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Abstract
Aims—To evaluate a possible association
between clinical outcome in patients with
glioblastoma and expression of some
immunohistochemical variables and apo-
ptosis.
Methods—168 selected patients with cer-
ebral glioblastomas were studied retro-
spectively. Tumour specimens were
examined immunohistochemically with
antibodies to proliferating cell nuclear
antigen (PCNA), p53, bcl-2, and epider-
mal growth factor receptor (EGFR) to
detect the intracellular receptor domain.
Apoptosis was detected by in situ end
labelling. Multivariate analysis was per-
formed using the Cox proportional hazard
model.
Results—On univariate analysis the
PCNA labelling index, immunoexpression
of EGFR, and the apoptotic index were
significantly related to glioblastoma out-
come. Survival time was reduced as
PCNA labelling index increased and apo-
ptotic index decreased (p = 0.0073 and
p = 0.00031, respectively). Survival time
in patients with EGFR positive tumours
was found to be reduced (p = 0.00024).
Multivariate analysis showed independent
prognostic value for the EGFR positivity
and apoptotic index only (p = 0.0053 and
p = 0.0039, respectively).There was no
association between clinical outcome of
glioblastoma and p53 or bcl-2 immuno-
staining.
Conclusions—EGFR immunoreactivity
and apoptotic index were found to be use-
ful for assessing prognosis of individual
glioblastomas but it seems unlikely that
p53 and bcl-2 immunohistochemistry will
be of value in determining survival in such
patients.
(J Clin Pathol 1999;52:574–580)
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Glioblastoma is the commonest neuroectoder-
mal tumour and the most malignant in the
range of cerebral astrocytic gliomas. The
patient’s course fully reflects the biological
aggressiveness of the tumour. Thus in spite of
multimodal treatment the median postopera-
tive survival time does not exceed 12 months.1–4

Few clinical factors have been identified as
useful for assessing the prognosis of individual
glioblastomas. Those that have are the patient’s
age, the volume of tumour resected, Karnofsky

performance status, and the use of
radiotherapy.1–4 Attempts have been made to
identify biological markers that could be useful
in predicting prognosis in these tumours. The
prognostic significance of proliferative mark-
ers, p53 gene and protein status, and epidermal
growth factor receptor amplification and over-
expression have been also tested, but the results
obtained are regarded as controversial.2 5–23

This can be explained by the use of clinically
unselected groups of patients, the simultane-
ous investigation of the whole spectrum of
astrocytic gliomas, diVerences in experimental
design, and so on.

In the present study, survival data on 168
cerebral glioblastoma patients receiving a
standard treatment protocol were studied using
univariate and multivariate analyses to evaluate
a possible association between prognosis and
expression of some immunohistochemical
variables—including proliferating cell nuclear
antigen (PCNA), p53 and bcl-2 oncoproteins,
epidermal growth factor receptor (EGFR)—
together with apoptosis, which was detected by
in situ end labelling (ISEL).

Methods
PATIENT SELECTION

One hundred and sixty eight adult patients
with newly diagnosed cerebral glioblastomas
which had been treated in the Neurosurgical
Burdenko Institute were selected for study. In
all cases a pathological diagnosis was made
according to the World Health Organisation
histological classification of central nervous
system tumours.24 The patients met the follow-
ing criteria:
1. Tumour location was exclusively lobar

without extension into the midline struc-
tures.

2. Tumours were untreated before operation.
3. All patients had undergone subtotal tumour

resection, confirmed by contrast computed
tomography within 48 hours after the opera-
tion. The volume of remaining tumour was
less than 10% of the initial neoplasm.

4. Karnofsky performance status (KPS) score
in the third week after the operation was
80–100 (not significantly handicapped and
independent of assistance).

5. All patients received postoperative radio-
therapy with a total dose of 60 Gy and
chemotherapy with nitrosourea com-
pounds.

6. Follow up data were received at least 15
months after operation with endpoint at
May 1, 1998. The statistical endpoint of
study was length of survival only.
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IMMUNOHISTOCHEMICAL ANALYSIS

Biopsy samples were immediately fixed in cold
10% buVered formaldehyde solution and
embedded in paraYn (Histowax, Leica).
Immunohistochemical investigation was per-
formed in 5 µm serial sections with a minimum
area of 1 cm2, mounted on the poly-L-lysine
coated slides (Menzel-Glaser). Monoclonal
antibodies against the following antigens were
used:
Proliferating cell nuclear antigen: clone PC10,
prediluted; Dako, catalogue No N1519; posi-
tive control, human tonsil.
p53 Oncoprotein: clone DO-7, 1:60; Dako, cata-
logue No M0776; positive control, human
colon carcinoma.
bcl-2 Oncoprotein: clone 124, microwave pre-
treatment, 1:20; Dako, catalogue No M0887;
positive control, human B cell lymphoma.
Epidermal growth factor receptor: clone F4,
1:2000; Sigma, catalogue No E3138; positive
control, human squamous cell carcinoma. This
monoclonal antibody especially recognises the
intracellular domain of receptor (product
description).

In addition, antibody against glial fibrillary
acidic protein (clone 6F2, prediluted; Dako,
catalogue No U7038; positive control, human
brain tissue) was used for confirmation of the
astrocytic nature of tumour.

The sections were incubated with all the
above mentioned antibodies overnight at 4°C.
Immunostain visualisation was achieved with
the standard streptavidin–biotin peroxidase
technique (Dako LSAB kit, catalogue No
K0675). The slides were stained with 3,3'-
diaminobenzidine, counterstained with haema-
toxylin, and mounted. For the negative control
procedure, primary antibodies were changed
for commercially produced negative control
reagents.

The investigation of apoptosis in glioblas-
toma specimens was performed by the in situ
end labelling (ISEL) method, applying the
ApopTag in situ apoptosis detection kit (Oncor,
catalogue No S7100-kit). The ISEL method is
briefly described as follows. The sections were
digested with pronase (Dako, catalogue No
S2013) for 20 minutes at room temperature
and washed in distilled water. After immersion
in 2% hydrogen peroxide for 10 minutes, the
sections were washed in phosphate buVered
solution (PBS) and incubated with equilibra-
tion buVer for 10 minutes at room temperature.
The slides then were incubated with 40 µl of the
working reagent containing terminal deoxynu-
cleotil transferase (TdT) and reaction buVer
with dATP and digoxigenin-11-dUTP. The
sections were covered with a plastic coverslip
and incubated in a humidified chamber at
37°C. After this the sections were washed in
stop/wash buVer for 10 minutes at room
temperature and subsequently in PBS. The
sections were incubated with anti-digoxigenin-
peroxidase for 30 minutes at room temperature
and washed in PBS. The slides were stained
with 3,3'-diaminobenzidine for five to seven
minutes, counterstained with haematoxylin,
and mounted. Sections of human tonsil and
lymph nodes were used as positive controls, and

sections in which TdT enzyme was omitted
were used as negative control.

EVALUATION OF IMMUNOHISTOCHEMICAL

FINDINGS

Immunostained cells were counted with the
computerised colour image analyser, Quan-
timet color 500 (Leica), using a DMRB Leitz
microscope (Leica) and a TK-1280 E colour
video camera (JVC). The information was
reproduced over the one way video out
channel.

The immunoexpression for each antigen was
evaluated using a blind method—the observers
had no information about the specimens
examined.

Images of tumour specimens were captured
on the computer screen with a 1 mm2 measur-
ing frame, and acquired and processed by cali-
brated colour detection to identify the immu-
nostained nuclei in the RGB (red-blue-green)
regimen. Undetectable nuclei were rejected by
the interactive binary edition and immunos-
tained nuclei were automatically counted. The
next step in the image preparation included
colour detection and counting of haematoxylin
stained nuclei. At least 20 fields of vision with
×400 magnification were sequentially acquired
and examined in this way.

The PCNA and p53 labelling indices were
determined in randomly chosen areas and cal-
culated as a percentage of the positively stained
nuclei over the total number of tumour cell
nuclei counted. For PCNA detection only
nuclei with homogeneous diVuse dark brown
staining were accepted for calculation; nuclei
with light or granular staining were estimated
as immunonegative. Glioblastomas having
more than 10% p53 stained nuclei were
regarded as p53 positive.7

For detection of apoptosis only fields of
vision containing immunostaining nuclei were
accepted for the calculation. The apoptotic
index was calculated as a percentage of ISEL
stained nuclei divided by the total number of
tumour cell nuclei counted. Light nuclear
staining was ignored.

Quantification of bcl-2 was done manually.
The bcl labelling index was calculated as a per-
centage of tumour cells with positively stained
cytoplasm divided by the total number of
tumour cell nuclei counted. Glioblastomas
having any number of EGFR positive cells were
considered to be EGFR positive.

STATISTICAL ANALYSIS

For statistical analysis contingency tables were
used to examine the relation between expres-
sion of diVerent antigens. The ÷2 test was per-
formed to determine whether the relations
were statistically significant. Non-parametric
Spearman rank correlation coeYcients were
used to assess the degree of linear association
between pairs of immunohistochemical and
clinical variables. Survival analyses from
the date of operation were estimated by
the Kaplan–Meier method.25 For numerically
continuous variables (age, PCNA labelling
index, bcl labelling index, apoptotic index) the
cut oV point which best subdivided patients
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into distinct survival groups was determined
according to Segal.26 Comparisons among
various patient subgroups were performed by
the log-rank test. Multivariate analysis for sur-
vival was performed using the Cox propor-
tional hazard model. Probability (p) values
< 0.05 were considered significant.27 A signifi-
cant correlation between two variables was
taken at the 95% confidence interval.

Results
CLINICAL DATA

The 168 patients included 95 men and 73
women. The age of the patients ranged from 18
to 73 years, median 50 years. Forty two
patients were under 40 years of age. At the end
point of the follow up analysis 149 patients had
died within the period 4 to 48 months after
operation; their median survival time was 11
months. Survival time for the remaining 19 liv-
ing patients ranged from 17 to 53 months;
median survival time for this subgroup was 26
months. The median survival time for the
entire cohort of patients was 13 months.
Ninety five patients survived more than one
year after their operation, 15 patients more
than two years, and seven patients more than
three years.

IMMUNOHISTOCHEMICAL ANALYSES

The PCNA labelling index for the 168
glioblastomas ranged from 25% to 66% with
mean (SD) value of 46 (9.1)%. PCNA values
of 40% or less were found in 52 tumours.

Nuclear p53 immunostaining in more than
10% of tumour cells was observed in 84 glio-
blastomas. Thirty tumours had more than 50%
immunostained nuclei.

All glioblastomas contained bcl positive cells
with diVuse cytoplasmic immunostaining.
Glioblastoma cells with abundant cytoplasm,
especially tumour gemistocytes, were more
intensively bcl positive. Quantitative evaluation
of bcl-2 overexpression in individual tumours
revealed a wide range of cell staining from
0.5% to 48%, with a mean (SD) value of 11
(9.5)%. Cytoplasmic bcl-2 immunostaining in

more than 5% of tumour cells was found in 74
glioblastomas.

One hundred and two glioblastomas were
immunopositive for EGFR and showed a
diVuse or granular intracytoplasmic staining
pattern (fig 1A). Usually clusters of immuno-
positive cells were scattered heterogeneously
through the tumour section.

Apoptotic ISEL positive cells with strong
nuclear immunostaining were found in all
tumours examined; the mean (SD) apoptotic
index for all tumours was 0.77 (0.81)%.
Necrotic areas showed slight diVuse immuno-
staining. In 74 tumours with apoptotic index
less than 0.5%, ISEL positive nuclei tended to
be concentrated around the necrotic foci,
whereas 94 glioblastomas with apoptotic index
> 0.5% showed staining nuclei scattered
through the entire tumour specimen (fig 1B).

A correlation between EGFR immunoex-
pression and apoptosis was found: the mean
apoptotic index in EGFR positive tumours was
significantly lower than in EGFR negative
tumours, at 0.52% v 0.95% (p < 0.0001, ÷2

test). No associations were found between the
remaining pairs of immunohistochemical
markers.

Patients with EGFR negative glioblastomas
were significantly younger: mean age 46 v 54
years (p < 0.001, ÷2 test). There was no corre-
lation between age and remaining immuno-
histochemical variables.

CORRELATION BETWEEN IMMUNOHISTOCHEMICAL

FINDINGS AND SURVIVAL

The Kaplan–Meier survival curves for the
patient subgroups are presented in fig 2.
Numerically continuous values for PCNA,
bcl-2, and apoptosis were grouped according to
the Segal method. Cut oV points were 40% for
PCNA, 5% for bcl, and 0.5% for apoptotic
rate. Values for p53 and EGFR were grouped
as positive v negative. The data obtained
showed that survival time was significantly
reduced as PCNA labelling index increased
and apoptotic index decreased (p = 0.0073
and p = 0.00031, respectively, log rank test).

Figure 1 Photomicrographs showing expression of prognostically
significant immunohistochemical markers. (A) Glioblastoma with
strong cytoplasmic immunostain for EGFR F4. (B) A large
number of apoptotoic ISEL positive nuclei (mean apoptotic index
4.2%) within the “viable” small cell area of glioblastoma. EGFR,
epidermal growth factor receptor; ISEL, in situ end labelling.
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Moreover, survival time in patients with EGFR
positive tumours was found to be significantly
shorter (p = 0.00024). We found no diVerence
in survival times in patients with or without
p53 immunoreactivity (p = 0.12) or in cases
with diVerent grades of bcl-2 immunostaining
(p = 0.69). In addition we found no diVerence
in survival times between patients with p53
immunoreactivity when tumours with more
than 50% of cells expressing p53 were
compared with those with less than 50% or
absence of p53 expression (p = 0.36, log rank
test).

Multivariate analysis was performed using
the Cox model and the results are presented in
table 1. The single variable model shows that
survival time in glioblastoma patients was
significantly associated with age, PCNA label-
ling index, number of the apoptotic cells, and
EGFR expression. Risk of dying increased with
greater age and PCNA labelling index and with
the presence of EGFR positivity, while increas-
ing apoptotic index was a favourable factor and

risk of dying was significantly reduced. The
multivariate Cox model showed that survival
time in glioblastoma patients was significantly
associated only with EGFR immunoreactivity
and apoptotic rate (p = 0.0053 and
p = 0.0039, respectively).

Discussion
This study included a large cohort of patients
with cerebral glioblastomas selected for simi-
larity of various clinical features. The careful
patient selection ensured that evaluation of the
significance of immunohistochemical variables
in predicting the clinical outcome was likely to
be objective and reliable.

Studies of proliferative potential measured
by flow cytometry, BdUR, Ki-67, and PCNA
indicate that high indices of the “growth
fraction” of the astrocytic gliomas are usually
strongly associated with tumour grade, but
their prognostic value is considered
controversial.2 5 8 10–12 14 15 17 20 21 However, sev-
eral studies have shown that PCNA and MIB-1
immunoreactivity is an independent prognostic
factor for the whole spectrum of
astrocytomas.17 21 According to previously re-
ported studies, mean PCNA values for glio-
blastomas are vary broadly and very often
overlap with the indices for anaplastic astrocy-
tomas. Therefore some investigators have
expressed scepticism over the reliability of
PCNA in determining the proliferative poten-
tial of astrocytic gliomas.8 17 20

There are many reasons for the variability of
the PCNA immunoreactivity in diVerent stud-
ies. Among these are prolonged formalin
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Figure 2 Graphs showing Kaplan–Meier survival curves
for the patients with glioblastoma grouped according to the
PCNA labelling index, p53 positivity, bcl-2 labelling index,
EGFR positivity, and apoptotic rate. EGFR, epidermal
growth factor receptor; PCNA, proliferating cell nuclear
antigen.

Table 1 Cox proportional hazard model of survival for
168 glioblastoma patients

One variable
model

Multi-variable
model

Model variable Risk p Value Risk p Value

Age 1. 28 0. 01 1.00 0.12
Sex 0.98 0.3 0.87 0.56
PCNA LI 2.68 0.007 1.08 0.09
p53 positivity 1.03 0.2 0.91 0.54
bcl positivity 1.14 0.1 0.96 0.48
EGFR positivity 7.12 0.0001 6.34 0.0053
Apoptotic index 0.01 0.0001 0.03 0.0039
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fixation and other methodological failures,
application of a various clones of the antibod-
ies, small biopsy samples, diVerences in the
intensity of nuclear immunostain, and subjec-
tivity in evaluation.

In this study we applied a uniform experi-
mental design for PCNA identification and we
were able to show that the PCNA labelling
index was significantly related to glioblastoma
outcome in the univariate statistical model,
with a cut oV value of 40%. Our data suggest
that this proliferative antigen is a relatively use-
ful prognostic marker in cerebral glioblastoma.
Nevertheless, we agree with the widely ex-
pressed view that there is little association
between immunoexpression of any of the
proliferative markers and the true rates of
tumour cell kinetics.

Mutation of the p53 gene and p53 protein
overexpression are found in 30–60% of astro-
cytic gliomas regardless of the tumour
grade.6–8 10–13 16 19 We suggest that p53 overex-
pression is a questionable prognostic factor for
the whole spectrum of astrocytomas, regardless
of the undisputed importance of p53 gene
mutation for oncogenesis and the progression
of these tumours. Although overexpression of
p53 protein quite often occurs in the astrocytic
gliomas, there is controversy over the associ-
ation between p53 immunoreactivity and
patient survival. Some investigators claimed
prognostic significance of p53 immunoreactiv-
ity for high grade astrocytic gliomas,10 16 but
numerous studies, including our own, have
failed to show a clear association between p53
overexpression and outcome.6–8 12 13 19 Discrep-
ancies in the reported data may reflect variation
in the antibodies used, diVerences in the evalu-
ation of p53 immunostaining, variability in the
number and grades of tumours investigated,
and heterogeneity in the clinical data, including
the treatment regimens. Studies of representa-
tive series of glioblastoma patients received
similar treatment protocols have been unable
to show any prognostic value for p53
immunostaining,6 8 in agreement with our
present data.

The lack of prognostic value of p53 overex-
pression in glioblastomas contrasts with the
findings of numerous studies that have shown
p53 expression to be of value in assessing the
prognosis of various human malignancies out-
side the central nervous system.28 It is hypoth-
esised that p53 gene mutation confers resist-
ance to both radiotherapy and chemotherapy
in the tumour cells. Nevertheless, recent
experimental studies on the radiosensitivity of
glioblastoma cell lines showed a dominant role
of reproductive cell death rather than p53
dependent apoptosis or p53 mediated G1 cell
arrest.29 30 This could partly explain the ab-
sence of association between p53 status in
glioblastoma and clinical outcome after com-
bined tumour treatment.

The bcl-2 protein is a 26 kDa protein local-
ised in the mitochondrial and perinuclear cell
membranes. It blocks apoptosis. Overexpres-
sion of bcl-2 has been found in numerous
human tumours, including astrocytic
gliomas.31–36 Recently, the prognostic value of

bcl-2 immunoexpression for the various
human malignancies has come under intensive
examination. However, a clear relation between
bcl-2 immunoreactivity and outcome has not
yet been demonstrated.37–40

Krishna et al investigated bcl-2 overexpres-
sion in the entire spectrum of astrocytic
tumours and found that the number of immu-
nopositive cells did not alter significantly in the
various tumour grades.34 On the basis of the
data obtained, these investigators hypothesised
that bcl-2 expression is an early event in astro-
cytoma genesis and that astrocytoma cells are
initially resistant to apoptosis.

From the data in our present study there is
no close correlation between the number of bcl
positive cells and the apoptotic rate in glioblas-
tomas. This is in concordance with data
published earlier.31 32 We also failed to show
that bcl-2 immunoreactivity had any prognos-
tic significance in cerebral glioblastomas. In
our opinion, a clear relation between bcl-2
expression and therapeutic resistance of the
astrocytic gliomas remains to be shown.

EGFR is a membrane glycoprotein possess-
ing an extracellular amino terminal end, a
transmembrane region, and an intracellular
domain. Increased expression of EGFR has
been correlated with poor prognosis in various
epithelial human tumours.41 Amplification of
the c-erbB1 gene encoding the EGFR, together
with protein alteration, has been found in up to
50% of astrocytic gliomas, predominantly in
the glioblastomas.2 9 11 12 16 18 22 23 42 In our study,
62% of tumours showed EGFR positivity, in
line with the earlier data. In the present series
the patients with EGFR alteration were signifi-
cantly older, as reported before.42

It is well known that mutant EGFR amplifi-
cation confers increased proliferative activity
and reduces apoptosis in human glioblastoma
cells.43 We showed a clear inverse correlation
between EGFR positivity and apoptotic rate in
this study. Therefore, EGFR positive glioblas-
tomas suggest more aggressive biological be-
haviour, and in the present series a statistically
proven increased risk of dying in patients with
tumours having EGFR overexpression came as
no surprise.

However, previously reported data on the
possible correlation between EGFR status and
survival have not been in uniform
agreement.9 11 16 18 22 23 Rainov et al found that
EGFR immunoexpression had no prognostic
significance in the malignant gliomas,16 while
Waha et al studied EGFR immunoreactivity in
125 astrocytic gliomas, including 62 glioblas-
tomas, and showed a strong correlation
between EGFR immunopositivity and survival
for the entire group of patients22; nevertheless,
for glioblastomas alone no diVerences in
outcome were noted between immunopositive
and immunonegative tumours. Zhu et al
showed that EGFR immunopositivity was a
significant and independent prognostic factor
for overall survival for 71 irradiated patients
with astrocytic gliomas.23 The discrepancies in
these data may be explained as follows: the
patients examined were clinically unselected
and did not receive treatment according to a
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standardised regimen; there was major vari-
ability in the number and grades of astrocytic
gliomas studied; and various diVerent types of
EGFR antibody were applied.

In present study we used EGFR F4 antibody
and showed its independent prognostic signifi-
cance for similarly treated cerebral glioblasto-
mas. EGFR F4 antibody is distinguished by the
following characteristics. First, it is a formalin
resistant antibody that can readily be used in
paraYn embedded specimens. Second, it
recognises wild and mutant forms of the intra-
cellular EGFR domain only (Sigma Chemical
Corporation, product specification sheet).

The data we obtained showed that the intra-
cellular EGFR domain was expressed in glio-
blastoma cells as diVuse or granular cytoplas-
mic immunostaining. Possibly this staining
pattern reflects various c-erbB1 gene abnor-
malities, including errors of amplification and
small deletions that are responsible for the syn-
thesis of intracytoplasmic receptor regions
(truncated receptor).44 Thus EGFR F4 anti-
body appears to be more reliable in identifying
a wide spectrum of the EGFR protein
alterations, in contrast to antibodies to the
extracellular EGFR domain that usually show
both membrane and cytoplasmic immunoex-
pression. In our opinion, the latter staining
pattern may be restricted to the single variant
of EGFR alteration that is accompanied by the
synthesis of the entire receptor only.

Apoptosis (programmed cell death) occurs
in numerous normal and pathological condi-
tions, including neoplastic processes.29

Immunohistochemical techniques for identifi-
cation of apoptosis have been demonstrated in
several series of CNS tumours, including
astrocytic gliomas.29 31 32 45–49 To our knowledge,
the predictive value of apoptotic rate in relation
to outcome in the astrocytic gliomas is still
unclear.

According to previously published data, the
number of ISEL positive cells in glioblastomas
is relatively small. This is compatible with our
findings. In addition, we defined two subtypes
of distribution of ISEL positive nuclei in glio-
blastomas: perinecrotic, where the apoptotic
index was found to be less than 0.5%, and
broadly scattered, where the apoptotic index
varied from 0.5% to 6.0%.

Some investigators have expressed doubt
about the reliability of the ISEL technique in
detecting apoptosis because of the possibility of
non-specific staining and other technical
failures.29 Morphological identification of the
apoptotic nuclei after staining with basic dyes
has been proposed as an alternative to
immunochemical methods.47 However, in our
opinion, the ISEL technique is a unique
method for studying intensity of cell loss in
routinely processed glioblastoma specimens.
The reliability of ISEL in the accurate
detection of apoptosis in brain neoplasms has
been proved by its correlation with the immu-
noexpression of apoptosis related gene prod-
ucts such as APO-1/Fas and p21/WAF1.49 50

Moreover, apoptosis detection on routine
pathological examination is fraught with diY-
culty in glioblastoma cases owing to polymor-

phism and variable nuclear abnormalities of
tumour cells. The latter are well known as a
distinctive glioblastoma pattern.1 24

We showed in both univariate and multivari-
ate analysis that an increased number of ISEL
positive cells was a strongly favourable factor
for glioblastoma outcome. We believe that for
glioblastomas with an apoptotic index of
> 0.5%, some of the tumour cells appear to be
initially programmed for apoptosis owing to
activation of the responsible genes or to growth
factor deprivation. We speculatively suggest
that postoperatively the remaining tumour cells
preserve a high apoptotic capacity which can
be important for a successful therapeutic
response and for the rate of tumour regrowth.
Data on inhibition of glioblastoma cell growth
after stimulation of apoptosis by pharmacologi-
cal agents or viral gene transfer partly prove our
suggestion.51 52

Nevertheless, the results we obtained con-
trast with previously published reports that
have shown a definite correlation between a
high apoptotic index count and poor prognosis
for breast, lung, and ovarian neoplasms.38 40 53 54

This discrepancy may be explained as follows.
The studies cited above showed an association
between an increased number of ISEL positive
cells and tumour metastatic capacity. More-
over, some experimental research has demon-
strated a close relation between increasing
metastatic potential and intensity of apoptosis
in the primary tumour.55 56 For example,
Matsuda et al have observed that apoptosis is
significantly diVered for various stages of
primary and metastatic tumour growth of a rat
mammary adenocarcinoma.56 As the extent of
spontaneous apoptosis decreased, the primary
tumour increased in size. In contrast, increased
apoptosis in the primary tumour was associ-
ated with growth of metastases in the lymph
nodes and lung.

It is well known that cerebrospinal dissemi-
nation occurs in about 5–10% of glioblastoma
cases and systemic metastases alone are rare.
Survival in glioblastoma patients is deter-
mined by the intensity of local growth, and
80–95% of glioblastoma deaths were attrib-
uted to tumour progression at the primary
site.4 24 Therefore a statistically significant
association between a high apoptotic index
and favourable glioblastoma outcome appears
to be theoretically logical.

CONCLUSIONS

Immunoexpression of EGFR and the number
of ISEL positive nuclei were found to be the
strongest predictors of glioblastoma outcome
and they seem to be useful for assessing
individual tumour prognosis in routinely proc-
essed biopsy specimens. It seems unlikely that
p53 and bcl-2 immunohistochemistry will be
of value in determining survival from cerebral
glioblastomas.
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