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Abstract

Purpose: Pediatric Glioblastoma is an aggressive tumor which occurs less often in children
and carries a dismal prognosis with median survival of approximately 20 months. Factors
including early presentation, complete resection and supratentorial location are associated
with better outcomes. Management of Pediatric Glioblastoma is very challenging and
includes safe surgical resection along with chemotherapy and radiation. Due to rarity of
pediatric data on glioblastoma in low- and middle-income countries, this study will give a
comprehensive overview on clinical characteristics and outcomes of pediatric glioblastoma.
Methods: In this study, twenty patients who were less than 21 years old, diagnosed as
glioblastoma were enrolled at a tertiary care center between January 2015- December 2017
and their clinical characteristics, treatment strategies and outcomes were recorded.
Results: Out of 20 patients, 55% were female with mean age of 11.5 years. Vomiting and
headache (92%) were commonly found symptoms and supratentorial region (65%) was most
common location of the tumor. Subtotal resection (STR) was performed in 55% of patients
as compared to gross total resection (GTR) which was performed in 35% of patients. After
surgery, only 7 (35%) patients received chemo-radiation, 4 (20%) patients were managed
with only radiation and 9(45%) patients didn’t receive any therapy. 4 (20%) patients were
lost to follow up, 14 (87%) expired whereas 2 (10%) patients are alive with residual disease
at 23 months since the time of diagnosis.

Conclusion: Pediatric glioblastoma is a rapidly growing aggressive tumor with worst
outcomes in children and needs further studies to overcome the challenges in its

management and to improve survival.
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Abbreviations

Bevacizumab (BV)

Central nervous system (CNS)
Chemotherapy (ChemoRXx)

Constitutional Mismatch Repair Deficiency (CMMRD)
Cranio-spinal irradiation (CSI)

Disease progressed and expired (P/ Expired)
Disease relapsed and expired (R/Expired)
Follow up (FU)

Gross total resection (GTR)

Intracranial pressure (ICP)

Low-and middle-income countries (LMICs)
Neurofibromatosis-1 (NF-1)

Not available (NA)

Overall survival (OS)

Patients (Pts)

Radiation therapy (RT)

Subtotal resection (STR)

Temozolomide (TMZ)

Vascular endothelial growth factor (VEGF)
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Introduction

A global childhood cancer study across 62 different regions found that the most common cancers were
leukemias, central nervous system (CNS) tumors and lymphomas [4]. Glioblastoma is the most common
high-grade glioma in adults but accounts for only approximately 3% of all brain tumors among 0-19 years
old, with an estimated incidence of 1.4 per 1,000,000 [23,14]. It is the most lethal CNS tumor with a median
survival of approximately 20 months [7]. Glioblastoma in children is different from its adult counterpart
with respect to different developmental origin and that majority of them harbor somatic mutations in histone
gene. Severity of symptoms depends on the site and extension of the tumor. Children usually present with
headaches, focal neurologic deficits, seizures and worsening of vision whereas infants have issues with
irritability, poor feeding and inability to walk [14]. Majority of the tumors are located in the supratentorial
compartment with frontal lobe being the most common site followed by temporal lobe. Maximal safe
surgical resection is the mainstay of treatment followed by radiotherapy and concomitant chemotherapy
with temozolomide (TMZ). Treatment outcomes of CNS tumors are much lower in middle-and low-income
countries compared to high income countries due to various reasons including lack of a multidisciplinary
team, late presentation and associated cancer predisposing syndromes due to higher rates of consanguinity
in low- and middle-income countries [14]. Over 90% of deaths due to pediatric cancer occur in low-and
middle-income countries (LMICs) due to inadequate resources [4] Majority of the research has been done
in adult glioblastoma but data on pediatric glioblastoma is very limited. There is only limited data available
from developing countries. A study from Thailand (1990 to 2011) reported their age-standardized incidence
rate (ASR) was 98.5 per million person-years for all childhood cancers with central nervous system (CNS)
being the second most common with an ASR of 12.0 per million person-years [4]. In Pakistan, there is no
data available for childhood glioblastoma and very scarce data for overall pediatric CNS tumors. One study
from Karachi, Pakistan depicted a frequency of 22.13% for primary CNS tumors from all solid malignancies
in the pediatric age group [1]. Another study from Rawalpindi, Pakistan found that astrocytic tumors were
the most common central nervous system (CNS) tumors in children [5]. However, no study from Pakistan
has exclusively presented data on childhood glioblastoma. Our study highlights the clinical characteristics
and outcome of children and young adults with glioblastoma, at a single tertiary health care center, Pakistan.
This will help in better understanding of the disease impact and to design support programs for children

with glioblastoma.
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Materials and Methods

We performed a descriptive, cross sectional study with retrospective analysis at Aga Khan University,
Hospital on all patients less than 21 years with histologically proven diagnosis of glioblastoma between
January 2015-December 2017 after approval from ethical review committee. A total of 20 patients met the
eligibility criteria. All the relevant information about clinical features at presentation, site of the tumor,
radiological findings, metastatic workup, histopathology, management and outcome were collected from
the medical record on a structured proforma. The data was entered and analyzed using SPSS version 20.

The results are presented as mean with standard deviation and frequency with percentage.

Results

From a total of 20 patients who met the eligibility criteria, 55% were female and 45% were male. Majority
of the children were between 5-10 years while mean age was 11.15 years. 19 out of 20 patients (95%) had
symptoms duration of less than 6 months. Only 2 patients had positive family history of different cancers.
Most common presentations were vomiting and headache, present in 92% of the patients, followed by
hemiparesis (80%), visual changes (70%), seizures (66.7%) and drowsiness (62.5%). Other modes of
presentation involved changes in speech, personality and cranial nerve palsies. Tumors were mainly located
in supratentorial region of the brain (65%). Other locations in brain involved were posterior fossa,
hypothalamus, brain stem and spinal cord. Metastatic disease in spine was present in only 1 patient at
presentation. Subtotal resection (STR) was performed in 11 patients (55%) whereas 7 patients (35%)
underwent gross total resection (GTR) and 2 patients (10%) were only biopsied. Combined chemotherapy
and radiation were given to 7 (35%) patients and 4 (20%) patients were managed with only radiation.
However, 9 patients (45%) didn’t receive any chemo-radiation. Median follow up duration was 6 months.
Out of 20 patients, 4 (20%) patients were lost to follow up. Of those 16 patients who were followed, 14
(87%) died whereas 2 (10%) patients are alive with residual disease at 23 months after initial diagnosis as

showed in table 1 and 2.
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S. Performanc
No Age Duration of Family Metastas- | e Scale at
Gender | (yr) SITE Symptoms History IS Presentation
1. M 19 Hypothalamus < 6 months NO NO 70
2. M 17 Right Temporal < 6 months NO NO 40
3. F 12 Right Frontoparietal < 6 months NO NO 70
4, M 21 Posterior Fossa < 6 months NO NO 50
5. F 10 Left Frontotemporal < 6 months YES NO 40
6. F 9 Posterior Fossa < 6 months NO NO 60
7. M 15 Spinal Cord < 6 months NO NO 40
8. F 6 Right Frontal < 6 months NO NO 50
Right
9. F 10 Temporoparietal < 6 months NO NO 90
10. M 16 Left Parietal < 6 months NO NO 90
11. F 17 Right Parietal < 6 months NO NO 40
12. 50
F 08 Posterior Fossa < 6 months NO NO
13. F 6 Brainstem < 6 months NO NO 50
YES
14. M 16 Left Parietooccipital > 6 months YES (SPINE) 50
15. M 8 Left Frontoparietal < 6 months NO NO 50
16. M 5 Right Frontal < 6 months NO NO 50
17. M 11 LEFT TEMPORAL < 6 months NO NO 90
18. F 14 Posterior Fossa < 6 months NO NO 80
19. F 2 Right Frontal < 6 months NO NO 70
20. F 8 Left Parietooccipital < 6 months NO NO 70

Table 1. Patient’s characteristics
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S. | SURGERY Chemotherapy RT RT Doses RT SITES Fractions OUTCOMES
No (TMZ) (cGy)

1. STR NO NO - - - LOSTTO FU
2. GTR NO NO - - - EXPIRED

RIGHT
3. STR NO YES | 5940cGY PARTIAL | 33 EXPIRED
BRAIN

4, GTR NO NO - - - R/EXPIRED
5. GTR NO NO - - - EXPIRED
6. BIOPSY YES YES | 5400cGy PARTIAL | 30 EXPIRED

BRAIN
7. GTR YES YES | 4500cGY D-SPINE 25 EXPIRED
ALIVE WITH
8. GTR NO NO - - - RESIDUAL
DISEASE

9. GTR NO NO - - - LOST TO FU
10. | STR YES YES | 5400cGY CSlI 30 EXPIRED
11. | STR YES YES | 5800cGY RIGHT 29 LOST TO FU

BRAIN
12. | STR NO NO - - - EXPIRED
ALIVEWITH
13. | STR NO YES | 5400cGy PARTIAL | 30 RESIDUAL
BRAIN DISEASE

14. | STR NO YES | 5040cGY SPINE 28 P/EXPIRED
15. | STR NO NO - - - P/EXPIRED
16. | GTR YES YES | 6000cGy NA NA R/EXPIRED

LEFT

17. | STR YES YES | 6000cGy BRAIN 30 P/EXPIRED
18 | STR NO YES | NA NA NA P/EXPIRED
19. | BIOPSY NO NO - - - LOST TO FU

LEFT
20. | STR YES YES | 5940cGy BRAIN 33 P/EXPIRED

STR: subtotal resection, GTR: gross total resection, NA: not available, FU:follow up, CSI: cranio-spinal irradiation,

R/Expired: Disease relapsed and expired, P/ Expired: Disease progressed and expired.

Table 2(a). Patient Management and Outcome
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Yr Auth-or | Age | No. Mean Mean Most (ON] GTR | ChemoR | RT | RT No. of
(yr) | Of durati- | Tumor common site | (mo) X does | Alive
Pts. on(mo) | Size(cm) (Gy) | Pts
Dohrma Cerebral
1976 | nnGJ NA 43 NA NA hemispheres 22 NA NA NA | NA NA
Marches
e MJ et
1990 al NA 27 NA NA NA 16 NA NA 27 | NA 6
Sanchez | 3 Cerebral 45 to
2009 | Herrera | 15 16 15 5.79 hemispheres | 54.9 5 NA NA | 55 3
0.9 - Cerebral
2009 | SuriV 18 45 NA NA hemispheres NA NA NA NA | NA NA
Michael
Karrema Cerebral 54—
2009 | nnetal 0-17 178 1 NA hemispheres 12 46 168 154 | 59.4 9
Song
2010 | KSetal | NA 27 NA NA NA 43 12 NA 24 | NA NA
Perkins 3- Cerebral 50.4
2011 SM 20 24 NA NA hemispheres | 13.5 6 14 24 | -54 2
Mansour
Ansari 10- Cerebral
2012 etal 20 23 15 6.6 hemispheres 16 2 10 23 54 2
S.
Mallick Cerebral
2016 et al 7-21 27 NA NA hemispheres NA 14 20 27 60 7
Present Cerebral 45-
2018 study <21 20 15 NA hemispheres NA 7 7 11 60 2

NA: not available, Pts: patients, OS: overall survival, GTR: gross total resection,

RT: Radiation therapy, ChemoRx: Chemotherapy

Table 3. Major Reported Studies of Pediatric Glioblastoma
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Discussion

Since pediatric glioblastomas are rare as compared to adult glioblastomas, there are relatively fewer studies
available. In this study, we report characteristics and outcomes of glioblastoma cases at a tertiary care
hospital in Karachi, Pakistan. Our center is the only one with existing multidisciplinary teams for pediatric
neuro-oncology under one roof including neurosurgery, radiation therapy, physiotherapy and rehabilitation
for the management of childhood brain tumors. In our study, 55% of the patients were female. This is in
accordance with a study conducted by Perkins et al which also showed a female preponderance [7]. However
most other studies have shown male predilection in pediatric glioblastomas [7,18]. This difference could be
due to smaller number of patients in our study. Female gender is associated with good prognosis in adult
glioblastoma however our study did not demonstrate that for pediatric glioblastoma [7]. Majority of our
patients (95%) had symptom duration of less than 6 months. A similar finding was reported by Das et al.
where the mean duration of symptoms of 4.8 months [7]. Most common symptoms in our study were
vomiting and headaches (92%), indicating raised intracranial pressure (ICP) and these were also reported
from other identical studies [18,7]. Another study looking at clinical and radiological profile of glioblastoma
patients reported that 78.5% of patients presented with signs of raised ICP. This was followed by seizures,
focal neurologic deficits and visual disturbances [7]. Mallick et al reported that 60.8% of patients with

glioblastoma presented with signs of raised ICP [16].

MRI scan is the diagnostic modality of choice for pediatric glioblastoma for preoperative evaluation as well
as post-operative follow up. Our study found that 20% of tumors were occupied in posterior fossa and 30%
in frontal and fronto-parietal regions. Most other studies reported that location of most tumors was in the
supratentorial region included cerebrum, frontal, temporal, parietal, and occipital followed by brain stem
and cerebellum [14]. Supratentorial tumors have significantly better survival outcomes than infratentorial
tumors [14].

In our study, two patients had positive family history of multiple cancers. One of the patients had
lymphomas, colorectal carcinomas and brain tumors in the family. Genetic testing for Constitutional
Mismatch Repair Deficiency (CMMRD) was performed in collaboration with the consortium of CMMRD,
which turned out to be negative. The other patient with a positive family history had a sibling who was
diagnosed with glioblastoma at the age of three years outside Aga Khan Hospital. He died within a week of
diagnosis and no staging workup was done due to clinical instability. Majority of Pediatric Glioblastomas

occur sporadically and involve p53, PDGFR and H3K27M mutations among others. A small proportion has
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been found to be associated with certain cancer predisposing syndromes and those with Constitutional
mismatch repair deficiency (CMMRD) syndrome were found to have a strong tendency to develop
glioblastoma at a young age. It arises from biallelic germ line mutations in one of the four MMR genes,
MLH1, MSH2, MSH6 or PMS2. These are also the parent genes associated with Lynch syndrome. This
condition is autosomal recessive and predisposes to the development of childhood cancers including central
nervous system, hematological, colorectal and other malignancies [25]. This syndrome also predisposes to
development of glioblastoma in patients [2]. Neurofibromatosis-1 (NF-1) occurs due to mutations in NF-1
tumor suppressor gene, which codes for neurofibromin protein. Loss of neurofibromin leads to excessive
RAS activity, enhanced cell proliferation and eventually, formation of benign and malignant tumors
including glioblastoma, although it is uncommon in NF1[10]. Turcot syndrome is also associated with the
development of central nervous system and colorectal carcinoma at a young age. It is divided into two types
based on the type of CNS tumor and the underlying molecular mutations. Typel (TS1) involves defect in
any of the mismatch repair genes (MLH1, MSH2, PMS2 and MSH®6) and presence of glial tumors whereas
type 2 (TS2) involves mutation in APC gene and occurrence of intestinal polyposis, colorectal carcinoma
and medulloblastoma[9]. A few case reports have also mentioned occurrence of intracranial neoplasms
including glioblastoma, in patients with Ollier disease and Maffucci syndrome. These rare syndromes cause
dysplasia of cartilage, with involvement of the metaphyses and diaphyses of long bones [20].

Management of pediatric glioblastoma involves maximal safe surgical resection followed by adjuvant
radiotherapy with concomitant chemotherapy [7] however, there is no defined standard therapy because of
small number of patient population. A study performing analysis of National Cancer data Base, for pediatric
(ages 0-19) glioblastoma reported the management commonly involved the combination of surgery,
radiotherapy and chemotherapy in most cases (48%). The highest survival benefit was also seen in patients
who underwent aggressive surgery, chemotherapy and radiotherapy as their first line of treatment [15]. Due
to different genomic characteristics, pediatric glioblastomas do not show the same response to
chemotherapy drugs used for adult glioblastoma [14]. Temozolomide (TMZ) has been found to improve
survival rates in adults with glioblastoma however, its role in improving outcome in pediatric glioblastoma
remains unclear[11]. There has been conflicting data about benefit of TMZ. Cohen et al. compared the
results of TMZ in the treatment of glioblastoma in a report from Children’s Oncology Group (ACNS0126
study) to Children’s Cancer Group study (CCG-945), a study that evaluated the role of adjuvant PCV

(nitrosourea, vincristine, and prednisolone) for treatment in children.
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The 3-year event-free survival rate for glioblastoma was 15 + 5% in CCG-945 (P = 0.77) compared with 7
+ 4% in ACNS0126, hence this study showed that TMZ failed to improve outcome in pediatric glioblastoma
[6]. In contrast, another study showed that combined adjuvant and concurrent TMZ was associated with
better survival, compared to no adjuvant TMZ (median survival 41.9 months vs. 8.06 months; P = 0.0812).
The same study also showed some survival benefit with six cycles of adjuvant chemotherapy with TMZ as
compared to less than six cycles (median survival not reached (NR) vs. 9.5 months; P = 0.0005) [16]. A
Phase 2 study of concurrent radiotherapy and TMZ followed by TMZ and lomustine (COG ACNS 0423)
reported that addition of lomustine to TMZ as adjuvant therapy in ACNS0423 was associated with
significantly improved outcome (Event free and overall survival) compared with the preceding COG
ACNS0126 HGG study in which participants received temozolomide alone.( 3 year event free survival was
0.22 (95% ClI, 0.14-0.30) in ACNS0423 compared with 0.11 (95% CI, 0.05-0.18) in ACNS0126)[12].

Another chemotherapy drug for recurrent or refractory adult glioblastoma is bevacizumab (BV), a
monoclonal antibody against VEGF in combination with irinotecan (CPT11). However, similar results are
not seen in children and there are only a few cases of pediatric glioblastoma treated by BV [24]. [8] In our
study, table 2 shows that seven out of 20 patients (35%) received TMZ along with surgery and radiation.
Of those one was lost to follow up and the rest of the patients expired due to rapid progression of the disease.

The two patients who survived with residual disease at 23 months, both did not receive chemotherapy.

With the aim to improve care and outcome of pediatric brain tumors in our patient population, we have been
discussing individual cases of pediatric brain tumors including glioblastoma with the team at The Hospital
for Sick Children in a monthly neuro-oncology video teleconferencing program and implemented their
recommendations such as changes in radiation dosages, need for immediate post-operative scans and second
look surgeries. As a part of this program, we have also been sending histopathology samples review and
molecular subgrouping with the aim of improving patient diagnosis. Recently, we have also started sending
samples for bi-allelic mismatch repair gene disorder to identify genetic predisposition to GBM and other
CNS tumors.

Glioblastoma has a poor prognosis worldwide with median overall survival rates ranging from 14-55 months
and 2-year overall survival between 15-52% [14]. Table 3 summarizes the data from previous studies on
glioblastoma. Median overall survival rate varied among different studies with few reporting 11 months [3]
but majority reported between 43-54 months [22,21]. Most studies reported that the extent of resection was

the most important factor associated with better outcome. GTR was better than STR and biopsy alone
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[21,13,22]. Prognosis in patients with deep seated and incompletely resected tumors remains poor even with

conventional therapy [7]. Some also reported that superficial and noncentral tumor location had better
prognosis than deep and central tumors. [22,17]. Another study found that younger age, later year of
diagnosis, supratentorial location and GTR were associated with better survival [14]. In one study by Perkins
et al, no association was found between outcome and radiation dose and volume [19]. Similar to other
studies published globally, our study also shows a poor prognosis. In table 2, out of sixteen patients who
were followed, only 2 patients are alive with residual disease (12.5%) and out of those who survived with
residual disease one underwent STR and received radiotherapy whereas the other one patient underwent
GTR only. Massive disease on presentation, delayed diagnosis and inability to afford temozolamide due to

severe financial constraints were some identified risk factors for poor outcome in our study.

To the best of our knowledge, this is the only study highlighting clinical characteristics and outcome of
children and adolescents with glioblastoma, at a single tertiary health care center in Karachi, Pakistan. There
are not many studies available locally and this will help us understand the disease impact in our part of the
world. This will enable us to develop better pediatric neuro-oncology programs in public hospitals to
improve outcomes and quality of life. There are some limitations in our study because of its small sample
size and retrospective nature. More large scale studies are warranted locally to assess variation in disease

presentation, characteristics, management and outcomes.

Conclusion

Pediatric glioblastoma is a rare entity and carries guarded prognosis with unfavorable outcomes. Further
studies on genetic and molecular levels are needed in our part of the world to overcome the challenges in

its management and to improve outcomes.
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