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PURPOSE Authorship is a proxy indicator of research capacity. Understanding the research capacity is im-
perative for developing population-specific cancer control strategies. This is particularly apropos for African
nations, where mortality from cancer is projected to surpass that from infectious disease and the populations are
critically under-represented in cancer and genomics studies. Here, we present an analysis and discussion of the
patterns of authorship in Africa as they pertain to cancer genomics research across African countries.

METHODS PubMed metadata of relevant cancer genomics peer-reviewed publications on African populations,
published between January 1, 1990, and December 31, 2019, were retrieved and analyzed for patterns of
authorship affiliation using R packages, RISmed, and Pubmed.mineR.

RESULTS The data showed that only 0.016% (n = 375) of cancer publications globally were on cancer genomics
of African people. More than 50% of the first and last authors of these publications originated from the North
African countries of Tunisia, Morocco, Egypt, and Algeria. South Africa (13.6% and 12.7%) and Nigeria (2.2%
and 1.9%) were the Sub-Saharan African countries most represented by first and last authorship positions,
respectively. The United States contributed 12.6% of first and last authored papers, and nearly 50% of all
African countries had no contributing author for the publications we reviewed.

CONCLUSION This study highlights and brings awareness to the paucity of cancer genomics research on African
populations and by African authors and identifies a need for concerted efforts to encourage and enable more
research in Africa, needed for achieving global equity in cancer outcomes.

JCO Global Oncol 7:747-755. © 2021 hy American Society of Clinical Oncology
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INTRODUCTION One such critical area of need with huge inequality of
outcomes in Africa is cancer. In Africa, cancer has
gone from a quiet and hitherto unidentified disease®®
to a highly burdensome, devastating, and costly
epidemic,” !t with more than 100% increase in the
burden of some cancers between 1990 and 2017.
Globocan 2018 projected a 100% increase in inci-
dence and mortality by 2040.1°2 The success of
cancer control in Africa will require a more compre-
hensive understanding of the genomic landscape of
cancer in Africans. The improved cancer survival in
Europe and America resulted from the understanding
of the risk factors identified through rigorous scientific
studies on those populations.*> It is, therefore, im-
perative to assess research capacity and identify areas
in need of improvement to increase the likelihood for
effective cancer control across the continent.

Achieving global equity in health outcomes is deter-
mined by equitable representation and contribution to
knowledge production. Hence, an understanding of
the structural determinants of research inequalities is
imperative in identifying national research capacity
needs.! An important surrogate indicator of research
capacity and productivity is the authorship of peer-
reviewed publications.? Researches on the health
needs of Africans have drawn interest globally, and
African investigators have enjoyed research collabo-
rations from high-income countries. However, factors
like funding and research priorities have created
power imbalances and structural inequalities between
African researchers and their collaborators from high-
income countries. These inhibit African scientists,
including citizen scientists, from authorship recogni-
tion, publishing, or focusing the research on the health  One measure of a country’s research capacity is the
needs of African populations.># number of scientific articles authored by researchers
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CONTEXT

Key Objective

With the increasing burden of cancer in Africa, it is important to identify factors that impede the application of genomics to
cancer control on the continent. We used the authorship of cancer genomics publications to assess the extent to which the
lack of knowledge production is hindering progress.

Knowledge Generated

Our findings showed that despite the increasing cancer burden, the number of publications on Cancer Genomics in Africa
represents only 0.016% of all cancer genomics papers with more than half of the continent not represented in a single
publication and where North African countries and South Africa are leading the knowledge production by a significant
margin. In tandem, African scientists are also grossly under-represented in Cancer Genomics Research publications and
are rarely positioned as either first or last authors with North Africa and South Africa being exceptions. These data indicate
that not only is there a dearth of cancer genomics data but also the capacity to generate knowledge is lacking across most of
the continent, especially in the Sub-Saharan regions.

Relevance

This study highlights the need to increase the capacity to generate cancer genomics knowledge across the continent, a feat
that is critical for the fight against cancer among Africans and for attaining global health equity.

affiliated to homeland institutions.'>¢ There has been a
doubling of publications by African researchers in the fields
of science, technology, engineering, and math from 2003
to 2012.17 However, cancer genomics remains nascent
with limited resources available to African scientists to
conduct costly genomics studies, stifling progress in the
field.*®29 To address this problem and study the potential
research capacity across Africa, we conducted a metadata
analysis of authorship for cancer genomics articles pub-
lished on African populations.

METHODS

Data on genomics publications in any language were
extracted from PubMed (covering the period of January 1,
1990, to December 31, 2019). The PubMed Medical
Subject Headings (MeSH)?*?? term {neoplasm} was used
to retrieve all articles indexed by PubMed curators to be
related to cancer. The search was restricted to publications
on African countries alone by systematically including 54
African countries and combinations of study parameters
(gene or protein or molecular biology or mutation or ge-
netics or genomics) as key search terms. To avoid ambi-
guity, only publications with MeSH terms genetic or
genomics or mutation were included as genomics papers.
These publications were manually verified by two authors
(S.0.R.and O.A.R.). Particular attention was paid to ensure
that the included publications used biospecimens of Afri-
can origin.

Thereafter, the publications’ PubMed metadata was
downloaded and analyzed using RISmed.?® For the pur-
pose of extracting the metadata on authorship, the article
titles, abstracts, and authors’ information were collected
and subjected to text mining using the R package
Pubmed.mineR.?* For this study, we used the country of
affiliation for each author listed in the 375 publications as
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the origin(s) of each publication.?>2 However, where an
author was affiliated to multiple countries, only the African
country or the country where the biospecimen was sourced
was considered.

To depict the pattern of authorship seniority, we generated
a collaborative interactome between the countries of first
authorship and co-authorship. To achieve this, we used
Gephi?’ to generate a directed network in which the size of
the nodes was proportional to the number of authors af-
filiated to each country and the positions of the nodes il-
lustrating the geographical locations.?” Furthermore, we
proposed an estimate to assess each country’s research
capacity to address its cancer burden. This estimate,
termed knowledge production index (KPI), was derived by
normalizing the total (all) authorship in any position for each
country with its GLOBOCAN estimated cancer incidence for
2018, by using the following formula:

KPl = lo 1- Number of authors in any position
= 0810 2018 GLOBOCAN cancer incidence ) /)

where 1 is an arbitrary digit that was introduced to prevent
the logarithmic error since some countries lack author-
ship, and cancer incidence was the estimated number
of prevalent cases (5 year) as a proportion per 100,000
in 2018 for all cancers in both sexes between age O
and 74.1°

Finally, to assess the factors that influence the KPI of Af-
rican countries, we correlated the KPI values with 2017
gross domestic product per capita®, 2017 human devel-
opment index,?® and number of cancer-related foreign
grants awarded to each country, herewith referred to as
grant records,® using Tableau (2019.4.1). The grant
records were retrieved from World RePORT 3!
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RESULTS

There Is a Knowledge Gap on the African Cancer Genome,
Evidenced by Very Few Peer-Reviewed Publications

The total number of publications returned by our Pubmed
MeSH terms (cancer, cancer molecular biology, and
cancer genomics) on African populations between January
1, 1990, and December 31, 2019, is shown in Figure 1A. Of
nearly 2.4 million publications, a meager 0.329% was
related to cancer in Africa. Of these, 19% (n = 1,456) were
related to molecular biology or genomics of cancer in Africa.
Only 375 (0.16%) publications (353 in English and 22 in
French) were focused on cancer genomics of African
populations. This represents only about 5% of cancer re-
search papers on African populations and is compared with
about 173,000 overall cancer genomics publications. The
number of cancer genomics publications grew steadily in
Africa from an average of four per year between 1990 and
1995 to about 27 per year between 2016 and 2019 (Fig
1B), with the biggest spike occurring between 2005 and
2015.

African Scientists Are Under-Represented in African
Cancer Research Publications

Next, we examined the geographical distribution of first,
last, and an author in any position, as well as the collab-
orative interaction between authors, based on country of
affiliation for the 375 genomics publications, and presented
the top 10 publishing countries in Figures 2A-2C. South
Africa (13.6% first author and 12.7% last author) and the
North African countries of Tunisia (23.8% and 22.2%),
Egypt (16.5% and 15.9%), Morocco (12.2% and 12.4%),
and Algeria (3.0% and 2.4%) had more first and last au-
thors than other African countries. Among non-African
countries, the United States, France, ltaly, and Australia
had the most number of authors (Figs 2A and 2B) for any
category (first, last, or any position), with the United States
being represented up to four fold more than other non-
African countries. Overall, the geographical distribution

showed that there were more authors from North African
countries than all the other parts of Africa combined (Fig
2C). We did not retrieve any publication with author affil-
iation from the following countries: Angola, Benin, Burundi,
Cabo Verde, Central African Republic, Chad, Comoros,
Republic of Congo, Djibouti, Equatorial Guinea, Eritrea,
Eswatini, Réunion, Guinea-Bissau, Lesotho, Liberia, Libya,
Madagascar, Mauritania, Mozambique, Namibia, Niger,
Sao Tome and Principe, Sierra Leone, Somalia, South
Sudan, and Zambia. Additional review of the 375 publi-
cations revealed that 24 publications using African bio-
specimens had no African author.

The collaborative interactome demonstrates the size of the
collaborations between the affiliated countries (Fig 2D).
The top five collaborative country pairs were Tunisia —
France (n = 36), United States — Nigeria (n = 33), South
Africa & Egypt (n = 20), Tunisia — South Africa (n = 15),
and South Africa « Gambia (n = 15). Other noteworthy
collaborations between African countries were Egypt —
Tunisia (n = 12), Sudan — Tunisia (n = 10), and Egypt —
Uganda (n = 9).

Africa Does Not Have the Research Capacity to Meet the
Demands of Its Growing Cancer Burden, As Indicated by
the Knowledge Production Index

Finally, we calculated each country’'s KPI to serve as a
surrogate indicator of a country’s capacity to conduct
biomedical research, which is needed to help address its
cancer burden as reported in GLOBOCAN 2018.%° For this,
the total number of authors in any position for a given
country in the 375 publications was normalized to the
cancer incidence of that country, and the resulting KPI is
visualized in the geographical heatmap of Africa, as shown
in Figure 3. Tunisia (0.65) had the highest KPI, followed by
Morocco (0.37) and Egypt (0.32) (Fig 3). These data show
that overall, there is a low KPI across the continent in-
dicative of an ill-equipped research enterprise. Next, we
found that overall, KPl was poorly to moderately correlated
with the number of cancer-related foreign grants awarded

A

FIG 1. Number of peer-reviewed
publications obtained from PubMed.
(A) The relative proportion of publi-
cations for each Medical Subject
Headings term was expressed as a
percentage of total number of pub-
lications on cancer. (B) Yearly dis-
tribution of the number of peer-
reviewed publications on cancer
genomics on African populations.
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FIG 2. Authorship affiliation and collaboration pattern. (A) Histogram showing top 10 countries with first authors, (B) last authors, (C) or author in
any position. (D) Authorship collaborative interactome, with the node size corresponding to the total number of authors in any position and node

color representing the degree to which a country has contributed first authors.

to investigators in African countries depending on region
(Fig 4). When graphed by region, South Africa (P = .0002
and r? = 0.979) had the strongest linear relationship of KP!
to the number of grants, followed by West Africa (P =.003
and r? = 0.477) and Central Africa (P = .060 and
r? = 0.418). Interestingly, KPI most poorly correlated with
the number of grants received for North Africa (P = .322
and r? =0.242), where KPI exceeded the number of foreign
grants, and East Africa (P = .0006 and r? = 0.558), where
the number of foreign grants did not improve KPIl. The
relationships between KPI and the number of grants in
North Africa and Central Africa showed that KPI did not
achieve statistical significance, suggesting the contribution
of other factors. KPI was not associated with the gross

750 © 2021 by American Society of Clinical Oncology

domestic product per capita (Fig 4) and only slightly as-
sociated with the human development index within Africa
(result not shown).

DISCUSSION

In the current study, we studied patterns in authorship for
publications related to cancer genomics research in Africa.
The purpose was to use these data as a surrogate for a
country’s internal research capacity and to bring awareness
to the dearth of knowledge in a field essential for under-
standing the cancer epidemic riddling the continent. In
terms of authorship numbers and lead authorship positions
(first or last), the North African countries of Tunisia, Egypt,
and Morocco contributed the highest number of authors for
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the publications we reviewed. There were more authors
from the United States, than France, ltaly, Israel, or any
other non-African country. Besides North Africa, South
Africa is the only Sub-Saharan African country with more
first and last authors than the United States. Up to 50% of
African countries, mainly in the Sub-Saharan region, did
not have any publications and/or affiliated authors study-
ing their populations. This observation is consistent with
the study by Mbaye et al,*® who reported the under-

representation of African authorship in research in the
area of infectious diseases in Africa and attributed the
authorship gap to lack of capacity and inequitable research
partnership. This lack of authorship in many African
countries could also be a reflection of the widespread lack
of indigenous skilled oncology scientists and physicians in
many African countries, as earlier reported by Boyle et al.>3
This 2017 report highlighted the dearth of pathologists in
Sub-Saharan Africa, with only South Africa, Botswana,
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Namibia, Kenya, Gabon, Ghana, and Cameroon having
more than one Pathologist per 1 million people. Hence, the
lack of pathologists in these countries would grossly impede
the diagnosis and treatment of cancer and likely, con-
comitantly, hampers cancer research. Furthermore, the
lack of functional research ethics boards across the con-
tinent would add additional challenges for conducting
translational genomics research.3*

US-affiliated authors have the highest and most diverse
research enterprise and funding supported in large part by
the National Institute of Health.3° Many of these National
Institute of Health—supported investigations seek to un-
derstand the genetic etiology of cancer among African
Americans, for whom the African populations provide the
indispensable ancestral root for comparative studies,
underscoring the need to decipher the African cancer
genome. These efforts are also helping to support US-led
efforts in Africa, which is contributing to the high number of
US-authored papers® and also to advancing cancer ge-
nomics research and training on the continent.

Despite these efforts, authoring papers remains quite low,
and the impact of research funding to Africa varies by
region, where funding from foreign grants did not neces-
sarily correlate strongly with research productivity. We
assessed return on investment by grants by correlating KPI
with the number of grants received. North Africa had the
highest conversion of grants to publications doing better
than would be expected, whereas East Africa had the lowest
productivity and fell behind expectations based on KPI.
Although a caveat to this analysis is that of not knowing the
dollar amounts funded, the data suggest that other factors,
such as famine and war, affect research productivity in-
dependent of funding. North Africa clearly outperformed
the Sub-Saharan regions for seemingly having the highest
conversion of grants to publications. One could speculate
that this is in part due to having more PhD-level science,
technology, engineering, and math scientists than Sub-
Saharan countries, with North Africa having more than
700% more researchers per million inhabitants than the
Sub-Saharan region.3® Aside from the infusion of grants,
West Africa’s productivity is strengthened by a high level of
collaboration with US scientists.

Certainly, the barriers to progress and the reasons for
differential progress across the continent are complex and
multifactorial and cannot all be identified or discussed
within the scope of our manuscript. Nevertheless, ac-
knowledging a number of potential factors is highly pru-
dent. For example, the reliance on English as a lingua
franca for academic scholarly output could be a barrier for
some African countries.® It is also important to note that
our findings do not indicate that the lingua franca or history
of colonialism has any influence on productivity in Africa.
Level and access to education, however, could have pro-
found effects. Data from the Times Higher Education World
University Rankings 202138 only ranked 63 universities

752 © 2021 by American Society of Clinical Oncology

across Africa, with more than half of these in North Africa:
North Africa (n = 42), Southern Africa (n = 12), Western
Africa (n = 7), and Eastern Africa (n = 2). The ranking
metrics used by Times Higher Education also rely on
scholarly articles in peer-reviewed journals that are affili-
ated with a specific university. It is therefore not surprising
that these University rankings mirror our observations for
productivity for different African regions. Another major
impedance to research breakthroughs in health genomics
in Africa is the dearth of next-generation genome se-
quencing facilities,> with Africa having the least number
of genome sequencing centers compared with other
continents.

A low rate of publishing could be related to the idea of
vampire or helicopter science—where foreign research
groups working with African-based physicians and scien-
tists acquire biospecimens and related data but without
giving proper credit or providing an opportunity for further
involvement.*®4! About 7% (n = 24) of the publications we
analyzed had no authors affiliated to African institutions*2%*
and three additional papers had African affiliations from
another country.®5” Nigeria was the most affected nation
without recognition in eight papers.4347:528356-59 |n the
study by Akinloye et al,®® the research participants were
recruited from Ibadan, Nigeria, but no author from Nigeria
was listed on the publication, but rather, South Africa was
the affiliated country. Such practices have clinical, ethical,
and academic implications® and need to be addressed. It
is important to note that according to the International
Committee of Medical Journal®®’° a major criterion for
authorship is the substantial contribution to sample or data
acquisition by an investigator. So although scientific
vampirism may not directly explain the lack of correlation of
funding with research productivity, it could sway others in
Africa from taking part in research with foreign entities,
limiting academic opportunities that could increase au-
thorship and impede clinical breakthroughs.”* The denial
of authorship to African investigators is therefore of con-
cern, and concerted efforts by funding bodies, editors, and
the scientific community at large are needed to reduce
scientific vampirism.”>”3 It is important that non-Afri-
can-affiliated researchers involve African investigators in
authorship-meriting aspects of the research and foster
initiatives that will improve research infrastructure in Africa,
which will equalize the partnership and promote team
science.”* Similarly, African researchers should have
upfront discussions on the nature and scope of the
collaboration”® and institute agreements that guarantee
them authorship and intellectual protections.

The African population now accounts for a quarter of the
global population and is projected to experience an up-
surge in cancer incidence. However, our estimation of the
KPI showed a critical drought of human capital to engage in
cancer genomics research on the continent. At present,
African countries without authorship or representation in
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cancer genomics amount to half of the continent. These
understudied countries may hold the secret to solving
global cancer burden because of the high-level genomic
diversity and presence of the archaic genome within an-
cient African populations.”® These populations are genet-
ically similar to and/or represent the hunter-gatherers
(southern San groups) and lron Age farmers (Bantu-
language speakers).””’® Therefore, to achieve global
cancer equity, it is expedient for cancer genomics research
to focus on understanding how the genome of these an-
cient populations influences their cancer burden and also
to improve the capacity of African cancer investigators to
conduct genomic research and use indigenous cancer
genomics data.”®

This study used only PubMed indexed publications be-
cause it is the most reputable index for biomedical peer-
reviewed publications. Although our reliance on MeSH, as
against free-text search, could have excluded some pub-
lications, MeSH has the advantage of involving synonym
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