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-OBJECTIVE: To assess the status of brain tumor programs
in Asia and Africa and propose comprehensive evidence-
based short- and long-term measures for improving the
existing systems.

-METHODS: A cross-sectional analytical study was
conducted in June 2022 by the Asia-Africa Neurosurgery
Collaborative. A 27-item questionnaire was designed and
distributed to gain insight into the status and future di-
rections of brain tumor programs in Asia and Africa. Six
components of brain tumor programs were identified—
surgery, oncology, neuropathology, research, training, and
finances—and assigned scores of 0e14. The total scores
allowed subclassification of each country into levels of
brain tumor program from I to VI.

-RESULTS: A total of 110 responses from 92 countries
were received. These were subdivided into 3 groups: group
1, countries with response from neurosurgeons (73 coun-
tries); group 2, countries with no neurosurgeons (19 coun-
tries); and group 3, countries without a neurosurgeon
response (16 countries). The components associated with
the highest level of brain tumor program were surgery,
neuropathology, and oncology. Most countries in both
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continents had level III brain tumor programs with a mean
surgical score of 2.24. The major lag between each group
was with respect to the advances in neuropathology and
financial support.

-CONCLUSIONS: There is an urgent need to improve and
develop existing and nonexistent neuro-oncology infra-
structure, personnel, and logistics in countries across the
continents, especially for the countries with no
neurosurgeons.
INTRODUCTION
here has been an increase in the incidence of central
nervous system tumors predominantly in the South East
TAsian population and Europe. In a report published in The

Lancet Neurology in 2019, the growth in 2016 was 17.3%.1

Interestingly, the same report indicated the lowest incidence
rate was in Africa, although the incidence was increasing.1 An
article published in 2022 in WORLD NEUROSURGERY on
epidemiology of central nervous system tumors in North Africa
showed increasing incidence of tumors in this region over
Military Hospital, Kigali, Rwanda; 6Neurosurgery Unit, Aga Khan University Hospital, Nairobi,
Kenya; 7Department of Surgery, University of Nigeria Teaching Hospital, Ituku, Ozalia Enugu
State, Nigeria; 8Neurosurgery Unit, Imo State Specialist Hospital Owerri, Owerri, Nigeria;
9Neurosurgery Unit, University of Ghana Medical Centre, Accra, Ghana; 10Neurosurgery Unit,
Omdurman Teaching Hospital, Khartoum, Sudan; 11Department of Neurosurgery, Fann
Teaching Hospital, Dakar, Senegal; 12Neurosurgery Unit, Port Moresby General Hospital and
National Department of Health, Port Moresby, Papua New Guinea; 13Indian Council of
Medical Research, All India Institute of Medical Sciences, New Delhi, India; 14Department of
Neurosurgery, Noble Hospitals & Research Centre, Pune, India; 15Neurosurgery Division,
Bicol Regional Hospital and Medical Centre, Legazpi City, Philippines; and 16Department of
Neurosurgery, Indonesia National Brain Center, Faculty of Medicine Universitas Padjadjaran,
Sumedang, Indonesia

To whom correspondence should be addressed: Shweta Kedia, M.B.B.S., M.Ch.
[E-mail: drshwetakedia@gmail.com]

Citation: World Neurosurg. (2023) 175:e1041-e1048.
https://doi.org/10.1016/j.wneu.2023.04.067

Journal homepage: www.journals.elsevier.com/world-neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2023 Elsevier Inc. All rights reserved.

www.journals.elsevier.com/world-neurosurgery e1041

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2023.04.067&domain=pdf
mailto:drshwetakedia@gmail.com
https://doi.org/10.1016/j.wneu.2023.04.067
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery


Ta
bl
e
1.

Ca
te
go

riz
at
io
n
of

Le
ve
ls

of
B
ra
in

Tu
m
or

Pr
og

ra
m
s

Le
ve
ls

Ca
te
go

ri
es

Su
rg
er
y
w
ith

In
tr
ao

pe
ra
tiv
e

A
dj
un

ct
s

N
eu

ro
pa
th
ol
og
y
w
ith

A
dv
an

ce
d

M
ol
ec
ul
ar

D
ia
gn

os
tic

Fa
ci
lit
ie
s

M
ed

ic
al

an
d

Ra
di
at
io
n

O
nc

ol
og

y
D
ed

ic
at
ed

N
eu

ro
-O
nc

ol
og
y

M
ul
tid

is
ci
pl
in
ar
y
Te
am

A
dv
an
ce

d
Im
ag

in
g

Fa
ci
lit
ie
s

Re
si
de
nt

Tr
ai
ni
ng

Pr
og
ra
m

Fe
llo

w
sh
ip

Tr
ai
ni
ng

Pr
og
ra
m

N
eu

ro
-

O
nc

ol
og
y

Re
se
ar
ch

In
su
ra
nc

e

V
Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

IV
Ye
s

N
o
(m
ol
ec
ul
ar

di
ag
no
si
s
no
t
ro
ut
in
el
y

do
ne
)

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

M
os
t

pa
tie
nt
s

III
Ye
s

N
o
(b
as
ic
on
ly
)

Ye
s

Av
ai
la
bl
e
on

ad
ho
c
ba
si
s

Ba
si
c

Ye
s

Ye
s

N
o

So
m
e

pa
tie
nt
s

II
Su
rg
er
y
w
ith
ou
t

in
tra

op
er
at
iv
e
ad
ju
nc
ts

N
o
(b
as
ic
on
ly
)

Ye
s

Av
ai
la
bl
e
on

ad
ho
c
ba
si
s

Ba
si
c

Ye
s

N
o

N
o

N
o

I
Su
rg
er
y
w
ith
ou
t

in
tra

op
er
at
iv
e
ad
ju
nc
ts

N
o
(b
as
ic
on
ly
)

Ye
s

Av
ai
la
bl
e
on

ad
ho
c
ba
si
s

Ba
si
c

N
o

N
o

N
o

N
o

0
N
o

N
o

N
o

N
o

N
o

N
o

N
o

N
o

N
o

ORIGINAL ARTICLE

SHWETA KEDIA ET AL. BRAIN TUMOR PROGRAMS IN ASIA AND AFRICA
decades.2 Over the last few decades, neuro-oncology has become a
well-established subspeciality within the broad field of clinical
neuroscience.3,4 There have also been significant advances in
molecular diagnostics and therapeutic approaches.3,4 However,
there are visible disparities in neuro-oncology services across the
globe,1 which result from deficits in availability of expertise,
infrastructure, resources, innovation, research, and financing.5,6

The nuances of providing standardized care to different regions
of the world need to be understood to facilitate planned
strategies aimed at overcoming region-specific challenges.7-9 The
purpose of this study was to assess the status of brain tumor
programs (BTPs) in Asia and Africa and to propose comprehensive
evidence-based short- and long-term measures for improving the
quality of care delivered through existing care systems.

MATERIALS AND METHODS

This analytical cross-sectional study was carried out by a collab-
orative group of neurosurgeons across Asia and Africa, the Asia-
Africa Neurosurgery Collaborative Group (ASAFRIN). ASAFRIN
is an informal group of neurosurgeons who came together to
address the topic of BTPs at a conference and then studied the
topic further to assess existing BTPs in Asia and Africa. Using
Google Forms (Google LLC, Mountain View, California, USA), an
online 27-item questionnaire pertaining to the current status and
future directions of BTPs was created in June 2022 and circulated
for 1 month from June 15 to July 15, 2022 (https://forms.gle/
ydeZFfeWL1AkugVB8). All the countries and territories in Asia
and Africa were included, and the questionnaire was circulated
using different social media platforms, including WhatsApp
groups, Twitter, Facebook, LinkedIn, and Telegram, to obtain 1
response for each country. The list of countries was prepared from
the United Nations list (https://www.un.org/en/about-us/member-
states). Ethics committee approval and patient consent were not
required as this was an anonymized survey and did not include any
personal data of any institution or patient.
Survey variables were designed to collect data on the nature of

training programs available in the representative institution of the
country, patient load, services being provided, recent advances,
and financial assistance received for overseeing the program
including patient care. Additional data on demographics of each
country, including the gross domestic product, population den-
sity, and level of education, were collected from publicly available
data sources such as Worldometer (https://www.worldometers.
info/) and International Monetary Fund (https://www.imf.org/).
For this study, we defined the BTP and identified the salient
components for successful management of the BTP.

Defining Brain Tumor Program
A BTP is a care system that provides personalized, comprehensive,
cutting-edge, multidisciplinary clinical care for patients with brain
tumor, anchored on a strong research program.10,11 The program
enables precise diagnosis, translation of research findings from
the bench to the clinic, and optimization of the quality of life of
the patient during treatment. Expertise in multidisciplinary care
for brain tumor patients is germane to the success of a BTP.
Available equipment for diagnostic imaging and intraoperative
equipment to ensure safe surgery as well as facilities for
e1042 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2023.04.067
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adjuvant care such as radiotherapy, chemotherapy, and
rehabilitation are indispensable cornerstones of a BTP.

Proposed Neurosurgical Centers Classification
We categorized countries into 6 levels depending on quality of
available BTP in each country (Table 1). The factors that influence
practice in the geographical regions were assessed and
documented. We analyzed the following covariates in this study:
country population, per capita gross domestic product, literacy
rate, and number of neurosurgeons per capita.

Components
We identified 6 components of BTPs. These components were
extracted from the literature and from the exposure and practice of
the authors with respect to the management of BTPs and placed in
mutually exclusive categories using indicator variables by assign-
ing scores based on their extent of availability in a program by
consensus (Table 2).

Statistical Analysis
We assigned countries into different categories of BTP based on
the status of the components available in each country. The
components were assigned scores, and each level of BTP was
classified based on these scores using mean and standard er-
rors; 95% confidence interval estimates were used to define the
upper and lower boundaries of the components at each level of
BTP.
We built a multivariate linear regression model, the ASAFRIN

brain tumor model, because there was correlation between the
level of brain tumor and the different components in our model
and applied it to predict the country level of BTP while adjusting
for covariates. Statistical analysis was performed using IBM SPSS
version 26.0 (IBM Corp., Armonk, New York, USA). The 95%
confidence interval and P value for each component were tabulated
with significance set at P < 0.05. A postestimation test, the vari-
ance inflation factor, was performed to determine if there was
multicollinearity among covariates in our model. Further, we
evaluated for effect modification between literacy rate, gross
Table 2. Six Components of Neuro-Oncological Care

Components Factors Tak

Surgery Number of cases per annum >50, av
intraoperative neurom

time to surgery from diagn

Oncology Radiation oncology

Neuropathology Histopathology, IHC for molecula

Research activity Basic sciences research
2with multiple institutes,

Training and education Resident/fellow training;

Finances Optimization of quality of care ba

Minimum score ¼ 0., and maximum score ¼ 14. The total scores were subclassified into levels
CUSA, Cavitron ultrasonic aspirator; USG, ultrasonography; RT, radiotherapy; CT, computed tomogra

education; JC, journal club; NGO, nongovernmental organization.
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domestic product, and health expenditure per capita on the level
of BTP.
RESULTS

A total of 109 countries and independent states in Asia (48
countries and 3 territories) and Africa (54 countries and 4 terri-
tories) were identified (Supplementary Table 1). We received no
responses from any neurosurgeon in 15 countries, and 18
countries did not have a neurosurgeon (based on World
Federation of Neurosurgical Societies and updated with current
articles found online (Supplementary Table 2). The response rate
from Asia was 73% and from Africa was 98%.
Most of the countries in both continents fell within level III with

a mean surgical score of 2.24. A total of 110 responses from 94
countries were subdivided into 3 subgroups. Group 1 (n ¼ 73)
included countries with neurosurgeons who had responded
(Supplementary Table 1 shows the ratio of population to
neurosurgeons), group 2 included countries with no
neurosurgeons, and group 3 included countries that provided no
response as shown in Figure 1.
Each country in group 1 was assigned to levels as per scores

shown in Figure 2, and countries in group 2 were assigned level 0.
We observed within-continent and between-continent geograph-
ical differences in the level of BTPs shown in Figure 3. The mean
scores of the components for each level of program and the
number of countries in each region were calculated and are
presented in Table 3. The mean score of each component is
represented by the maximum score at the highest level (level V)
of the BTP. As the mean component score decreases, the level
of the BTP decreases simultaneously.
From our analysis, the components with the highest influence

on the level of BTP were surgery, neuropathology, and oncology
(Table 4 and Supplementary Table 3). A multivariable linear model
was built to predict the relationship between components
(predictors) and the level of BTP. All the independent variables
had a statistically significant relationship with the level of BTP
(P < 0.05) (Supplementary Table 4 shows the use of this
equation in some of the countries).
en into Consideration Score

ailability of gadgets (microscope, CUSA) (yes, no),
onitoring, USG, neuronavigation,
osis (as early as possible vs. months)

0e3

facility, newer RT and CT drugs 0e2

r markers as per latest WHO classification 0e3

to advanced state, collaborations
tumor registry (trials, collaborations)

0e2

tumor board, CME, JC, publications 0e3

sed on financial assistance, NGO, insurance 0e1

of brain tumor programs as follows. V, 13e14; IV, 11e12; III, 9e10; II, 7e8; I, 5e6; 0, <5.
phy; IHC, immunohistochemistry; WHO, World Health Organization; CME, continuing medical
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Figure 2. Distribution of 73 countries across both continents as per levels of the brain tumor program.

Figure 1. Subdivision of regions based on the responses we obtained.
Group1, regions with neurosurgeons who responded; group 2, regions with

no neurosurgeons; group 3, regions with no responses.

e1044 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2023.04.067
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Figure 3. Differences in number of countries (%) at each level of brain
tumor program in Asia and Africa.
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The prediction equation from our linear model is the statistical
basis of our proposed ASAFRIN brain tumor model:

Level of BTP ¼ � 1:623þ ð0:445� surgeryÞ
þ ð0:524� oncologyÞ
þ ð0:402� neuropathologyÞ
þ ð0:693� researchÞ þ ð0:49 2� trainingÞ
þ ð0:475� f inancesÞ

From the prediction equation, the b coefficients for all the in-
dependent variables—surgery, oncology, neuropathology,
research, training, and finances—show a positive linear relation-
ship with BTP indicating that an increase in the value of any of the
covariates leads to an increase in level of BTP determined by
the corresponding b value (slope of the regression curve). Among
the predictors, research, oncology, and training in decreasing
order having the highest slopes, followed by finances, surgery, and
neuropathology.
A low variance inflation factor (lower than 4) and high tolerance

confirm the absence of multicollinearity among the covariates.
The major lag between each group was with respect to neuropa-
thology and financial support. For every 0.402 change in
Table 3. Value of Each Component at Each Level of Brain Tumor Pro

Level of BTP
(Number of Countries) Surgery (0e3) Oncology (0e2) Neuropath

V (7) 2.86 2.00 2

IV (17) 2.71 1.94 2

III (29) 2.24 1.45 2

II (15) 0.93 1.07 2

I (5) 0.00 0.40 1

Mean score of components at levels of BTP. There is a gradual drop in the mean score of comp
BTP, brain tumor program.
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neuropathology, an increment of 1 unit in the level of BTP was
observed, holding other parameters constant. Likewise, for
financial support, for every 0.475 change, an increment of 1 unit in
level of BTP is expected (Supplementary Table 5).
A decreasing trend was observed in average literacy rate and

gross domestic product with decreasing levels of BTP. However,
health expenditure per capita did not reflect the same (Figure 4).
DISCUSSION

This novel study attempted to highlight the resources, care ca-
pacity, and challenges encountered in delivering surgical neuro-
oncological care in Asia and Africa. The core idea to formulate
covariates (components) of a BTP in our study was to identify the
country level profiles as well as deficiencies associated with the
existing care systems that need to be addressed.
Asia and Africa together account for 77% of the global popu-

lation, and both are resource-rich continents, although almost two
thirds of the population of these continents are unable to access
essential neurosurgical care.12 In this scenario, neuro-oncology,
which demands expert neurosurgical care, is bound to suf-
fer.13,14 Moreover, few data exist on the true incidence of these
pathologies in both continents.9,15 Insufficient dedicated
specialists, facilities such as for advanced imaging and
molecular oncology, economic resources, education, and
research capacity pose a huge barrier to successful neuro-
oncological management to achieve clinical results equivalent to
those achieved in most high-income countries (HICs).7,11,16,17

The challenges and opportunities faced by Asia and Africa are
not the same. We observed that 90% of countries without a
neurosurgeon were in Africa. The main focus in these countries
should be building human resources. The majority of low- and
middle-income countries (LMICs) have <1 neurosurgeon per
200,000 population.18 Moreover, there is an uneven distribution of
neurosurgeons within most countries. With shortages of resources
and health care workforce for routine medical care, it is certainly
more challenging for neurosurgeons to develop and maintain the
more complex surgical skills required for neuro-oncology.19-22

The availability of radiological imaging, in-house radiation and
medical oncologists, and modern molecular studies for the
comprehensive treatment of the patients is also not uniform
gram

Components (Scores)

ology (0e3) Research (0e2) Training (0e3) Finances (0e1)

.86 1.86 2.57 1.00

.71 1.00 2.18 0.88

.00 1.07 2.10 0.72

.00 1.00 1.80 0.80

.20 1.00 1.40 1.00

onent values in accordance with the levels of BTP.
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Figure 4. (A) Trend analysis average literacy rate versus level of brain
tumor program. (B)Trend analysis average gross domestic product per
capita versus level of brain tumor program. (C) Trend analysis average
health expenditure per capita versus level of brain tumor program. GDP,
gross domestic product.

Table 4. Pearson Correlation Matrix Showing the Relationships
of Components

Components (Scores)
Standard Error

(Between Scores)

95% CI for Score

Lower Upper

Surgery (0e3) 0.49 0.78 2.72

Oncology (0e2) 0.27 0.85 1.89

Neuropathology (0e3) 0.27 1.63 2.67

Research (0e2) 0.15 0.89 1.48

Training (0e3) 0.18 1.67 2.35

Finances (0e1) 0.05 0.79 0.98

CI, confidence interval.
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across Asia and Africa.23-25 No formal health insurance or other
national financial support is available to most patients. An esti-
mated 33 million people worldwide bear catastrophic health ex-
penses for surgeries.26 The majority of the countries fall within the
level III category of BTP with inadequate availability of surgeons,
poor infrastructure, and lack of other support services including
adjuvant therapy, constituting a serious limitation to the delivery
of optimal brain tumor care. The lack of adjuvant chemotherapy
and radiation therapy is reported to be associated with poor
outcomes.27

Our study is the first to our knowledge to build a prediction
model for the determinants of brain tumor care services globally.
Our model, described as the ASAFRIN brain tumor model, is
highlighted by an identifiable contribution of each determinant or
component in a multivariable linear prediction relationship. The
strongest determinants are surgery, neuropathology, and
oncology. Our ASAFRIN model is associated with a high R value of
0.969, suggesting that each component is essential to a successful
BTP. We believe that any improvement in these factors will
translate to an upgrade in the BTP. We further opine that
comprehensive strategies targeted at the 3 above-mentioned
components are likely to produce the most desirable changes.
Based on our index study, we hereby propose short- and long-

term corrective measures to improve the status of BTPs in a
particular region. For the immediate steps, we advocate improving
the existing neuro-oncological capacity in Asia and Africa by
developing a 3-fold approach of technology, twinning, and
training. Technology has revolutionized the capacity to provide
optimal neurosurgical care by providing an armamentarium to
surgeons to precisely operate on brain tumors with minimal
morbidity and mortality. It is imperative that LMICs embrace these
technological advancements; this can be helped through a
concerted effort by various manufacturers and organized bodies to
make this equipment available in LMICs. The use of lower-cost
technologies such as intraoperative ultrasound should be a ma-
jor focus among surgeons practicing in LMICs. Twinning means
developing a collaborative effort between a developed academic
medical center in an HIC and a practice or training location in an
LMIC, which will enable a surgeon from an LMIC to visit a
developed facility or a surgeon from an HIC to work with and
e1046 www.SCIENCEDIRECT.com WORLD NE
teach local surgeons and other members of the surgical team
during a surgical camp. Upgrading of the training of more neu-
rosurgeons is critical to bridge the care gap in brain tumor care in
both continents.
Long-term measures should focus on social advocacy particu-

larly aimed at influencing government policies. Neurosurgeons
should adopt strategies to attract government funding as well as
private donors and venture funds for neuro-oncology pro-
grams.19,28,29 Establishment of continuing medical education
programs, multidisciplinary teams, and research projects in
neuro-oncology is important. Moreover, creation of organized
neuro-oncology groups such as the Asian Society for Neuro-
UROSURGERY, https://doi.org/10.1016/j.wneu.2023.04.067
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Oncology (ASNO) and the Society of Neuro-Oncology sub-Saharan
Africa (SNOSSA) similar to groups in HICs such as the Society of
Neuro-Oncology (SNO) and European Association of Neuro-
Oncology (EANO) will help to leverage relationships and
perform identical activities to improve expertise in neuro-oncology
practice and research.9,30 In terms of research, LMICs offer an
attractive setting for clinical trials because they offer larger
treatment-naïve populations with comparatively higher incidence
rates of central nervous system tumors.11,31

Limitations
The available information used to categorize each country may not
have been a true representation of the country. Country-level brain
tumor status may not accurately depict local or regional status. We
adopted a parametric model in our index study to obtain baseline
estimates of BTPs among our study populations. However,
knowing the inherent limitations of parametric models, including
their weakness for making future projections for the source pop-
ulation, we plan to perform a follow-up longitudinal study on this
subject, for which we shall apply a hierarchical model to properly
account for unequal variances among the different populations
under study. Finally, it will be worthwhile to compare our 2 highly
populated continents with other continents and learn from the
successful BTPs adopted by countries in these continents.

CONCLUSIONS

This study represents a first step toward bridging the existing gaps
in neuro-oncological services in Asia and Africa. We successfully
WORLD NEUROSURGERY 175: e1041-e1048, JULY 2023
mapped 86% of the countries in both continents and categorized
them into levels of BTP. The ASAFRIN brain tumor model, a
multivariable prediction model that was developed and applied for
the first time in our study, has demonstrated a high value in
modeling the effect of salient determinants or predictors on BTPs.
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