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Deregulated expression of one or more growth
control genes including pl6, p53, EGF receptor
(EGFR), MDM2 or Bcl-2 may contribute to the treat-
ment resistance phenotype of GBM and generally
poor patient survival. Clinicallyy, GBM have been
divided into two major groups defined by (1) histo-
logic progression from a low grade tumor (“progres-
sive” or “secondary” GBM) contrasted with (2) those
which show initial clinical presentation without a
prior history (* de novo” or “primary” GBM). Using
molecular genetic analysis for p53 gene mutations
together with immunophenotyping for overexpres-
sion of EGFR, up to four GBM variants can be distin-
guished, including the p53 */EGFR- progressive or the
p53/EGFR* de novo variant. We examined the sur-
vival of 80 adult patients diagnosed with astrocytic
GBM stratified by age category (>40, 41-60 or 61-80)
to determine whether alterations in any one given
growth control gene or whether different genetic
variants of GBM (progressive  versus de novo ) were
associated with different survival outcomes. Sur-
vival testing using Kaplan-Meier plots for GBM
patients with or without altered expression of p16,
p53, EGFR, MDM2 or Bcl-2 showed no significant dif-
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ferences by age group or by gene expression indi-
cating a lack of prognostic value for GBM. Also the
clinical outcome among patients with GBM showed
no significant differences within each age category
for any GBM variant including the progressive and
de novo GBM variants indicating similar biologic
behavior despite different genotypes. Using a pair-
wise comparison, one-third of the GBM with normal
pl6 expression showed accumulation of MDM2 pro-
tein and this association approached statistical sig-
nificance (0.01 < P < 0.05) using the Bonferroni pro-
cedure. These GBM may represent a variant in which
the pl94*F/MDM2/p53 pathway may be deregulated
rather than the p16/cyclin D-CDK4/Rb pathway.

Introduction

Glioblastomas multiforme (GBM) are the most com-
mon malignant tumor of the central nervous system.
They are largely refractory to the radiation and other
adjuvant therapies in standard use today, accounting for
the poor survivals of less than 24 months for most
patients with glioblastoma (1, 2). Resistance to treat-
ments may be associated with deregulation of some
growth control genes including loss of normal p53 func-
tion, deregulated Bcl-2, or epidermal growth factor
receptor (EGFR) expression, any one of which may
interfere with the induction of drug- or radiation-
induced apoptosis in GBM. Mutation of p53 genes in
primary cultures of GBM has been associated with
increased drug resistance to a large number of
chemotherapeutic agents (3) and reintroduction of wild-
type p53 by adenoviral transfer to p53-deficient glioma
cells is associated with restoration of the apoptotic
response (4). Similarly, deregulated expression of Bcl-2
or EGFR in glioma cells also has been correlated with
drug resistance and decreased apoptotic response
vitro (5, 6). The p53 protein plays a central role in the
signaling pathways required to mediate apoptosis. It
interacts with the promoters of many different genes and
can upregulate EGFR and MDM2 expression or repress
Bcl-2 gene expression (7). Mutations inactivate the p53



Parameter  No. of patients Median age Median survival P value Wlth hlgh frequency In GBM and |s Vlrtua”y |nvar|ab|y
perceny  (tangeinyrs) (range in mos) associated with amplification of EGFR (24, 25). Puta-

Age group tive prognostic factors such as growth fraction index,
D A0 12 A0 200 (2239 2T (43198 Peos@ed apoptotic index or inactivation of growth regulatory pro-
2) 41-60 34 (42.5%) 54.5 (41-60) 16.1 (4.5-104.2) P >.05 (1 vs 2)

teins such as p53 have been unsuccessful to date in pre-
3) 61-80 34 (42.5%) 66.0 (61-80) 12.6 (2.3-24.9) P <05 (2vs3) d|Ct|ng the bIO|Oglca| behaVIOI’ Of GBM (26'34)
sex The aims of this study were (1) to determine the

Meles A9 OV S0 (370 188 (231043 Poo% expression of critical growth control genes such as p16,
Fomales  SL (0 7.0 (2280 148 (27194 p53, EGFR, MDM2 and Bcl-2 in a large series of GBM
Table 1. The Tukey-Kramer test was used to test differences between age groups; the Wilcoxon and (2) to relate the geneUC flndlngs Stratlfled Wlth

test for comparisons for all pairs was used for differences between sex.

respect to age with patient survival, the second aim
includes a specific question as to whether genetically
Table 1. Summary of patient characteristics with glioblastoma. defined variants of GBM representing the progressive
tumor variant (p53EGFR) compared with thele novo

Gene Agegoup  No.of IHC+ — No. of IHC- P value tumor variant (p538GFR) differed in their biological
(% patients) (% patients) . e . . .
behaviors within age groups using patient survival as the
p16 22-40 8 (73%) 3 (27%) 0.34 clinical outcome.
41-60 19 (61%) 12 (39%)
61-80 24 (77%) 7 (23%)
P53 22-40 7(88%) 5 (42%) 059 Materials and Methods
41-60 16 (47%) 18 (53%)
61-80 20 (59%) 14 (41%)
EGFR 2240 4@ 8 (67%) 059 Patient Population.Archival paraffin blocks were
41-60 10 (29%) 24 (71%) . . . . .
6180 14 (42%) 19 (58%) obtained for 95 adult patients with the diagnosis of
MDM2 ii-gg 1; ((jg"://u)) 1;1 gg;/u)) 052 GBM who had surgery at New York University Medical
6180 14 (@a%) 18 (56%) Center (NYUMC) between 1979 and 1991. Histopatho-
Bok2 2240 Suma e 077 logic grading of the tumors was reevaluated by the neu-
6180 16 (55%) 13 (45%) ropathologist (D.C.M.) at the time of the present study
— ‘ , — using the revised WHO classification scheme except
Table 2. Abbreviations: IHC, immunohistochemistry positive (+) or negative (-); P value assesses . . . .
the hypothesis within the gene expression and between age groups as determined by Chi-square that Nnecrosis was requlred for the dlagnOSIS Of GBM
Test. e .
(35). In some cases, additional stains were used to con-
Table 2. Gene expression by age group in glioblastoma. firm classification as an astrocytic tumor. Fifteen cases

were rejected because they were not GBI there

gene in over 50% of GBM, amplification and overex-were non-astrocytic neoplastic components, or there
pression of EGFR occurs in greater than one-third ofvas insufficient tissue for the study. A total of 80 tumors
GBM, and Bcl-2 is up-regulated in approximately 50%were obtained from a patient population consisting of 49
of the cases (8-13). Therefore, deregulated expression afales and 31 females with WHO grade IV astrocy-
one or more growth control genes may contribute to théomas. All tumors were selected to be supratentorial;
treatment resistance phenotype of GBM. 45% were located in the left hemisphere and 55% in the

GBM have been divided into two major groupsright. All preoperation Karnofsky performance scores
defined by (1) histologic progression from a low gradewere 70 or greater. The standard of care at NYUMC
tumor (“progressive” or “secondary” GBM) contrasted during the time interval 1977-1991 of this study was
with (2) those which show initial clinical presentation aggressive neurosurgical resection followed by radiation
without a prior history (@e novo or “primary” GBM)  and adjuvant therapy. In our series, aggressive clinical
(14-16). Recently, molecular genetic analysis togetheapproaches have not altered the median survival of
with immunophenotyping have shown that tumors thapatients with GBM from 12 months (13).
progress generally harbor mutations of the p53 gene
(p53) but rarely show overexpression of the EGF recep-  Immunohistochemistry. 6-um sections were cut
tor (EGFR), whereagle novaumors most often contain  from formalin-fixed paraffin embedded tissue blocks
the wildtype p53 gene (p§&nd frequently show ampli- and stained using standard streptavidin-biotin-complex
fication and aberrant overexpression of the EGFRmmunoperoxidase methods as described (36-38). The
(EGFR) or MDM2 proteins (8, 11, 12, 17-23). In addi- primary antibodies used were as follows: for p53 (BP53-
tion, loss of major portions of chromosome 10 occurs]2, BioGenex) a mouse monoclonal antibody used at
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Gene Age Median survival Median survival P value
group IHC+ patients IHC- patients
(range in mos) (range in mos)

p16 22-40 20.3 (4.3-119.8) 27.1 (25.8-37.7) 0.65
41-60 15.3 (4.7-104.3) 24.6 (4.5-67.3) 0.54
61-80 13.2 (2.3-24.9) 9.7 (3.8-15.8) 0.06

p53 22-40 27.1 (19.2-97.8) 20.1 (4.3-119.8) 0.28
41-60 13.9 (4.5-60.9) 29.7 (6.0-104.3) 0.08
61-80 12.2 (2.3-24.9) 13.9 (2.7-21.7) 0.77

EGFR 22-40 19.9 (14.2-37.7) 26.4 (4.3-119.8) 0.17
41-60 12.2 (4.5-67.3) 19.5 (4.7-104.3) 0.31
61-80 145 (3.8-21.7) 12.1 (2.3-24.9) 0.52

MDM2 22-40 25.6 (19.2-119.8) 20.0 (4.3-37.7) 0.36
41-60 16.1 (4.7-104.3) 17.2 (4.5-60.9) 0.29
61-80 13.8 (3.8-24.9) 12.3 (2.3-20.9) 0.64

Bcl-2 22-40 25.8 (19.2-85.1) 20.3 (4.3-119.8) 0.80
41-60 21.8 (4.7-104.3) 11.7 (4.5-67.3) 0.19
61-80 12.6 (2.3-24.9) 9.7 (2.7-18.2) 0.53

Table 3. Abbreviations: IHC, immunohistochemistry positive (+) or negative (-); P value determined by Kaplan-Meier and Log-Rank procedures.

Table 3. Patient survival by gene expression in glioblastoma stratified for age.

1:100; for EGFR (clone E30, BioGenex) a mouse monusing the PCR-SSCP assay as described previously (37).
oclonal antibody used at 1:20; for p16 (clone C-20Samples showing variant SSCP bands were reamplified
Santa Cruz Biotechnology, Inc.) a rabbit polyclonalin two or more independent PCR-SSCP assays to con-
used at 1:100; for mdm-2 (clone IF2, Oncogene Scifirm detection of the p53 mutation. Sequence analysis of
ence) a mouse monoclonal antibody used at 1:20; fd?PCR amplified products was performed on a semiauto-
Bcl-2 (clone 124, DAKO) a mouse monoclonal antibodymated sequencer (Applied Biosystems model 373).
used at 1:40. Negative controls consisted of adjacent tis-
sue sections incubated with 1% normal rabbit serum Statistical AnalysisPatient follow-up was defined as
instead of primary antibody. Sections from tonsil tissuehe interval from initial diagnosis through patient death
were used as a positive control for pl6 or Bcl-2or last official contact (scheduled follow-up or personal
immunostaining in their respective assays to evaluateontact) as of October 1, 1997. Product-Limit survival
consistency of immunostaining between experimentstesting was performed using Kaplan-Meier plots with
Brain tumor specimens previously characterized fohypothesis testing by Log-Rank procedures to assess the
showing accumulation for p53, or overexpression ofsignificance of an association of protein staining (posi-
EGFR, or MDM2 protein in >50% of the cells were tive vs negative) for each of the genetic variables with
used as positive controls, respectively. Samples werength of survival (40). Differences between groups of
coded and the immunostaining assessed jointly at imterval scaled variables was performed by the Wilcox-
multi-head microscope. For p53, pl6 or MDM2 on non-parametric test (41). Testing for differences
immunostaining only nuclear staining was regarded abetween more than two groups used Kruskal-Wallis
positive; for EGFR immunostaining positive samplesevaluation (41) followed by the Tukey-Kramer proce-
showed cytoplasmic and cell surface membrane stairdure for planned all pairs (means) comparisons (42).
ing; for Bcl-2 immunostaining positive samples showedProportions in the pairwise comparison of gene expres-
cytoplasmic staining. Specimens with less than 5%sion were evaluated using Chi-square analysis (42). The
immunopositive tumor cells were scored as negativeBonferroni procedure was used when multiple pairwise
Positive samples were grouped according to the freeomparisons were made of proportions (43). Since four
guency of immunopositive tumor cells as: +, 5-25%; ++,pairwise comparisons were made, this adjusted the
26-50%; and +++, >50% cells immunopositive. Thethreshold for significance from P = 0.05 to P = 0.01.
p53, EGFR, p16 and Bcl-2 immunostaining has been
previously reported on a cohort of 26 glioblastomaResults
patients (8, 13, 36, 38).
Clinical data. The demographic and survival para-

SSCP Analysis for p53 MutationsDNA was  meters of the patient population with GBM are summa-
extracted from paraffin sections as described (39)tized in Table 1. The study population consisted of 12
Mutations in exons 4-8 of the p53 gene were screengggtients with a median age of 29 years (range 22-39), 34
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Age Variant No. of patients Median Survival P value
group of GBM with variant  (range in mos)
22-40 p53-/EGFR- 4 229 (4.3-119.8) ND

p53+/EGFR- 4 56.1 (25.8-97.8)
p53-/EGFR+ 1 14.2
pP53+/EGFR+ 3 205 (19.2-37.7)

41-60 p53-/EGFR- 13 30.8 (6.0-104.3) 0.16
p53+/EGFR- 11 15.2 (4.7-60.9)
p53-/EGFR+ 5 11.7 (6.1-67.3)
pP53+/EGFR+ 6 13.6 (4.5-20.5)

61-80 p53-/EGFR- 6 9.1 (2.7-17.7) 0.19
p53+/EGFR- 14 12.7 (2.3-24.9)
p53-/EGFR+ 8 14.7 (3.8-21.7)
pP53+/EGFR+ 6 9.4 (5.7-18.2)

Table 4. Abbreviations: p53 status was determined by single-strand conformation
polymorphism assay to detect p53 gene mutations (p53+); immunohistochemistry was used

to detect EGFR expression (EGFR+); P value was determined by Kaplan-Meier and Log-Rank
procedures; ND=not determined due to inadequate sample size.

Table 4. Patient survival by glioblastoma variant stratified for
age.

Gene expression P value
p53 p53
negative positive
p16 negative 10 12 0.84
p16 positive 25 27
EGFR negative 23 29 0.62
EGFR positive 14 14
MDM2 negative 19 20 0.81
MDM2 positive 17 20
Bcl-2 negative 20 16 0.10
Bcl-2 positive 13 23

p53 SSCP  p53 SSCP

negative positive
EGFR negative 26 25 0.70
EGFR positive 15 12

EGFR EGFR

negative positive
p16 negative 11 11 0.12
p16 positive 36 16
MDM2 negative 23 16 0.30
MDM2 positive 26 11
Bcl-2 negative 22 14 0.46
Bcl-2 positive 25 11

MDM2 MDM2

negative positive
p16 negative 15 7 0.04
p16 positive 21 29
Bcl-2 negative 17 18 0.91
Bcl-2 positive 17 17

pl6 plé

negative positive
Bcl-2 negative 11 23 0.18
Bcl-2 positive 6 27

Table 5. P value determined by Chi-square Test.

Table 5. Associations of altered gene expression in glioblas-
toma.

patients with a median age of 54.5 years (range 41-60)
and 34 patients with a median age of 66.0 years (range
61-80). An association was found between younger age
and survival. For patients aged 22-40, the median sur-
vival was 25.7 months which was significantly (P <
0.05) longer compared with patients aged 61-80 whose
median survival was 12.6 months. In addition, patients
aged 41-60 had a median survival of 16.1 months which
was significantly (P < 0.05) longer compared with
patients aged 61-80 whose median survival was 12.6
months. There were 49 males and 31 females. The medi-
an age of 57.0 years was the same for each sex. The
median survivals of 15.8 months for males and 14.8
months for females was not significantly different
(P=0.95). In our sample, we found a comparative ratio
of brain tumors of 1.58:1, merersuswomen similar to

the ratio of 1.5:1 reported by others (16).

Gene expression by patient ag&issue sections
from 80 GBM were analyzed for the presence or
absence of expression of the protein encoded products
of the pl16, p53, EGFR, MDM2 and Bcl-2 genes; the
results are summarized in Table 2. Since patient age is a
known prognostic factor for patients with GBM (1, 2,
14, 15) and was demonstrated to be so for this patient
population (Table 1), the results for gene expression are
grouped with respect to age categories as described in
clinical data. A comparison of patient age and frequen-
cy of gene expression showed no significant differences
(Table 2). For any given genetic variable (pl16, p53,
EGFR, MDM2 or Bcl-2), age was not associated with
any significant shifts of genetic profiles.

Patient survival by gene expression in glioblastoma
stratified for age.To determine whether expression of
specific growth control genes would be of prognostic
value in predicting survival among patients with GBM,
we compared median survival between immunopositive
and immunonegative patients for each of the genetic
variables; the results are summarized in Table 3. Figures
1-5 show the Kaplan-Meier survival plots paired with
scatter diagrams for immunopositiveversus
immunonegative GBM for each of the 5 encoded gene
products for patients stratified by age category.

Loss of p16 protein expression was previously char-
acterized in 24 of the cases and was shown to correlate
with homozygous deletion and inactivation of the p16
gene (38). The loss of p16 gene expression was found in
22 of 74 (30%) patients with GBM. Among those
patients aged 61-80, a tendency for shorter median sur-
vival was observed with loss of p16 protein expression
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Duration of Survival in Adults with Glioblastoma

Duration of Survival in Adults with Glioblastoma
By p16 Status; By Age Group

By p53 Status; By Age Group
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Figure 1. Kaplan-Meier and scatter plots for patient survival Figure 2. Kaplan-Meier and scatter plots for patient survival

with GBM by p16 status by age group. Survival of patients aged with GBM by p53 status by age group. Survival of patients aged
22-40 yrs with (N=8) or without (N=3) p16 expression; survival 22-40 yrs with (N=7) or without (N=5) p53 expression; survival
of patients aged 41-60 yrs with (N=19) or without (N=12) p16 of patients aged 41-60 yrs with (N=16) or without (N=18) p53
expression; survival of patients aged 61-80 yrs with (N=24) or expression; survival of patients aged 61-80 yrs with (N=20) or
without (N=7) p16 expression. without (N=14) p53 expression.

but the difference was not significant (P=0.06). No sigin 26 of the cases (36). Although a 1:1 correlation
nificant differences in survival were detected amongoetween p53 protein accumulation and the presence of
patients aged 22-60 with or without p16 protein expresmutations in exons 4-8 of the p53 gene is not observed
sion by age category (Table 3). Figure 1 shows Kaplann every GBM study (22, 43-48), in our experience
Meier survival curves paired with scatter diagrams for>90% of the cases with immunohistochemically
p16 immunopositiveersusmmunonegative patients by detectable p53 protein have detectable alterations in the
age category. The median survival of the patients ageob3 gene demonstrated by sequence analysis. Aberrant
22-40 with normal expression of p16 was 20.3 monthsp53 protein accumulation was detected in 43 of 80
compared with 27.1 months for those showing loss 0{54%) tumors and variant SSCP bands were present in
p1l6 immunostaining (P=0.65). The median survival of38 of 41 (93%) DNAs that could be analyzed from the
the patients aged 41-60 with normal expression of p1@3 tumors. Among those patients aged 41-60, a tenden-
was 15.3 months, compared with 24.6 months for thosey for shorter median survival was observed with p53
showing loss of p16 immunostaining (P=0.54). In conprotein accumulation but the difference was not signifi-
trast, the median survival of the patients aged 61-80 witikant (P=0.08). No significant differences in survival
normal expression of p16 was 13.2 months comparedyere detected among patients aged 22-40 or 61-80 with
with 9.7 months for those showing loss of pl6or without p53 protein expression by age category
immunostaining and this difference approached statistiTable 3). Figure 2 shows Kaplan-Meier survival curves
cal significance (P=0.06). paired with scatter diagrams for p53 immunopositive
Immunostaining for p53 protein accumulation andversusimmunonegative patients by age category. The
mutations in the p53 gene previously had been analyzededian survival of the patients aged 22-40 with normal
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Duration of Survival in Adults with Glioblastoma Duration of Surviva! In Adults with Glioblastoma

By EGFR Status; By Age Group By MDM2 Status; By Age Group
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Figure 3. Kaplan-Meier and scatter plots for patient survival Figure 4. Kaplan-Meier and scatter plots for patient survival

with GBM by EGFR status by age group. Survival of patients with GBM by MDM2 status by age group. Survival of patients
aged 22-40 yrs with (N=4) or without (N=8)EGFR expression; aged 22-40 yrs with (N=7) or without (N=4) MDM2 expression;
survival of patients aged 41-60 yrs with (N=10) or without survival of patients aged 41-60 yrs with (N=16) or without
(N=24) EGFR expression; survival of patients aged 61-80 yrs (N=17) MDM2 expression; survival of patients aged 61-80 yrs
with (N=14) or without (N=19) EGFR expression. with (N=14) or without (N=18) MDM2 expression.

expression of p53 was 20.1 months, compared with 27 patients aged 22-40 without overexpression of EGFR
months for those showing accumulation of p53was 26.4 months, compared with 19.9 months for those
immunostaining (P=0.28). However, the median surwith EGFR immunostaining (P=0.17). The median sur-
vival of the patients aged 41-60 with normal expressiotvival of the patients aged 41-60 without overexpression
of p53 was 29.7 months, compared with 13.9 months foof EGFR was 19.5 months, compared with 12.2 months
those showing accumulation of p53 immunostainingfor those with EGFR immunostaining (P=0.31). The
(P=0.08) and this difference approached statistical signedian survival of the patients aged 61-80 without over-
nificance. Lastly, the median survival of the patientsexpression of EGFR was 12.1 months, compared with
aged 61-80 with normal expression of p53 was 13.94.5 months for those with EGFR immunostaining
months, compared with 12.2 months for those showingP=0.52).
accumulation of p53 immunostaining (P=0.77). MDM2 protein expression is undetectable in normal
Overexpression of EGFR was characterized previastrocytes but upregulation of its expression can occur
ously in a subset of 26 GBM and correlated with EGFRboth with or without gene amplification (22, 32, 33, 49).
gene amplification (8). Overexpression of EGFR wadOverexpression of the MDM2 protein was detected in
detected in 28 of 80 (35%) tumors. No differences in37 of 76 (49%) tumors. No differences in survival were
survival based on EGFR status were detected in patienttetected among patients with or without MDM2 protein
of different age groups (Table 3). Figure 3 showsexpression by age category (Table 3). Figure 4 shows
Kaplan-Meier survival curves paired with scatter dia-Kaplan-Meier survival curves paired with scatter dia-
grams for EGFR immunopositiversusimmunonega- grams for MDM2 immunopositiveersusmmunonega-
tive patients by age category. The median survival of théve patients by age category. The median survival of the
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Duration of Survival in Adults with Glioblastoma
By Bcl-2 Status, By Age Group

Duration of Survival in Adults with Glioblastoma
By Combined p53 and EGFR Status; By Age Group

100
h | e o p53-/EGFR 1 20
J— J . i H y -
01 - _b;eg 129 90 v P53+/EGFR- - — 2 120
b ki 1o 80 v P53-/EGFRY — 1o
809 22-40y1s 100 -] s PSBHEGFR - - - 4 i
204 1 p=0.80 . 70 ' 100
2 _ 90 - 2 - ! 21-40yrs 30 -
£ B £ 504 ' =0.1
2 60 » 807 s 80 l p=0.19 . 80+
z i z I 2
50 i Fsod |1 hemeoimioioio £ 70+
3 ] H 2 50
& 404 = i g 40 H
g 50 g B 50
304 TTTTTTTTTTTTTTTTTT & 30 Tt
= 304 40 40
'
20 30 . 20 H 30
I
20+ . - 4 ) 20
10 o . 10 !
' 10
. L DS U LUV
T T T T T T T 11 ° o
o 20 40 60 8O0 100 120 Neg Pos 0 20 40 80 80 100 120 7 2 3 3
Months Months
110 1 1
. P83-/EGFR- 1 |
100 90 PS3+/EGFR- - — 2 o0
i 4 PS3-/EGFR+ — 3 s0-]
o 80 T PS3+/EGFR+ - - - 4 0
7 2 707 41-80yrs 0
70 2 oo ' p=0.16 P
£ = 3 £ -
£60 2 5o : £
2 50 z 2 50
= 2 40 o
40— s 1 0
30 i
30 - 30
20 - .
B —=== 20 .
20 ! f ; :
1o H 1 10 7 ! ' 10 i . .
: ! T II T T T I| T T T T . - -
0
Neg Pos o 20 40 60 80 100 1 2 3 4
Months
1
~ 120 P53-/EGFR- 1 110
- T TMea 110 PS3HEGFR- - — 2 4
% 100 - PE3-EGFR+ — 3 100
80 61-80yrs 9 PS3+/EGFR+ - - - 4 90-]
4 N 1
g7 p=0-53 80 < 61-80yrs 80
s H p=0.19 2 70
£° £7°7 3 E 60
@ 50 560 g = 50
g Z 50 © 407
8 a0 50 & 40
& 40 i
= 307 30
20 207 20 .
20 . 10 v : .
107 104 f i
H . T T T T T T T T T T T
T T T T T ° 0 20 40 80 80 100 120 1 2 3 4
40 60 80 100 120 Neg Pos Months

Months

Figure 5. Kaplan-Meier and scatter plots for patient survival
with GBM by Bcl-2 status by age group. Survival of patients
aged 22-40 yrs with (N=5) or without (N=6) Bcl-2 expression;
survival of patients aged 41-60 yrs with (N=15) or without
(N=17) Bcl-2 expression; survival of patients aged 61-80 yrs
with (N=16) or without (N=13) Bcl-2 expression.

Figure 6. Kaplan-Meier and scatter plots for patient survival
with GBM by combined p53 and EGFR status by age group.
Survival of patients aged 22-40 yrs with p53/EGFR- GBM (N=4)
or p53/EGFR" GBM (N=4) or p53/EGFR* GBM (N=1) or
p53*/EGFR* GBM (N=3); survival of patients aged 41-60 yrs
with p53/EGFR° GBM (N=13) or p53/EGFR GBM (N=11) or

p53/EGFR* GBM (N=5) or p53*/EGFR* GBM (N=6); survival of
patients aged 22-40 without MDM2 expression waspatients aged 61-80 yrs with pS3/EGFR™ GBM (N=6) or
20.0 months compared with 25.6 months for those megg:,/gg,fg G%BMM(N(I\';)M) or pS3/EGFR" GBM (N=8) or
MDM2 immunostaining (P=0.36). The median survival P e

of the patients aged 41-60 without MDM2 expressionyonths for those with Bel-2 immunostaining (P=0.80).
was 17.2 months compared with 16.1 months for thos¢he median survival of the patients aged 41-60 without
with MDM2 immunostaining (P=0.29). Similarly, the pg|.5 expression was 11.7 months compared with 21.8
median survival of the patients aged 61-80 withoutyonihs for those with Bel-2 immunostaining (P=0.19).
MDM2 expression was 12.3 months, compared Withgjmijarly, the median survival of the patients aged 61-80
13.8 months for those with MDM2 immunostaining yithout Bel-2 expression was 11.4 months, compared

(P=0.64). ) _ ‘with 12.6 months for those with Bcl-2 immunostaining
Expression of Bcl-2 had been characterized Previrp=q 53),

ously in 22 of the GBM (13). Overexpression of the Bcl-

2 protein was detected in 36 of 72 (50%) tumors. No dif- - patient survival by glioblastoma variant stratified
ferences in survival were detected among patients witg,, age. Subsets of GBM have been classified broadly
or without Bcl-2 protein expression by age categorynto two genetic groups by DNA analysis for p53 gene
(Table 3). Figure 5 shows Kaplan-Meier survival curvesytation and immunohistochemical analysis for EGFR
paired _Wlth scatter d_|agram_s for Bcl-2 immunopositivergtein accumulation as progressive (BEGFR) and
versusimmunonegative patients by age category. Thegye novo(p53/EGFR) (8, 11, 21, 23). However, geno-

median survival of the patients aged 22-40 without Bcly, pe analysis for p53 gene mutation and immunopheno-
2 expression was 20.3 months compared with 25.8y
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type for EGFR expression distinguishes four tumor varierogeneous group of neoplasms having a wide range of
ants. Table 4 summarizes the distribution of the fouhistological and biological features such that attempts to
GBM variants (p53EGFR; p53/EGFR; p53/EGFR; relate a particular factor with clinical outcome have
p53/EGFR) among 80 patients according to age catelargely been unsuccessful. Presently, the only standard
gory. Figure 6 shows the Kaplan-Meier survival plotsprognostic criteria consistently related to clinical out-
together with paired scatter diagrams for each of theome are younger age at diagnosis, grade and perfor-
GBM variants by age group. No significant differencesmance status (1, 2, 16, 26-32). In our study all patients
in survival were observed between any of the four GBMhad astrocytic WHO grade IV tumors. An inverse asso-
variants within any of the age categories. With respect toiation was found between younger age and survival as
the so called progressive (pE3GFR) or de novo(p53  expected and is similar to our previous experience (13).
/EGFR) GBM variants, patients aged 41-60 and 61-80 One aim of this study was to evaluate genetic alter-
had similar median survivals. The median survivals forations in GBM and relate the genetic findings stratified
25 patients with the progressive GBM variant aged 41by age with patient survival. We evaluated 80 astrocytic
60 or 61-80 were 15.2 and 12.7 months, respective\GBM for alterations in the growth control genes pl6,
Among the 13 patients with thde novoGBM variant  p53, EGFR, MDM2 and Bcl-2 to determine their rele-
the median survivals for patients aged 41-60 or 61-8@ance as prognostic factors. A comparison of patient age
were 11.7 and 14.7 months, respectively. and frequency of gene expression showed no significant
differences (Table 2). The results indicate that for these
Associations of altered gene expression in glioblas-5 genetic variables there was no indication that GBM
toma. Each immunohistochemical marker was tested irarising in youngewersusolder patients had different
a pairwise comparison for any positive (synergistic) orgenetic profiles.
negative (mutually exclusive) association using Chi- Among immunopositiveversus immunonegative
square analysis. In order to protect the analysis from &BM, the median survivals by Kaplan-Meier analyses
false-positive (Type 1) error caused by the multiplestratified by age for each genetic variable were similar
comparison of data, the Bonferroni procedure was usedithin each age group for each genetic variable. While
to correct the critical level of the reported P value forstatistically significant differences in survival based on
statistical significance (43). There were no significantgene expression were not detected in our study, we did
differences in positive or negative associations betweeidentify two associations that showed survival differ-
the genetic variables (Table 5). In particular, we didences and which approached statistical significance.
detect EGFR expression in some GBM showing abnorAmong patients aged 61-80 with GBM showing loss of
malities of p53 expression in contrast to the report by16 protein expression a shorter median survival (9.7
Watanabe et al (21). With regard to these “double posimonths) was observed compared to that for patients with
tive” GBM, we used immunohistochemistry data andpl6 positive GBM (13.2 months) (P=0.06).
compared it with data obtained by SSCP for p53 alter- Another association was uncovered among patients
ations followed by sequence analysis. We found naged 41-60. Those patients with p53 positive GBM
major changes in the distribution of p53 positive or negtended to have a shorter median survival (13.9 months)
ative and EGFR positive or negative tumors (Table 5). compared to that for patients with p53 negative GBM
However, there was one association that approachg@9.7 months) (P=0.08). Some studies have shown an
statistical significance. Tumors with normal p16 expres-association between p53 gene mutation and protein
sion tended to show accumulation of MDM2 proteinaccumulation and poor survival (18, 27, 32, 33), while
(N=29) and this association approached statistical sigethers have not found such a correlation (19, 30, 31, 47).
nificance (observed P=0.04; Bonferroni threshold forThe predictive role of p53 gene status in GBM has not
significance with four comparisons P=0.01). Becauseshown any strong correlation with survival to date and
the number of these observations was small, furthemay relate to the fact that most studies have not assessed
experiments will be required to confirm this associationpatient survival by p53 gene status according to age cat-
egory. Given the current use of molecular genetics to
Discussion attempt to subtype GBM into p53 positive or progres-
A goal of molecular neuro-oncology is to establishsive GBM versusp53 negative ode novoGBM, it is
relationships between histopathologic criteria used folmportant to consider the very strong association age has
grading astrocytoma, the molecular alterations associabn survival in patients with GBM (1, 2). The progressive
ed with that grade and clinical outcome. GBM are a hetGBM which arise from previous low-grade tumors are
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known to occur in younger patients (14, 15). Howevertheir selected tumor series that mutations in the p53
in this instance, better prognosis has not been associajene, documented by positive immunostaining and pos-
ed with the presence of p53 gene mutation in youngive SSCP analysis together with overexpression of the
adult patients (23). Indeed, one report indicated that p5SBGFR gene were largely mutually exclusive genetic
positive low-grade tumors that progressed recurre@lterations, i.e. genotyping separated the “secondary”
more quickly than those tumors without p53 protein(p53/EGFR) from the “primary” (p53EGFR) GBM.
accumulation (34). Future studies are needed to clariffmong the 19 primary GBM analyzed by Watanabe et
the role of p53 gene alterations in GBM stratified byal, (21), the distribution of the patients by age was sim-
age. ilar to our current study showing 15% of patients aged
Using molecular genetic approaches several studies40, 47% aged 41-60 and 37% aged 61-80. The distrib-
have shown, using unselected series’ of tumors, thaition of genetic variants among this series of primary
GBM could be grouped into one of three genetic vari-GBM was 16% negative for both p53 and EGFR expres-
ants based on the spectrum of genetic alterations (8, 1&8ion, 21% positive for p53 protein accumulation only,
17, 25, 27, 47). One variant generally contains muta47% positive for EGFR overexpression only, while 16%
tions of the p53 gene associated with accumulation ofvere double positive for both p53 and EGFR expres-
the p53 protein but most often lacks amplification andsion. The relative distribution of the four GBM variants
overexpression of the EGFR gene. A second variant iamong the selected series of GBM is comparable to the
more often associated with amplification and overex-distribution reported in our current study among unse-
pression of the EGFR gene and retains the wildtype p5@cted GBM.
gene (inferred by lack of p53 protein accumulation). A Deletions of the p16 gene assessed in primary GBM,
third variant appears to have normal p53 and EGFRgain selected on the basis of clinical history and pre-
genes but has frequent deletion of the p16 gene (12). sumably positive for overexpression of EGFR, was 36%
Genotyping GBM for p53 gene mutations by SSCP(50). This frequency of p16 inactivation in a selected
analysis and immunophenotyping for p53 and EGFRseries of GBM is similar to the incidence of 44%
expression also identifies a fourth group of tumors conebserved in our study using unselected cases but con-
sisting of the “double positive”. In this study of 80 GBM trasts with the much higher incidence of 71% reported
we found that 29% were negative for both p53 andy Hayashi et al (12).
EGFR expression, 36% were positive for p53 protein The second aim of this study was to determine
accumulation only, 18% were positive for EGFR over-whether genetically defined GBM representing tiee
expression only, while 18% were “double positive” for novo (p53/EGFR) or progressive (p3EGFR) tumor
both p53 and EGFR expression. The frequency was sinvariants differed in their biological behavior in patients
ilar when p53 positivity was restricted to those demonstratified according to age category using patient sur-
strating p53 gene mutations. In an analysis of 70 unsesval as the clinical outcome. Because younger age is a
lected GBM by Hayashi et al (12) 30% were negativestrong prognostic factor associated with favorable out-
for both p53 mutations and EGFR gene amplificationcome in patients with GBM, we stratified our analysis of
30% were positive for p53 gene mutations, 40% showethe different GBM variants by age. No significant dif-
amplification of the EGFR gene, while none were douferences in survival were observed within each age
ble positive. Another study of 46 unselected adult GBMgroup for a given GBM tumor variant.
by Rasheed et al (45) found 53% were negative for both Although there were no statistical differences in sur-
p53 mutations and EGFR gene amplification, 16% wereival, there were a couple of interesting observations. In
positive for p53 gene mutations, 29% showed amplifi-this study, 13 patients aged 41-60 with GBM that
cation of the EGFR gene, while 2% were double posiretained normal p53 and EGFR expression had a medi-
tive. an survival of 31 months compared to shorter survival
More recently, GBM selected on the criteria of a clin-for all other GBM variants within that age category.
ical history <3 months were analyzed for frequency ofSimilar to the findings noted above for p53, some stud-
p53 and EGFR gene alterations (21). Results from theses have shown an association between EGFR amplifi-
studies confirmed that GBM ariséa different genetic  cation and poor survival (17, 51, 52), while others have
pathways referred to as “primary” (heme‘novd), and  not found such a correlation (27, 29, 33, 53). Again, our
“secondary” (here “progressive”). In addition this studynumbers are limited and further studies using a larger
extended the results of the genetic analysis reported preeries of genetically defined GBM from patients in this
viously for p53 and EGFR alterations, demonstrating irage category will be needed to determine whether the
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GBM variant lacking alterations in both p53 and EGFRGBM and survival outcome.
is associated with better survival outcome. The observation that GBM with normal expression
Among patients aged 61-80 similar patterns of poofor the p16 gene tended to show aberrant accumulation
survival were detected for all GBM variants. However,for the MDM2 oncoprotein (N=29) approached statisti-
we did observe that loss of pl6 expression among thisal significance (P=0.04) (see methods). Disruption of
patient population was associated with decreased medhe Rb cell cycle control pathway occurs in >80% of
an survival compared to those patients that retained pI8BM through loss of p16 function or amplification of
gene expression (P=0.06). Overall our results sugge§tDK4 or mutation of Rb (50, 54-56). However, it is now
that age >61 may be a stronger prognostic factor foknown that the p16 gene locus can encode two separate
poor survival in patients with GBM rather than the pres-proteins, p1$* and p16*“, through differential splic-
ence or absence of any one or combination of genetiag (57). Recent reports have shown that théPHgene
alterations. product is a potent tumor suppressor protein which can
Using a pairwise comparison we asked whether cereomplex with MDM2 inhibiting the ability of MDM2 to
tain genetic alterations were more likely to occur togethinduce degradation of the p53 protein (58, 59). The
er or not. We wanted to test the hypothesis that certaiexpression of p53 and MDM2 serve in an autoregulato-
alterations that have been reported to occur more frey feedback loop important for controlling their respec-
quently in “primary” GBM such as overexpression of tive activities (60). Loss of p16 function would selec-
EGFR and MDM2 and lack of p53 mutations in tumorstively disrupt the pl6/cyclin D-CDK4/Rb pathway,
selected on the basis of clinical presentation (21) woulavhile loss of the entire p19-P16%“ [ocus would serve
hold for GBM analyzed for similar alterations that wereto inactivate both the Rb and ptf@MDM2/p53 path-
unselected. Similar patterns of altered genes in GBMvays (59).
variants regardless of selection bias, if associated with Approximately one-third of GBM in this study
clinical outcome, could be used for patient risk assessshowed up-regulation of MDM2 gene expression with-
ment and management. As noted in other reports and out loss of the p16 gene. At present the mechanism by
the current study, four GBM variants can be distin-which MDM2 expression is up-regulated in 50% of
guished by p53 and EGFR alterations (21, 27, 32, 47)GBM in the absence of gene amplification is unknown.
In our series of 80 GBM, we did not detect an inverseéOne possibility is the presence of short alternatively
correlation between EGFR positiversusp53 positive  spliced MDM2 transcripts reported in >65% of GBM
GBM as has been reported by others (12, 21). The st§61). However, the correlation between aberrant MDM2
tus of the p53 gene was demonstrated using immundranscripts with expression for MDM2 protein in the
histochemistry as well as sequence analysis. Equal nursame tumor samples was not assessed (61). Clearly
bers of immunopositive or immunonegative EGFRthere is mounting evidence to suggest that deregulation
tumors were positive or negative for p53 protein expresef the MDM2 gene may play an important role in the
sion or p53 mutations (Table 5). Similarde novoor  development of GBM (22, 32, 50, 61). The recent report
primary GBM have been reported to frequently overexby Pomerantz et al (58) emphasizes the importance of
press EGFR as well as MDM2 (22). If this were theanalyzing multiple genetic changes such as*$19
case, a large number of GBM would be expected to bpl16"*, MDM2 and p53 in the same tumor sample in
double positive for EGFR and MDM2 and lack p53order to distinguish common from alternative genetic
gene mutations. In this series of 80 unselected GBMyathways in the development of cancers. Accordingly,
equal numbers of EGFR or p53 immunopositive ormutations in tumor suppressor genes which are mutual-
immunonegative tumors were positive or negative folly exclusive, such as inactivation of p16 or Rb, argue for
MDM2 protein expression (Table 5). Co-expression ofthe disruption of a common genetic pathway through
p53 and MDM2 in unselected series of GBM also hasvhich both tumor suppressor genes exert their activity, a
been reported by Korkolopoulou et al (32) and Rainov ecommon event in GBM (50, 54-56). It is tempting to
al confirming our observation (33). However, overex-speculate that the GBM variant lacking alterations in the
pression of MDM2 was associated with poor survival inp16 gene may represent a variant in which the®p19
GBM in these studies which differs from our finding gene itself or the p2¥/MDM2/p53 pathway may be
(32, 33). Clearly, future studies will be needed to furtherderegulated. Future studies will be required to determine
clarify the association between aberrant overexpressiowhether inactivation of the p19 gene is associated
of EGFR and MDM2 and MDM2 and p53 in variants of with deregulated expression of the MDM2 gene in GBM

664 E. Newcomb et al: Survival of Patients with Glioblastoma Multiforme



and inactivation of the pt9/MDM2/p53 pathway. 3.
In summary, we have shown that deregulated expres-
sion of several critical growth control genes p16, p53,
EGFR, MDM2 and Bcl-2 frequently occurs in GBM, 4
but none serve as independent prognostic factors to pre-
dict biologic behavior for GBM and patient survival.
This suggests that other genes, presently unidentified,
may play a significant role in malignant transformation
and may be more closely correlated with clinical out- °
come. In addition, our analysis by age category has
shown that genetically defined variants of GBM includ-
ing the progressive (pS8EGFR) or de novo (p53
/EGFR) GBM variants have similar clinical outcomes.
Our findings are supported by a recent case control®
study which evaluated the survival of patients whose
GBM began as low-grade astrocytomas that progressed
to higher gradeversusthose patients whose tumors
arose asle novoGBM and found no significant differ- 7.
ences (15). In this study, patients were matched for
tumor histology which included GBM, anaplastic oligo-
dendroglioma and mixed anaplastic glioma, age at diag-
nosis (median 41 years), Karnofsky performance score
(mean 83-86), and type of surgery that confirmed theo,
tumor histology. The overall median survival for 68
patients with GBM beginning as low grade tumors was

8.

19.7 months compared with 22.0 months for 68 patients1©:

with matchedde novatumors (15). Although this series
of tumors has not been evaluated for genetic alterations,

the authors concluded “that gliomas with a given malig- 11

nant phenotype have similar clinical behavior even

though they arose by several distinct genetic pathways”12.

(15). The challenge for molecular neuro-oncologists
will be to catalogue multiple genetic alterations in a sin-
gle GBM specimen in order to distinguish common
from alternative genetic pathways and to ultimately
refine genotype analysis of GBM variants so that they
may be associated with better patient management and

increased survival. 14.
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EDITORIAL

Subsets of Glioblastoma: Clinical and Histological
vs. Genetic Typing.

Paul Kleihues, M.D.

International Agency for Research on Cancer (IARC), 69372
Lyon, France

The glioblastoma is difficult to beat. It has resisted a
variety of therapeutic approaches and although some
patients show remission and longer survival, attempts to
identify predictive factors for response to therapy have
largely failed. This includes histopathological features,
none of which have been found to reliably predict indi-
vidual prognosis.

During the past decade, a wealth of information has
accumulated on genetic alterations associated with the
evolution of glioblastomas. Additionally, putative sup-
pressor genes on chromosomes 10 and 19 are likely to
be identified in the near future. As early as 1993, evi-
dence began to accumulate that there are different path-
ways leading to the glioblastoma as the common pheno-
typic endpoint (2, 7) and more recently, patterns of
genetic alterations have been assigned to clinically and
histologically defined entities (1, 8). It has long been
recognised that glioblastomas may develop after a short
clinical historyde novgi.e. without an identifiable, less
malignant precursor lesion. They have been termed “pri-
mary glioblastomas,” affect older patients, and typically
contain EGFR overexpressionPTEN mutations,pl16
deletions, and less frequentliyJlDM2 amplification.
“Secondary glioblastomas” develop through progres-
sion from low-grade or anaplastic astrocytoma, affect
younger patients, and commonly contajpb8 mutation
which is typically already present in the respective pre-
cursor lesion.

The paper by Newcomeét al in this issue oBrain
Pathologyaddresses a problem of considerable clinical
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importance in attempting to correlate the patterns ofReferences

genetic alterations in glioblastomas with clinical out- 1.
come. They assessed altered expressiopléf p53
EGFR MDM2, andBcl-2 genes but found that survival

of patients with or without altered gene expression
showed no significant difference by age group or gene
expression. This lack of predictive value may seem dis-
appointing, but there are several factors to be consid-3.
ered. | humbly disagree with the authors’ approach to
type glioblastoma subsets exclusively on the basis of
gene expression profiles. The genetic pathways leading"
to the evolution of primary and secondary glioblastomas
outlined above have been largely derived from cohorts
of patients stringently selected on the basis of clinicals.
history and sequential biopsies. The observation that
glioblastomas from patients with histologically proven
progression from low-grade astrocytoma typically con-
tain ap53 mutation does, in my experience, not allow g
the conclusion thaall glioblastomas with @53 muta-

tion have progressed from a prior low-grade glioma.
Similarly, two thirds ofde novoglioblastomas with a
very short clinical history contain an EGFR amplifica-
tion/overexpression, but there are no data showing that”
all glioblastomas with this genetic alteration have devel-
opedde novo Thus, the classification by the authors of
p53+/EGFR- glioblastomas as secondary (or, in theirs.
terminology, progressive) and p53-/EGFR+ lesions as
primary glioblastomas is presumptive. More subtypes of
glioblastoma may exist with intermediate clinical and
genetic profiles (3). This is exemplified by the giant cell
glioblastoma, a histologically distinct variant that shares
with primary @e nov glioblastomas a short clinical
history, the absence of a less malignant precursor lesion,
and a 30% frequency &fTENmutations (6). With sec-
ondary glioblastomas it has in common a younger
patient age and a high frequency&B8mutations (4, 5).
Thus, the currently available data are insufficient for a
substitution of clinical and histological classification by
genetic typing. More work in this exciting research field
may eventually lead to the identification of combined
clinical, histological, and genetic profiles of astrocytic
tumors, which will hopefully be predictive for response

to therapy and survival.
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