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Abstract

Objective Brain tumors are the second most common pediatric malignancy and the most common cause of cancer-related
mortality and morbidities. Major advances in terms of surgery, radiation, and chemotherapy have led to better outcomes in
developed countries. Delayed diagnosis, advanced disease at presentation, late referrals, nosocomial infections, delays to radio-
therapy, and poor support services are the major reasons for poorer outcomes in developing countries. Little is known about the
profile of brain tumors in Pakistan. This study aims to evaluate the epidemiology, management, and clinical outcomes of children
with brain tumors in Pakistan in a single tertiary care center.

Methods/materials All children (0—16 years) with primary CNS tumors from 2004 to 2014 at Aga Khan University Hospital
were reviewed retrospectively for clinical data, demographics, radiological findings, management, and outcome.

Results One hundred seventy-five children were included in the study. Male to female ratio was 1.4:1. Most of the patients were
in 5-10 years age group (38.9%). Most common presenting complains were headache 115 (65.7%) and vomiting 100 (57.1%).
Predominant site was infratentorial 93 (53%). Glial tumors were 105 (60%) followed by embryonal 40(22.9%),
craniopharyngiomas 25 (14.3%), and germ cell 1 (0.6%). Astrocytomas (25.7%) were the most common glial tumors while
medulloblastoma (15.4%) was the most common embryonal tumor. Majority of the patients underwent surgical resection
(78.8%). Radiation was given to 47 (26.8%) patients. A half of the patients, 89 (50%), were lost to follow-up. Forty-two
(24%) patients expired, 20 (11.4%) are alive with residual disease while 15 patients (8.5%) were cured with no evidence of
recurrence and regular follow-ups.

Conclusion This is the only study from Pakistan showing demographics of the childhood brain tumors. Significant improvement
needs to be made for timely diagnosis, early referrals, and collaborated team efforts with multidisciplinary tumor board to
improve outcome.
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Approximately 30,000-40,000 new cases are diagnosed
worldwide each year [9]. Children with brain tumors do not
have as favorable outcome as non-CNS malignancies nor has
their survival dramatically improved in the recent decades, as
we did see with other types of malignancies. Nearly 88% of
the world’s children live in developing countries and 80 to
90% of the 250,000 new cases of pediatric cancer each year
are diagnosed in a lower and middle income countries
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(LMIC). In general, pediatric oncology represents a substan-
tial challenge for developing nations due to inadequate access
to pediatric oncologists, a shortage of trained experts in pedi-
atric cancer histology and imaging, scarcity of dedicated pe-
diatric cancer units, and inadequate diagnostic and imaging
techniques. There is also shortage of antineoplastic medica-
tions and limitations in supportive care combined with lack of
facilities for specific treatments such as high-dose chemother-
apy and major financial constraints.

Childhood brain tumors in particular, depends on large
teams of highly specialized individuals, including neuro-on-
cologists, neurosurgeons, neurologists, radiologists, radiation
oncologists, pathologists, palliative care specialists, oncology
nurses, physical therapists, occupational therapists, speech
therapists, pediatric intensivists and social workers to establish
the correct diagnosis, deliver appropriate and effective treat-
ments, and maximize patient outcomes.

Even though there is a lot of data published from West
about the epidemiology of brain tumors in children but there
are only few reports available from LMIC [3, 8, 14, 20]. In
Pakistan, the lack of comprehensive national cancer registry,
we mainly depend on our hospital based registry for evaluat-
ing the incidence of children with brain tumors.

This study aims to describe the clinical profile and outcome
of primary brain tumors in children at a single tertiary center in
Pakistan.

Materials and methods

This is a retrospective observational study. It was conducted at
Aga Khan University Hospital and institutional ethics com-
mittee approval was obtained. The charts were reviewed of all
patients aged between 0 and 16 years, admitted with the

diagnosis of primary CNS tumors, between January 2004
and December 2014. The topographic codes of all registered
patients during this time frame were thoroughly upgraded. All
codes for CNS tumors were reported including C71.0-C71.9
(brain), C70.0-C70.9 (meninges), and C72.0-C72.9 (spinal
cord, cauda equine, cranial nerves, and undetermined parts
of CNS) with the exclusion of metastatic lesions. The details
of patients were recruited from the medical record regarding
the age, gender, presenting complaints, site, histological clas-
sification, management including type and duration of chemo-
therapy, and outcome were recorded.

Statistics

Data recorded from patients charts included age at the time of
presentation, gender, histological diagnosis, and tumor loca-
tions. Categorical data were described in terms of frequencies
and percentages. It was analyzed by using SPSS (statistical
package for social science for window version 19.0).
Tables and charts were created on SPSS version 19 and
Microsoft Excel version 2010. Data will be presented as mean
+ standard deviation for quantitative variables and frequency
(percentage) for qualitative variables. Difference in mean will
be assessed by using sample ¢ test. P value less than 0.05 will
be considered as statistically significant.

Results

A total of 175 children were admitted in our institute from
emergency department and outpatient clinics. There is slight
male preponderance with male to female ratio of 1.4:1. There
were 102 (58.3%) males and 73 (41.7%) females. We have
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Table 1 Presenting Complains in Children with Primary CNS Tumors

Presenting Complains

Symptoms n (%)
Headache 115 (65.7)
Vomiting 100 (57.1)
Visual changes 59 (33.7)
Cranial nerve palsies 50 (28.6)
Cerebellar signs 49 (28)
Drowsiness 48 (27.4)
Seizures 44 (25.1)
Weakness 38 (21.7)

subdivided our patients in four age subgroups 1, less than 1; 2,
between 1 and 5 years; 3, between 5 and 10 years; and 4,
between 10 and 16 years. Most common age at presentation
was between 5 and 10 years with a mean of 8 years. A total of
68 patients (38.9%) included in this category followed by 63
(36%) children between 10 and 16 years of age, 39 (22.3%)
children fell in 1-5 years’ age group and only 5 (2.9%) chil-
dren were less than 1 year of age as shown in Fig. 1. Among
the most common symptoms we came across in our institute
were headache 115 (65.7%) and vomiting 100 (57.1%)
followed by visual disturbances 59 (33.7%) and cranial nerves
palsies in 50 (28.6%) patients as shown in Table 1. Majority of
the patients (68.6%) presented within 6 months of symptoms
but the time duration between the appearance of symptoms
and presentation to a tertiary care facility was prolonged with
mean interval of 4-9 months as we only have few tertiary care
centers dealing with brain tumors in Pakistan and scarcity of
knowledge among primary health-care provider. The family
history of cancers was found to be present in only 3 (1.7%)
patients as per the medical charts of patients although this

seems to be misleading as consanguinity is widely prevalent
in our part of the world. Ninety-three (53%) of brain lesions
were found at the infratentorial area and 82 (46.8%) at
supratentorial. Regarding the broad classification of primary
CNS tumors, there were 105(60%) glial tumors, followed by
embryonal 40 (22.9%), craniopharyngiomas 25 (14.3%), and
germ cell tumors 1 (0.6%) as given in Fig. 2. Biopsy was not
considered in 22 (12.5%) patients of whom 18 were radiolog-
ically proven diffuse intrinsic pontine glioma (DIPG).

The most common histopathological subtypes we have
found in our data were astrocytomas, commonest being
pilocytic astrocytomas in 34 (19.4%) patients, diffuse astrocy-
tomas 3 (1.7%), anaplastic astrocytomas 1 (0.5%), and glio-
blastoma multiforme (GBM) 7 (4.6%) as shown in Fig. 3.
Ependymomas was diagnosed in 15 (8.5%) while
oligodendrogliomas in 13 (7.4%). The most common malig-
nant brain in our study was medulloblastoma in 27 (15.4%)
patients followed by CNS PNET in 10 (5.7%) patients as seen
in Table 2.

Metastatic workup was not done in 35 (20%) patients.
We have only found metastatic disease in 7 (4%) children
more common with medulloblastoma. Majority of the pa-
tients underwent surgical resection 138 (78.8%) of whom
nearly one-third (32.6%) achieved gross total resection
while 67% had a subtotal resection. Eleven (6.2%) pa-
tients had a biopsy only due to tumor being in the
suprasellar or pontine region or the family did not give
consent for the surgical resection. Twenty six (14.8%)
patients did not undergo any sort of surgical intervention
as shown in Figs. 4 and 5. A VP shunt for CSF diversion
was needed in 72 (41%) children of whom 47 (63.5%)
patients were with posterior fossa tumors (medulloblasto-
ma, low and high grade gliomas, and ependymomas).
Radiation was given to 47 (26.8%) patients. Nearly half
of the patients 89 (50.8%) were lost to follow-up of whom

Number and Classification of Primary CNS
Tumors

Fig. 2 Number and classification of primary CNS tumors
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Fig. 3 Distribution of astrocytomas

54% were males. There were 42 (24%) patients who ex-  Discussion

pired as shown in Fig. 6. A majority of the patients

(64.6%) had at least one visit to an oncologist during their ~ Childhood primary CNS tumors are a heterogeneous group of
treatment in our hospital. neoplasms which differs not only in their specific cell of origin

Table 2 Histological classification of Primary CNS tumors with Age Groups

Histology n (%) Age Groups

<1 year 1 -5 years 5 —10 years >10 years

Astrocytomas 2 15 12 16
45(25.7)

DIPG - 2 10 6
19 (10.2)

Ependymoma 3 4 7 1
15 (8.5)

Oligodendroglioma - 2 4 12
13 (7.4)

GBM - - 4 3
7 (4)

Ganglioglioma - 1 - 1
2 (1.1)

Nonspecific glial tumors 3 (1.7) - - - 3

Gliosarcoma - 1 - -
1(0.5)

Medulloblastoma - 5 13 9
27 (15.4)

CNS PNET - 3 3 4
10 (5.7)

Ependymoblastoma - - 1-
1(0.5)

Pinealoblastoma - - 1 -
1(0.5)

Astroblastoma - 1 - -
1(0.5)

Craniopharyngioma - 3 11 11
25(14.2)

Germinoma - - - 1
1(0.5)

Not done - 2 3 -
4(2.8)
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Fig. 4 Surgical management of primary CNS tumors, CNS, central
nervous system; GTR, gross total resection; STR, subtotal resection

and cellular pathways but also in their diversified clinical fea-
tures and survival outcome. World has seen significant im-
provement in the outcome of acute lymphoblastic leukemia
but there is no improvement. Our retrospective single center
study is the only one in Pakistan with all the histopathological
and clinical features of brain tumors in children with the man-
agement strategies and survival outcome. There were only few
studies encompassing childhood brain tumors and majority of
them only revealed basic histopathology; no clinical data has
been provided.

The total number of patients in our study was 175 over a
period of 10 years which seems to be less in number consid-
ering Pakistan a populated developing country and despite of
our institute being the only referral center here with multidis-
ciplinary teams for pediatric neuro-oncology including neuro
surgery, pediatric neuro-oncology, histopathology, neuro-radi-
ology, physiotherapy, and pediatric neurology under one roof.
This depicts relative lack of access to health-care systems in
LMIC.

Our study has revealed male predominance with male
to female ratio of 1.4:1. This is in accordance with various

Fig. 5 Management of children with primary CNS tumors

other studies which have shown similar results [1, 4, 10].
In a study of 81 children with primary brain tumors from
tertiary care center in Pakistan, the mean age was 8.8 years
with the greatest number of children in 5-9 years age
group [10, 11]. In our study also the majority of the chil-
dren were in 5-10 years age group followed by > 10 years.
It is assumed that children more than 5 years age group
are more able to complain of their headache, visual com-
plains or endocrinopathies like increased thirst or urina-
tion. This is also supported by studies from Seoul, Spain,
and Canada [5, 6, 13]. In our cohort of patients headache
(65.7%) was the most common presenting complain
followed by vomiting (57.1%), visual changes (33.7%),
and cerebellar signs (28%). The other common presenting
symptoms of brain tumors like personality change and
symptoms of endocrinopathies like polyurea, polydispsia,
and weight gain were mentioned in only 5 to 12% of
patients. This can be due to deficiencies in documentation
in patients’ records considering this to be a retrospective
data. Majority of the patients in our cohort presented
within 6 months of experiencing the symptoms. A family
history of cancers was present in only 3 (1.7%) patients.
One patient had medulloblastoma with family history of
breast cancers and genetic testing being positive for Li
Fraumeni Syndrome, while 2 patients had clinical stigma-
ta of neurofibromatosis I. Considering this is a retrospec-
tive data, documentation deficiencies are considered an
intrinsic bias in three such studies. Awareness of genetic
predisposition syndromes among oncologists will lead to
more thorough probing of family history of malignancies
and testing for germline genetic mutations. This can be
done through collaboration between the oncology centers
of the developing countries with the developed centers.
The tumor site classification showed slightly higher fre-
quency of infratentorial tumors making 52% and

= surgery only

= surgery + radiation

= surgery + chemotherapy +
radiation

= surgery + chemotherapy

= radiation only

= supportive care only

® none
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Fig. 6 Outcome of primary CNS tumors

supratentorial tumors present in 48% patients. These find-
ings are in line with various other studies [12].

Regarding morphological classification of the tumors, the
most common tumors were glial tumors (53%), including both
low- and high-grade gliomas collectively representing half of
the tumors. This is in accordance with previously published
data which shows that pilocytic astrocytomas are the most
common childhood brain tumor representing approximately
17% of all CNS tumors in children less than 14 years [16].
This is followed by low- and high-grade ependymomas and
oligodendroglioma. This again is in accordance with interna-
tional data where ependymomas represent 5—10% of intracra-
nial neoplasms [12]. Fifteen patients in our cohort were diag-
nosed as DIPG based on their classic radiological findings. All
of them were treated with supportive care only and now of
them survived. Medulloblastomas are the most common em-
bryonal tumors and our study had similar findings. A study
done in Iran showed that medulloblastoma to be the second
most common brain tumor and was found in 18.4% of all
children. Only one patient was diagnosed to have primary
germ cell tumor while one patient had non-specific histopath-
ological findings.

A major point of concern is that a metastatic workup was
needed in around 30% of patients but not done for reasons not
known. Regarding the management, majority of the patients
underwent some sort of intervention including surgery, radia-
tion, chemotherapy, or a combination of all of them. Around
34% of the patients had achieved subtotal resection. The clin-
ical outcome of majority of the brain tumors is dependent
mainly on safe surgical resection of the tumors.

We could see in our study that nearly half of our pa-
tients were lost to follow-up. This is in accordance with
data from other resource limited settings where rate of
treatment abandonment is very high irrespective of the
type of malignancy [7, 17]. We need to strengthen the
follow-up practices as this has a strong impact on overall
treatment failure, mortality, and poor prognosis. The ma-
jor reason for abandonment is assumed to be poor
socioeconomical support, unavailability of lodging for pa-
tients who are coming from the far flung areas, fear of

@ Springer
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9 (5.1%)

Expired
42 (24%)

neurosurgery and radiation. Lack of coordination between
the various teams involved in management of children
with brain tumors is also one the major factor for aban-
donment. The main limitation of our study is the retro-
spective nature of our study with many deficiencies in the
documentation. We strongly feel that such single center
institution—based studies can contribute strongly to the
better understanding and management plan of brain tu-
mors in developing countries.

In conclusion, this study depicted that childhood pri-
mary brain tumors presented in our institute has consistent
frequency and demographic (age, gender, and histopathol-
ogy) with those reported by most of the studies done in
developed and Middle Eastern countries. We assume that
a majority of children with brain tumors go unrecognized
in our country due to lack of access and availability of
trained centers. The data warrants for more prospective
and multi-institutional epidemiological studies in children
with brain tumors.
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