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ABSTRACT
Purpose: Glioblastoma multiforme (GBM) is a highly
lethal neoplasm with a median survival of ⬃1 year. Only
2–5% of patients originally diagnosed with GBM will survive > 3 years. Whether tumors from these long-term survivors (LTSs) exhibit molecular genetic differences compared with typical GBM survivors is not known.
Experimental design: Tumors from 41 patients initially
diagnosed with GBM and having survival > 3 years (LTS)
was compared with 48 GBMs from short-term survivors
(STSs, survival < 1.5 years) for p53 aberrations (expression/
mutation), epidermal growth factor receptor overexpression, mdm2 overexpression, and proliferation index.
Results: Nuclear p53 expression was significantly more
frequent in the LTS group. However, no difference in the
rate of p53 mutation was evident. Overexpression of epidermal growth factor receptor was slightly more frequent in the
STS patients, but this is not statistically different. mdm2
overexpression was significantly more frequent in the STSs,
and this group had a significantly higher median proliferation index.
Conclusion: Long-term GBM survivors were more
likely to have p53-overexpressing tumors, although a differ-
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ence in p53 mutation rate could not be detected. They were
less likely to exhibit mdm2 overexpression and had a lower
proliferation rate compared with typical GBM survivors.

INTRODUCTION
GBM4 represents an important clinical problem. Despite
many years of intense investigation and novel therapies, the
clinical outlook for patients with this tumor has not changed in
two decades, and their median survival remains at ⬃1 year after
initial surgical diagnosis (1). A greater understanding of the
molecular genetic abnormalities involved in the pathogenesis,
biological behavior, and therapeutic response of these tumors
may identify new targets for therapy and thereby improve our
ability to treat them successfully.
Over the past decade our knowledge of the mechanisms
that result in the malignant transformation of gliomas has increased significantly. Aberrations in oncogenes and tumor suppressor genes have been characterized in glial tumors, and,
based on this information, genetic subtypes of individual tumors
have been identified (2). Specific aberrations have been found to
be associated with the biological and clinical variability observed between patients with histologically similar tumors. To
illustrate, anaplastic oligodendrogliomas that show combined
loss of 1p/19q have been correlated with increased chemosensitivity and prolonged survival compared with individuals with
tumors that have retained these chromosomal arms (3).
In regard to the molecular pathogenesis of GBM, among
the most common aberrations are mutation in p53, amplification/rearrangement of the EGFR, and amplification/overexpression of mdm2. p53 regulates genes that induce G1 cell-cycle
arrest or apoptosis in response to genotoxic stress. p53 mutation
was one of the first genetic aberrations identified in astrocytic
tumors and is thought to be an early event in the pathogenesis of
astrocytic tumors (4). Amplification/overexpression of the
EGFR has been identified as one of the most common aberrations in GBM. Activation of the receptor by its ligand results in
the inducement of downstream signaling pathways, including
the ras-mitogen-activated protein kinase signaling pathway,
which confers a growth advantage in astrocytes. An internally
rearranged form, designated EGFR vIII, is frequently found in
GBM (5). This mutant receptor is a truncated variant that is
ligand independent and constitutively activated. mdm2 is also a
frequently amplified gene in GBM. This protein forms a complex with p53 inhibiting its transcriptional ability. Thus, amplification and consequent overexpression of mdm2 are understood
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The abbreviations used are: GBM, glioblastoma multiforme; STS,
short-term survivor; LTS, long-term survivor; EGFR, epidermal growth
factor receptor; KPS, Karnofsky performance score; UCSF, University
of California, San Francisco; CI, confidence interval.
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to be an alternative means by which p53 function is lost, in
addition to p53 mutation (6).
It has not been firmly established which, if any, of the
molecular genetic aberrations important for the pathogenesis of
GBM represent prognostic factors. The identification of molecular genetic markers or combinations of markers that are associated with survival in patients with GBM would be beneficial
for its diagnostic and prognostic potential and in identifying
genes associated with aggressive biological behavior for targeted therapy. In this regard, the prognostic significance of these
aberrations and of proliferation index in GBM remains unresolved despite multiple studies, some with conflicting results
(7–11). We have found that the prognostic significance of these
aberrations may be complex and best observed in subsets of
patients with GBM (12). Known clinical parameters associated
with better prognosis in GBM include younger age at diagnosis
and high KPS (13). Nevertheless, most patients with this illness,
including those that are young with a high KPS, succumb to it
after a year despite intensive therapy. However, there is a range
of survival time, which is not accounted for by current clinical
or histological parameters. A small number of patients with
histologically confirmed GBM survive 3 years or longer after
initial surgical diagnosis (14, 15). Although they represent a
minority (2–5%) of patients, a comparison of these patients with
STSs would test the hypothesis that tumors from LTSs are
genetically distinct from STSs. Previous studies of long-term
GBM survivors have predictably identified, based on our understanding of clinical factors associated with outcome, that as
a group these patients tend to be younger, and have a higher
initial KPS and lower proliferation indices when compared with
typical GBM survivors (14 –18). But to date, specific molecular
genetic differences have not been identified between long-term
and short-term GBM survivors.
In this report, we compare two cohorts of GBM patients,
one of which survived ⬍ 1.5 years after initial surgical diagnosis
(STSs) with a group which survived ⱖ 3 years (LTSs). The two
groups were of similar median age to control for this important
prognostic variable. Tumor samples from each group were
tested for mdm2 and EGFR overexpression, proliferation index,
and abnormalities in p53, including aberrant expression and
mutation. The results of this comparison identify specific molecular differences between these two groups.

MATERIALS AND METHODS
Patient Population. LTSs were obtained from three
sources: the UCSF neuro-oncology service database (26 cases),
the Tom Baker Cancer Center, University of Calgary (10 cases),
and the Mayo clinic (5 cases). All of the LTSs were selected for
the study on the basis of survival (ⱖ36 months), an original
histopathological diagnosis of glioblastoma, and the ability of
the investigators to obtain paraffin-embedded tumor tissue or
unstained slides. Cases with biopsy proven low-grade astrocytic
precursors or radiographic evidence of a possible low-grade
precursor were excluded. Slides from each case were reviewed,
and a diagnosis of glioblastoma was confirmed using the WHO
criteria for GBM (19).
The 48 STSs were all selected from the UCSF database.
These were patients originally diagnosed with GBM who had a

survival of ⱕ 18 months. Because most of the LTSs were in the
younger age groups, STSs had an age constraint of ⱕ 50 years
to give the two groups similar median ages. Analysis on both
patient groups was done only on pretreatment diagnostic tissue.
Although possible treatment differences between the two
groups was not specifically considered in the comparison, standard treatment for GBM patients with these clinical characteristics was maximal resection followed by 60 Gy of external beam
radiation. Many patients would also receive chemotherapy, either as an adjuvant to radiation or at recurrence. The UCSF
patients, which comprise the majority of the LTSs and all of the
STSs, were each registered in clinical trials at some point during
the course of their illness. Therapy for the LTSs from the
Calgary group has been discussed previously (14).
Immunohistochemistry. Once paraffin blocks were obtained, a block with representative tumor tissue was chosen for
study and 5-m sections placed on positively charged slides.
Multiple serial sections from each case were stored for later
staining. The immunohistochemical procedures were routine
and were performed as described previously (12). Primary antibodies used were all mouse monoclonals and were obtained
and used as follows: anti-p53 (DO-7; Dako; 1:150 dilution),
anti-EGFR (Clone 528; Calbiochem Oncogene Research; 1:50
dilution, which recognizes wild-type and the most common
rearranged form), anti-mdm2 (Ab-1; Calbiochem; 1:150 dilution), and anti-Ki-67 (MIB-1; Dako; 1:500 dilution).
Each slide stained for p53, EGFR, mdm2, or MIB-1 was
individually reviewed and scored by one neuropathogist (K. A.).
Scoring for p53 and mdm2 was based on nuclear staining on a
four-point scale from 0 –3. A score of 0 indicated no staining, 1
indicated ⬍ 5% of nuclei with positive staining, 2 indicated
5–30% of nuclei stained, and 3 was ⬎ 30% of nuclei positive.
For purposes of statistical analysis, all of the 0 and 1 p53 and
mdm2 scores were later condensed to a score of “negative,”
whereas the scores of 2 and 3 were condensed to a score of
“positive.”
The EGFR antibody typically stained the cell membrane,
often with some accompanying cytoplasmic staining. Scoring
was on a three-point scale with 0 indicating no staining, 1
indicating light or focal staining, and 2 indicating strong staining. For statistical analysis a score of 0 was treated as “negative”
and a score of 1 or 2 was considered “positive.” Alternative,
more stringent cutoff points for p53, mdm2, and EGFR were
tested but did not significantly alter the results (not shown).
MIB-1 scoring was accomplished by determining the percentage
of positive nuclei after counting 1000 tumor cells or as many as
possible in the case of small specimens.
p53 Genetic Analysis. An effort was made to obtain p53
sequence on all of the cases. LTS and STS tumors for whom
adequate DNA was available were analyzed for p53 mutations
in exons 5– 8. Established procedures were used to extract DNA
from paraffin tissues. Sequencing on exons 5– 8 was done after
PCR amplification using established primers on an ABI sequencer as described previously (12).
Statistical Analyses. Survival time was established as
the interval from initial surgery to patient death or last official
contact. Fisher’s exact test was used to assess the significance of
p53, EGFR, and mdm2 scores between the two groups. This
method was also used to determine the significance of the p53
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Fig. 1 Histopathology of glioblastoma
from LTSs. Representative photomicrographs of tumor specimens showing features of GBM. A, case 20 shows tumor
necrosis (arrowheads). B, case 16 demonstrates marked nuclear atypia and pseudopallisading necrosis (arrows). C, case 14
shows microvascular proliferation characteristic of GBM (arrowheads). D, case 25
displays high cellularity and features of
small cell GBM.

mutation rate, in addition to the presence of necrosis and microvascular proliferation between the two groups. Multivariate
analysis (logistic regression) was done to identify associations
of marker status with prognosis. A Mann-Whitney test was used
to compare the values of Ki-67 index from each patient cohort.
Cox proportional hazards regression was used to identify prognostic factors within the LTS group. Patients who were alive at
last known contact were considered censored for the Cox analysis. Given the exploratory nature of this study, we report
nominal Ps without adjustment for multiple comparisons. This
is done to reduce the chance of not identifying potentially
important associations because of the reduction of power that
accompanies standard methods of adjustment.

RESULTS
Patient Characteristics and Histological Features. The
LTS population consisted of 16 males and 25 females with a
median age at diagnosis of 39 years (range ⫽ 21–75 years).
Median survival for the group was 59 months (Kaplan-Meier).
Fourteen patients were alive at last contact with median follow-up of 66.5 months (range ⫽ 38 –179). Median KPS at initial
diagnosis was 90 (range ⫽ 60 –100).
For inclusion into this study, histopathology from all of the
cases was reviewed to confirm that features of glioblastoma
(WHO) were present. After this review, several cases initially
diagnosed as GBM were deemed to have a significant oligodendroglial component and were excluded from this study. Prominent microvascular proliferation and necrosis are essential diagnostic features of GBM, and the WHO requires the presence
of either for the diagnosis of GBM. As such, a comparison of
these features was made between the two groups. For the LTSs,
necrosis was present in 31 of 41 (76%) cases versus 40 of 48
(83%) STSs (P ⫽ 0.43; Fisher’s exact test). The frequency of
microvascular proliferation also did not significantly differ between the two groups and was present in 36 of 41 (88%) LTSs
versus 46 of 48 (96%) STSs (P ⫽ 0.24; Fisher’s exact test). Four

Table 1 Clinical comparison of LTSs and STSs
A comparison of the median age (years), KPS, gender (% of cohort
that is female), survival (months), and the Ps of both patient groups.
Statistical tests performed were Mann-Whitney (for age and KPS) and
Fisher’s exact test (for gender).

Age (yrs)
KPS
Gender (% F)
Survival (mo.)

LTS

STS

P

39
90
60%
59.0

42
90
38%
11.5

0.97
0.83
0.03

representative LTS cases demonstrating histological features
diagnostic of GBM are shown in Fig. 1.
The STS cohort consisted of 48 patients (30 males and 18
females). The median age at diagnosis was 42 years (range ⫽
22–50). Median survival for the STSs was 11.5 months
(range ⫽ 3–18 months), and median KPS was 90 (range ⫽
50 –100). A comparison of the clinical features for the two
patient groups is summarized in Table 1. There was no significant difference in median age (LTS 39 versus STS 42 years;
P ⫽ 0.97; Mann-Whitney) or median KPS (90 versus 90; P ⫽
0.83; Mann-Whitney) between the two groups. However, there
were more women present in the LTS cohort than in the STS
cohort (60% versus 38%; P ⫽ 0.03; Fisher’s exact test).
Immunohistochemistry and p53 Mutations. Table 2
shows the results of p53, EGFR, and mdm2 expression for LTSs
along with the p53 mutation status for each case. An effort was
made to obtain p53 sequence on all of the cases. Twenty of 41
LTSs had DNA sufficient for amplification and subsequent p53
gene sequencing for exons 5– 8. Results for the 48 individual
STSs are described in Table 3. Twenty-six of 48 STSs had p53
sequencing data.
A comparison of these results for the LTS and STS cohorts
is summarized in Table 4. Significantly higher nuclear p53
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Table 2 p53, EGFR, mdm2, and Ki-67, and status for LTS GBMs
Individual results are given by case number. Results based on
immunohistochemistry are scored as “⫹” or “⫺”, except for Ki-67,
which is expressed as percentage of positive cells. For the p53 gene, the
mutation is represented by showing the mutated codon and amino acid
change.
Case

p53 protein

p53 gene

EGFR

mdm2

Ki-67

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺

codon 266 gly3arg
WTa
WT
codon 152 pro3leu
WT
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
WT
codon 273 arg3cys
ND
WT
ND
ND
WT
WT
ND
WT
ND
WT
WT
ND
codon 280 arg3gly
ND
WT
WT
ND
ND
WT
codon 250 arg3cys
ND
WT
ND
WT

⫹
⫺
⫹
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺

⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫹
⫺
⫹
⫺
⫺
⫺
⫺
⫹
⫺
⫹
⫹
⫺
⫹
⫹
ND
⫹
⫺
⫺
⫹
⫺
⫹
⫺
⫺
⫺
⫹
⫹

50.1
22.9
31.3
35.5
16.4
5.2
24.0
3.4
11.4
3.8
16.8
16.2
12.5
15.0
6.6
68.1
6.9
21.5
9.5
12.6
50.1
7.8
85.2
4.4
56.0
4.0
20.3
41.4
38.4
5.9
12.0
34.1
12.5
10.8
13.5
23.0
43.4
19.0
ND
7.9
15.2

a
WT, wild type; ND, not determined because of unamplifiable
DNA or unavailable slides.

protein accumulation was present in the LTS (85%) versus the
STS group (56%; P ⬍ 0.01). However, there was no difference
in the mutation rate between the two cohorts (25% versus 31%;
P ⫽ 1.0). The rate of p53 overexpression for the LTSs with p53
mutations was 100% (5 of 5), whereas the STS rate of p53
expression for mutated cases was 88% (7 of 8). LTSs in which
no mutation could be detected had a p53 positivity rate of 87%
(13 of 15) versus 61% (11 of 18) for STSs. Whereas EGFR
overexpression was more common in the STSs (25%) than the
LTSs (12%), this result was not statistically significant. mdm2
overexpression was more frequent in the STS tumors (75%) as
compared with the LTSs (45%; P ⬍ 0.01). The median MIB-1
labeling index was higher (28.1%) for typical survivors compared with 15.7% for the LTS group (P ⬍ 0.01).

Table 3 p53, EGFR, mdm2, and Ki-67, and status for STS GBMs
Individual results are given by case number. Results based on
immunohistochemistry are scored as “⫹” or “⫺”, except for Ki-67,
which is expressed as percentage of positive cells. For the p53 gene, the
mutation is represented by showing the mutated codon and amino acid
change.
Case p53 protein
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

⫺
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
⫹
⫹
⫺
⫺
⫺
⫹
⫺
⫹
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫺
⫹
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫺
⫺
⫹
⫺
⫺
⫺
⫹

p53 gene
WTc
ND
WT
WT
ND
WT
ND
WT
WT
WT
ND
WT
WT
ND
ND
ND
ND
ND
codon 273 arg3his
codon 132 lys3thr
ND
WT
ND
ND
ND
ND
WT
WT
WT
WT
ND
WT
codon 273 arg3his
ND
ND
ND
codon 152 pro3leu
codon 175 arg3his
codon 237 met3ile
WT
WT
ND
ND
codon 273 arg3cys
WT
ND
ND
G-C splice site intron 4

EGFR mdm2 Ki-67
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫹
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫹
⫹
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫺
⫹
⫺
⫺
⫹
⫹
⫹
⫺
⫺

⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫺
⫹

40.0
19.6
7.9
19.0
18.6
62.1
53.7
15.4
69.9
28.3
16.1
35.5
38.2
23.1
35.8
26.6
50.1
27.8
12.7
17.8
16.1
39.1
59.4
29.1
39.0
14.7
33.6
21.4
20.6
58.0
41.0
15.4
26.6
55.3
23.9
50.2
46.2
30.2
37.9
58.1
26.9
22.5
6.2
7.3
17.9
51.6
10.8
44.1

a
WT, wild type; ND, not determined because of unamplifiable
DNA and/or unavailable slides.

Because STSs were more likely to be immunonegative for
p53, immunopositive for mdm2, and have a high proliferation
index, we asked whether combinations of these variables could
additionally separate the two groups. To facilitate this, we used
a cutoff of 20% to dichotomize the Ki-67 index. Table 5 shows
that 13 of 48 (27%) of the STS patients showed this molecular
profile, whereas only 1 of 41 (2%) of the LTS group showed
this. p53/Ki-67 and p53/mdm2 profiles also appeared to distin-
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Table 4 Comparison of marker status of LTS to STS GBMs
Results for p53 protein, EGFR, and mdm2 are expressed as the
percentage of positive cases within each group. p53 gene is expressed as
percentage of mutations in exons 5– 8. Except for Ki-67, Ps are from
Fisher’s exact test. Ki-67 indices are expressed as medians and are
compared using a Mann-Whitney test. The SDs/SEs for the Ki-67 are
LTS: 19.0/3.0 and STS 16.5/2.4.
Marker

LTS

p53 protein
p53 gene
EGFR
mdm2
Ki-67

85% (35/41)
25% (5/20)
12% (5/41)
45% (18/40)
15.7 (range 3.4–85.2)

STS

P

56% (27/48)
⬍0.01
31% (8/26)
1.0
25% (12/48)
0.12
75% (36/48)
⬍0.01
28.1 (range 6.2–69.9) ⬍0.01

guish these two groups of patients, although these profiles were
not as sensitive (Table 5).
Multivariate analysis, using logistic regression with stepwise backward elimination, was performed. The inclusion of
p53, EGFR, mdm2, MIB-1, KPS, age, necrosis, and microvascular proliferation as covariates identified p53 expression and
mdm2 as independently associated interactions with survival.
When only these two variables were included, p53 positivity
was a favorable prognostic factor (odds ratio ⫽ 0.24; 95% CI
0.08 – 0.71; P ⬍ 0.01), whereas mdm2 positivity was associated
with poor survival (odds ratio ⫽ 3.26; 95% CI 1.31– 8.15;
P ⫽ 0.01).
Because the LTS cohort showed a wide range of survival
time, we tested whether any of the clinical characteristics or
individual marker analyses were associated with survival time
within this group. On univariate analyses using Cox regression,
only EGFR overexpression was significantly associated with
survival. The association of positive EGFR expression with
worse survival remained after adjustment for relevant clinical
variables (age and KPS) showing a hazard ratio of 7.1
(P ⫽ 0.03).

DISCUSSION
Relevant clinical and biological markers can be found by
comparing molecular genetic aberrations in tumors from patients that comprise opposite ends of a survival spectrum (20 –
22). To date, little data exist comparing GBM patients with LTS
with typical GBM survivors. If it can be determined that genetic
differences exist between these two groups, additional investigation could lead to molecular markers that better predict patient
survival or more importantly lead to therapies targeted at the
most critical genetic aberrations that prescribe biological aggressiveness in a tumor. By using immunohistochemical analysis for p53, mdm2, EGFR, and proliferation index, and additionally determining p53 mutation status in a subset of these
tumors, this study suggests the molecular patterns from the
glioblastomas in patients that survive long-term have molecular
aberrations distinct from those of typical survivors.
Previous studies of long-term GBM survivors have found
that this group of patients tend to be younger than the median
age of all GBM patients (55– 60 years; Refs. 14, 15, 17, 23), a
finding reproduced in this study. Given the importance of age
and prognosis, we selected a group of typical survivors of
similar median age. Histological review of the LTSs revealed

Table 5 Multimarker profile comparison of LTS and STS patients
Since STS patients were more likely to be p53-negative, mdm2positive, and have a higher Ki-67 labeling index, the number of cases
from each group showing each pairwise profile and the combination of
all three. Ki-67 scores were dichotomized, where “Ki-67⫹” indicates a
labeling index of ⬎20%.
Profile

LTS

STS

P

mdm2⫹/Ki-67⫹
p53⫺/Ki-67⫹
p53⫺/mdm2⫹
p53⫺/mdm2⫹/Ki-67⫹

11/41 (27%)
2/41 (5%)
3/41 (7%)
1/41 (2%)

27/48 (56%)
16/48 (33%)
16/48 (33%)
13/48 (27%)

⬍0.01
⬍0.01
⬍0.01
⬍0.01

that no significant differences in microvascular proliferation and
necrosis, hallmarks of GBM, could be identified. As part of that
review, several cases were noted to show features of oligodendroglioma, a glioma with an improved prognosis. This finding
has been reported previously (24); therefore, these cases were
excluded from this analysis to include only those cases with
diagnostic features of GBM.
We found that LTSs with GBM had a higher rate of
abnormal p53 protein expression, as 85% of these cases were
scored positive, compared with 56% of typical survivors. The
fact that previous studies in unselected populations of GBMs
show a p53-immunopositive rate of ⬃60% suggests that the
tumors from the LTS group are different from most GBMs in
regard to the rate of p53 expression (25, 26). The high rate of
p53 immunopositivity led us to hypothesize that the LTS tumors
would exhibit a correspondingly higher rate of p53 mutations.
However, an unanticipated finding was the similarity in p53
mutation rates between the two cohorts (LTS 25%, STS 31%).
The underlying reason for the high rate of p53 protein accumulation in the absence of detectable mutations in the LTS is not
clear. Because our sequencing was limited to exons 5– 8, it
remains formally possible that the LTS may exhibit mutations
outside this highly conserved region, although such mutations
are rare (27). Because numerous LTS cases were obtained from
procedures performed many years ago, in most cases we were
unable to obtain DNA of sufficient amount and quality to test
whether mutations were present in additional exons. Whereas
cytoplasmic localization of wild-type p53 has been proposed as
a mechanism by which p53 function is abrogated, we found no
cytoplasmic p53 staining in our cohort (28). The p53 network is
complex, and it is possible that an increased frequency of
nuclear wild-type p53 overexpression is a sign of abnormalities
in other components of the p53 pathway (29). Our data suggest
that there are mechanisms operating in LTS GBMs that result in
the stable expression of wild-type p53. Supporting this hypothesis is a report published in 1996 by Morita et al. (23). They
found p53 immunopositivity in the absence of any detectable
p53 gene mutations in a study of LTSs. Discordant p53 expression has also been described as operative in various studies of
astrocytic tumors along with other tumor types (25, 30, 31). One
consideration from these results is that the molecular aberration(s) that account(s) for stable expression of wild-type p53 in
GBM may be used in part to distinguish, either quantitatively or
qualitatively, LTS GBM from STS GBM.
p53 expression was identified as a positive prognostic
factor by logistic regression analysis including both groups, and
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LTSs in this study were predominantly p53 positive/EGFR
negative. This finding is in contrast with a previous study that
found p53 positivity/EGFR negativity to be a poor outcome
predictor in young patients (12). Moreover, that study showed
the prognostic significance of EGFR varied with the p53 status
of the tumor. This interaction between p53 and EGFR was not
found in the LTS cohort. One possible explanation for these
discrepancies is, in choosing the LTS GBMs, we have selected
tumors that are truly biologically different from the majority of
GBMs. As such, the relevance of molecular markers and patient
outcome can only be assessed in the context of similarly identified clinical cohorts, which is not the case between these two
studies.
EGFR has been studied as a prognostic factor in gliomas
singly and in combination with other molecular markers (9, 32,
33). However, a consensus has not been reached in regard to the
significance of this marker as a prognostic factor. In this study,
overexpression of EGFR was more common in the STS group,
but this difference was not statistically significant (P ⫽ 0.18).
However, on Cox analysis of the LTS group in isolation, EGFR
expression was a negative prognostic factor even after adjustment for age and KPS. Yet, the significance of this finding is
tempered somewhat because of the small number of EGFRpositive cases in this cohort. Chromosome 7p amplification
(where EGFR resides) is common in glioblastomas, and it is
possible that this may represent a better marker than EGFR
expression to differentiate the two groups. However, in a study
comparing genetic aberrations identified by comparative
genomic hybridization, we have found that 7p amplification
rates were slightly increased but not significantly different in
short-term (6/24, 25%) versus long-term GBM survivors (6 of
39; 15%),5 a finding which corroborates our EGFR expression
data.
Several studies have looked at clinical outcome and mdm2
expression with mixed results. One report found conflicting
results on the prognostic significance of mdm2 depending on
clinical end point being measured (overall survival versus disease-free survival at recurrence; Ref. 34). Another study found
mdm2 positivity to be a negative predictor of survival (35).
Consistent with this, the proportion of mdm2-positive cases was
significantly higher in our STS group. Similarly, proliferation
rate has not been a consistent predictor of outcome in GBM
(36 –38). The median proliferative index in our LTS cohort was
lower than that in the typical survivors. This finding is consistent with other studies that have looked at this question in LTSs
and found the longer survivors to have lower proliferative
indices than the short-term group (14). It is possible that the use
of patients at the extreme ends of survival allows one to identify
differences not present when cases with a narrow range of
survival time are examined.
No single marker predicted long-term survival in this
study, and we asked whether multimarker profiles might improve the molecular distinction between the two groups. Because STS cases were more likely to be p53-negative, mdm2
positive, and have a high Ki-67 labeling index, cases fitting this

5

E. Burton and K. Aldape, unpublished observations.

profile were compared between the two groups. Table 5 shows
that only 1 LTS case showed this profile, whereas 13 of 48 STS
cases showed this. Differences were more modest when only
two markers were used. While clearly not specific, this raises
the possibility that multimarker profiles may improve our ability
to predict or rule out long-term survival in GBMs. We have
found by comparative genomic hybridization that some of the
LTS cases show combined loss of 1p and 19q,5 a marker of
improved outcome in oligodendroglioma (3, 39). Whereas only
6 of 39 LTS cases showed 1p/19q loss, 0 of 24 STSs has these
combined losses, suggesting that this may be a relatively specific but by no means universal marker profile in long-term
GBM survivors.
These findings support the hypothesis that disparate survival seen in patients with GBM may be rooted in genetic
differences between the tumors. In contrast, a similar study to
this done by Kraus et al. (40) compared two groups of patients
(42 patients total) with GBM, segregated by time to tumor
progression (ⱕ 6 versus ⱖ 24 months) after surgery, as a
surrogate for overall survival. No association of p53, EGFR, and
mdm2 with time to tumor progression was identified. Several
relevant differences between this and the current study can be
noted. The sample size in our study was larger, increasing the
statistical power to detect differences. In addition, they found
only 1 of 40 cases to be mdm2-positive, whereas more than half
of our cases were mdm2-positive, perhaps a reflection of the
different antibodies used. The average patient age in their study
(50 years of age) was older than in our cohort (42 years of age).
Finally, it is possible that the use of a surrogate marker for
survival in their study may explain in part the differences
between this and the current study.
Glioblastomas have been stratified into subgroups based on
p53 mutation and EGFR expression being mutually exclusive
events (41). EGFR-amplified glioblastomas are more commonly
seen in the group of patients with tumors that develop de novo
(primary GBM). p53-mutated glioblastomas are more commonly seen in patients with GBMs that have developed from
less malignant precursors (secondary GBM). Clinically, patients
with secondary GBMs must have previous biopsy evidence of a
lower grade tumor or perhaps radiographic evidence of the
same. Lengthy symptomatology has also been used as a criterion. Whereas a detailed history of previous radiology and
clinical symptoms is not known for our cohorts, a minimal
requirement for inclusion was that the initial histology was
diagnostic of GBM. One consideration that must be addressed is
that the molecular differences between our patient groups may
in part be attributable to differing ratios of primary or secondary
GBMs included in each group. However, we see in this study
that the rate of p53 mutation and EGFR overexpression did not
differ between the STS and LTS groups. Therefore, it is likely
that the two cohorts did not differ in their proportions of these
GBM subtypes.
An unexpected finding was a relatively high proportion of
women among the LTS group (60%). Gliomas are more common in men, as evidenced by the gender proportion in the STS
group (30 men and 18 women). Analysis of data from our
previous study (12) revealed no association of gender with
marker status (not shown). Whereas one large study has reported
than women with malignant glioma may have improved survival
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compared with men (42), gender is not a well-established prognostic factor in GBM, and the reproducibility of this gender
difference awaits confirmation from additional studies.
To our knowledge, this is the largest sample size of longterm GBM survivors that has been compiled and examined for
molecular markers. We have found that there are differences in
the tumors of GBM patients that survive longer than 3 years
when compared with tumors from a cohort of patients with
similar age and KPS but with poor survival. We noted differences in the rate of abnormal p53 expression (without differences in the mutation rate), mdm2 overexpression, and proliferation rate. Studies examining additional genetic differences in
tumors from patients exhibiting disparate survival may shed
more light on the biologically important aberrations in these
aggressive tumors.
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