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Abstract The over-expression of several receptor tyro-

sine kinases in adult high grade astrocytomas (HGA) led to

trials of tyrosine kinase inhibitors in these patients. Similar

molecular genetic analysis of pediatric HGA is only

beginning to be published. Thus it is unclear to what degree

these pathways are also involved in the pediatric age group

and whether they may also serve as useful therapeutic tar-

gets for children with HGAs. Here we investigated the

protein expression profile of a series of pediatric HGAs.

Following institutional ethical approval, clinical informa-

tion and tumor samples were obtained for 42 HGA patients.

Mean age at presentation was 10.1 years (range 0.13–

19.3 years). OS was 12% and PFS was 3.7%. Extent of

resection was associated with improved PFS (P = 0.0015)

with a trend towards improved OS (P = 0.08). There was

no significant effect of age or adjuvant therapy use on PFS

or OS. Immunopositivity for each of the markers was as

follows: p53 35%; PDGFR-a 45%; PDGFR-b 31%; PTEN

67%; EGFR wild type 58%; EGFRvIII 2%. No significant

effect on OS or PFS was found for any of the markers by log

rank analysis. However, all long-term survivors expressed

PTEN and were EGFRvIII negative. Further, there were

distinct differences in protein expression between pediatric

and adult HGAs suggesting that EGFR kinase inhibitors

may not be beneficial for treatment of HGA in the pediatric

age group and pointing to the need to study pediatric

astrocytomas as distinct entities from adult astrocytomas.
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Introduction

Brain tumors are the leading cause of cancer-related mor-

tality in the pediatric age group. Of these, tumors

phenotypically resembling astrocytes, or astrocytomas,

make up the largest proportion. While in adults, high grade

astrocytomas are the most common, in children they

account for *10% of brain tumors. Treatment of these

tumors remains a challenge and despite aggressive multi-

modal therapy comprised of surgical resection, radiation

and chemotherapy, 2-year survival rates remain at *10 to

30% for supratentorial tumors [1]. In adults, the poor

outcome for this group of tumors has led to considerable

effort to understand the molecular events underlying their

pathogenesis and to develop novel therapies to target these
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pathways. Included among the plethora of genetic abnor-

malities discovered in adult high grade astrocytomas are

amplification of the epidermal growth factor receptor

(EGFR) gene, multiple types of EGFR mutations, the most

common being EGFR variant III (EGFRvIII), loss of the

tumor suppressor protein PTEN, over-expression of plate-

let-derived growth factor receptor a and mutations in the

p53 gene. The over-expression of several receptor tyrosine

kinases in adult high grade astrocytomas led to trials of the

EGFR inhibitor erlotinib or the tyrosine kinase inhibitor

imatinib mesylate in these patients. Similar molecular

genetic analysis of pediatric high grade astrocytoma is only

beginning to be published. Thus it is unclear to what degree

these pathways are also involved in the pediatric age group

and whether they may also serve as useful therapeutic

targets for children with high grade astrocytomas. Here we

studied expression of p53, PDGFR-a, PDGFR-b, PTEN,

EGFR wild type and EGFR variant III in a large series of

pediatric high grade astrocytomas and correlated this with

survival. Our results suggest a significant distinction in

protein expression of pediatric high grade astrocytomas

compared to their adult counterparts, and also provide

information about potential therapeutic targets in the

pediatric age group.

Patients and methods

Following institutional ethical approval, patients less than

18 years old operated on at the Hospital for Sick Children

(HSC; Toronto, Canada) between 1985 and 2005 with a

pathologic diagnosis of supratentorial high grade astrocy-

toma were identified through the oncology and pathology

databases. Forty-two patients who had undergone a first-

time surgical resection at HSC were identified including 26

WHO grade III anaplastic astrocytomas and 16 WHO grade

IV glioblastoma multiformes. After pathological review,

41 patients with sufficient material and correct pathological

diagnosis were included.

Clinical data

Clinical data were retrieved from patient charts and the

oncology electronic database and included age at presen-

tation, gender, tumor location, pathological diagnosis, date

of first surgery, extent of resection, adjuvant chemotherapy

use, radiotherapy use, date of recurrence, supplementary

therapy and date of last follow-up or date of death. Only

patients with a diagnosis of high grade astrocytoma and

supratentorial location were included. Extent of surgical

resection was recorded as Gross total resection (GTR) if no

gross tumor remaining was reported in the operative note

or postoperative magnetic resonance imaging. Subtotal

resection was defined as more than 50% resection and

partial resection as less than 50% resection. Tumors deeply

seated that could only be biopsied were recorded as such.

Overall survival (OS) and Progression free survival (PFS)

were calculated from the date of initial surgery to the date

of death or first recurrence identified by imaging follow-up,

respectively.

Tissue microarray construction

All pathological blocks and corresponding slides from the

42 patients were reviewed by a neuropathologist (C.H.) for

diagnostic accuracy and tissue adequacy. Astrocytomas

were graded based on WHO criteria [2]. Representative

tumor areas were identified and three 1-mm tumor cores

were chosen for construction of tissue microarray blocks

[3]. A variety of tissues including, liver, cerebral white

matter, ependyma and germinal matrix were included

around the periphery of each array to serve as internal

controls.

Immunohistochemistry

Five-micrometer-thick sections cut from the tissue micro-

array were subjected to immunohistochemistry using the

following monoclonal antibodies: p53 (1:30, DO-7, Dako,

Denmark), PDGFR-a (1:50, sc-338, Santa Cruz Biotech-

nology Inc, Santa Cruz, CA), PDGFR-b (1:200, clone 28,

BD Biosciences, San Jose, CA), PTEN (1:100, c-6H2.1,

Cascade Bioscience Inc., Winchester, MA), EGFR-wild

type (1:200, Upstate/ Millipore, Billerica, MA), EGFR-

variant III (1:10, Vision Biosystems/ Novocastra, Norwell,

MA), MIB-1 (1:50, Dako, Glostrup, Denmark). Briefly,

tissue sections were mounted on positively charged

microscope slides and then baked overnight at 60�C, de-

waxed in xylene, and rehydrated through decreasing

concentrations of alcohol. Immunohistochemical proce-

dures for antibodies against p53, PDGFR-a and Ki-67 were

performed on the Ventana NEXES autoimmunostainer

(Ventana Medical Systems, Tucson, AZ). The other anti-

bodies were performed manually. All sections were further

treated with heat-induced epitope retrieval and blocked for

endogenous peroxidase and biotin by using Vector Elite

avidin-biotin complex method detection system (Vector

Laboratories, Burlington, Canada). 3,30-diaminobenzidine

(DAB, Sigma-Aldrich, Oakville, Canada) was used as the

chromogenic substrate and the counterstain of preference

was hemotoxylin. Appropriate positive and negative con-

trols were also stained in parallel.

248 J Neurooncol (2008) 87:247–253

123



Immunohistochemical grading

Staining of tissue microarray slides was reviewed and

graded for both intensity (0, none; 1, weak; 2, strong)

and distribution (\25%, 25–50%, 50–75%, [75% of

tumor cells) by two reviewers (M.L.L. and C.E.H.) who

were blinded to clinical patient data at the time of

grading. Only tumors with strong staining were consid-

ered to be positive. Based on the literature, the following

percentage cut-offs were then used to determine marker

positivity: p53—75% (nuclear) [4], PDGFR-a and -b—

25% (cytoplasmic) [5], PTEN—75% and EGFR wild

type—50% [6]. For EGFRvIII tumors demonstrating

even focal moderate immunostaining were considered

positive [7].

Control tissues used for antibody standardization were

as follows: P53—retinoblastoma, PDGFR-a & -b—breast

carcinoma, PTEN—breast ductular epithelium. Xenografts

from implanted transfected glioma cells with known posi-

tivity were used as positive controls for EGFR wild-type

and EGFRvIII antibodies.

Statistical analysis

For each biological marker progression-free survival (PFS)

and overall survival (OS) were estimated using the Kaplan

Meier method, and significance testing (a = 5%) done on

the basis of the log-rank test.

Results

Clinical and demographic features

Forty-two patients were included in the study (27 boys and

15 girls). The mean age of presentation was 10.1 years

(range, 4 months to 18 years). Nine patients did not receive

radiotherapy because of young age (\3 years at presenta-

tion) and 7 patients did not receive chemotherapy owing to

compromise of immunity or the choice of the parents.

Extent of surgical resection was as follows: gross total

resection, 14 of 42 patients (33%); subtotal resection, 19 of

42 patients (45%); partial resection, 7 of 42 patients (17%);

and biopsy, only 2 of 42 patients (5%).

The mean follow-up time was 1.8 years (2.7 years in

survivors). The OS was 12% at 5 years (mean ± SD = 30

± 6.6 months/median ± SD = 16.2 ± 1.6 months). PFS

was 3.7% at 5 years (mean ± SD = 13.3 ± 3.2 months/

median ± SD = 7.6 ± 3 months). Of the clinical factors

only extent of resection was associated with outcome; those

patients who received a gross total resection had a signifi-

cantly better PFS on both univariate (Log Rank, P = 0.007)

and multivariate (Wald, P = 0.01) analysis and approached

significance for an improved OS (P = 0.08) (Table 1).

Immunohistochemical features

Two tissue microarrays comprising 41 tumors were ana-

lyzed for immunopositivity to p53, PDGFR-a, PDGFR-b,

Table 1 Summary of

univariate and multivariate Cox

regression analysis of clinical

factors on supratentorial high

grade astrocytoma survival

Bold values highlight significant

p-values

Variable Number of

patients

Univariate analysis Multivariate analysis

PFS OS PFS OS

Log rank Wald

Radiotherapy

Yes 29 P = 0.99 P = 0.89 P = 0.38 P = 0.69

No 9

Extent of surgery

Gross total 13 P = 0.007 P = 0.08 P = 0.01 P = 0.08

Other 29

Age at diagnosis (years)

\3 8 P = 0.66 P = 0.83 P = 0.22 P = 0.45

C3 34

Tumor grade

3 26 P = 0.17 P = 0.18 P = 0.12 P = 0.21

4 16

Chemotherapy

Yes 35 P = 0.517 P = 0.62 P = 0.22 P = 0.12

No 7
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PTEN, EGFR wild type, and EGFRvIII (see Fig. 1).

During the dewaxing stage, one tumor sample for p53,

PDGFR-a and EGFR wild type and 2 tumor samples for

PDGFR-b and PTEN were lost. The number of tumors

positive for each of the markers is shown in Table 2.

The effect on survival of each biological marker is

summarized in Table 2. None of markers significantly

influenced survival on univariate analysis, likely given

the generally poor survival in our cohort. We then did

multivariate analysis, stratifying for extent of resection

which was the only clinical factor to influence PFS in

our cohort. This suggested a poorer PFS in those patients

whose tumors were strongly positive for PDGFR-b (HR

2.97, 95%CI 1.00–8.85). Further, it is noteworthy that all

the long term survivors are PTEN positive and EG-

FRvIII negative and only one is PDGFR-b positive

(Table 3).

Discussion

In contrast to those in adults, pediatric high-grade astro-

cytomas (HGA) are significantly less common than low-

grade lesions, comprising 20% of all hemispheric gliomas

[8]. However, the prognosis in children with supratentorial

HGAs has been dismal despite aggressive multimodality

therapies involving aggressive resection, radiotherapy and

chemotherapy [9, 10].

Here we describe the protein expression profile for a

group of pediatric supratentorial HGAs who were treated in

a single institute (HSC; Toronto, Canada) and followed up

by the cooperative neuro-oncology group. The overall

survival (OS) was 12% at 5 years and progression-free

survival (PFS) was 3.7% at 5 years in our cohort. This

outcome is worse than others that have been reported in the

literature but likely reflects the purity of the high grade

Fig. 1 Representative images of

positive immunohistochemical

staining for the study markers
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astrocytoma cohort and points to the worse prognosis of

malignant astrocytomas compared to other mixed or low

grade gliomas.

Attempt at gross-total resection has been standard in the

management of pediatric malignant gliomas with improved

outcome shown for well-circumscribed lesions. In two

recent series, one from a single-institute and the other from

the Children’s Cancer Group (CCG), extent of resection

was the strongest predictor of outcome compared with

other clinico-pathological factors [11, 12]. Our results are

in agreement with this. In our series gross-total resection

was the only clinical factor to significantly improve PFS

(P = 0.007).

Over-expression of p53 is reported to be associated with

adverse outcome in two series of pediatric malignant gli-

omas. One series included all grade III and IV gliomas

together and identified p53 as a independent factor for poor

progression-free survival [4]; the other series analyzed

outcome of 18 pediatric glioblastomas of different ana-

tomical locations and indicated p53 expression was

significantly higher in those patients with recurrence and

poorer prognosis [13]. In our analysis of supratentorial high

grade astrocytomas, p53 over-expression was present in 14

of 40 (35%) cases and no association between p53 reac-

tivity and outcome was detected.

PDGFR-a over-expression has been detected in between

20 and 50% of malignant astrocytomas. In a report of 40

patients with grade 2 astrocytomas and oligoastrocytomas,

there was an association between high PDGFR-a expres-

sion and long survival time [14]. In our pediatric series, 18

out of 40 (45%) cases were immunopositive. Although

there was no significant survival difference based on uni-

variate or multivariate analysis in our cohort, the majority

of long term survival cases (4/5) had PDGFR-a over-

expression.

The prognostic role of PDGFR-b expression in pediatric

HGA has not been well studied. In a recent series it was

reported to be expressed in a subset of adult glioblastomas

but was not associated with outcome [15]. Functionally, it

is thought to be important in glioma angiogenesis [16]. In

our series, PDGFR-b was expressed in 12 of 39 (31%)

tumors and showed an association with decreased PFS on

multivariate analysis after controlling for extent of resec-

tion by stratification.

For the biological markers, while none were predictive

of survival, some interesting differences from adult high

grade astrocytomas emerged and are summarized in Fig. 2

[15, 17–19]. Loss of PTEN expression, which has been

reported to correlate with PTEN deletion, mutation or loss

of chromosome 10 [18], was much less common in the

pediatric tumors (33%) than has been reported for adult

high grade astrocytomas (mean 66%) [20, 21]. While loss

of PTEN did not reach significance as a predictive marker

Table 2 Summary of univariate and multivariate Cox regression

analysis of biological factors on supratentorial high grade astrocy-

toma survival

Variable Number of

patients

Univariate analysis Multivariate analysisa

PFS OS PFS OS

Log rank Wald

P53

Pos 14 P = 0.78 P = 0.96 P = 0.27 P = 0.41

Neg 26

PDGFR-a

Pos 18 P = 1.0 P = 0.22 P = 0.38 P = 0.18

Neg 22

PDGFR-b

Pos 12 P = 0.20 P = 0.27 P = 0.05 P = 0.48

Neg 27

PTEN

Pos 26 P = 0.94 P = 0.35 P = 0.48 P = 0.19

Neg 13

EGFR wild type

Pos 23 P = 0.61 P = 0.17 P = 0.97 P = 0.26

Neg 17

EGFR variant III

Pos 1 P = 0.55 P = 0.45 P = 0.53 P = 0.052

Neg 40

a Stratified for extent of resection

Bold values highlight significant p-values

Table 3 Median survival for different marker groups and the relation

of long term survival cases to different markers

Marker Median

survival (years)

[50 months

survival (n = 5)

P53

Pos 1.35 ± 0.58 2

Neg 1.30 ± 0.15 3

PDGFR-a

Pos 1.10 ± 0.26 4

Neg 1.46 ± 0.15 1

PDGFR-b

Pos 1.10 ± 0.30 1

Neg 1.35 ± 0.15 4

PTEN

Pos 1.30 ± 0.15 5

Neg 1.35 ± 0.56 0

EGFR-wt

Pos 1.10 ± 0.16 2

Neg 2.02 ± 0.51 3

EGFR-VIII

Pos Only one case 0

Neg 1.35 ± 0.13 5
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in our study, the presence of PTEN mutations have been

reported as a negative prognostic indicator in other pedi-

atric and adult HGA series [9, 22]. In keeping with this,

none of our long-term survivors had loss of PTEN in their

tumors.

Earlier studies have reported over-expression of EGFR

protein in from 11% to 81% of pediatric high grade glio-

mas [13, 23, 24]. Some of this variability is accounted for

by differences in location, with a greater percentage of

positive tumors being found in studies which excluded

brain stem gliomas [24]. Consistent with this, in our series,

we found strong cytoplasmic staining in more than 50% of

cells in 23 out of 40 (58%) cases. EGFR expression was not

of prognostic relevance in terms of either progression-free

survival or overall survival in ours or other studies [24].

The most common EGFR mutant in adults, EGFR var-

iant III is a constitutively active form of EGFR and is

expressed in 24–67% adult glioblastoma cases [25]. We

only found EGFRvIII expression in one case (2%) of the 41

pediatric high grade astrocytomas tested. Given the recent

report of a strong association between the co-expression of

EGFRvIII and PTEN in glioblastomas and responsiveness

to EGFR kinase inhibitors [6], it seems less likely, given

our results, that this approach will work in pediatric

astrocytomas.

Conclusion

Our study offers a comprehensive expression profile in a

large cohort of pediatric high-grade astrocytomas. We

demonstrate the distinct protein expression between pedi-

atric and adult high-grade astrocytomas, especially for

PTEN and EGFRvIII expression. These findings suggest

that EGFR kinase inhibitors may not be beneficial for

treatment of high grade astrocytomas in the pediatric age

group and points to the need to study pediatric astrocyto-

mas as distinct entities from adult astrocytomas.
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