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Abstract

Background. Sub-Saharan African (SSA) neuro-oncologists report high workloads and challenges in delivering
evidence-based care; however, these reports contrast with modeled estimates of adult neuro-oncology disease
burden in the region.This scoping review aimed to better understand the reasons for this discrepancy by mapping
out the SSA adult brain tumor landscape based on published literature.

Methods. Systematic searches were conducted in OVID Medline, Global Index Medicus, African Journals Online,
Google Scholar, and faculty of medicine libraries from database inception to May 31, 2021. The results were sum-
marized quantitatively and narratively. English and French peer-reviewed articles were included (title, abstract, and
full text).

Results. Of the 819 records identified, 119 articles by 24 SSA countries (42.9%) were included in the final review.
Odeku published the first article in 1967, and nine of the ten most prolific years were in the 21st century. The
greatest contributing region was Western Africa (n=58, 48.7%) led by Nigeria (n =37 31.1%). Central Africa had
fewer articles published later than the other SSA regions (P = .61). Most studies were nonrandomized (n=75,
63.0%) and meningiomas (n =50, 42.0%) were the most common brain tumors reported. Less than 30 studies re-
ported on adjuvant treatment or patient outcomes.

Conclusions. Most publications were hospital-based, and there was significant heterogeneity in the quality of
evidence and reporting. This study highlights the need for rapid and sustainable investments and brain tumor re-
search capacity in SSA.

Key Points

Primary and secondary (metastatic) brain tumors contribute  brain tumors are ten times as common as primary brain tu-
significantly to morbidity and mortality worldwide. Primary ~ mors."? Secondary brain tumors are caused by at least three
brain tumors are responsible for 0.34% of total disability- of the five primary organ cancers with the highest disease
adjusted life years (DALYs) globally'; however, secondary  burden, and these three organ cancers account for 3.5% of
brain tumors contribute to more disease burden. Secondary  the total global disease burden.! For example, 10% of lung
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Importance of the Study

This article identifies regional differences in the land-
scape of adult brain tumors in Sub-Saharan Africa (SSA),
highlighting disparities in research output, disease epi-
demiology, service delivery, and patient outcome. This re-
view of the existing SSA adult neuro-oncology literature

cancer patients,® 4% of colorectal cancer patients,* and up to
one in four breast cancer patients develop secondary brain
tumors.®

Recent data suggest that the burden of disease attribut-
able to brain tumors is not evenly distributed worldwide.
In a 2018 review, Barnholtz-Sloan et al.® estimated the
age-standardized incidence rate of brain tumors between
6 and 8 per 100 000 people in most of Europe and North
America and less than 2 per 100 000 in Sub-Saharan Africa
(SSA). These statistics were generated from the World
Health Organization’s International Agency for Research
on Cancer (IARC) database, curating national mortality
data.” Unfortunately, most SSA countries do not report
brain tumor data to the World Health Organization.” Due
to the lack of brain tumor registries, thus an absence of
reliable data.®® The burden of disease data for cancers is
often modeled for these countries, based on reported
cases from neighboring countries.® In 2020, this was the
case for Burundi, Central African Republic, Chad, Comoros,
the Democratic Republic of Congo, Djibouti, Equatorial
Guinea, Eritrea, Lesotho, Madagascar, Sao Tome and
Principe, Somalia, South Africa, South Sudan.” In addition,
many SSA countries report to international organizations,
although they are often excluded from international publi-
cations at higher rates than other regions.”"°

The available modeled national and regional data have
drawn attention to brain tumors in SSA. However, there
has always been a discrepancy between the modeled sta-
tistics and observations on the ground. For example, it
was widely accepted that certain brain tumors were rare or
absent among black Africans; however, African neurosur-
geons have since disproved these misconceptions."-"*The
discrepancies between practice and published data have
been attributed to inadequate information management
infrastructure, low scholarly output, suboptimally organ-
ized referral systems, and challenges to seeking, reaching,
and receiving care.®'8

The past two decades have seen a rapid increase in
specialist training, research, and organized activity in the
region.'®20 These changes are best illustrated by the crea-
tion of the Society for Neuro-Oncology Sub-Saharan Africa
(SNOSSA) in 2018 “to improve outcomes, sustaining hope
for adult and pediatric brain tumor patients in [SSA].2"" The
first step to improving brain tumor outcomes in SSA is un-
derstanding the regional and national landscape through
the lens of scholarly output on brain tumors. This will
serve as a foundation for organizations such as SNOSSA
to understand the different subspecialty human resources
needs, infrastructural limitations, and needs in neuro-
oncology and thus a springboard for the design and exe-
cution of educational opportunities and collaborations that

highlights a need for more and higher-quality evidence
in the region, especially regarding population-level ep-
idemiology, access to adjuvant therapies, and patient
survival. The study findings will inform future research
questions and capacity-building within the region.

will maximize the available resources on the continent and
pave ways for the evolution of the contemporary neuro-
oncology practice.

The authors conducted a scoping review to outline the
epidemiology, management, and outcomes of adult brain
tumors in SSA. The findings should help identify chal-
lenges, solutions, and high-, medium-, and low-performing
countries within the region. This information will inform
targeted interventions to strengthen SSA health systems
and improve patient outcomes sustainably.

Materials and Methods

This scoping review is reported per PRISMA-ScR guide-
lines? and conducted per the Arksey and O'Malley frame-
work.2 First, the authors identified the research question
through consultation of an expert panel of African neuro-
surgeons with neuro-oncological experience (J.A.B., C.K.,
and T.L.) and a researcher with formal information man-
agement training (U.S.K.) They decided to review the adult
neuro-oncology literature in Africa based on previous ex-
perience and preliminary literature searches. Next, the
authors identified relevant databases. The challenge was
identifying relevant databases to render a comprehensive
and accurate overview of adult neuro-oncology literature.
Many African journals are not indexed in standard data-
bases, and a significant proportion of research can only
be found in institutional databases. The authors searched
OVID Medline, Global Index Medicus, African Journals
Online, Google Scholar, and faculty of medicine databases.
These searches were complemented by a backward cita-
tion analysis of relevant articles and recommendations by
regional focal points. The search strategy used is available
in the Supplemental File 1.

A preliminary search was done, and the results were pre-
sented to the expert panel for calibration. From inception
to May 31, 2021, the databases were searched for French
and English articles, abstracts, reviews, case reports, let-
ters to the editor, theses, memoirs, and other academic
reports. The language choice was based on the authors’
fluency and a lack of funding to contract professional trans-
lation services. The authors included articles on or about
neuro-oncology epidemiology, treatment, and practice in
Africa irrespective of author affiliations.

The search results were imported into Rayyan,?* a free
online screening platform.The citations were deduplicated,
and the reviewers participated in a pilot review to ensure
consistency and clarify ambiguities. The inclusion and
exclusion criteria were refined following the pilot article
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review. Each title and abstract independently (J.A.B., C.K.,
L.T., or U.S.K.) All conflicts were resolved among the two
reviewers, but persistent disagreements were arbitrated
by a third reviewer. Next, the authors reviewed the full arti-
cles independently. Articles without full manuscripts were
excluded if they were unavailable despite good-faith ef-
forts, that is, searching for an online copy and contacting
the corresponding author at least two times.

The data extraction sheet was designed in Microsoft
Excel and collected information on the article title, author
names, journal, country, publication language, publica-
tion year, study design, sample size, descriptive patient
data, type of intervention, diagnosis, interventions, and
outcomes. Two authors (A.D.N. and A.K.A.) independently
extracted data from included studies after pilot data extrac-
tion. In comparison, three authors (J.A.B., C.K., and U.S.K.)
examined the references to identify relevant articles. The
authors requested disaggregated data from the corre-
sponding authors of articles with aggregated pediatric and
brain tumors. When the corresponding authors did not re-
spond or could not share the disaggregated data, the arti-
cles were excluded.

The review process data were presented as a PRISMA
flow diagram, and the article data were summarized in nar-
rative and tabular forms. The results were presented to re-
gional focal points, submitted for presentation at African
and international conferences, and written up as a manu-
script for publication in a peer-reviewed journal. The pub-
lished manuscript will be promoted via social media using
visual and video abstracts in French and English.

Results
Screening

The database search returned 816 articles. After
deduplication and title and abstract screening, four hun-
dred and eighty-five articles (59.4%) remained. Most ar-
ticles were excluded because they aggregated adult and
pediatric data without distinctions (n=330), while the rest
were excluded because they lacked full texts (n=36). Only
119 articles were included after the full-text screening and
complementary hand search (Figure 1). The complete ar-
ticle data is available in Supplemental File 2 (DOI 10.17605/
OSFIO/RICTS).

Scholarly Productivity

Twenty-four of the 46 SSA countries (562.2%) contributed
to the 119 articles. The greatest contributors were Western
Africa (n=58, 48.7%), Southern Africa (n=33, 27.7%),
Eastern Africa (n=23, 19.3%), and Central Africa (n=5,
4.2%). Nigeria contributed the most articles (n =37, 31.1%),
followed by South Africa (n=26, 21.8%), Senegal (n=10,
8.4%), Sudan (n=6, 5.0%), Ethiopia (n=7 5.9%), Ghana
(n=6, 5.0%), and Zimbabwe (n=5, 4.2%). The first ar
ticle was published in 1969 by Adeloye A and Odeku EL in
Nature.?® To this date, 1973 remains the most prolific year
with 10 articles (8.4%) but nine of the top ten most prolific
years were in the 21st century (Figure 2). Central African

articles had been published more recently (median publi-
cation year [MPY]=2017, range:1995-2021) than Eastern
(MPY =2012, range:1973-2021), Southern (MPY =2004,
range:1970-2021), and Western (MPY = 2003, range:1970-
2021) articles (P=.61).

All the studies were nonrandomized: 75 (63.0%) were
cross-sectional, 39 (32.8%) were case reports or series,
and the rest were either case-control or cohort studies
(n=5, 4.2%).

The most studied tumors were meningiomas
(n=50, 42.0%), pituitary adenomas (n=37 31.1%),
gliomas (n=36, 30.3%), metastasis (n=29, 24.4%), and
craniopharyngiomas (n =20, 16.8%). Pineal tumors (n= 11,
9.2%),%6-36 |lymphomas (n=7 5.9%),%642 acoustic neur-
omas (n=3, 2.5%),%8294 and chordomas (n=2, 1.7%)**
were less common. Four papers (3.4%) reported access
to molecular biology techniques.*®*° Access to radio-
therapy was reported in 11 studies (9.2%)26:43444850-56 gn(d
the most commonly available modality was whole-brain
radiotherapy.26:4851-535556 Three studies (2.5%)%25758 re-
ported the use of chemotherapy most commonly for met-
astatic brain lesions.5257 Only nine studies (7.6%) reported
the Karnofsky Performance Score.505159-65 Tyyenty studies
(16.8%) reported mortality rates?44850:55576064-76 gnd the
mortality rates in studies with ten or more patients varied
between 8% and 88%.5060,64,65.70,73,76

In their 2014 publication, Ibebuike and Ouma’’ found
meningiomas (33.8%) were the most common primary
tumorin Johannesburg (South Africa), followed by pituitary
adenomas (24.6%), gliomas (22.5%), craniopharyngiomas
(2.8%), ependymomas (2.8%), and medulloblastomas
(2.8%). They found black South Africans were more likely
to have meningiomas than white or Indian South Africans
(75% vs. 12.5% vs. 4.2%).77

Discussion

This scoping review summarizes evidence on adult brain
tumors in SSA. All the study data were hospital-based and,
as such, cannot accurately represent the epidemiology of
brain tumors in SSA because patients face numerous bar-
riers to care. Nevertheless, the data from these studies
give an insight into the adult neuro-oncology practice in
SSA. In addition, this finding highlights the need for em-
phasis on population-based research.

Mbi Feh et al.”® performed a systematic review of brain
tumors in Africa from 1960 to 2017 and only found 26 arti-
cles. The low number of articles is surprising considering
that they did not discriminate between adult and pediatric
brain tumors. However, this discrepancy can be explained
because they searched major peerreview databases.’®
They found brain tumor prevalence as high as 5902 cases
per 100 000 population, with Nigeria, Egypt, and Uganda
reporting some of the highest frequencies.’® In addition,
they reported a male predominance (54%) and found that
the most common tumors were astrocytomas (24.7%),
meningiomas (22.2%), pituitary adenomas (8.4%), and
medulloblastomas (4.2%).”® Our review revealed a wide
spectrum of tumors similar to Mbi Feh et al.”® However,
it is interesting that there were fewer studies on acoustic
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neuromas. It will be interesting to explore the genetic or
socioeconomic correlates of acoustic neuromas in the SSA
population. These studies can build on past meningioma
studies. For example, Ibebuike and Ouma’” found a higher
prevalence among black patients. This disparity has not
been confirmed by Anzalone et al.,”® who found a higher
prevalence among white Americans (9.52 per 100 000
people vs. 3.43 per 100 000 people). These discordances
highlight a need for further epidemiological studies in SSA.

Studies on metastatic brain tumors were less common
than meningiomas, pituitary adenomas, and gliomas, even
though brain metastases are widely regarded as the most
common type of brain tumor. The reported adult brain
metastasis frequency never exceeded 23.7%.%° The dis-
crepancy may be due to late presentation and poor sur-
vivorship of patients with cancers such as breast, thyroid,
lung that metastasize to the brain.®! Patients with brain
metastases may present terminally with other extracranial
metastases. This observation creates an opportunity for or-
ganized neuro-oncology groups like SNOSSA that can lev-
erage on relationships with other supporting sister bodies

PRISMA flow diagram of the scoping review search, deduplication, and screening.

such as the Society of Neuro-Oncology (SNO), European
Association of Neuro-Oncology (EANO), Asian Society for
Neuro-Oncology (ASNO), and African Organisation for
Research & Training in Cancer (AORTIC) to improve exper-
tise in clinical trials and draw industry support to Africa.
The lack of clinical trials of brain tumors in SSA raises
concerns about the generalization of findings from clin-
ical trials involving other ethnic groups to Africans without
consideration to the possible uniqueness of both the tu-
mors and response to the medications by Africans.

All four SSA regions were well represented in the neuro-
oncology scholarly output. The increase in the number of
published papers on brain tumors seems to coincide with
the increase in the number of training centers for neurosur-
geons in SSA.™ We found regional disparities in scholarly
output, including that Central Africa published almost a
decade after Southern and Western Africa on average. This
temporal disparity might explain the regional discrepancy
in scholarly productivity. In addition, we noted sustained
publication since 1995. The temporal and scholarly output
differences can be understood because the first brain
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Fig.2 Distribution of adult Sub-Saharan African brain tumor research disaggregated regionally.

tumor excision in SSA by an African was in West Africa
by E-Latunde Odeku in 1962 in Ibadan, with the first pub-
lished manuscript on intracranial masses by him in 1967.82
We equally found regional disparities in access to imaging,
molecular biology, and adjuvant therapy. These findings
reinforce the widely held view that SSA is not a mono-
lith, so interventions aiming to improve neuro-oncology
care should be tailored to the needs and resources of each
SSA nation.

Five papers reported access to molecular diagnostics
reflective of the changing landscape of brain tumor diag-
nosis and prognosis. The limited information on access to
molecular diagnosis hinders comparison to other regions.
In addition, it limits the estimation and classification of the
burden of brain tumors in this region. Most articles were
observational, specifically case reports. This high number
of case reports/series and lack of basic and interventional
research points to the enormous gap in locally-generated
and high-quality evidence research that needs to be filled.
The reason for this huge gap is multifactorial, including
out-of-pocket payment for the care of brain tumors, the
competition of cancer care with treatment of infectious
diseases, with brain tumors further down the ladder of
cancers considered a priority, and the lack of expertise
in neuro-oncology across the multiple subspecialties.
This gap highlights a need for neuro-oncology research
capacity-building to increase the quality and quantity
of publications. Ngulde et al.’® have suggested a multi-
pronged strategy to improve brain tumor research in SSA,
including raising awareness, research capacity-building,
infrastructure development, research funding, and re-
search collaboration.®

The African oncology situation remains worrisome and
uncertain due to the lack of research, absence of national
or regional tumor registries, and patients facing numerous
barriers to care.”® The reported variations in the inci-
dence of adult brain tumors by African countries can be

explained by the varying availability of resources and con-
trasts in health systems infrastructure. Previous studies
have shown significant differences in the neurosurgical
workforce, infrastructure, service delivery, funding, gov-
ernance, and information management.8384 Even though
neurosurgeons are gradually increasing on the continent,
access to neuro-oncology care remains insufficient; neuro-
oncological specialists are still very few.® This is a con-
cern because successful neuro-oncology practice requires
a multidisciplinary team of neurosurgeons, neurologists,
nursing providers, medical oncologists, radiation oncolo-
gists, neuroradiologists, neuropathologists, and palliative
care specialists. The lack of these specialists still makes a
dedication to neuro-oncological practice difficult. As a re-
sult, medical centers with established neuro-oncology
facilities and oncologic centers remain rare, diagnostic
modalities and complementary treatment options (chemo-
therapy and radiation) are equally limited.®¢87 As a result,
brain tumors are diagnosed at very late stages, leading to
high morbidity and mortality rates.®®

The diagnosis and treatment of cancers remain in Africa
remains a challenge.The IARC predicts the regional cancer
burden will increase over the next decades, further com-
plicating the management of cancers.” Challenges include
underdiagnoses, limited access to medical imaging and
histopathology, insufficient or inadequate surgical, med-
ical, and radiotherapy treatment, lack of specialized work-
force, and unclear referral patterns. These challenges are
common to all cancers'®8% however, brain cancers face
an added burden because they receive less attention than
other cancers.

SSA's challenges are compounded by rapid advance-
ments in neuro-oncology diagnosis and management.
Recent brain tumor classification requires molecular and
genetic testing,®® but access to these modalities is limited
by availability and affordability.88 Additionally, the high
rate of patients lost to follow-up makes the little available
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data incomplete. There is an undeniable need for alterna-
tive solutions that better suit the African health systems
without compromising the scientific evidence, which can
only be possible through locally-driven research.®

Despite the importance of a scoping review to provide an
overview of the available literature, it may explicitly hinder
comparing data from various study designs and methods.%?
This limitation is accentuated when the included studies
use different outcome measures. We found heterogeneity
in the reporting of adjuvant therapy, patient performance
status, and mortality rates. Hence, our findings are sus-
ceptible to publication bias. Also, no randomized studies
met our inclusion criteria, and we only included French and
English publications. These limitations reduced the quality
of evidence and limited the scope of our analysis. Although
English is the predominant language for research globally,
many countries publish research primarily in official local
languages such as Arabic, Portuguese, or Spanish.% We
chose to limit our search to French and English, the two
most common official languages in SSA because our au-
thors were fluent in these languages. We equally excluded
a significant number of articles due to stringent exclusion
criteria. While this helped preserve the quality of our re-
sults, it equally led to the loss of valuable information. For
example, the exclusion of Odeku ELs 1967 publication on
intracranial masses in Nigeria.®? This article is the earliest
recorded publication on brain tumors in SSA; however, it
was excluded due to a lack of abstract and full-text access.
Another limitation is excluding articles that lacked disag-
gregated data on adult tumors.

Despite these limitations, this study provides a range
of new information on adult brain tumors in SSA that will
allow stakeholders to strengthen health systems through
research, practice, and advocacy.

Conclusion

Crossdisciplinary and holistic health system investments
can only improve brain tumor diagnosis and manage-
ment. Our findings highlight an urgent need to increase
the quantity and quality of brain tumor research in SSA.
Also, the study findings give an insight into the stake-
holder and priorities of a future international SSA brain
tumor research consortium. We have identified at least 22
countries in need of research and a need for interventional,
basic science, and population-based research. The African
neuro-oncology research community should leverage the
experience of higher-performing nations such as Nigeria,
South Africa, Senegal, and Sudan to champion this initia-
tive. Moreover, it has become apparent that SSA needs a
dedicated neuro-oncology journal that can address her pe-
culiarities.This publication must be indexed on major data-
bases to facilitate international access.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.

A spreadsheet of all 119 articles included in this study is
available at DOI 10.17605/0SFEIO/FJCTS.
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