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Prognostic indicators in a range of astrocytic
tumours: an immunohistochemical study with
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Abstract
The treatment and prognosis of patients
with cerebral astrocytic tumours are

currently guided by histopathological
classification. This study evaluates
immunohistochemistry using Ki-67, an

antibody to a nuclear protein expressed
in proliferating cells, and DO-7, an anti-
body to the product of the tumour sup-
pressor gene p53, as prognostic
indicators for these tumours.
Immunohistochemistry with Ki-67 has
been correlated with the behaviour of
many different tumours, but its value as a

prognostic indicator in astrocytic
tumours is diminished by the confficting
results of previous studies. Immuno-
histochemistry with antibodies to the p53
protein has been used as a prognostic
indicator in melanomas and some carci-
nomas, but the relation between progno-
sis and accumulation of this protein in
astrocytic tumours has not been clarified.
We have tested the hypothesis that sur-

vival is correlated with Ki-67 inmunola-

belling indices (LIs) and patterns of p53
immunolabelling in the cerebral astro-
cytic tumours of a large cohort of
patients (n = 123) for whom clinical
indices were well documented. Astrocytic
tumours were divided into three histolog-
ical types: fibrillary astrocytoma (n =

24), anaplastic astrocytoma (n = 31), and
glioblastoma (n = 68). Histological type
and patient age were independent predic-
tors of survival. Median Ki-67 LIs dif-
fered significantly (P < 0 0001) between
the types of astrocytic tumour, and
tumours with a Ki-67 LI < 2% had a sig-
nificantly (P < 0 0001) better prognosis.
Ki-67 LI as a continuous variable carried a
significant (P = 0.0043) unadjusted haz-
ard to survival which was lost when
adjusted for other variables, notably his-
tological type. By contrast, no relation
was found between survival and three
categories of p53 labelling (p53-negative,
p53 LI < 40%, and p53 LI > 60%). The
results indicate that, whereas Ki-67
immunohistochemistry predicts survival
in patients with astrocytic tumours, con-

ventional histological appraisal remains
the best guide to prognosis, and immuno-
histochemistry for p53 has no value in the
assessment ofthese tumours.

(7 Neurol Neurosurg Psychiatry 1995;59:413-419)
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Astrocytic tumours are primary CNS tumours
that have three principal histological types:
fibrillary astrocytoma, anaplastic astrocytoma,
and glioblastoma." 2 A progressively poorer
prognosis is associated with the increasingly
undifferentiated histological appearance of the
tumours across this range. Fibrillary astrocy-
tomas occur predominantly in adults aged
20-40 years.3 Because of their infiltrative
nature, resection is often not possible; how-
ever, the slow growth of these tumours may
permit survival for several years after surgery,
and before further neurological symptoms
herald a recurrence. About 70% of fibrillary
astrocytomas evolve into anaplastic astrocy-
tomas over a period of 10-15 years, at which
stage the tumours show cellular atypia and an

increased proliferation rate.3 Whereas about
30% of diffuse cerebral astrocytomas eventu-
ally evolve into glioblastomas, most glioblas-
tomas arise de novo in patients aged 40-70
years.' Few patients with anaplastic astrocy-
tomas and glioblastomas survive two years
beyond diagnosis.4

Although distinction between astrocytomas
with a good prognosis and astrocytomas with
a poor prognosis can often be made on histo-
logical features; for some tumours histological
differentiation is not clear, especially when
only small fragments of tissue from stereotacti-
cally guided needle biopsies are available. It is
for this reason that more objective criteria for
predicting the prognosis of brain tumours are

required.
In recent years, the value of antibodies to

proteins expressed in proliferating cells, such
as Ki-67 and PC10, has been investigated in
astrocytic tumours.5-8 The Ki-67 antibody
recognises a non-histone, nuclear protein that
is expressed throughout all phases of the cell
cycle except Go and the early part of G,.9
Several antibodies have now been raised
against this antigen and used successfully to
measure the growth fraction of tumours; and
the Ki-67 labelling index (LI) correlates well
with the behaviour of many different malig-
nant tumours.'0 Immunolabelling with Ki-67
initially required frozen tissue sections, but
the development of new antibodies and the
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advent of microwave based antigen retrieval
techniques have produced good results with
formalin fixed, paraffin embedded tissues."I

There is a strong relation between histolog-
ical type of astrocytic tumour and Ki-67 Lls,56
and a few studies have related Ki-67 LIs to
survival.8 12 13 A clear relation between Ki-67
LI and survival was either found,'2 or not
found.813 The analysis is devalued, however,
in one of these studies by a small number of
patients, and in another by a small number of
low grade astrocytomas.

Studies on prognostic indicators in malig-
nant melanomas and carcinomas of the
breast, lung, and prostate gland have shown
that immunohistochemistry using antibodies
to the p53 protein is of value in predicting the
behaviour of these tumours.'4 17 For example, a
considerably worse prognosis is found for
patients with breast carcinomas that express
the p53 protein in most tumour cells.'4 The
p53 tumour suppressor gene encodes a
nuclear phosphoprotein of 393 amino acids
which functions as a transcription factor.'8 '9 It
is involved in the initiation of DNA repair,
and to optimise this, p53 halts the cell cycle in
G, before DNA replication occurs in the S
phase.20 Cells beyond repair may be stimu-
lated by p53 to undergo apoptosis.22
Mutations of the p53 gene are currently the
most frequent genetic abnormalities found in
human tumours,23 and produce inactive pro-
teins that fail to bind DNA.24 This permits the
replication of damaged DNA which may then
act to promote the mutational activation of
proto-oncogenes. Further mechanisms that
prevent the sequence specific binding of wild
type p53 to DNA include the formation of
inactive hetero-oligomers between some
mutant and wild type proteins (dominant neg-
ative action), and the overexpression of genes,
such as mdm-2, the products of which bind
the p53 protein.2326 Mutations of p53 have
been found in about one third of fibrillary
astrocytomas, anaplastic astrocytomas, and
glioblastomas.27 Overexpression of mdm-2 in
astrocytomas is, however, unusual.28 29

In normal cells, the p53 protein is present
in minute quantities that are undetectable by
immunohistochemistry. Mutation of the p53
gene or stabilisation of the wild type protein
by various mechanisms increases the half life
of the protein and produces immunohisto-
chemically detectable levels.30 Nuclear accu-
mulation of the p53 protein has now been
found in many tumours, and various patterns
of immunolabelling are seen. A few positively
labelled cells may be scattered through histo-
logical sections of tumour, or nearly all cells
may be labelled. About one third of fibrillary
astrocytomas contain scattered p53 labelled
cells, whereas nearly two thirds of anaplastic
astrocytomas and glioblastomas contain p53
positive cells.27 31 A positive correlation
between accumulation of p53 and indices of
cell proliferation has been proposed for astro-
cytic tumours,32 but the prognostic signifi-
cance of patterns of p53 accumulation is
unknown.
The aim of this study was to assess the

value of immunohistochemistry with Ki-67
and p53 antibodies in the prognosis of astro-
cytic tumours.

Materials and methods
Cerebral astrocytic tumours from 123 adult
patients (63% men) were selected from
archival material in the department of neuro-
pathology in Southampton. The tumours
were divided histologically according to the
World Health Organisation 1993 classifica-
tion' into fibrillary astrocytoma (n = 24),
anaplastic astrocytoma (n = 31), and glioblas-
toma (n = 68). No pilocytic astrocytomas
were included in this series. Most of the
patients (n = 103) had been enrolled with the
European Organisation for Research and
Treatment of Cancer (EORTC) into ran-
domised, prospective studies of various
adjunctive treatments to radiotherapy. None
of the studies had shown a significant
improvement in survival for any of the new
treatments. Comprehensive clinical details
and outcome data were available for patients
entered into the EORTC trials. Information
on the other patients was derived from the
clinical notes of the Wessex Neurological
Centre. The percentage of tumours in the
frontal lobe, temporal lobe, and parieto-occip-
ital region respectively were: 58%, 25%, and
17% for fibrillary astrocytomas; 35%, 23%,
and 42% for anaplastic astrocytomas; and
44%, 26%, and 30% for glioblastomas. After
craniotomy at which the biopsies in this study
were taken, 57 patients had been treated with
radiotherapy alone, 30 patients had received
radiotherapy and chemotherapy,34 14 patients
had received a radiosensitiser before radio-
therapy,35 eight patients, mostly with fibrillary
astrocytomas, had received no additional
treatment after surgery, and precise details of
treatment were unavailable for 14 patients.

IMMUNOHISTOCHEMISTRY
Near adjacent sections (5 ,um) of paraffin
embedded tissue were first floated on to slides
previously coated with 3-aminopropyltri-
ethoxysilane, and dried at 37°C overnight.
They were then dewaxed, rehydrated to 70%
methanol, and treated with freshly prepared
1% H202 in methanol to block endogenous
peroxidase activity. This was followed by an
antigen retrieval technique to enhance
immunolabelling. The slides were placed in
plastic Coplin jars containing 0-01 M citrate
buffer (pH 6-0), and then boiled in a
microwave oven (Panasonic 6400) for two
cycles (DO-7) or four cycles (Ki-67) of five
minutes on the medium power setting. The
buffer boils after about 150 seconds and lost
fluid is replaced between cycles. The jars were
removed from the oven and allowed to cool
for 15 minutes before immunolabelling.
The DO-7 monoclonal antibody to p53

(DAKO) which recognises both wild type and
mutant proteins and a polyclonal Ki-67 anti-
body (DAKO) were applied to the treated
sections having been diluted 1:100 and 1:50
respectively in Tris buffered normal saline
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(TBS). Biotinylated antimouse antibody
(Amersham) diluted 1:200 in TBS was used
in the second stage with DO-7. Biotinylated
antirabbit antibody (DAKO) diluted 1:400 in
TBS was used in the second stage with Ki-67.
Streptavidin-biotin horseradish peroxidase
complex (DAKO) diluted 1:200 in TBS was

used in the third stage. Both second and third
stages were performed at room temperature
for 30 minutes. Antigen-antibody complexes
were visualised with a standard diamino-
benzadine technique. Control sections were

incubated without primary antibody, and all
sections were counterstained with haema-
toxylin.

ASSESSMENT OF LABELLING INDICES

Sections for immunohistochemistry were cut
from selected tissue blocks containing tumour
with the characteristic histological features of
each type of astrocytoma. In particular, the
sections from anaplastic astrocytomas showed
tumour cells with a high nuclear: cytoplasmic
ratio, nuclear hyperchromasia, and mitoses,
and not just a few foci of cellular atypia
among well differentiated astrocytic cells with a

low nuclear: cytoplasmic ratio. LIs for
glioblastomas were calculated from areas of
sections that were free from necrosis or capil-
lary endothelial proliferation. The infiltrative
edge of the tumour where neoplastic cells sur-

round normal neurons and glia was also
avoided. Where an uneven distribution of
immunohistochemical labelling was evident,
fields from the area of maximal labelling were
chosen for counting; otherwise, fields were

randomly chosen with the provisos stated. An
eyepiece grid was used for counting which was

undertaken at a magnification of x 320, and
the denominator for each labelling index was

at least 1000 tumour cells.

STATISTICS
Median levels of Ki-67 LI in the three histo-
logical groups and in the three p53 categories
were compared by Kruskal-Wallis test. Survival
times were calculated as time from surgery to
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Figure 1 Positive immunolabelling of nuclei in a glioblastoma with the Ki-67 antibody.
Other nuclei are counterstained with haematoxylin (originally x 300).

death, or time to last follow up appointment in
the case of survivors. Kaplan-Meier curves

were produced to compare duration of survival
between groups. Prognostic factors were

entered into a Cox proportional hazards
model: each term being tested on its own and
in the presence of others. Ki-67 LI and p53 LI
were considered as continuous variables, and
categorised into three levels. Only the categori-
cal version was considered in the adjusted
Cox model. Likelihood ratio tests were under-
taken for each variable, and relative hazards
with corresponding 95% confidence intervals
were produced. The analysis was performed
in STATA.36

Results
For each type of astrocytic tumour, the aver-

age age of patients at operation was: fibrillary
astrocytoma, 35 (range 23-54) years; anaplas-
tic astrocytoma, 41 (16-67) years; and
glioblastoma, 51 (30-66) years. The associ-
ated median survival times for patients who
had died by the time of the study (n = 100)
were: fibrillary astrocytoma 1026 days,
anaplastic astrocytoma 377 days, and
glioblastoma 321 days.

Distinct labelling of nuclei in tumour cells
occurred with the Ki-67 antibody (fig 1) in all
astrocytic tumours. Whereas only a few Ki-67
positive cells were found in entire sections
from some fibrillary astrocytomas, one

glioblastoma had a Ki-67 LI of 41'5%. Table 1
gives the percentage of tumours with Ki-67
LUs above and below 2% for the three types of
astrocytic tumour. Nearly all (96%) of the fib-
rillary astrocytomas had Ki-67 LIs below 2%,
whereas 83% of glioblastomas had Ki-67 LIs
above 2%. Median Ki-67 LI was significantly
different (P < 0-0001) between the three
types of astrocytic tumour (table 2).

Nuclear labelling with the DO-7 antibody
to p53 (fig 2) was found in tumours from all
three histological types. The intensity of the
immunolabelling and the distribution of posi-
tively labelled cells within a section could be

Table 1 Percentage of tumours in two categories ofKi-67
immunolabelling and three categories ofp53
immunolabelling

Fibrillary Anaplastic Glioblastoma
astrocytoma astrocytoma multiforme
(n=24) (n=31) (n=68)

Ki-67 LI < 2% 96 45 17
Ki-67 L > 2% 4 55 83
p53 negative 34 26 39
p53LI<40% 58 42 40
p53 LI > 60% 8 32 21

Table 2 Ki-67 LI by histological subtype

Total Median (IQR) P value

All cases 123 3-39 (6 88)
Fibrillary astrocytoma 24 0-38 (0-92)
Anaplastic astrocytoma 31 2-48 (3-87) 0.0000*
Glioblastoma multiforme 68 5 71 (6-63)

Ki-67 LI was not normally distributed. Median and inter-
quardle range (IQR) have therefore been calculated for a non-
parametric analysis (*Kruskal-Wallis) of the groups.
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Figure 2 Positive immunolabelling of nuclei in a glioblastoma with the DO-7 antibody.Other nuclei are counterstained with haematoxylin (originally x 300).

variable; however, most p53 positive tumours
contained an even distribution of labelled cells
from which a labelling index could readily be
calculated. The range of p53 Lls was large
(0%-98%) and the frequency distribution of
LIs was U shaped. Thus many p53-positive
tumours were located at each end of the p53
LI range, but none had a value between 40%
and 60%. Therefore, all p53 positive tumours
could be divided into two categories: p53 LI
< 40% and p53 LI > 60%. Table I shows the
percentage of tumours in three categories of
p53 immunolabelling for the three types of
astrocytic tumour.
The median Ki-67 LIs of three categories

ofp53 immunolabelling were compared (table
3), and the group of astrocytic tumours with a

Table 3 Ki-67 LI by pS3 category

Total Median (IQR) P value

All cases 123 3-39 (6-88)
p53 negative 43 3-30 (4-46)
p53 LI < 40% 54 3-05 (5-04) 0-0377*
p53 LI > 60% 26 7-05 (11-6)
Ki-67 LI was not nornally distributed. Median and inter-
quartile range (IQR) have therefore been calculated for a non-
parametric analysis (*Kruskal-Wallis) of the groups.

p53 LI > 60% was found to have a signifi-
cantly (P = 0 0377) greater Ki-67 LI. The
combination of the relation between Ki-67 LI
and type of astrocytic tumour, and the different
proportions of each type of astrocytic tumour
in the p53 categories might confound this
analysis. When glioblastomas were analysed
alone, however, the median Ki-67 LI of the
p53 LI > 60% group (9 28) was also signifi-
cantly (P = 0.03) greater than the median Ki-
67 LIs for the p53 LI < 40% group (6 05)
and the p53 negative group (4.4).Table 4 shows the relative hazards to sur-
vival for several variables. There was no sig-
nificant relation (P = 0.87) between
treatment regimen and survival (not shown).
Neither sex nor tumour site were prognostic
indicators: however, age was a significant (P =
0 01) and independent hazard to survival. Ki-
67 LI as a continuous variable carried a signif-
icant (P = 0 0043) unadjusted hazard to
survival, the categories with Ki-67 LI > 2%
showing relative hazards above three. This
effect was reduced and insignificant when
adjusted for other variables, due to the close
relation between Ki-67 LI and histological
type of astrocytic tumour. The most impor-
tant prognostic indicator was type of astro-
cytic tumour. Anaplastic transformation of an
astrocytoma or a diagnosis of glioblastoma
significantly (P < 0 0001) shortened survival,
and this effect was independent of other vari-
ables.
The substantial difference in survival asso-

ciated with the three types of astrocytic
tumour and a Ki-67 LI above and below 2%
is seen in Kaplan-Meier survival curves (figs 3
and 4 respectively). Survival curves for patients
with tumours divided according to category of
p53 labelling are very similar (fig 5). This pat-
tern was maintained when the three categories
of p53 labelling were compared for each type
of astrocytic tumour (not shown).

Discussion
This study has examined the prognostic value
of immunohistochemistry with Ki-67 and p53
antibodies in a large series of astrocytic
tumours. Such an evaluation must be com-
pared with established methods, and we have

Table 4 Unadjusted and adjusted relative hazards to survival

Unadjusted AdjustedVariable
(n = 123) Category Relative hazard (95% CI) P value Relative hazard (95% CI) P value
Age RH/UI* 1-06 (1-04-1-08) 0 0000 1-03 (1-01-1-06) 0 0100Sex Men 1 00 1 00Women 0 94 (0-62-1-42) 0-7719 1-13 (0 73-1 76) 0-5595Tumour site Frontal 1-00 1-00Temporal 1 42 (0 87-2 32) 0-3257 1-25 (0-74-212) 0-3972Occipitoparietal 1-28 (0 80-2 06) 0-85 (0-51-1-42)Histology Glioblastoma 1-00 1-00Anaplastic astrocytoma 0 40 (0-24-067) 0 0000 0 59 (0 31-1-15) 0-0037Fibrillary astrocytoma 0-14 (0 07-0 27) 0-22 (0 09-0-56)Ki-67 LI RHI/UI* 1-04 (1-01-1-06) 0 0043 -Ki-67 group Ki-67 LI < 2% 1 00 1 00Ki-67 LI 2-5% 3-13 (1 81-5 44) 0 0000 1 43 (0 76-2-66) 0-4038Ki-67 LI > 5% 3-21 (1-95-5 28) 1 04 (0 55-1-95)p53 LI RH/UI* 1 00 (0 99-1 01) 0-8576 -p53 group p53-negative 1 00 1-00p53 LI < 40% 0 86 (0-55-1-34) 0 6502 0 90 (0-55-1 47) 0 8722p53 LI > 60% 1 07 (0-62-1-85) 1-02 (0-58-1-82)
*Hazards to survival are relative either to one group with a value of unity, or to a unit increase in a continuous variable.
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Fibrillary astrocytoma

Anaplastic astrocytoma
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Ki-67 LI <2%
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shown that conventional histological appraisal
of these tumours remains the best guide to

prognosis. Clinical variables in our series of
patients, such as sex, site of tumour, and ther-
apeutic regimen, were not important for prog-
nosis. These results and other characteristics
of patients in our study, such as the prepon-

derence of men and mean age for each
tumour type, match the findings of previous

tUi .2 4 37_39studies.4

An increasing median Ki-67 LU was found
across the range of astrocytic tumours from
fibrillary astrocytoma to glioblastoma. The
median Ki-67 LUs for the tumour types in
the present series are very close to those in
separate studies undertaken by us on frozen

sections of astrocytic tumours.58 Other studies
have shown an increasing mean Ki-67 LI
across the same range of cerebral astrocy-

tomas, and one of these studies has also
shown a negative correlation between Ki-67
LU and survival.6121340 In the present study, we
have shown a difference in survival between
patients with astrocytic tumours showing a

Ki-67 LI of less than 2%, and patients with
astrocytic tumours showing a Ki-67 LI of
more than 2%, the significance of which was

lost after adjusting for other variables. That
this reflects the close association between his-
tological features accompanying low and high
Ki-67 LUs and histological features used for
classifying astrocytic tumours is supported

0.6
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Figure 3 Survival curves for three types of astrocytic tumour.
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Figure 4 Survival curves for three categories ofKi-67 immunolabelling.
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Figure 5 Survival curves for three categories ofp53 immunolabelling.

by the distribution of fibrillary astrocytomas
and glioblastomas across the Ki-67 LI cate-
gories. Even though the use of Ki-67 LI as a
truly objective measure of astrocytic tumour
type is precluded by the overlap of Ki-67
LIs across the histological range, we suggest
that the association between Ki-67 LI,
tumour type, and prognosis makes Ki-67
immunohistochemistry a valuable adjunct
to the histological diagnosis of astrocytic
tumours.

After the publication of studies that have
reported a correlation between p53 immuno-
histochemistry and survival in patients with
malignant melanomas and some carcino-
mas,' 147 the other principal aim of our study
was to assess the value of p53 immunohisto-
chemistry in predicting outcome in the range
of cerebral astrocytic tumours. In agreement
with several previous reports,'2 33 41 42 and repli-
cating the results of our earlier study of p53
accumulation in astrocytomas,3' we have
shown in this larger series of 123 cases that
nuclear accumulation of the p53 protein
occurs in about two thirds of anaplastic astro-
cytomas and glioblastomas, and that high p53
LIs are not a feature of p53 positive fibrillary
astrocytomas. Despite these results, there is
no relation between patterns of p53 immuno-
labelling and survival; either for all astrocytic
tumours together, or for each type of astrocy-
toma alone. In the study by Jaros et al,'2 a
small difference was detected between the
survival curves for patients with p53 positive
and p53 negative astrocytic tumours. This
study differs from ours, however, because the
number of patients was small, and the
tumours were predominantly glioblastomas.
Our results agree with those of a recent study
by Chozick et al43 who examined the same
range of astrocytic tumours and showed no
independent association between p53 protein
accumulation and survival.

Accumulation of the p53 protein can be the
result of various mechanisms, and is not only a
consequence of p53 mutation.2527 In cells with
damaged DNA, levels of wild type p53
increase to immunohistochemically detectable
levels as part of the reparative processes in
which p53 participates by halting the cell
cycle in G,.44 Increased levels might also occur
when wild type p53 is bound to overexpressed
quantities of cellular proteins, such as MDM-
2. In normal cells, these two proteins regulate
each other, but excess MDM-2 produced by
amplification of the mdm-2 gene inhibits the
function of wild-type p53.2645 Accumulation
of p53 protein in the absence of p53 gene
mutations occurs in a variety of tumours, and
only about 50% of the astrocytomas that
exhibit p53 accumulation contain a detectable
p53 gene mutation to explain it.42
Overexpression of the mdm-2 gene is, how-
ever, rare in astrocytomas,28 29 and cannot
account for this discrepancy. The abnormal
regulation of other, as yet undefined, proteins
to which p53 binds may be responsible for its
increased stability. Alternatively, we may just
be seeing an increase in wild type p53 in
response to the DNA damage that accumu-
lates progressively across the range of
astrocytomas.46

Mutation of the p53 gene or the abnormal
binding of p53 to other proteins may inacti-
vate the p53 protein.25 Studies on p53 defi-
cient mice that develop normally but are
prone to develop neoplasia47 have shown that,
whereas p53 regulates the cycle of stressed
cells, its presence is not crucial for embryogen-
esis. Inactivation of the p53 protein, however,
might be responsible for replication of DNA
errors that promote the mutational activation
of oncogenes and a subsequent increase in cell
proliferation. Two studies have looked at the
relation between p53 labelling and growth
fraction in astrocytomas. Haapasalo et al 33
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have reported that, across all grades of astro-
cytoma, p53 positive tumours have a higher
growth fraction than p53 negative tumours, as
assessed by immunolabelling with an antibody
against PCNA. Jaros et al2 found that p53
positive astrocytomas of all grades had a
higher Ki-67 LI than p53-negative astrocy-
tomas. We have found some association
between the pattern of p53 expression and
growth fraction as assessed by immunohisto-
chemistry with a Ki-67 antibody. Tumours in
the p53 LU > 60% category showed a higher
median Ki-67 LU than the other two cate-
gories, but this phenomenon was not trans-
lated into shorter survival.

In conclusion, our study has shown that
conventional histological assessment of
astrocytic tumours remains the best guide to
prognosis. Immunohistochemistry with the
Ki-67 antibody is also of value in predicting
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