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INTRODUCTION
ancer has become the leading cause of death and
disability in the developing world, with more than 55% of
Cthe 12.7 million known cancer cases globally and 64% of

the known 7.6 million cancer related deaths worldwide occurring
in lower- and middle-income countries (LMICs) (43). Of these
cancer diagnoses, up to 20% are central nervous system (CNS)
tumors. Significant variation exists between the reported inci-
dence of primary CNS tumors in the United States and other high-
income countries (HICs) and LMIC worldwide: 20.1 per 100,000
and 3.2�3.9 per 100,000 respectively (3, 7, 15).
Although there is known geographic variation in cancer incidence,

the 5-fold lower comparative rate for global CNS tumors is likely an
underestimate because of limited diagnostic health infrastructure in
many LMICs (37). In East Africa, there is 1 neurosurgeon per 9million
people, compared with 1 per 62,500 people in the United States, with
even fewer pathologists and radiation oncologists (9). In Uganda,
before 2007 only 5 neurosurgeonswere available to serve a population
of more than 36 million people (12, 17, 22). With restricted neuro-
surgical services, CNS tumor biopsies are not routinely performed,
contributing to the limited availability of epidemiologic data and
treatment options in the East African Population.
In 2007, a collaborative effort between Duke University

Department of Neurosurgery and Mulago Hospital in Kampala,
Uganda, expanded neurosurgical capabilities with delivery of
surplus equipment and establishment of neurosurgical training
camps. As a result, Mulago Hospital began to offer more complex
surgical treatment for patients, including an increased number of
craniotomies for intracranial tumors (17). It is now the only
neurosurgical referral center in Uganda, treating patients from all
13 municipalities, providing a more comprehensive patient pop-
ulation to evaluate CNS tumor distribution.
This study is a retrospective review of clinically diagnosed

neurosurgical masses at Mulago Hospital in Kampala, Uganda from
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2009 to 2012. We describe the distribution of identified masses by
demographics, location, clinical diagnosis, and surgical treatment.
This study identified key differences in CNS tumor distribution
between the United States and Mulago Hospital and highlights the
need for the development of a comprehensive CNS tumor registry.

METHODS

Admission records, clinic registries, and surgery registries from
2009�2012 were reviewed for patients seen in the Mulago Hospital
neurosurgery clinic or admitted to Mulago National Referral Hos-
pital in Kampala, Uganda. Individual medical records were further
reviewed for patients identified as having intracranial or spinal cord
masses presumed to be neoplastic, including the search terms
“posterior fossa mass,” “intracranial tumor,” “brain tumor or
mass” or “spinal tumor or mass.” Extracted data were then
analyzed to determine the frequency of CNS tumors in the patient
population at Mulago Hospital. Recorded data were deidentified
but included demographic (age and sex), diagnosis, and treatment
received. The presence of tumor was determined radiographically,
and diagnoses were recorded as written in the medical record, with
biopsy confirmation when available. These data were not available
for every patient, with incomplete data for sex in 30% (n ¼ 123),
age in 2% (n ¼ 10/411), and tumor location in 22% (n ¼ 91/411).
Descriptive statistical analysis was performed on the dataset to
determine the distribution of CNS tumors by sex, age, and year,
and analyzed using the Pearson’s c2 test (JMP Pro v10; SAS Insti-
tute, Cary, North Carolina, USA). Additional analysis included the
distribution of clinical diagnoses and tumor localization.

RESULTS

A total of 419 patients treated at Mulago National Referral Hospital
from 2009 to 2012 had radiographically identified intracranial and
spinal cord masses. Five patients initially suspected of having CNS
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Table 2. Distribution of Central Nervous System Tumors by
Diagnosis

Clinical/Histologic Diagnosis Number %

Unspecified brain tumor 141 34.3

Meningioma 98 23.8

Parasellar 44 10.7

Pituitary 32 7.8

Craniopharyngioma 12 2.9

Gliomas 49 11.9

NOS 26 6.3
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tumors were later found to have an acute or chronic infection and
were excluded from further analysis. In addition, developmental
abnormalities including 1 case each of myelomeningocele,
epidermoid cyst, and fibrous dysplasia were similarly excluded.
The remaining 411 patients were included in this analysis.

Tumor Location
A total of 23.6% (n ¼ 97) of the tumors did not record a location;
32.1% (n ¼ 132) tumors were extra-axial, 25.1% (n ¼ 103) supra-
tentorial, 13.9% (n ¼ 57) infratentorial, and 5.3% (n ¼ 22) spinal
cord. Data were further divided by sublocation and is listed in
Table 1.

Clinical and Histologic Diagnosis
Incomplete records limited available diagnostic information, with
34.8% (n ¼ 143) of the cases not identifying diagnosis beyond the
generic term “brain tumor” or “brain mass.” Meningioma was the
most commonly identified diagnosis (23.8%), followed by pitui-
tary adenoma (7.8%), glioma not otherwise specified (NOS)
(6.3%), and spinal cord tumor NOS (4.1%). Additional diagnoses
are listed in Table 2.
Table 1. Central Nervous System Tumor Distribution by
Location

Location Number % Median Age (IQR) % Male

Supratentorial 103 25.1

Hemispheric 45 10.9 28 (14e47) 42.1

Sellar 33 8.0 30 (16e46) 47.4

Suprasellar/parasellar 14 3.4 33.5 (17.25e38) 75.0

Pineal 4 1.0 16 (13e28.5) 80.0

Orbit 3 0.7 16 (11.5e39) 50.0

Ventricular 4 1.0 24.5 (17e38) 25.0

Infratentorial 57 13.9

Posterior fossa NOS 54 13.1 14 (6.5e31) 66.1

Brainstem 3 0.7 27 (19e30) 100.0

Spinal cord 22 5.4

NOS 17 4.1 26 (15.5e48) 31.3

Sacrococcygeal 3 0.7 2 weeks 0.0

Extraaxial 2 0.5 28.5 (18.39) 100.0

Mesenchymal 132 32.1

Meninges 96 23.4 40 (30e46) 42.9

Soft tissue and bone 28 6.8 33.5 (17.25e48) 66.6

Peripheral nerve 8 1.9 32 (16e43) 50.0

Not specified 97 23.5

Parenchymal 96 23.3 37 (20e49) 57.3

Other 1 0.2 17 (3.25e31.5) 100.0

Total 411 100

IQR, interquartile range; NOS, not otherwise specified.
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Age and Sex
The median age of diagnosis for the entire cohort was 31.5 years
(interquartile range [IQR] 15�45) (Figure 1). Median ages of the
most common diagnosis were 22 years for brain tumor NOS (IQR
11�40), 39 years for meningioma (IQR 30�46), 30 years for
Low grade 9 2.2

Pilocytic astrocytoma 3 0.7

Oligodendroglioma 1 0.2

Diffuse astrocytoma 1 0.2

Ependymoma 4 1.0

High grade 14 3.4

Anaplastic 2 0.5

GBM 12 2.9

Other 27 6.6

Extraaxial sarcoma 14 3.4

Lipoma 7 1.7

Hemangioma 4 1.0

Hemangioblastoma 1 0.2

Lymphoma 1 0.2

Spinal cord tumor 19 4.6

Germ cell tumor 13 3.2

Dermoid cyst 10 2.4

Sacrococcygeal teratoma 3 0.7

Tumor of nerve sheath/peripheral nerve 9 2.2

Neurofibroma 7 1.7

Neurilemoma 1 0.2

PNST 1 0.2

Pineal tumor NOS 4 1.0

PNET/medulloblastoma 4 1.0

Metastatic 3 0.7

Total 411 100

NOS, not otherwise specified; GBM, glioblastoma multiforme; PNST, peripheral nerve
sheath tumor; PNET, primitive neuroectodermal tumor.
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Figure 1. Distribution of patients with central nervous
system tumors by age at Mulago Hospital from 2009
to 2012.

Figure 3. Rate ratios by sex for central nervous system tumor diagnosis
and location. GBM, glioblastoma multiforme; NOS, not otherwise
specified.
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pituitary adenoma (IQR 22e38), and 26 years for spinal cord
tumor NOS (IQR 17�48) (Figure 2). A total of 129 patients (31.3%)
were younger than 20 years of age.
A total of 139 patients were female (48.1%) versus 150 male

(51.9%). A statistically significant difference was seen in sex
distribution for infratentorial parenchymal tumors: 33 male versus
19 female, P < 0.05. There were also trends that did not meet
significance for male dominance for craniopharyngioma and
glioma NOS and female dominance for spinal cord tumors NOS
and supratentorial parenchymal tumors (Figure 3).

Pediatric Tumors
There were 129 pediatric patients (0�19 years) with a diagnosis of
CNS tumor from 2009 to 2012. Of these, 47.2% (n ¼ 61) had an
unidentified tumor diagnosis and were classified as NOS (47.2%,
n ¼ 61). The most common clinically confirmed diagnoses were
pituitary tumor NOS (9.3%, n ¼ 12), meningioma (6.9%, n ¼ 9),
and craniopharyngioma (4.7%, n ¼ 6). Other diagnoses are listed
Figure 2. Median age and interquartile range of central nervous system
tumor by diagnosis at Mulago Hospital from 2009 to 2012. PNET,
primitive neuroectodermal tumor.
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in Table 3. 27.1% of the tumors were infratentorial (n ¼ 35), with
23.3% supratentorial (n ¼ 30) (Figure 4).

Operative Treatment
Most patients did not receive operative treatment for their CNS
tumor. Collectively, more than 64% of patients were treated
nonoperatively: 28.7% (n ¼ 118) were admitted only without
further intervention and 35.5% (n ¼ 149) were seen only in the
outpatient clinic. A total of 105 patients (25.5%) were brought to
the operating room for resection and an additional 5 (1.2%) had a
biopsy only. Palliative shunting for hydrocephalus was performed
in 34 patients (8.2%) (Figure 5A). Diagnostic tissue confirmation
was available for only 35.5% (n ¼ 39) of the 105 patients who
underwent tumor resection or biopsy. In 9 cases, the results of
tissue confirmation were non-neoplastic. Of patients treated with
surgical resection, the median patient age was 33 (IQR 17e45),
whereas the median patient age for a shunting procedure was 13.5
(IQR 5.25�25) (Figure 5B).
Cases were analyzed by year of diagnosis. A total of 108 cases

were diagnosed in 2009 (25.5%), 117 in 2010 (27.5%), 110 in 2011
(26.8%), and 78 in 2012 (20.1%). Tissue diagnoses were available
for 7 patients in 2009, 8 patients in 2010, 12 patients in 2011, and
12 patients in 2012. Between 2011 and 2012, fewer patients were
admitted or seen in the clinic without a subsequent surgical
intervention. Overall trends in treatments by year are displayed in
Figure 6.
DISCUSSION

This study represents the largest review of combined adult and
pediatric patients presenting with suspected CNS tumors in
Uganda. Previously published reports have focused on the inci-
dence of all cancer diagnoses with minimal mention of CNS
tumors, with the only complete published review evaluating
pediatric patients with CNS tumors from the CURE children’s
Hospital (36, 39, 40). Mulago Hospital in Kampala is the largest
hospital in the country (>1500 beds) and is home to 4 of the 5
neurosurgeons practicing in Uganda, making it the main neuro-
surgical referral hospital for a country of 36 million people (8).
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Table 3. Distribution of Pediatric Central Nervous System
Tumors by Diagnosis

Clinical/Histologic Diagnosis Number %

Unspecified brain tumor 61 47.2

Parasellar 18 14.0

Pituitary 12

Craniopharyngioma 6

Germ cell tumor 10 7.8

Dermoid cyst 7

Sacrococcygeal teratoma 3

Meningioma 9 6.9

Other 9 6.9

Extraaxial sarcoma 4

Lipoma 2

Hemangioma 3

Gliomas 7 5.4

NOS 1

Low grade 6

Pilocytic astrocytoma 3

Ependymoma 3

Spinal cord tumor 5 3.9

Tumor of nerve sheath/peripheral nerve 4 3.1

Neurofibroma 2

Neurilemoma 1

PNST 1

PNET/medulloblastoma 4 3.1

Pineal tumor NOS 2 1.6

Total 129 100

NOS, not otherwise specified; PNST, peripheral nerve sheath tumor; PNET, primitive
neuroectodermal tumor.

Figure 4. Pediatric (0�19 years) central nervous system tumors by
recorded location. NOS, not otherwise specified.
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Patients who present to Mulago with symptoms concerning for
CNS tumor receive neuroimaging and a tentative radiographic
diagnosis, with only 34.3% of patients being documented as
having tumors NOS as the result of ambiguous radiographic
characteristics. Of all patients with documented CNS tumors who
presented to Mulago Hospital, only 34% received surgical
treatment.
Similar to other LMIC, the limited diagnostic infrastructure in

Uganda—availability of trained radiologists, neurosurgeons, and
pathologists—prevents pathologic diagnosis for many CNS
tumors. Epidemiologic data on the incidence of biopsy confirmed
CNS neoplasms in Uganda are limited to a single population-
based cancer registry for Kyadondo County administered by the
Department of Pathology at Makerere University. Although this
covers a catchment area of 1.2 million including Kampala, it
cannot be extrapolated to the whole country (39, 40). However, the
WORLD NEUROSURGERY 82 [3/4]: 258-265, SEPTEMBER/OCTOBER 2
Kampala Cancer Registry reports CNS tumor rates of 1.3 per
100,000, which is approximately one-third the rates seen in the
United States and well below what we would estimate from our
review (32). This mismatch is likely caused at least in part by
the limited number of craniotomies and CNS tumor biopsies
performed, coupled with incomplete medical records.

Diagnostic Results
The most commonly defined CNS tumor diagnosis in adults at
Mulago was meningioma. A total of 30% of the patients older
than the age of 20 were found to have meningiomas; the median
age of diagnosis was 39 (IQR 30�46). A similar percentage of
meningioma cases have been reported in both the United States
and in other African countries at 35.5% and 31.8%�35%, respec-
tively (10, 14, 18-20, 25-27, 29).
However, not all published series of African patients have

reported such high prevalence of meningioma. In a small series
(n ¼ 30) of patients from Ghana with histologically proven CNS
neoplasms, high-grade astrocytoma was the most frequent tumor,
totaling 23% of diagnoses (4). In addition, a series published from
Ibadan, Nigeria, ranked gliomas, particularly astrocytomas, as
the most common intracranial diagnosis, with meningiomas
accounting for only 11.4% of tumors (28, 29). Some authors have
commented that apparent epidemiologic disparities may be most
attributable to commonplace omissions, clerical errors, and
recordkeeping issues in developing countries (26). In our series,
54% (n ¼ 224) of the cases had at least one data omission, either
demographic or diagnostic.
Of particular interest in our series is the lack of a female pre-

dominance for meningioma. In US and European populations,
meningiomas are more than twice as common in female than in
male patients (10). However, this was not seen in the current
series. Equal sex distribution has been previously reported in a
series of Nigerian patients (26). The sex predominance of me-
ningioma has been theorized to stem from the tumor’s over-
expression of hormone receptors, including estrogen receptor and
progesterone receptor, and multiple aspects of the epidemiology
of meningioma imply a dependence on the female hormonal
milieu (6). Meningiomas have been associated with breast cancer
and the menstrual cycle, and 80%�90% of spinal meningiomas
occur in women (11, 41). Although patients presenting with
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Figure 5. (A) Definitive treatment received for patients presenting with
central nervous system tumors at Mulago Hospital from 2009 to 2012. (B)
Proportion of surgical treatment received by age. Nonsurgical treatment

combines clinic visits or hospital admission that did not undergo any
operation.
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multiple meningiomas are rare, they are overwhelmingly found to
be female (35). Ours and other studies of African populations are
inconsistent with these findings and represent an unexplained
gender distribution in meningioma epidemiology. These findings
suggest potential differences in environmental and biological risk
factors for patients diagnosed with meningioma in the United
States and European countries as compared with East African
countries. In addition, they may point to socioeconomic factors
such as a bias for treatment of males, or a bias against full
investigation of females’ symptoms. As surgical and pathological
services continue to improve at Mulago Hospital and throughout
East Africa, it is imperative to continue to investigate these
potential differences between the 2 populations and improve the
understanding of the pathology of these tumors.
After meningiomas, the most common diagnoses seen at

Mulago were glioma, pituitary tumor, and spinal tumor. Although
meningiomas are easily diagnosed with confidence via the use of
neuroimaging, these other tumors are more difficult to diagnose
without obtaining tissue. As a result, the relative distribution of
diagnoses in this series may be skewed. However, glioblastoma
multiforme (GBM) is a tumor with a distinct radiographic
Figure 6. Distribution of treatment received by year for patients
presenting with central nervous system tumor at Mulago Hospital. Most
advanced treatment received per individual was recorded.
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signature, and one that would be more confidently diagnosed, or
at least given a tentative diagnosis, without obtaining tissue. In
this series GBM represents a very small proportion of diagnoses in
adult patients (3%), whereas in the United States it comprises 16%
of all primary brain tumor diagnoses and is the most commonly
diagnosed malignant brain tumor, representing almost 50% of all
malignant CNS tumors (10). However, many of these patients
present early with neuroimaging confirmation, followed by sur-
gical and radiation treatment. Even with complex multimodal
therapy in HIC, overall survival for patients with GBM remains at
12�14 months (1, 5, 23). Without access to early care, patients in
many LMIC likely die from this disease before being seen in a
referral hospital such as Mulago and would not be included.

CNS Tumors in Children
In this series, children accounted for 31% of the patients with new
CNS tumor diagnoses, a much greater proportion than is to be
expected based on studies in HIC, where incidence rates are
lowest in young children and rise steadily, peaking in the elderly
(10). In the United States, brain tumors are the second most
commonly diagnosed malignancy in children but account for only
9% of the total number of CNS tumor diagnoses in both pediatric
and adult patients (3, 38). However, differences in reported inci-
dence of pediatric tumors between African and US children have
been known for many years, and the relative incidence of brain
tumors has been shown to be lower for African populations (2, 21,
31, 42). This is likely an underrepresentation of the true incidence.
Most pediatric patients present with macrocephaly or other
physical changes as the result of increased intracranial pressure,
and a large number of patients without hydrocephalus likely go
unrecognized and do not present to care centers (36).
Pediatric cancer diagnoses in Sub-Saharan Africa are dominated

by Burkitt’s lymphoma, nephroblastoma, retinoblastoma, and
other lymphomas, with CNS neoplasms representing a smaller
proportion of pediatric cancer diagnosis compared with US and
European populations (16, 31). For example, in a recent analysis of
436 children diagnosed with cancer from 2006 to 2010 in Kenya,
only 4 had a brain tumor diagnosis (24), which is in stark contrast
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2014.06.040
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to the United States, where more than 25% of pediatric cancer
diagnoses are brain tumors (3). The current series also contrasts
with the results from Kenya, with six times as many children with
brain cancer diagnosed at Mulago Hospital in this study. This
finding is striking, as the Kenyan series enrolled patients over a 10
year period, whereas the current review analyzed children from
only 4 years of enrollment. It is unclear whether the Kenyan series
has underreported brain tumors or whether the incidence is
indeed dramatically greater in Uganda than its neighbor. Mostert
et al. (24) suggested that scarcity of access to neuroimaging is
likely a key factor. It is additionally unclear why there are such
great intercontinental and even intracontinental variations in
incidence of pediatric brain tumors. Although differences in
incidence have hypothesized to be influenced by viral and bacterial
infections, ionizing radiation, and other environmental factors, it
is clear that there are many unanswered questions regarding the
epidemiology of pediatric cancer in East Africa (16, 20).
A review of diagnoses in US children places low-grade astrocy-

toma and medulloblastoma as the number 1 and 2 diagnoses,
respectively (10, 34). Results of series of pediatric brain tumors from
Northern Africa (Morocco and Egypt) have been consistent with
that of US series, with only minor differences (13, 20, 21, 31). In the
current series, 47% (n ¼ 60) did not have a confirmed diagnosis.
Although the actual diagnoses in Uganda may not be known with
certainty, the distribution of diagnoses is somewhat unusual. In
this series, meningiomas are the third most common tumor in
children, whereas they are rare in pediatric patients in HIC. In
children younger than 15, meningiomas at Mulago Hospital
comprise more than 5% compared with 1.8% in the United
States (10).
As in the United States, infratentorial tumors were more com-

mon than supratentorial tumors in our series (33). The overall
abundance of posterior fossa tumors is a trend of pediatric brain
tumors in most populations, but rarity of medulloblastoma as a
diagnosis is unusual. The infratentorial predominance contrasts
with the recent review by Stagno et al. (36) in which they evaluated
172 pediatric patients at CURE hospital, a pediatric specific
neurosurgical referral center in Uganda and found supratentorial
tumors to comprise 62.2% of brain tumors. The data are likely
skewed, however, because most cases of hydrocephalus or skull
deformity in pediatric patients in Uganda are referred to this
hospital that specializes in pediatric neurosurgery, conferring a
possible selection bias.
In both the adult and pediatric populations, it is difficult to

make generalizations about the relative impact of the typical
“common” diagnoses when so many patients were categorized as
having undefined tumors. However, there are clearly epidemio-
logic differences between patients seen at Mulago Hospital and
similar cohorts in HIC. Given the potential different environ-
mental and biological differences between the 2 populations, this
is not unexpected, and it is imperative that epidemiologic data
continues to be collected and analyzed.

Differential Considerations
Infectious processes are always on the differential diagnoses for
the various intracranial and spinal neoplasms discussed here (30).
However, in many LMIC, imaging is not routinely available,
limiting diagnostic capability. In the current series, 5 patients
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thought to have brain tumors were found to have an infectious
process on biopsy. In all cases, surgical retrieval of tissue
confirmed a non-neoplastic diagnosis. Given the infrequency with
which tissue was obtained in this series and the relative prevalence
of infection in developing countries, it is likely that other patients
may have been harboring acute or chronic infections as well. In
an environment in which tissue diagnosis may not always be
possible, clinical signs and symptoms must often be relied upon
more heavily than is seen in HIC, and empirical treatment
necessarily must be used more often. As practicing neurosurgeons
in Africa continue to advance the quality of care delivered to their
patients, potentially treatable diseases such as infection must be
aggressively sought after, diagnosed, and treated.
Cystic lesions were common in the retrospective review—10

dermoid, 1 epidermoid, and 1 arachnoid cyst were included in the
data collection. Although magnetic resonance imaging is available
at large hospitals in LMIC, images are often of lower quality than
in HIC, and advanced sequences may not be available. This is
particularly important for the diagnosis of benign cysts that may
be cured with resection and possibly cerebrospinal fluid shunting.
Similarly, low-grade tumors are far more likely to be cured with
surgical resection than are high-grade tumors. Facilities with
limited resources must make every attempt to identify patients
with non-neoplastic or low-grade lesions and should prioritize the
treatment of those patients, as they are most likely to benefit from
surgical services.
Surgical Treatment
In 2007, the Duke University Medical Center and Mulago Hospital in
Uganda developed a twinning programwith donated surplus surgical
and anesthesia equipment, combined with comprehensive surgical
training camps. Two years after the program began, the number of
neurosurgical cases performed increased by 180% (17). In this series
from 2009 to 2012, the number of cases that were admitted or seen in
clinic only without surgical intervention decreased from 65% to 43%;
however, despite the increased proportion of surgical resection or
biopsy performed, only 35% (n ¼ 39) had available diagnostic pa-
thology. Along with improved diagnostic abilities, critical improve-
ments are needed in data collection and medical records to improve
the accuracy of future epidemiologic studies.
Establishment of the Prospective Database
To address this problem, future collaborative efforts will include the
development of a prospective database at Mulago Hospital. An
intake questionnaire was designed in collaboration with the Kam-
pala Cancer Registry to collect prospective epidemiologic infor-
mation for all patients seen at Mulago Hospital with radiologic CNS
tumor diagnosis. Data collected via questionnaire will include bio-
logic data, location of tumor evaluation, presentation and duration
of symptoms, treatment history, and limited past medical, family,
and social history. Any collected data will be included in the existing
Kampala Cancer Registry, and patient outcomes will be monitored
every 3 months per current protocol. Pathology reports will be
included if available. As more data are collected, hopefully the
landscape of tumors treated by the neurosurgical team at Mulago
Hospital will be more fully elucidated.
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CONCLUSIONS

The results of this retrospective review are the first published analysis
combining both pediatric and adult CNS tumors in Uganda. These
initial data from our prospective analysis offer further evidence that
CNS tumors in Sub-Saharan Africamay differ epidemiologically from
those seen inHIC. The comparatively younger patient age and unique
diagnosis distribution by sex suggest potential differences in tumor
biology. In tumors with available diagnostic information, meningi-
oma is the most common diagnosis in Ugandan adults, and they are
also quite common in children. A diagnosis of GBM is rare compared
with that in HICs. Of particular interest for Uganda is adequate un-
derstanding of pediatric brain tumors, whichmade up an astounding
31% of this series. A proper understanding of the biology of the pe-
diatric tumors is far from complete, and characterizing the popula-
tion will be an important next step.
The present series has provided evidence to support the

hypothesis that African brain tumors are indeed very different than
264 www.SCIENCEDIRECT.com WORLD NEU
tumors found in the HIC, and as neurosurgery at Mulago Hospital
continues to improve, clearly identifying the epidemiologic, bio-
logic, and genetic characteristics of CNS tumors in Ugandans
will be of utmost importance. Going forward, elucidating and
characterizing these differences will help surgeons, oncologists,
pathologists, and radiologists practicing at Mulago Hospital and
other hospitals throughout Eastern Africa improve overall out-
comes for patients with CNS tumors.
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