only
germline variation of these markers was found in Bantu-speaking patients, suggesting that these individuals
may have a stronger hereditary basis than in other South African populations [114]. A few recent studies
have also linked South African Bantu ethnicity with more frequent MSI-H CRC, and the development of
early onset CRC in these patients was associated with Lynch syndrome and MMR gene variants [116,117].
In comparison to that of the colon, there was little variation in the presentation of rectal cancer, including
high-grade disease and malignant signet ring cell morphology. However, there was a significant difference
in stage at presentation. More advanced stage disease (i.e., stage III and stage IV) was diagnosed among
Bantu (81%) patients, who were also more likely to have metastasis, compared to European-descent patients
(60.7%). However, this is influenced by differences in cultural health-seeking behaviours and access to
appropriate facilities [113]. Likely due to their late stage at presentation, overall Bantu patients had a
significantly reduced median survival of 20.9 months compared to that of 32.2 months in European-descent
patients [113].

Interestingly, Western Africans displayed similar clinical characteristics to that of Southern Africans,
despite having a lower overall incidence and mortality rate (Table 1). Genetically, Nigerians have a
significantly higher rate of MSI-H tumours and a lower frequency of Wnt pathway and APC mutations
compared to North American cohorts, suggesting alternative drivers for the disease in the population [118].
When focusing just on the Indigenous and ethnic populations from Nigeria, 73% of overall recorded
hospital cases were Yoruba, 13.5% were Igbo, and 12.9% were Bendel, while Hausa, Cross-river, and
Rivers made up the remaining 1.5%, 1.8% and 0.5%, respectively [119]. Over the last 40 years, reports
from studies in Ibadan (majority Yoruba) have shown a steady increase in case numbers [119]. Certainly,
the Yoruba appear to have more aggressive disease than other Indigenous Nigerian groups, as indicated
both in their relatively high incidence and the presentation of CRC. A study found that the mean age at
presentation in the Yoruba was 54 years, and a large proportion of patients were just 30 years of age at the
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time of diagnosis (6.9%) [113]. Right-sided CRC were most common in the Yoruba (65.8%) [113]. They
were also more likely to present with high-grade and/or advanced disease stages (82.4%). The median
survival among the Nigerian cohort was 21.9 months [113]. The cancer profile in Niger is similar to that of
Nigeria. Most CRC in Niger were adenocarcinomas, and 8.6% of individuals died during the 17 year study
period of the Niger Cancer Registry [120]. The average age at diagnosis was 47 years, with the highest
rates for women and men in the range of 40—69 years and 35-69 years, respectively [120]. CRC risk also
varied among various Indigenous groups in Niger. The Djerma Sonrai were more likely to develop CRC
(55%), followed by Hausa (29.5%) and Touareg (6.6%) [120]. As the culture, diet, and environment in each
population are drastically different and can affect CRC risk, it is not entirely surprising that the incidence
varies among the different Indigenous populations. Much like the CRC studies in Nigeria, the sample sizes
of the various ethnic and Indigenous groups in Niger were small and geographically limited, perhaps by
difficulties in accessing healthcare or even just the small size of the Indigenous population itself. This
speaks to the need for large-scale regional or country-wide comparative studies of CRC that are equitable
and includes Indigenous populations that are not heavily influenced by the Western lifestyle/environment,
as it may obscure population-specific susceptibility factors.

7. Lung Cancer

Lung cancer is the sixth most common cancer and the sixth leading cancer-related cause of death in
Africa [2]. The occurrence of lung cancer differs throughout the African continent; Northern and Southern
regions display higher lung cancer incidence compared to the other regions of the continent (Table 1).
Although SSA comprises one of the regions with higher occurrences of lung cancer, it still lacks
epidemiological and genomic data; however, efforts are being made to cover this gap [121].

Lung cancer arises from the epithelial cells of the respiratory tract; it encompasses two principal
histopathological categories: non-small cell lung cancer (NSCLC) and small-cell lung cancer (SCLC). The
pathogenesis of lung cancer reflects a complex interplay of genetic alterations and environmental exposures,
with tobacco smoking remaining the dominant risk factor globally. However, exposure to environmental
carcinogens (such as air pollution and occupational agents) and inherited susceptibility also contribute to
disease development [122,123].

The epidermal growth factor receptor (EGFR) is a transmembrane protein that is highly expressed in
more than 60% of NSCLC, making it an important target for lung cancer therapeutics (e.g., tyrosine kinase
inhibitors) [124]. In North Africa, the prevalence of EGFR mutations ranges between 21% and 24.3%,
consistently higher than the reported for European populations (approximately 15%), but significantly
lower than Asian populations (approximately 50%) [125]. Within Moroccan cohorts, exon 19 deletions are
the most frequent EGFR alteration, which may predict a favourable response to targeted tyrosine kinase
inhibitors [125]. Other significant drivers in Morocco include 7P53 and KRAS mutations as well as ALK
fusions [126]. Notably, compared with the Cancer Atlas Genome (TCGA) database, considerable
differences were observed in the prevalence of EGFR (Moroccan cohort 24.3% vs. 14.9% in TCGA), KRAS
(Moroccan cohort 22.9% vs. 25.9%), and TP53 (Moroccan cohort 34.3% vs. 50.9%). In Tunisia, the EGFR
mutation rate is lower, though ALK positive expression was found to be relatively high (9.09%) [127]
compared to the Moroccan and Egyptian cohorts. In Egypt, the prevalence of EGFR mutations is
approximately 17.5% [128].

Overall, lung cancer in Africa demonstrates significant regional heterogeneity in incidence,
histopathology, and genomic profiles, with Northern and Southern regions exhibiting higher disease burden.
Molecular analyses highlight population-specific differences in key driver mutations, such as EGFR, TP53,
KRAS, and ALK, with important implications for targeted therapies and clinical outcomes, as they underpin
precision medicine approaches in lung cancer. Despite these insights, Indigenous populations remain
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markedly underrepresented in both epidemiological and genomic studies, limiting our understanding of
lung cancer risk factors, mutational landscapes, and therapeutic responsiveness within these communities.

8. Future Perspectives

The main limitation emerging from the evidence reviewed is that the genomic diversity of African
Indigenous populations remains largely unexplored, despite its clear relevance for understanding the
biological basis of non-communicable diseases. Many cancers discussed in this review show population-
specific patterns of incidence, aggressiveness, and age of onset. However, the scarcity of ancestry-resolved
genomic data from Indigenous populations limits our ability to identify risk and protective variants,
reconstruct disease-relevant evolutionary histories, and determine how deeply rooted genetic lineages
contribute to cancer susceptibility in contemporary African populations [1]. Firstly, more coordinated
efforts are needed to collect health data from Indigenous populations. This knowledge gap can hinder the
development of precision medicine in African contexts. The incomplete and uneven characterization of
cancer genomics in African Indigenous populations points to the need for ancestry-aware analytic
frameworks to translate genomic advances into equitable cancer care [1]. Most existing genomic reference
datasets, risk models, and therapeutic targets have been derived from non-African populations, reducing
their predictive accuracy and clinical utility for Africans, particularly those with substantial Indigenous
ancestry [1,129]. As cancer genomics advances, applying ancestry-informed precision frameworks will be
critical [129]. Without systematic inclusion of Indigenous genomes, precision oncology efforts risk
perpetuating health disparities by applying tools that inadequately capture African genetic architecture and
tumour biology.

Looking forward, integrating whole-genome sequencing, tumour profiling, and detailed clinical data
from these populations can uncover ancestry-specific drivers of cancer and therefore improve prediction of
treatment response and toxicity. However, advancing understanding in this area requires more than the
collection of genetic samples; it is also essential to elucidate the mechanistic pathways through which
genetic variation, in conjunction with environmental, lifestyle, and socio-cultural factors, contributes to
differences in cancer incidence, progression, mortality, and therapeutic outcomes. Such efforts have the
potential to benefit not only Indigenous groups themselves but also the broader African population and the
global community, whose genomes are shaped by varying degrees of Indigenous ancestry. Achieving these
goals would likely require a fundamental shift in research infrastructure, including the increased
establishment and strengthening of African-owned biobanks, sequencing facilities, and technical expertise.
Locally controlled biobanks can help ensure ethical stewardship of samples, respect for Indigenous data
sovereignty, long-term sustainability, and equitable benefit-sharing [130]. Additionally, the use of
specimens in these biobanks should be prioritized in studies pertaining to conditions of importance within
African communities [130]. African-led biobanking initiatives would enable large-scale, longitudinal
studies that link genomic, environmental, and clinical data, while reducing dependence on external
repositories that often limit African access and control [131]. Strengthening cross-institutional networks
and engagement across Africa will be critical to fully leverage these African-owned biobanks and advance
impactful genomic research [131].

In this context, practical approaches such as implementing consent processes and frameworks that
explicitly recognize participants’ rights over their data and biospecimens, alongside locally led institutional
review boards and community advisory structures, are essential to ensure contextually appropriate oversight.
Importantly, to enable scientific progress that aligns with the sovereignty of Indigenous and local
populations, these frameworks must prioritize community ownership, equitable benefit-sharing, and
culturally grounded governance. The feasibility of such approaches is demonstrated by initiatives such as
the Human Heredity and Health in Africa Consortium [132], which have successfully implemented Africa-
led governance, ethical data-sharing, and community engagement frameworks. With adequate support,
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these models show that sustainable, locally governed biobanking is achievable, underscoring that initiatives
in cancer genomics and related biobanking efforts are both feasible and urgently needed.

Raising awareness of the necessity for such improvements to the current research infrastructure is
therefore central to translating Indigenous genomic research into lasting scientific and public health impact
in all of the diverse communities across the continent. Ultimately, such efforts are aligned with the broader
goal of ensuring equitable healthcare access and outcomes across the continent, contributing directly to the
achievement of The United Nation’s Sustainable Development Goal 3 (SDG3) on good health and well-being.
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