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In 2010, Archbishop Emeritus Desmond Tutu became the
first African to contribute his complete genome to science.!
His vision, African inclusion in the benefits of genomic
medicine. Spending a lifetime fighting for equality, this
was another battle where Africa and its peoples remain
disproportionately excluded. But there was more to Tutu’s
vision. Over a decade earlier, at age 66 years, he had been
diagnosed with advanced prostate cancer (PCa). Aware
that his southern African ethnicity and genetic ancestral
heritage placed him at a significant almost 3-fold increased
global risk for associated mortality,” he was grateful to the
team of doctors around the world who fought his battle
alongside him, which he sadly lost on 26 December 2021.
While the average man from Sub-Saharan Africa has
limited to no access to current advances in PCa care, con-
versely, this care has almost exclusively been based on
research derived from men of European ancestry. Till now,
we have had no understanding of the knowledge gained

from extensive PCa genome sequencing efforts, which
would be of clinical relevance to men from Sub-Saharan
Africa. On 31 August 2022, we published two papers simul-
taneously in Nature and Genome Medicine, aimed at
providing a first glimpse into the genomic contribution to
PCa health disparity for men from Sub-Saharan Africa.>*
Generating deep sequenced blood and matched tumour
genome data for 183 largely treatment naive and clin-
icopathologically aggressive disease-presenting patients,
besides 53 Australians and seven Brazilians, the study
included 123 South Africans. Through ancestral interro-
gation of inherited variation, patients were further genet-
ically classified as African (n = 113; all South African),
European (n = 61; 53 Australian, five South African, and
three Brazilian) or Admixed (n = 9; five South African
and four Brazilian). In the Nature paper, we assessed for
all types of cancer drivers, molecular subtypes, and muta-
tional signatures, while for the Genome Medicine paper we
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fine-tuned the interrogation of structural variations (SVs)
which, compared to other cancer types, are more likely
to be key contributors to prostate tumourigenesis. Here
we provide commentary on the clinical relevance of our
findings as it pertains to African ancestral PCa disparities.

Tumour mutation burden (TMB) derived from the total
number of acquired single nucleotide variations and inser-
tions/deletions (indels) < 50 bases and percentage genome
alteration defined as copy number (CN) gains and losses,
were significantly elevated for African versus European
derived tumours, median 1.197 versus 1.061 mutations/Mb
(p = 0.01308) and 7.26% versus 2.82% (p = 0.02063), respec-
tively. While overall there was no significant difference in
the burden of somatic SVs (>50 bases), hyper-SV tumours
defined as > 100 SVs with at least 50% dominated by a sin-
gle SV-type, were notably more likely to be African derived.
The significance of an elevated TMB opens two oppor-
tunities for clinical consideration. Firstly, the hope that
immune checkpoint inhibitors to treat advanced PCa for
men of African ancestry would be more favourable than
that observed for men of European ancestry with largely
mutationally ‘quiet’ tumours.’ Secondly, built on the obser-
vation that mutational burden is highly correlated with
known carcinogenic tumour types,® elevated TMB raises
the potential role for an actionable mutagenic agent at
play within Sub-Saharan Africa. The latter was further
supported by a significant elevation in the number, includ-
ing novelty and type, of mutational signatures (caused by
exogenous or endogenous exposures), observed in African
over European-derived tumours (10 vs. 1).

Using all types of somatic variation, we describe a
novel PCa molecular taxonomy, defined as a clustering of
tumours based on patterns of acquired genomic variation.
Referred to as Global Mutational Subtypes (GMS), we iden-
tify two as African-specific (GMS-B and D), one as equally
represented by African and European derived tumours
(GMS-C), while one appears as geo-ancestrally univer-
sal (GMS-A, including publicly available Asian data).
Notably, a single European South African-derived tumour
presented with the mutationally ‘noisy’ otherwise African-
specific GMS-D, which raises further speculation on the
possible role of a yet unknown environmental and possibly
modifiable factor contributing, at least in part, to aggres-
sive PCa within Africa. While African-derived tumours
were presented across all the GMSs, it was notable that
the universal GMS-A defined as mutationally ‘quiet’, was
the only GMS to include Asian-derived tumours, the geo-
ancestral identifier representing the lowest incidence and
mortality rates.? Furthermore, in our European ancestral
Australian cohort, we found GMS-A to be associated with
favourable outcomes, defined as survival or lack of bio-
chemical relapse, compared to the CN loss predominant
GMS-C. Taken together, we speculate that African-derived

tumours represent a larger spectrum of disease hetero-
geneity, that includes both unfavourable and favourable
outcomes.

Taking a closer look at potential oncogenic drivers, we
found African tumours to present with a larger num-
ber of potentially damaging small variants (median 14 vs.
11, p = 0.01308), while significant ancestral-based differ-
ences in oncogenic target genes were largely driven by
CN alternations and/or SVs. The common to European
ERG fusions, including TMPRSS2-ERG, were significantly
under-represented in African tumours (37.7% vs 13.3%,
P = 0.0004), while private ERG (12 vs. 3, p = 0.00035)
or TMPRSS2 fusion partners (15 vs. 4, p = 0.000054)
were more common to Europeans. However, concurring
with European-biased data, African tumours were com-
monly mutated for TP53 (52.2%), SHBG (49.6%), PTEN
(38.9%), FOXP1 (20.4%), FOXAI (19.5%), and SPOP (10.6%),
and while at lower frequencies CDK12 (6.2%) and CSMD3
(9.7%) were 3.9 and 2-fold more likely to be mutated in
African tumours, respectively.’

Oncogenic genes significantly mutated in African ver-
sus European-derived tumours included NCOA2 (50.4% vs.
14,8%, p < 0.0001) and PCATI (13.3% vs. 1.6%, p = 0.0117),
and new to PCa SETBPI (32.7% vs. 14.8%, p = 0.0115),
STK19 (24.8% vs. 6.6%, p = 0.0035) and not quite sig-
nificant RABGAPIL (9.7% vs. 1.6%, p = 0.0587). African
predominant cancer drivers at frequencies >10% include
EPHAG6 (3.5-fold frequency increase in Africans), CADM2
(1.9), PDE4D (1.8), LRPIB (1.5) and PTPRD (1.4) and new
to PCa TYWI (2.1), BRAF (2.0), and MACROD2 (1.4). A
detailed summary of potential clinical implications for
African significant and predominant cancer drivers can
be found in Table 1. While we have previously shown
that men from Southern Africa are at 2.1-fold greater risk
for advanced PCa compared with African Americans,®
it was notable that EPHA6, while new to PCa, has
been shown to be recurrently mutated in colon can-
cers from African Americans.” Excluding ancestry-specific
ERG/TMPRSS?2 fusion partners, cancer drivers uniquely
mutated in Africans included, MFF (eight tumours), FAT4
(7), HTRA3(7), MC2L2 (6), CHD3 (5), MUC17 (5), and TEC
(2), and in Europeans MTCH?2 (4) and PAPSS2 (3), repre-
senting a longer tail of actionable therapeutic targets for
Africans.

In conclusion, the significant differences in oncogenic
drivers and mutational patterns observed for our African
cohort, suggest that current European-biased genomic
PCa resources are limited in their applicability to provide
optimal African-relevant PCa care. As such, we strongly
advocate for further inclusion of diverse populations across
the ancestral spectrum of Sub-Saharan Africa in PCa
genomic studies and further African-specific validation for
potential clinical relevance.
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TABLE 1 Clinical implications for African significant and predominant prostate cancer driver genes

Gene Evidence for clinical implications

NCOA2 Prognostic marker for aggressive PCa disease and poor
outcomes for mCRPCa.

PCATI Prognosis PCa and long non-coding RNA-based putative
therapeutic target.

SETBP1 New to PCa. Associated with poor outcomes in myeloid
leukaemias.

STK19 New to PCa. Serine/threonine-protein kinase-based
inhibition therapeutic potential, although its true
oncogenic function is under question.

RABGAPIL New to PCa. Chromosomal imbalances in nervous
system tumours, fusions in liver cancer.

EPHA6 Overexpressed in metastatic PCa and proposed
therapeutic target.

CADM2 PCa tumour suppressor reduces colon malignancy when
upregulated.

PDE4D The target for small molecule inhibition is capable of
overcoming PCa chemoresistance.

LRPIB Mutated form improves outcomes with immune
checkpoint inhibitors, while up-regulation reduces
hypoxia-driven prostate tumourigenesis.

PTPRD Mutated at low frequencies in PCa. Prognostic in various
cancers, a mutated form associated with higher TMB
scores and better overall survival with immune
checkpoint inhibitors.

TYWI New to PCa. Fusions in leukaemia.

MACROD2 New to PCa. Driver mutations in colon, liver and breast
cancer. Expression predicts response to chemotherapy.
Loss causes repression of PARP1 activity, impairing
DNA repair.

BRAF New to PCa. Activating mutations in multiple cancer

Davies et al. Nature. 2002; Dankner et al. Oncogene. 2018

types. Serine/threonine kinase druggable target and

therapy response.

IFull list of supporting references can be found on the Hayes Lab webpage (www.hayeslab.net).
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