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Abstract 

Purpose  Africa is entering a new era of cancer research, driven by renewed commitments to genomic innovation, 
data equity, and strengthened cancer registry systems. The “Harnessing Functional Genomics in Cancer Research: Oppor-
tunities for Diagnosis and Treatment” conference, held in Windhoek, Namibia, from 23 to 26 September 2025, convened 
leading experts to evaluate current progress and identify priorities for advancing cancer genomics and precision 
oncology across the continent.

Design  This conference synthesis report and narrative review drew on four days of expert-led presentations, interactive 
panel discussions, and structured delegate engagement sessions. Conference proceedings were documented through ses-
sion minutes, presenter slide decks, recorded discussions, and post-conference feedback. Perspectives from more than 160 
participants representing 21 countries were synthesized into priority thematic areas through an iterative drafting and multi-
author review process. Conference findings were integrated with supporting peer-reviewed and grey literature to identify 
opportunities, challenges, and strategic priorities for advancing precision oncology in Africa.
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Results  Discussions highlighted Africa’s unparalleled human genomic diversity and its continued underrepresenta-
tion in global genomic datasets, emphasizing the need for African-led genomic discovery and precision oncology 
strategies. Key priorities included strengthening cancer registries and surveillance systems, expanding genomic 
infrastructure and workforce capacity, establishing ethical and sovereign data-governance frameworks, and improving 
the translation of genomic discoveries into clinical practice. Next-generation sequencing, multi-omics approaches, 
artificial intelligence, and collaborative research networks were identified as important enablers of equitable and sus-
tainable precision oncology implementation across Africa.

Conclusion  Africa’s genetic diversity represents a critical resource for advancing precision oncology. Conference 
insights, supported by the literature, underscore the need for coordinated investments in genomic infrastructure, can-
cer surveillance systems, workforce development, ethical data governance, and translational implementation. Advanc-
ing these priorities will strengthen genomics-informed cancer prevention, diagnosis, and treatment while positioning 
Africa as an increasingly important contributor to global oncology innovation.

Keywords  Cancer genomics, Precision oncology, African genomic diversity, Functional genomics, Data governance, 
Translational medicine

Introduction
Cancer is a pathological process in which normal cells 
escape regulatory control, compromising cellular homeo-
stasis and driving malignant transformation. It represents 
a complex biological ecosystem shaped by the interplay 
of germline and somatic mutations, environmental expo-
sures, and aberrant cellular and extracellular signalling 
[1]. Despite decades of progress, cancer remains one of 
humanity’s greatest scientific and medical challenges, 
responsible for nearly one in six deaths worldwide [2]. 
The era of “one-size-fits-all” oncology is fading, giving 
rise to precision medicine, an approach that tailors diag-
nosis and treatment to the unique genetic and molecular 
profile of each patient. Central to this revolution is func-
tional genomics, the science of interpreting how genes 
and their interactions drive cancer initiation, progres-
sion, and response to therapy [3].

Emerging technologies such as artificial intelligence 
(AI), machine learning (ML), and advanced bioinformat-
ics are revolutionizing the analysis of large-scale genomic 
datasets [4]. These tools enable the rapid identification 
of cancer drivers and molecular signatures, prediction of 
treatment responses, and detection of therapeutic resist-
ance mechanisms [5]. However, for these innovations 
to meaningfully improve global cancer outcomes, they 
must be translated into equitable, real-world applications 
across all populations, including those historically under-
represented in genomic research. Africa, with its extraor-
dinary genetic diversity and rising cancer burden, stands 
at a pivotal crossroads. The majority of genomic data 
driving cancer innovations is derived from non-African 
populations, limiting the clinical applicability and trans-
lational relevance of these findings within African con-
texts [6]. The distinct biology and clinical presentations 
observed in African patients highlight the urgent need 

for African-specific discovery at every level, from genet-
ics to treatment strategies.

While molecular and genomic advances are trans-
forming our understanding of cancer biology, scientific 
innovation alone is insufficient. Sustainable progress 
in Africa will depend on policy integration, affordable 
and regionally applicable diagnostics, new business and 
access models, robust infrastructure, and health-system 
strengthening to ensure no patient is left behind. By har-
nessing and managing functional genomics effectively, 
Africa can transition from being a consumer of global 
scientific knowledge to an innovator and a manufacturer 
of precision oncology solutions with direct and lasting 
impact. African researchers and clinicians are not merely 
participants in global oncology but emerging leaders 
shaping the next chapter of translational cancer research. 
This article presents key insights and outlines a concep-
tual roadmap for how Africa can lead a new era of equita-
ble, data-driven precision oncology.

Conference overview
The “Harnessing Functional Genomics in Cancer 
Research: Opportunities for Diagnosis and Treatment” 
conference was hosted by the Namibia University of 
Science and Technology (NUST) from 23 to 26 Septem-
ber 2025 at the Hilton Hotel in Windhoek, Namibia. 
The conference offered a virtual participation option 
and was conducted with expert-led presentations and 
interactive expert panel discussions. The event was sup-
ported by the International Centre for Genetic Engi-
neering and Biotechnology (ICGEB), endorsed by the 
American Society of Clinical Oncology (ASCO), and 
the African Society for Laboratory Medicine (ASLM). 
This inaugural conference served as a landmark plat-
form to advance the understanding of functional 
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genomics in cancer research and to explore strategies 
for translating genomic discoveries into clinical impact.

The scale and international reach of the conference 
were remarkable, attracting over 160 participants and 
presenters from over 21 countries (Fig.  1), including 
Australia, Botswana, Burkina Faso, Canada, China, 
Ethiopia, Germany, Ghana, Kenya, Malawi, Mau-
ritius, Namibia, Nigeria, Senegal, South Africa, Sri 
Lanka, Tanzania, Uganda, United Kingdom, USA, and 
Zambia. This diverse representation underscored the 
conference’s role as a pan-African and global forum 
for advancing precision oncology. The conference 
programme comprised 14 thematic sessions span-
ning cancer epidemiology and genomic diversity, 
next-generation sequencing and multi-omics, AI and 
digital pathology, translational medicine, ethical data 
governance, and strategic investment and capacity 
development.

Manuscript approach and methodology
This article is a conference synthesis report and narra-
tive review. It does not describe a primary research study 
and therefore was not pre-registered. The manuscript 

integrates thematic content derived from the inaugural 
“Harnessing Functional Genomics in Cancer Research: 
Opportunities for Diagnosis and Treatment” conference 
with a targeted supporting literature review.

Conference Content Capture and Synthesis. The four-
day conference programme encompassed expert-led 
plenary and parallel sessions, interactive panel discus-
sions, and poster presentations. Conference content was 
captured through: (i) session minutes compiled by the 
organizing secretariat; (ii) presenter slide decks submit-
ted to the conference platform; (iii) recordings of plenary 
and panel sessions; and (iv) a post-conference written 
feedback process completed by a subset of speakers and 
session chairs. All 14 thematic sessions were assigned a 
designated note-taker from the writing committee, and 
session summaries were circulated to speakers for factual 
verification prior to manuscript drafting.

Participant Perspectives and Thematic Consolidation. 
All registered participants were eligible to contribute 
across conference sessions. No formal exclusion criteria 
were applied, and this report reflects the collective scien-
tific discourse of invited speakers and delegates, includ-
ing researchers, clinicians, bioinformaticians, public 

Fig. 1  Global distribution of participants in the inaugural “Harnessing Functional Genomics in Cancer Research: Opportunities for Diagnosis 
and Treatment” conference, hosted by the Namibia University of Science and Technology (NUST), Windhoek, Namibia, 23–26 September 2025. The 
map illustrates the geographic distribution of participating nations, highlighting the conference’s broad international reach and strong pan-African 
engagement. Participating countries included Australia, Botswana, Burkina Faso, Canada, China, Ethiopia, Germany, Ghana, Kenya, Malawi, Mauritius, 
Namibia, Nigeria, Senegal, South Africa, Sri Lanka, Tanzania, Uganda, the United Kingdom, the United States of America, and Zambia. The conference 
served as a landmark platform for advancing functional genomics and precision oncology research in Africa and beyond
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health officials, policymakers, industry partners, and 
patient advocates. Perspectives expressed during panel 
discussions, audience question-and-answer sessions, and 
post-session feedback were captured in session notes 
and incorporated into thematic summaries. Conference 
materials were independently reviewed by members of 
the writing committee, who synthesized content into 
thematic domains through an iterative drafting process 
involving three rounds of manuscript review. Themes 
were identified inductively from conference discussions 
and mapped to the conference programme structure. 
Emerging themes were refined through discussion and 
consensus among the writing committee, with differing 
interpretations resolved through reference to conference 
records. Delegate feedback from panel discussions, audi-
ence engagement, and post-conference communications 
informed the refinement and prioritization of themes. 
As this was a conference synthesis report rather than a 
formal qualitative study, thematic development did not 
involve systematic coding procedures, inter-coder reli-
ability assessment, or formal thematic saturation analysis.

Literature Search Strategy. A targeted narrative lit-
erature search was conducted between October 2025 
and April 2026 to supplement and contextualise con-
ference themes. Databases searched included Pub-
Med/MEDLINE, Google Scholar, and African Journals 
Online (AJOL). Search terms used individually and in 
combination included: “cancer genomics Africa,” “pre-
cision oncology sub-Saharan Africa,” “African genomic 
diversity,” “population-based cancer registries Africa,” 
“artificial intelligence cancer diagnostics Africa,” “next-
generation sequencing oncology resource-limited set-
tings,” “multi-omics cancer,” “data governance genomics 
Africa,” “cancer workforce capacity building Africa,” 
and “liquid biopsy Africa.” Searches were not restricted 
by language but were limited to publications from 2015 
onwards, except for landmark foundational studies (e.g., 
the first African genome sequences, GLOBOCAN data-
sets) where earlier publications were included. Grey lit-
erature, including WHO reports, World Bank reports, 
institutional reports, and organisational websites, was 
reviewed alongside peer-reviewed literature where docu-
mentation of ongoing programmes, policy frameworks, 
or institutional initiatives was required. Inclusion crite-
ria prioritised: peer-reviewed primary research and sys-
tematic reviews involving African populations or directly 
relevant to precision oncology in resource-limited set-
tings; evidence underpinning major recommendations; 
and current global benchmarks for comparison. Studies 
were excluded if they lacked methodological transpar-
ency, were not available in full text, or were superseded 
by more recent evidence. Reference lists of key papers 

were additionally hand-searched to identify relevant cita-
tions not captured in the database searches.

Tracing ancestry to modern trends
Epidemiology of cancers
Sub-Saharan Africa (SSA), home to over 1.4 billion peo-
ple, faces a dual burden of persistent infectious diseases 
alongside a rapidly rising incidence of non-communica-
ble diseases, particularly cancer [7]. This shift is driven by 
population aging, lifestyle changes, environmental expo-
sures, genetic susceptibility, epigenetic modifications, 
disruptions in the microbiome and high prevalence of 
oncogenic infections such as the human papillomavirus 
(HPV) and Epstein–Barr virus (EBV) [8]. Despite the ris-
ing cancer burden, cancer control remains a low priority 
in many African health systems, mainly due to limited 
funding, competing priorities such as infectious diseases, 
and a weak healthcare infrastructure, largely dependent 
on primary care facilities, with one of the lowest doctor-
to-patient ratios globally [7].

In 2022, Africa accounted for ∼ 1.2 million new cancer 
cases and ∼ 800,000 deaths, with projections indicating a 
rapidly escalating cancer burden in the region. While fre-
quently cited figures suggesting SSA will account for over 
75% of global cancer deaths should be interpreted con-
textually (reflecting the convergence of rising incidence, 
late-stage diagnosis, and health system constraints), the 
directional trend toward substantially increasing cancer 
mortality in SSA is well-supported by GLOBOCAN esti-
mates and the Lancet Oncology Commission on Cancer 
in SSA [9]. The cancer profile across SSA is distinct and 
highly gendered. Most common malignancies are breast, 
cervical, prostate, liver, and colorectal cancers, with late-
stage diagnosis (Stages III–IV) prevalent in 70%–80% of 
cases [10]. Consequently, five-year survival rates in Africa 
frequently fall below 50%, compared with over 80% in 
high-income countries. Africa faces a critical moment 
in its cancer control journey, with projected cases of 2.1 
million and 1.4 million deaths by 2040 [7].

To alter this trajectory, the continent must integrate 
genomics, precision health and digital innovation to 
expand population-based cancer registries and prior-
itize affordable diagnostics and therapeutics. Progress 
is already visible through the African Cancer Registry 
Network (AFCRN), Africa Centres for Disease Control 
(Africa CDC), African Cancer Coalition, AORTIC and 
WHO-led initiatives such as the Global Breast Cancer 
Initiative and the Global Initiative for Childhood Cancer, 
which support guideline harmonisation, workforce train-
ing, and regional centres of excellence [11]. By combining 
innovation with equitable policy and community engage-
ment, Africa can transition from a reactive and delayed 
to a proactive, precision-driven model of cancer care.
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African ancestry
The story of human genomics is intrinsically linked to 
our ancestral origins in Africa. Africa, as the cradle of 
humanity, harbours the greatest human genetic diver-
sity, containing most allelic variation despite representing 
only ~19% of the global population; this variation remains 
largely unrecognized in most commercially available 
cancer panels to date [12, 13]. The continent’s genomic 
mosaic mirrors migration, admixture, climate transitions, 
pathogen exposures, and cultural shifts, directly influenc-
ing disease susceptibility, resistance patterns, metabolic 
pathways, and treatment responses [14]. As populations 
migrated out of Africa, only subsets of this genetic rich-
ness were carried globally, leaving a largely unexplored 
reservoir of diversity and untapped potential within 
Africa [14].

Despite Africa’s deep ancestral roots, the genomic era 
has been characterized by a striking lack of inclusion. The 
value of African genomic diversity became evident when 
the first two African genomes, belonging to Archbishop 
Desmond Tutu (South Africa) and!Gubi (Namibia), 
were sequenced [15]. From these two individuals alone, 
researchers identified 1.3 million previously unknown 
genetic variants, the largest single addition to global data-
bases at the time, revealing just how much of humanity’s 
genetic story had been missing. Despite ongoing efforts, 
individuals of African ancestry still account for less than 
3% of participants in genome-wide association studies 
(GWAS) and only 2% of all human genome sequences 
available globally [16].

The systematic underrepresentation of African 
genomes remains a major constraint on the accuracy, 
equity, and clinical translation of genomics-driven medi-
cine. Genomic reference panels, variance databases, ana-
lytical algorithms, and diagnostic benchmarks have been 
derived predominantly from European ancestry data-
sets, resulting in frequent variant misclassification lead-
ing to lowered predictive sensitivity for African genomic 
variants and limited access to precision therapies [17]. 
In prostate cancer, for instance, germline testing panels 
derived from European populations reduce predictive 
accuracy by more than half for southern African patients 
[18], yet almost double the frequency for variants of 
unknown significance (VUS), with whole genome inter-
rogations revealing unknown population-specific gene 
candidates [19] and pathogenic variants complexity, as 
well as common risk alleles and polygenic risk scores [20]. 
In turn, prostate tumour genomes from southern African 
men exhibit not only a greater tumour mutational burden 
(TMB), including a higher level of structural variant com-
plexity, but revealed population-specific and clinically 
relevant molecular taxonomy, driver genes and thera-
peutic targets. Consequently, the limited applicability of 

germline testing panels to polygenic risk scores, the gap 
between cancer drivers and therapeutic targets, and the 
mismatch of computational tools with variant databases 
in African populations obscure clinically relevant genes 
and misinterpret benign, population-specific variants.

Conference delegates underscored how these genomic 
biases have direct clinical consequences, which is further 
perpetuated by clinical and biological frameworks that 
again are not tailored to the African patient. Extending 
upon the prostate cancer theme, while African men have 
the highest mortality rates, with southern Africa ranking 
highest globally [21], patients continue to be diagnosed 
and risk-stratified using thresholds, such as prostate-
specific antigen (PSA) levels, largely calibrated to Euro-
pean cohorts [22]. The application of these benchmarks 
in African populations increases the risk of misclassifica-
tion, delayed diagnosis, and suboptimal clinical decision-
making [23].

Collectively, these limitations necessitate a transi-
tion from a narrow precision-medicine paradigm toward 
precision health as an integrative framework that situ-
ates genomics within broader biological, environmental, 
and social contexts. African-focused genomic studies are 
already transforming the field, revealing millions of previ-
ously uncharacterized African-specific variants, elevated 
mutational burdens and tumour heterogeneity, distinct epi-
genetic architectures [24], and unique environmental sig-
natures that collectively redefine cancer risk, progression, 
and the future of globally inclusive precision health [25].

Genomics at the core of precision oncology
Precision oncology is transforming the field of medi-
cine by enabling interventions tailored to the molecular 
profile of each patient and allowing clinicians to select 
targeted therapies, thereby increasing efficacy while 
simultaneously minimizing patient side effects. This 
approach is seen to move towards a more sophisticated 
healthcare system aligned with global standards where it 
reduces the costly and ineffective "trial and error" nature 
of conventional treatments, which is particularly crucial 
in resource-limited settings.

When combined with bioinformatics and AI-driven 
analytics, genomics forms the foundation of preci-
sion oncology. AI models integrating genomic data can 
improve risk stratification, guide targeted screening, 
and generate predictive frameworks that combine clini-
cal, imaging, and environmental information to support 
evidence-based treatment decisions [26]. The clinical 
impact of genomics is illustrated by patient cases:

•	 In early-stage, luminal (ER +/HER2-) breast can-
cer, Oncotype DX 21-gene testing has enabled many 
patients, including older women, to avoid chemo-



Page 6 of 15Rix et al. BMC Proceedings  2026, 20(Suppl 28):30

therapy in favour of surgery, radiotherapy, and hor-
monal therapy [27].

•	 In stage IV non-small-cell lung cancer, patients with 
EGFR exon 19 deletions may initially receive erlo-
tinib, but upon progression, repeat sequencing can 
reveal the T790M resistance mutation, prompting a 
switch to osimertinib, which often restores disease 
control [28].

These cases exemplify how genomics shifts oncol-
ogy from a one-size-fits-all model to truly individual-
ized, evidence-based care, enabling clinicians to identify 
patients most likely to benefit from specific therapies and 
to optimize outcomes accordingly. As precision oncology 
advances, genomics serves not only as its foundation but 
also as the catalyst driving innovation across the cancer 
continuum.

Genomics‑driven cancer innovation
The genomic revolution has extended beyond sim-
ple gene sequencing to include complex system-level 
approaches. These advances have given rise to a new era 
of genomics-driven cancer innovations, illustrating that 
precision medicine is not a static concept but a continu-
ously evolving paradigm.

Next‑generation sequencing
Next-generation sequencing (NGS) is the technological 
backbone of all contemporary genomics-driven cancer 
innovations. NGS enables cost-effective and highly accu-
rate genomic profiling, simultaneously detecting single-
nucleotide variants, insertions and deletions, structural 
and copy-number variations, gene fusions, mutational 
burden, and microsatellite instability, and ultimately pro-
viding a complete view of the tumour mutational burden, 
mutational signatures and taxonomy beyond single-gene 
tests [29]. Thus, NGS provides unprecedented insight 
into the molecular intricacies driving cancer and allows 
researchers to map the full genetic blueprint of a tumour, 
against patient-matched inherited genetic profile.

Real-world applications include FoundationOne CDx 
for whole exome and targeted gene panel sequencing, 
Guardant360 and Grail Galleri for liquid biopsies sup-
porting early detection and therapy selection, and MSK-
IMPACT, which employs a 468-gene panel to match 
patients with clinical trials [30]. Large-scale efforts such 
as The Cancer Genome Atlas Program (TCGA) [31] and 
the International Cancer Genome Consortium Accel-
erating Research in Genomic Oncology (ICGC ARGO) 
[32] provide comprehensive genomic and transcriptomic 
data that have driven numerous discoveries in precision 
oncology.

Advances in next-generation sequencing (NGS) and 
molecular profiling have revealed profound genetic dif-
ferences between tumours of the same histological type 
and even within individual tumours, highlighting the 
importance of understanding intra-tumour heteroge-
neity to design targeted therapies that improve survival 
and reduce toxicity [33]. Delegates emphasized how NGS 
has redefined cancer classification by revealing molecu-
lar distinctions in tumours that were previously grouped 
together histologically, enabling new subtypes in cancers 
like glioma, breast, prostate and lung [34]. It also acceler-
ates research and drug development by identifying novel 
biomarkers, resistance mechanisms, and therapeutic tar-
gets, often linking genotype to phenotype through func-
tional genomics screens.

That said, NGS must be interpreted alongside rigorous 
histopathological evaluation to distinguish driver from 
passenger mutations, particularly in African settings 
characterised by high tumour heterogeneity and late-
stage presentation (70%–80% stage III–IV). Morpho-
logical assessment provides essential biological context 
for genomic findings and can refine NGS interpretation, 
reducing misclassification of VUS. This is underscored 
by African prostate cancer genomics studies demon-
strating a 1.6–2.5-fold higher burden of structural vari-
ation compared with other populations [35]. Conference 
discussions highlighted the importance of pathology-led 
training initiatives, including hybrid fellowships linked 
to national cancer registries, exemplified by partnerships 
between the Cancer Association of Namibia (CAN) and 
the Namibian Ministry of Health and Social Services 
(MoHSS), to strengthen multi-omics data validation and 
accelerate translation into clinical practice [36]. As Africa 
strengthens its genomics ecosystem, NGS is transitioning 
from primarily a research tool to a technology with direct 
clinical relevance [37].

Integrative multi‑omics approaches
Single-omics studies often fail to capture the intricate 
molecular interplay driving cancer heterogeneity. While 
historically biased towards genomics, integrative multi-
omics incorporates proteomics, metabolomics, and several 
other layers of biological information to bridge this gap, 
providing a systems-level perspective essential for accurate 
diagnosis, prognosis, and treatment selection [38].

As the functional manifestation of the genome, pro-
teomics has become an indispensable tool in precision 
oncology. By profiling protein expression in accessible 
biofluids such as plasma or serum, researchers can iden-
tify biomarkers for early cancer detection, prognostic 
stratification, and real‑time monitoring of therapeu-
tic response, as well as predict treatment efficacy and 
adverse events in populations with unique genetic and 
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metabolic backgrounds, including African cohorts. Given 
that most existing biomarker panels are derived from 
non‑African populations, proteomic signatures offer a 
pathway to regionally tailored, safer, and more effective 
cancer therapies. Studies from southern Africa illustrate 
this potential, including a Sequential Window Acquisi-
tion of All Theoretical Fragment Ion Spectra Mass Spec-
trometry (SWATH-MS) proteomic analysis of gallbladder 
cancer patients of African ancestry that identified dysreg-
ulated proteins and plasma-detectable biomarkers linked 
to extracellular matrix and metabolic pathways [39].

Metabolomics, as the ‘omics’ layer most proximal to 
phenotype, provides a critical lens through which tumour 
physiology can be interrogated. In prostate cancer, meta-
bolic profiling has been used to identify hyper-aggressive 
subgroups defined by specific lipoprotein signatures, 
which correspond to distinct proteomic and cytokine 
patterns [40]. Such profiles can highlight inflammatory 
states that predict response, or resistance, to immuno-
therapy, depending on immune cell infiltration. Similar 
metabolomic stratification has been observed in pancre-
atic cancer, where metabolite markers linked to aggres-
siveness mirror proteomic and cytokine alterations [41].

According to programme descriptions released by the 
Council for Scientific and Industrial Research (CSIR), 
initiatives such as the South African Clinical Multiome 
Atlas Platform (Clin-MAP), in partnership with The Afri-
can Cancer Atlas (TACA), seek to generate pan-African 
integrated multiome datasets and support the devel-
opment of technologies including 3D patient-derived 
organoids, single-cell sequencing, and AI-guided tar-
get discovery [42, 43]. While these initiatives represent 
important investments in African cancer research infra-
structure, their long-term translational impact remains 
to be evaluated.

AI technology and cancer screening
AI technology is emerging as the critical bridge between 
molecular insights and real-time diagnostic practice, 
most visibly through the rise of AI-powered pathology 
and digital pathology systems. AI in pathology refers to 
computer-based systems that analyse medical images, 
while digital pathology involves converting physical his-
tology slides into high-resolution digital files for remote 
viewing and advanced analysis [44]. These technologies 
are especially critical across many SSA countries, where 
there are three pathologists per million inhabitants, com-
pared with about 65 per million in developed countries, 
creating substantial diagnostic pressures [45, 46]. By 
automating image interpretation, enabling telepathology, 
and supporting remote specialist consultation, AI-pow-
ered digital pathology can help overcome shortages of 

expertise, long distances, and delays caused by transport-
ing physical slides.

Building on AI’s role in pathology, these technologies are 
increasingly applied to improve cancer screening across 
Africa. For example, deep-learning AI algorithms have 
shown the ability to detect lung nodules on chest radio-
graphs that were initially overlooked by radiologists, sug-
gesting their utility as an added layer of detection in lung 
cancer screening [47]. Emerging non-invasive approaches, 
such as AI-assisted iris imaging, have been explored as 
potential low-cost screening tools; early pilot data from 
the Ophtascan app in Lubumbashi suggest possible util-
ity for disease screening, including certain cancers, but 
the evidence remains preliminary and requires independ-
ent validation in larger prospective studies before clinical 
adoption can be recommended [48].

Despite the promise of AI-driven diagnostics, Africa 
faces major barriers to effective implementation. Most 
health facilities still rely on paper-based records, mak-
ing it difficult to generate the high-quality, structured, 
and interoperable data needed for reliable AI models. 
Gaps in national registries further hinder epidemiologi-
cal and genomic research. Infrastructure shortages, such 
as unstable electricity, limited digital connectivity, and 
a lack of local expertise in AI, ML, and bioinformatics, 
remain significant obstacles [49]. The continent’s lin-
guistic diversity, i.e., over 2,000 languages with multiple 
languages often appearing within a single questionnaire, 
adds complexity to data collection and AI model devel-
opment. Trust is another challenge, with low scientific 
literacy and misinformation affecting community accept-
ance of new technologies, alongside ethical risks like data 
exploitation without fair benefit sharing [50].

Africa’s path to sustainable AI adoption relies on build-
ing continent-specific datasets and co-developing AI 
tools tailored to African populations. Africa needs to 
establish robust data centres, expand public–private 
partnerships, and conduct prospective trials in high-
burden settings. Ultimately, AI should complement, and 
not replace traditional clinical approaches, supporting a 
future where precision screening and early detection are 
accessible and equitable across the continent [51].

Translational medicine and therapies
The true value of genomic-driven innovations lies in 
their translation into clinical care. A significant challenge 
remains in bridging the gap between scientific discovery 
and routine clinical implementation. Translational medi-
cine and therapies encompass strategies that convert 
molecular insights into effective diagnostics, targeted 
treatments, and personalised interventions, i.e., bring 
precision oncology from the laboratory to the bedside. 
Delegates noted that while research is being conducted in 
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their hospitals, clinicians often do not receive actionable 
results in a form that can guide patient care. Strengthen-
ing engagement between scientists and clinicians, and 
ensuring that findings are communicated in clear, clini-
cally relevant terms, is essential to bridge this gap.

Addressing the data deficit and translational gap 
requires leveraging emerging technologies such as AI, 
ML, and advanced bioinformatics. AI and ML algo-
rithms enable rapid identification of complex molecular 
patterns within tumours, predict treatment outcomes, 
uncover resistance mechanisms, and transform diagnos-
tics by integrating histopathology slides with genomic 
data or analysing medical images for improved cancer 
detection [52]. However, to accelerate translation, simpli-
fication and integration are key: clinicians need action-
able recommendations rather than technical detail. 
Decision-support tools, standardised reports, and mul-
tidisciplinary team meetings facilitate the integration of 
research findings into clinical practice.

While the ability to read cancer’s genetic blueprint is 
expanding rapidly, therapeutic options and infrastructure 
for clinical translation often lag. Delegates proposed a 
conceptual roadmap to bridge this gap, emphasizing the 
importance of structured partnerships among research-
ers, clinicians, and policymakers. Central to this effort 
is the development of clinical trial units across the con-
tinent capable of supporting conventional Phase I–III 
oncology trials, as well as innovative trial designs and 
pragmatic studies. Such platforms would enable the 
simultaneous evaluation of genomic biomarkers, novel 
therapeutic agents, and repurposed treatments, ulti-
mately accelerating the translation of genomic discover-
ies into improved patient care.

Ethical governance and equitable management 
of genomic data
The rapid expansion of genomics and AI in cancer 
research has intensified the need for robust frameworks 
to govern data use, protect patient privacy, and guide 
sustainable investment. In the context of cancer research, 
the sensitive nature of genomic and health data demands 
clear policies on data protection, secure storage, and eth-
ical sharing.

These considerations underscore the urgency of 
implementing data protection measures to ensure that 
genomic research benefits local populations ethically 
and equitably. The misuse or unauthorized disclosure of 
genomic information risks ethical harm, stigma, or dis-
crimination. Historically, the continent has been subject 
to “parachute research” and “ethics dumping,” in which 
external entities exploit local resources without equi-
table benefits, a concern strongly emphasized by del-
egates. Ensuring secure, locally managed repositories and 

trusted research environments (TREs) is therefore both 
an ethical and strategic imperative, safeguarding patient 
privacy while enabling equitable scientific collaboration.

Emerging strategies for responsible data governance 
include federated data models, which allow analyses to 
be performed locally without transferring raw data across 
borders, and TREs, which integrate high-performance 
computing and cybersecurity to facilitate secure collab-
orative analyses. Tiered access and data segregation are 
recommended to protect sensitive clinical and genomic 
information, avoiding direct linkage and enforcing strict 
security protocols for data entry, analysis, and dissemi-
nation. Investments in local storage and computational 
infrastructure are essential, treating data centres as criti-
cal national assets, and enabling researchers to negoti-
ate moratorium periods that allow African investigators 
early access to datasets prior to global release.

Delegates highlighted the promise of advanced cryp-
tographic approaches for protecting sensitive biomedi-
cal data, noting that “this is the future—homomorphic 
encryption.” This technique allows computational analy-
sis to be performed directly on encrypted data without 
requiring decryption, thereby protecting sensitive genetic 
information and offering strong privacy guarantees, even 
when computations are outsourced to untrusted serv-
ers [53]. Homomorphic encryption provides a promising 
framework for privacy‑preserving genomic analysis and 
cross-institutional collaboration while maintaining strict 
regulatory compliance.

A key dimension of ethical governance in African 
genomics research is the recognition of national data 
ownership and sovereignty, particularly when engag-
ing in large multi-country collaborations. Delegates 
emphasized that although custodians are responsible for 
managing and safeguarding datasets, they do not pos-
sess unilateral authority over data release, which must 
remain under the jurisdiction of the originating nation. It 
was further noted that effective navigation of access and 
benefit-sharing within large research consortia requires 
clearly defined, pre-negotiated governance frameworks. 
These agreements should ensure that local investigators 
retain substantive decision-making authority regarding 
data use and dissemination.

Equally critical is the establishment of patient-cen-
tred consent processes and public engagement ini-
tiatives. Transparent informed consent, culturally 
sensitive communication, and inclusive public and 
patient involvement are vital to building trust, par-
ticularly in oncology, where complex genomic data are 
involved. Consent processes should reflect commu-
nity priorities, consider familial input where culturally 
appropriate, and ensure participants understand the 
potential implications of data use [54].
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Nevertheless, effective frameworks in cancer genomics 
must extend beyond regulations and data protection to 
ensure equitable access to care. Embedding health equity 
into governance structures ensures that advances in pre-
cision oncology benefit all populations, particularly those 
historically underserved. Delegates stressed the urgent 
need for equitable diagnostic access in Africa, noting that 
tests such as Fluorescence in  situ hybridization (FISH) 
and Human epidermal growth factor receptor 2 (HER2) 
are often unavailable in the public sector and subject to 
interpretive variability. It was emphasized that patient 
advocacy can drive governments and pharmaceutical 
companies to act, arguing that once therapies are acces-
sible, diagnostic services typically follow, ultimately 
improving cancer care outcomes. A central theme woven 
throughout the presentations was the necessity of ensur-
ing that precision oncology "does not remain the privilege 
of a few but becomes the standard" of care for all patients.

Ethical data governance and robust policy frameworks 
are critical for advancing genomics in African cancer 
research. Establishing secure, locally managed infra-
structures and harmonised regulations builds public 
trust, protects sensitive information, and enables equita-
ble collaboration. At the same time, it is essential to bal-
ance data sovereignty with meaningful clinical impact 
and health innovation: data collection should go beyond 
publications as an endpoint and actively contribute to 
improvements in diagnostics, treatments, and patient 
outcomes. When responsibly managed, clinical data from 
African cancer research can create a value chain that 
directly benefits clinicians and patients while guiding 
strategic investments and capacity-building initiatives, 
forming the foundation for precision oncology across the 
continent.

Shaping and sustaining the future: strategic 
investments
Delegates highlighted that while rapid advancements in 
genomics and technology have revolutionized research 
and healthcare delivery, substantial disparities persist 
between the Global North and African nations, driven by 
gaps in workforce capacity, infrastructure, and knowledge 
systems [55]. Achieving sustainable precision oncology in 
Africa demands coordinated efforts and approaches that 
combine human capital development, robust infrastruc-
ture, operational stability and cost-effectiveness, as well 
as collaborative networks.

Initiatives and collaborative efforts
Delegates discussed several key initiatives shaping 
genomic research on the continent. This included the 
Human Heredity and Health in Africa (H3Africa) Con-
sortium, a partnership between NIH, the Wellcome 

Trust, and the African Academy of Sciences, which builds 
a continental network of researchers studying the inter-
play between human genetics, environment, and health 
[56]. The Genomic Centres of Excellence (GenCoE) ini-
tiative, funded by African countries via the World Bank, 
aims to increase capacity, improve data access, and 
enhance understanding of non-communicable diseases 
[57].

Despite the substantial progress made by H3Africa in 
building research capacity, training African scientists, 
and establishing biorepositories, significant gaps remain 
in translating genomic knowledge into clinical tools for 
oncology [58]. Efforts to develop molecular diagnostics 
aligned with the WHO Model List of Essential In  Vitro 
Diagnostics, which enable earlier detection of curable 
cancers, are still limited. Initiatives such as the proposed 
Three Million African Genomes (3MAG) aim to capture 
Africa’s extensive genetic diversity and improve represen-
tation in global genomic datasets; this reflects broader 
calls from African researchers to enhance precision med-
icine on the continent [16].

Additional large-scale initiatives are also address-
ing cancer research disparities in populations of Afri-
can ancestry. One such effort is the US Department of 
Defence (DoD)-funded Health Equity Research Out-
comes & Improvement Consortium Prostate Cancer Pre-
cision Health Africa1K project [59]. This initiative aims 
to integrate genomic and clinical data with endocrino-
logical variation (e.g., baseline testosterone differences), 
exposomic profiles (e.g., exposure to environmental 
chemicals such as DDT/DDE), and sustained commu-
nity engagement to generate population-relevant dis-
ease models [59]. Similarly, the NIH–Cancer Research 
UK (CRUK)–funded Grand Challenge project, Social, 
Ancestry, Molecular and Biological Analysis of Inequali-
ties (SAMBAI), investigates the biological and social 
determinants underlying disparities in breast, pancreatic, 
and prostate cancers [60]. However, much of the current 
dataset and research is focussed on African American 
and West African populations. Yet these programmes 
represent substantial investments towards improving 
precision oncology for populations of African descent.

Infrastructure and capacity development
Building sustainable precision oncology in Africa depends 
on both robust technological infrastructure and skilled 
human capital. Investments in genomic sequencing plat-
forms, high-performance computing, and clinical oncol-
ogy facilities provide the necessary technological backbone 
for precision oncology. However, sustainable implemen-
tation benefits most from centralised sequencing and 
high-throughput operations, which maximize resource 
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utilization, reduce redundancy, and maintain cost-effec-
tiveness. Equally important is strengthening expertise 
in genomics, bioinformatics, and clinical interpretation 
to ensure innovations are effectively implemented and 
broadly accessible [61, 62].

Delegates emphasized that shortages of trained pathol-
ogists, genetic counsellors, and bioinformaticians remain 
a key barrier to sustainable precision medicine in Africa. 
The COVID‑19 pandemic accelerated the launch of vir-
tual genomics training and collaborative laboratory net-
works that enabled researchers worldwide to connect 
remotely and helped African students and scientists 
access high‑performance computational infrastructure 
and bioinformatics platforms otherwise unavailable 
in their home countries [63]. These actions guided by 
accreditation and quality assurance standards from 
organizations such as ASLM, are critical for long-term 
success. Additional effort is being made to institutional-
ize genomics, bioinformatics, and computational biology 
at African universities and medical schools, supporting 
centralised sequencing hubs and regional collaborations.

Africa’s greatest resource for advancing cancer genom-
ics is its young people and substantial material resources. 
Delegates agreed that leveraging both talent and funding, 
while being deliberate in investments can build sustain-
able infrastructure and genomic capacity.

Operational sustainability and cost‑effectiveness
Investments in technology and talent must be com-
plemented by efficient resource management, scalable 
models, and strategies to reduce costs without com-
promising quality. Prioritizing sustainable operations 
ensures that genomic services remain accessible, reli-
able, and equitable, maximizing the benefits of both 
human and material resources across the continent.

Sequencing costs have decreased dramatically, from 
over $100 million for the first human genome in 2001 
to approximately $500 per genome today [64]. The 
declining cost of sequencing has transformed precision 
oncology from a theoretical possibility to a practical 
reality. Operational sustainability should be heightened 
through centralised sequencing, high sample through-
put, and strategic partnerships that reduce redundancy 
and maximize utilization of existing infrastructure. 
Delegates highlighted that focus should be on sequenc-
ing germline variants that inform pathogenicity in can-
cer, rather than the entire genome, which reduces both 
the financial burden and the data-analysis complexity, 
making precision oncology more accessible and practi-
cal for routine clinical use.

Another cost-effective practice discussed at the con-
ference includes liquid biopsy for paediatric Burkitt 
lymphoma: micro-costing analyses showed pathol-
ogy costs of $173 per test compared to $600 for NGS 
technology when evaluating long-term outcomes and 
survival, this intervention’s cost-effectiveness fell well 
within the WHO bracket of three times GDP per cap-
ita, highlighting the value of genomics-informed care 
[65, 66]. However, even when cost-effective genomic 
tests exist, patients may still be unable to access them 
due to reimbursement restrictions and upfront pay-
ment requirements. Thus, operational sustainability is 
also shaped by the realities of medical aid coverage. As 
emphasized during the conference, these financial bar-
riers directly undermine the potential impact of preci-
sion oncology in Africa.

Shaping and sustaining the future of cancer genom-
ics in Africa requires not only deliberate investments in 
infrastructure and workforce but also leveraging exist-
ing sequencing infrastructure and regional hubs rather 
than establishing parallel systems, which can frag-
ment resources and reduce efficiency. Thereby, African 
nations can “create a self-sufficient ecosystem where 
people can collaborate” and translate genomic discover-
ies into equitable clinical care and improved population 
health outcomes. However, realizing this vision will 
require careful consideration of the practical, financial, 
and systemic realities that influence implementation 
across diverse African contexts.

Critical appraisal and implementation 
considerations
The ambitions articulated during the conference are 
compelling, yet their translation into routine practice 
faces substantial structural, financial, and operational 
challenges. Implementation feasibility varies considera-
bly across time horizons. In the near term, priorities such 
as strengthening cancer notification systems, expand-
ing cancer registry infrastructure, establishing data-
governance frameworks, and integrating genomics into 
national cancer control strategies are achievable with 
targeted investment and political commitment. Longer-
term goals, including regional multi-omics platforms, 
clinically integrated AI-assisted diagnostics, and genomi-
cally informed treatment pathways, will require sustained 
funding, workforce development, infrastructure expan-
sion, and policy alignment. A phased implementation 
approach supported by established implementation sci-
ence principles may facilitate realistic benchmarking, 
adaptive resource allocation, and continuous evaluation 
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of progress. To facilitate translation of conference rec-
ommendations into practice, proposed implementation 
priorities are summarized according to short-, medium-, 
and long-term implementation horizons (Table 1).

Cost and infrastructure limitations remain among the 
most significant barriers to implementation. Although 
sequencing costs have declined substantially, whole-
genome and multi-omics profiling remain expensive 
relative to the health budgets of many SSA countries. 
Conference participants highlighted several prag-
matic entry points, including targeted molecular test-
ing, selected liquid biopsy applications, and AI-assisted 
pathology workflows, which may offer more feasible 
near-term opportunities than comprehensive genomic 
profiling. Expanding access to these technologies will 
require sustainable financing models, improved reim-
bursement mechanisms, and strategic investments in lab-
oratory, computational, and digital infrastructure.

Emerging technologies such as AI and integrative 
multi-omics approaches offer considerable promise but 

require careful evaluation before widespread clinical 
adoption. AI models developed primarily using non-Afri-
can datasets may underperform in African populations if 
not locally validated, while inconsistent electricity sup-
ply, limited digital connectivity, and shortages of techni-
cal expertise may constrain implementation. Similarly, 
multi-omics approaches remain analytically complex 
and dependent on high-quality biospecimens, robust 
laboratory standards, and population-specific reference 
datasets that are still being developed for many African 
populations. Consequently, these technologies are cur-
rently most appropriate within research and specialist 
settings, with broader clinical implementation requir-
ing phased capacity development, harmonised standard 
operating procedures, quality assurance systems, and 
prospective validation studies.

Equity considerations must remain central to imple-
mentation efforts. Increased genomic data generation 
without corresponding investments in analytical capac-
ity, clinical infrastructure, and governance frameworks 

Table 1  Proposed implementation priorities for advancing cancer genomics and precision oncology in sub-Saharan Africa. Priorities 
are organized according to short-, medium-, and long-term implementation horizons, together with illustrative monitoring indicators 
and key stakeholder groups identified during conference discussions

Abbreviations: Africa CDC Africa Centres for Disease Control and Prevention, ASLM African Society for Laboratory Medicine, AUDA-NEPAD African Union Development 
Agency–New Partnership for Africa’s Development, EAC East African Community, ECOWAS Economic Community of West African States, H3Africa Human Heredity and 
Health in Africa, SADC Southern African Development Community, WHO AFRO World Health Organization Regional Office for Africa

Time Horizon Strategic Priority Example Monitoring Indicators Key Stakeholders

Short-term (≤ 2 years) Strengthen cancer notifica-
tion and registry integration 
within national surveillance systems

Proportion of health facilities reporting 
to cancer registries; registry completeness 
and reporting timeliness

Ministries of Health; National Cancer 
Registries; WHO AFRO

Establish harmonised data-govern-
ance, data-sharing, and benefit-shar-
ing frameworks

Number of countries with approved govern-
ance frameworks; number of operational 
data-sharing agreements

African Union; AUDA-NEPAD; 
National Ethics Committees; Data 
Protection Authorities

Expand access to molecular diag-
nostics for priority cancers in tertiary 
referral centres

Proportion of tertiary centres offering 
molecular testing; median turnaround time 
from biopsy to molecular diagnosis

National Cancer Programmes; Aca-
demic Medical Centres; Pathology 
and Laboratory Services

Medium-term 
(2–5 years)

Develop regional genomic sequenc-
ing and bioinformatics hubs

Number of operational sequencing hubs; 
annual sample throughput; average turna-
round time

Regional Economic Communities 
(ECOWAS, SADC, EAC); African Union; 
Research Funders

Establish federated multi-omics 
and clinical data platforms

Number of participating institutions; number 
of interoperable datasets; proportion of sam-
ples linked to clinical metadata

Research Consortia (e.g., H3Africa); 
Ministries of Health; Bioinformatics 
Centres

Strengthen genomics workforce 
development and clinical trial capacity

Number of accredited training programmes; 
number of genomics specialists trained; 
number of operational clinical trial units

Universities; Medical Schools; ASLM; 
National Medical Councils; WHO 
AFRO

Long-term 
(5–10 years)

Establish sustainable pan-African 
biobanking infrastructure linked 
to clinical and genomic data resources

Number of participating biobanks; geo-
graphic coverage; proportion of samples 
with longitudinal follow-up data

Research Institutions; National 
Governments; International Funding 
Partners

Improve representation of African 
populations in genomic reference 
resources and clinical interpretation 
pipelines

Inclusion of African reference datasets 
in genomic databases and analytical pipe-
lines; number of African-derived variants 
curated in public repositories

Genomics Research Networks; Data-
base Curators; Industry Partners

Integrate genomics-informed 
diagnostics and treatment pathways 
into national health systems

Number of countries incorporating genomic 
diagnostics into national policies or essential 
diagnostics lists; reimbursement coverage 
for molecular testing

Ministries of Health; Health Insurance 
Agencies; WHO; Africa CDC
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risks reinforcing existing disparities rather than reducing 
them. Likewise, an exclusive focus on advanced technol-
ogies could divert resources from foundational interven-
tions, including cancer awareness programmes, earlier 
diagnosis, pathology services, and access to standard 
treatments that continue to have substantial population-
level impact. Ensuring that genomic innovation comple-
ments rather than replaces essential cancer services will 
be critical for achieving equitable and sustainable preci-
sion oncology across SSA.

Taken together, these implementation realities under-
score that the future of cancer genomics in Africa will 
depend not only on scientific advancement, but also on 
how effectively innovation is integrated into broader 
health systems, governance structures, and population 
health priorities. Sustainable progress will require coor-
dinated action across research, clinical practice, policy, 
infrastructure, and workforce development.

Conceptual roadmap for precision oncology 
in Africa
The “Harnessing Functional Genomics in Cancer 
Research: Opportunities for Diagnosis and Treatment” 
conference highlighted Africa’s unique position at the 
intersection of genomic innovation and public health, 
offering a conceptual roadmap for the continent’s future 
in precision oncology. This roadmap positions genomics 
as the central pathway driving cancer innovation across 
the African continent. Africa’s rich genetic diversity is 
not merely a scientific variable but a foundational asset. 
Understanding this diversity is essential for advanc-
ing cancer prevention, diagnosis, and treatment, all of 
which increasingly rely on genomic insights to enable 
personalised interventions. However, genomic progress 
in Africa cannot occur in isolation. There are intercon-
nected pathways representing essential factors that must 

Fig. 2  Conceptual roadmap for precision oncology in Africa. The figure illustrates a coordinated framework for advancing precision oncology 
across Africa, with genomics positioned at its core. Six interconnected pillars—registries and surveillance, genomic infrastructure, AI-enabled 
diagnostics, ethical data governance, workforce development, and partnerships and funding—define the foundational requirements for translating 
genomic innovation into equitable cancer care. The roadmap outlines staged implementation from foundational system strengthening 
and capacity building to long-term scaling of multi-omics, AI-assisted diagnostics, and genomically informed healthcare
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be integrated to translate genomic discoveries into mean-
ingful health impact (Fig. 2).

Key outcomes from the conference underscore the 
need for coordinated and multi-disciplinary action. For-
malizing cancer notification systems, institutionalizing 
national cancer registries within government structures, 
and securing sustainable and multi-source funding 
emerged as immediate priorities. These foundational 
steps will enable the collection of high-quality, compre-
hensive data, which is an essential prerequisite for trans-
lational research, evidence-based policy-making, and 
monitoring population health. Strategic investments in 
capacity building, from training clinicians and scientists 
to developing laboratory infrastructure, will ensure that 
innovation is not confined to a few centres, but benefits 
entire populations.

The commitments made by delegates at the con-
ference reflect a collective vision to transform can-
cer genomics into actionable knowledge that directly 
informs clinical decision-making and improves patient 
outcomes across African populations. Success can be 
tracked through concrete metrics, including increased 
completeness and timeliness of cancer registration, 
growth in genomics-driven clinical trials, expanded 
research outputs addressing ancestry-specific risk 
factors, and demonstrable improvements in patient 
outcomes at national and regional levels. Collabora-
tion across African nations and with global partners 
remains a cornerstone for achieving these metrics, fos-
tering knowledge exchange, capacity sharing, and joint 
advocacy efforts.

For Africa, the next decade, and beyond, will be 
defined by how effectively insights from the confer-
ence are applied, turning health science into equitable 
healthcare, integrating precision medicine into national 
strategies, and sustaining momentum through strategic 
investment, governance, and collaboration. Ultimately, 
the conference has set a precedent: By harnessing and 
managing functional genomics effectively, African 
researchers and clinicians are not merely participants 
in global oncology but emerging leaders shaping the 
next chapter of translational cancer research. Africa 
is no longer considered a recipient of global scientific 
knowledge and innovation, but rather, a producer of 
precision oncology solutions with direct and lasting 
impact.

Limitations
As described in the methodology, this conference syn-
thesis report did not employ formal qualitative research 
methodologies such as systematic coding procedures, 
inter-coder reliability assessment, or thematic satura-
tion analysis. The themes presented reflect discussions 

and perspectives from conference participants and 
invited speakers and may not fully represent all stake-
holder groups, geographic regions, or health-system 
contexts across Africa. Furthermore, conference pri-
orities were inherently influenced by the programme 
structure and expertise of invited speakers. The sup-
porting literature review was narrative rather than 
systematic and may not have captured all relevant evi-
dence. Several recommendations remain conceptual 
and were not evaluated through formal implementa-
tion, economic, or outcomes-based analyses. Finally, 
given the rapidly evolving nature of genomics, artificial 
intelligence, and precision oncology, some technolo-
gies, policies, and implementation priorities discussed 
may evolve as new evidence emerges.
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