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Abstract

We conducted a retrospective immunohistochemical evaluation of the prognostic signi®cance of the expression of p53 and the
related proteins Bax, Bcl-2, growth arrest and DNA damage (Gadd45), murine double minute 2 (Mdm2) and p21WAF1/CIP1 in

chemonaõÈ ve tumours taken from 66 patients with ovarian cancer. Ki-67 expression (a marker of cell proliferation) was also eval-
uated immunohistochemically, while apoptosis within malignant cells was determined with the terminal deoxynucleotidyltransfer-
ase-mediated dUTP nick-end labelling (TUNEL) assay. The expression of each of the following proteins was signi®cantly

associated in the tumours (P<0.05 unless otherwise stated): Bax with Bcl-2 (P<0.01); Bax with Mdm2; p21WAF1/CIP1 with Gadd45
(P<0.01); p21WAF1/CIP1 with p53; p53 with Mdm2. Univariate analysis showed that expression of p53, Bax, bulk residual disease
and International Federation of Gynecology and Obstetricians (FIGO) stage were all strongly correlated with response to chemo-
therapy (P<0.01). Similarly, the FIGO stage and Ki-67 expression (P<0.01), as well as pathological subtype and bulk residual

disease (P<0.05), were prognostic factors for disease progression. The FIGO stage and Ki-67 expression were signi®cant prog-
nostic factors for overall survival (P<0.01), with Gadd45 expression and pathological subtype also signi®cant (P<0.05) in a uni-
variate analysis. Multivariate analysis for response to chemotherapy showed that expression of p53, Bax and FIGO stage were all

independent prognostic factors (P<0.01). The FIGO stage was the most important independent prognostic factor for progression
and survival on multivariate analysis (P<0.01). However, Ki-67 expression was also an independent prognostic factor for disease
progression (P<0.05) and approached signi®cance for survival (P=0.055). Taken together, these data suggest that determination

of Ki-67 expression could supplement established prognostic factors. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Epithelial ovarian cancer is the leading cause of death
amongst the gynaecological cancers with an annual
incidence of 6000 in the UK [1] and 27 000 in the USA
[2]. Survival is poor because the disease has an insidious
onset and many women present with advanced disease
which is incurable by surgery and chemotherapy.

Although chemotherapy prolongs survival [3], most
patients with advanced disease die from chemoresistant
progressive disease.
Chemoresistance may be related to defects in the

apoptotic cell death mechanism that is dependent on a
cascade of proteins centered on the TP53 gene product,
which is produced in response to DNA damage, and
which, in turn, leads to apoptosis or cell cycle arrest.
The importance of p53 in human malignancies was
highlighted by the detection of abnormal p53 in more
than 50% of human cancers [4±6]. In addition, families
with inherited defects in TP53 (Li-Fraumeni families)
are susceptible to a wide range of cancers at an early age
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[7]. Abnormal p53 protein is resistant to degradation
and has a prolonged half-life which allows its detection
by immunohistochemical staining [8]. This has a 96%
sensitivity for missense mutations in ovarian cancer [9]
and consequently can be used as a simple screening
technique to identify p53 dysfunction [10].
The role of p53 in ovarian cancer is contentious, as

there are a number of contradictory studies. Several
studies have identi®ed p53 protein expression, detected
by immunohistochemistry, as an adverse prognostic
factor for survival in human ovarian cancer [11±18].
Other studies have suggested that alterations in p53
expression in ovarian cancer a�ect sensitivity to
chemotherapy [19,20]. In contrast, there are a number
of studies that suggest that p53 expression has no prog-
nostic value in epithelial ovarian cancer [21±26].
Proteins of the Bcl-2 family are critical regulators of

the apoptotic pathway. Certain members of the family
promote apoptosis (e.g. Bax, Bad, Bcl-XS), while others
have an anti-apoptotic function (Bcl-2, Bcl-XL) [27].
The ratio of pro- and anti-apoptotic members, such as
Bax and Bcl-2 is critical in the inhibition or induction of
apoptosis [28]. The TP53 gene product induces the
expression of Bax and thus apoptosis [29]. Expression of
Bcl-2 has been correlated with improved survival in
ovarian cancer [14,15,30,31]. In contrast, Bax expression
has been associated with unfavourable prognosis in
ovarian cancer [31], and recent data revealed an asso-
ciation between Bax protein expression, improved
response to chemotherapy and prolonged disease-free
survival [32].
The cyclin-dependent kinase (CDK) inhibitor

p21WAF1/CIP1 is a downstream e�ector of p53 that is
produced after DNA damage [33]. p21WAF1/CIP1 inhibits
the activity of several CDK±cyclin complexes [34,35]
and also inhibits DNA replication through its interac-
tion with proliferating cell nuclear antigen (PCNA),
which is involved in DNA replication and repair [36,37].
Two studies found no correlation between expression of
p21WAF1/CIP1 and p53 in ovarian carcinoma [38,39], but
did not examine the association in the context of estab-
lished prognostic factors. However, a recent study
detected an inverse relationship between expression of
p21WAF1/CIP1 and p53 [40]. The same study found that
low p21WAF1/CIP1 expression predicted poor overall
survival on univariate, but not multivariate analysis,
although patients with p21WAF1/CIP1 positive/p53 nega-
tive tumours had a worse overall and recurrence-free
survival.
The Gadd45 (growth arrest and DNA damage indu-

cible) gene product is a downstream e�ector of p53,
induced following genotoxic stress and resulting in cell
cycle arrest by a CDK-independent mechanism, pro-
viding wild-type p53 is present [41]. There have been no
studies of the relationship between Gadd45 and ovarian
cancer.

Murine double minute 2 (Mdm2) [42] represses TP53
gene transcription and mediates the degradation of p53.
Nevertheless, overexpression of Mdm2 is rare in ovarian
cancers, irrespective of p53 mutation status [43].
The proliferation index has been correlated with

prognosis and other clinicopathological features in a
number of human malignancies [44±46]. The tumour
proliferative fraction of ovarian carcinomas has been
investigated immunohistochemically by means of anti-
bodies recognising the nuclear antigen Ki-67 expressed
in proliferating cells. Expression of the Ki-67 prolifera-
tion marker, which detects all phases of the cell cycle
except G0, is known to predict disease outcome in many
human malignancies [46]. A number of studies on ovar-
ian cancer have reported an association between a high
proliferation index and reduced overall survival [47±52]
or reduced disease-free survival [47,53]. However, Hart-
mann and colleagues [54] found improved survival for
patients with ovarian tumours manifesting a high pro-
liferation index. Multivariate analysis [53] revealed a
signi®cant relationship between high Ki-67 immunos-
taining in ovarian neoplasms and disease-free survival.
Anttila and associates [55] also found that high pro-
liferation was associated with poor prognosis for ovar-
ian cancer on both univariate and multivariate analyses.
However, RoÈ hlke and associates [18] found that Ki-67
expression in ovarian neoplasms was not associated
with overall survival.
A high apoptotic index has been found to be a poor

prognostic indicator in a number of malignancies.
However, on multivariate analysis, apoptotic index was
not an independent prognostic factor for ovarian cancer
[56].
We conducted a retrospective immunohistochemical

evaluation of the prognostic signi®cance of the expres-
sion of p53 and the related cell cycle proteins Bax, Bcl-2,
Gadd45, Mdm2 and p21WAF1/CIP1 in chemonaõÈ ve
tumours taken from 66 patients with ovarian cancer.
Ki-67 expression (a marker of cell proliferation) was
also evaluated immunohistochemically, while apoptosis
within malignant cells was determined through the
terminal deoxynucleotidyltransferase-mediated dUTP
nick-end labelling (TUNEL) assay. There have been no
previous studies of this breadth in the p53 family for
ovarian cancer. In addition, none have taken estab-
lished prognostic factors into account for the analysis of
such a wide range of biological factors.

2. Patients and methods

2.1. Patient selection

All the patients received chemotherapy at the Christie
Cancer Centre. Tumour material was investigated
from 66 formalin-®xed specimens. Postchemotherapy
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material was available from 21 of these patients. The
surgery was performed by a number of gynaecologists
based at district general hospitals throughout the
Northwest of England. Standard prognostic factors
were evaluated for each patient including age at diag-
nosis, International Federation of Gynaecologists and
Obstetricians (FIGO) stage [57], volume of residual dis-
ease following initial surgery, histological subtype,
tumour grade, Karnofsky performance status (KPS)
and response to the chemotherapy. The diagnosis of
epithelial ovarian cancer and histological subtype [58]
for each case was con®rmed by a centralised pathology
review before the study commenced. Only tumours
acceptable as epithelial ovarian primaries were included
in the series. Tumours were graded according to World
Health Organization (WHO) criteria [59]. For the pur-
poses of analysis, the population was separated into the
histopathological subtypes serous, mucinous, endome-
trioid, clear cell, malignant Brenner tumour and other
tumours (mixed and adenocarcinoma not otherwise
speci®ed).
Surgical and pathological ®ndings, and postoperative

abdomino-pelvic computer tomography (CT) scans
were used to determine the FIGO stage for the ovarian
cancer and the residual disease after the initial surgery.
Persistence of tumour masses of less than or equal to 2.0
cm diameter after surgery was de®ned as minimal resi-
dual disease, whereas the presence of masses greater
than 2.0 cm diameter was de®ned as bulk residual dis-
ease. The KPS recorded prior to chemotherapy was
used for the study. Comparison between measurable
malignant lesions on pre- and postchemotherapy
abdomino-pelvic CT scans following chemotherapy
were used to assess response to this treatment, and
standard de®nitions of radiological response to chemo-
therapy were utilised (WHO, 1979). The patients were
treated with platinum-based chemotherapy.
The overall survival time was calculated from the date

of initial laparotomy to the date of death, or to the date
the patient was last seen. Progression-free survival
(PFS) was calculated from the date of registration to the
date of documented disease progression as assessed by
radiologically measurable disease on abdomino-pelvic
CT scan or chest radiograph.
For univariate and multivariate statistical analysis,

patients with FIGO stage I and II disease were grouped
together, while those with stage III and stage IV were
evaluated separately. Similarly, patients with KPS 30±
70% were grouped together, while patients with KPS
80% and 90% were considered separately.

2.2. Immunohistochemistry

Parallel 4 mm serial sections cut from para�n-
embedded tumour blocks were mounted on Superfrost
glass slides, dewaxed and rehydrated in a graded alcohol

series, followed by microwave antigen target retrieval
[60]. Immunostaining was performed using the rabbit or
mouse DAKO EnVisionTM+System, Peroxidase
(DAB) Kit (DAKO Corporation, Carpinteria, CA,
USA). The sections were incubated for 35 min with the
following primary antibodies at the dilutions speci®ed:
rabbit polyclonal anti-Bax antibody (N-20) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) diluted 1:450;
mouse monoclonal anti-Bcl-2 antibody (Clone 124)
(DAKO) diluted 1:40; mouse monoclonal anti-Gadd45
antibody (C-4) (Santa Cruz Biotechnology) diluted
1:100; mouse monoclonal anti-p21WAF1/CIP1 antibody
WAF-1 (Ab-1) (Clone EA10) (Oncogene Research Pro-
ducts, Cambridge, MA, USA) diluted 1:40; mouse
monoclonal anti-p53 antibody (DO-1) (Santa Cruz
Biotechnology) diluted 1:200. For Mdm2 protein stain-
ing, two antibodies were used to control for the low
expression in human epithelial ovarian cancer: mouse
monoclonal anti-Mdm2 antibody (Clone SMP14)
(DAKO) diluted 1:50; mouse monoclonal anti-Mdm2
antibody Mdm2 (Ab-1) (Clone IF2) (Oncogene
Research Products) diluted 1:20. For statistical analysis,
the Mdm2 antibody that showed the greater numbers of
positive staining sections was used. The presence of
proliferating malignant cells in each tissue section was
con®rmed by staining tissue sections for Ki-67 protein
expression with monoclonal mouse anti-Ki-67 antibody
(Clone 7B11) (Zymed Laboratories, Inc., San Francisco,
CA, USA) diluted 1:100. Each stained section and the
controls were examined with light microscopy by two
independent observers who were unaware of the clin-
icopathological data and the results of scoring for each
section with each of the other primary antibodies used.
Each section was examined for positive staining in the
cytoplasm and nuclei of the malignant cells, the abso-
lute numbers of malignant cells stained, as well as the
pattern and `intensity' of the staining pattern in the
sections. Tissues with de®ned expression or absence of
expression of a particular antigen were used as positive
and negative controls, respectively.

2.3. TUNEL assay for apoptosis

The presence of fragmented DNA from apoptotic
malignant cells in each section was detected utilising the
TUNEL assay, with a method similar to that previously
described [56]. In the current study, the TUNEL assay
was performed on formalin-®xed, para�n-embedded
tumour sections, using the Apoptosis Detection System,
Fluorescein kit (Promega Corporation, Madison, WI,
USA). Each tissue section was examined by two inde-
pendent observers using ¯uorescence microscopy for the
presence of localised bright green immuno¯uorescence
denoting the presence of apoptotic cells. The morphol-
ogy of the cells seen was also checked to ensure that
they appeared apoptotic.
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2.4. Statistical analysis

The �2 test for contingency tables or the Fisher's
exact test were performed to determine the association
between each biological factor and standard prognostic
factors. The Wilcoxon Matched Pairs Signed Rank test
was used to compare between the pre- and post-
chemotherapy samples. Univariate graphs for PFS and
overall survival were calculated using the method of
Kaplan and Meier. Multivariate Cox proportional
hazard regression analysis was performed on progression-
free survival and overall survival. Univariate and multi-
variate analysis by logistic regression was used to assess
response to chemotherapy. P values less than 0.05 were
regarded as signi®cant.

3. Results

3.1. Patient characteristics

The clinicopathological characteristics of the patients
are shown in Table 1. None of the tumours considered

for this study were of the mucinous subtype, although
they had not been excluded from the study. Platinum-
based chemotherapy was given following initial surgery
to all but one patient (FIGO stage Ic; KP 90%) follow-
ing initial surgery. 3 (5%) patients had no evaluable
residual disease following initial surgery. Of the
remaining patients, 46 (70%) responded to chemo-
therapy: 14 (21%) had a complete radiological response
to chemotherapy and 32 (49%) had a partial response.
17 patients had no response to treatment: 5 (8%) had
stable disease and 12 (18%) had progressive disease
following chemotherapy. Follow-up data were available
for 63 patients and the median follow-up for this group
was 25 months (range: 9±125 months). The remaining 3
patients were lost to follow-up, and they had bulk resi-
dual disease with progressive disease on CT scan eva-
luation after completion of initial chemotherapy.
Overall survival time for the 63 patients ranged from 6
to 76 months, with a median overall survival time of 29
months. During the time of follow-up, 27 patients were
still alive with 36 deaths recorded. The median time to
progression in the entire group of patients was 12
months (range: 1±75 months). The 5-year survival for
patients diagnosed with FIGO stage I/II disease was
71%; for stage III it was 28%; for stage IV it was 11%.

3.2. Scoring of stained sections

The slides were examined by two independent obser-
vers and scored for positive staining of the malignant
areas of the sections by each antibody. Statistical ana-
lysis did not detect any di�erences in expression of each
factor when classi®ed as weak, moderate or strong.
Hence, with the exception of staining for Bax, all sec-
tions were scored as either negative or positive.
Staining for Ki-67 was heterogeneous and restricted

to the nucleus, and the sections were graded as positive
if 10% or more of the cancer cells were stained (Fig. 1a).
Similarly, staining for apoptosis was heterogeneous and
sections graded as positive if they contained 10%
apoptotic malignant cells.
All the sections stained positively for Bax expression.

However, the pattern of staining in the malignant
tumour cells was found to be either cytoplasmic or a
combination of nuclear and cytoplasmic. Where nuclear
staining was present in an individual tumour cell, the
cell cytoplasm also showed positive staining. Sections
with positive staining of the tumour cell population
showed either cytoplasmic staining alone throughout
the section, or combined nuclear and cytoplasmic stain-
ing throughout the section. Staining in the sections
showing cytoplasmic staining alone was less intense
(weak) than staining in the sections showing combined
nuclear and cytoplasmic staining (strong). Hence, posi-
tive staining for Bax was divided into weak (cyto-
plasmic) (Fig. 1b) when cytoplasmic staining only was

Table 1

Clinicopathological characteristics of patients (n=66)

Characteristic n (%)

Median age

55.5 years (range: 29±78 years) 66 ±

Histopathology

Serous 32 (48)

Endometrioid 12 (18)

Mucinous 0

Clear cell 6 (9)

Malignant Brenner tumour 2 (3)

Mixed; adenocarcinoma NOS 14 (21)

WHO tumour grade

I: Well di�erentiated 6 (9)

II: Moderately di�erentiated 16 (24)

III: Poorly di�erentiated/undi�erentiated 44 (67)

FIGO stage

I 3 (5)

II 6 (9)

III 39 (59)

IV 18 (27)

Residual disease

Nil 3 (5)

Minimal (0±2 cm) 14 (21)

Bulk (>2 cm) 49 (74)

Karnofsky Performance status (KPS)

90% 23 (35)

80% 15 (23)

30±70% 21 (32)

Unknown 7 (11)

NOS, not otherwise speci®ed; WHO, World Health Organization;

FIGO, International Federation of Gynaecologists and Obstetricians.
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detected, or strong (nuclear) when combined cyto-
plasmic and nuclear staining were present (Fig. 1c).
In sections that stained positively for Bcl-2 (Fig. 1d)

or Gadd45 (Fig. 1e), the pattern of staining of malig-
nant cells was cytoplasmic only, whereas in sections that
stained positive for p21WAF1/CIP1 (Fig. 1f) or p53 (Fig.
1g) the pattern of staining of malignant cells was

nuclear. The pattern of staining of these cells through-
out the sections was heterogeneous. However, positive
samples were identi®ed when at least 10% of the malig-
nant cell population expressed the antigen. Mdm2
staining was heterogeneous and limited to the nucleus
for both antibodies used (Fig. 1h). Due to the low
expression of Mdm2, sections were described as positive

Fig. 1. (a) Positive Ki-67 immunostaining (510% of cancer cells) in a moderately di�erentiated endometrioid ovarian carcinoma; (b) weak (cyto-

plasmic) Bax immunostaining in a poorly di�erentiated ovarian carcinoma; (c) strong (combined nuclear and cytoplasmic) Bax immunostaining in a

moderately di�erentiated endometrioid ovarian carcinoma; (d) positive cytoplasmic Bcl-2 immunostaining in a well di�erentiated serous ovarian

carcinoma; (e) positive cytoplasmic Gadd45 immunostaining in a poorly di�erentiated adenocarcinoma of the ovary; (f) positive nuclear p21WAF1/CIP1

immunostaining in a moderately di�erentiated endometrioid ovarian carcinoma (magni®cation�400); (g) positive nuclear p53 immunostaining in a

poorly di�erentiated endometrioid adenocarcinoma; and (h) positive nuclear Mdm2 (Ab-1, Clone IF2 Oncogene Research Products) immuno-

staining in an ovarian carcinoma (magni®cation�200).
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if any of the malignant tumour cells were stained. There
was no staining of any of the tissue in sections that were
described as negative for Mdm2.

3.3. Results of immunostaining prechemotherapy

Sixty-four sections were immunostained for apopto-
sis, and 66 sections for the other biological factors, in
prechemotherapy patients (Table 2). Thirty-eight (58%)
of the tumour sections stained positively for p53 pro-
tein. Mdm2 expression was low and dependent on the
antibody used. Only one tumour was positive using
Mdm2 (DAKO); using Mdm2 (Oncogene Research
Products) six sections were positive (including the sec-
tion that had previously stained positive). Strong
(nuclear) Bax expression was detected in 29 (44%) of
sections and positive Bcl-2 expression in 30 (45%) of
sections. Nuclear p21WAF1/CIP1 was detected in 51
(77%) of the tumours while 48 (73%) showed Gadd45
expression. Forty-four (69%) of the sections showed
positive immuno¯uorescence for apoptosis in the cancer
cells. Nuclear Ki-67 staining, denoting malignant cell
proliferation, was seen in 42 (64%) of the tumours.

3.4. Relationship between biological and established
prognostic factors

The association between the expression of each of the
di�erent proteins and apoptosis prior to chemotherapy
was examined using the �2 or Fisher's Exact Test (Table
2). There were signi®cant associations between the
expression of p53 and p21WAF1/CIP1 (P=0.04), and
between p53 and Mdm2 (Oncogene Research Products)
(P=0.035). All 6 Mdm2-positive sections were p53
positive. The association between positive expression of

p53 protein and strong (nuclear) expression of Bax also
approached signi®cance (P=0.068).
There was a strong association between Bcl-2-positive

sections and strong (nuclear) Bax expression
(P=0.005), but no association was observed between
Bcl-2-positive sections and the other related proteins or
apoptosis. Examining the association between Bax
expression and the remaining factors, there was a sig-
ni®cant association between strong Bax expression and
Mdm2-positive tumours (P=0.017). Associations
approaching signi®cance were observed between strong
Bax expression and Gadd45-positive sections
(P=0.082), and between strong Bax expression and
p21WAF1/CIP1-positive sections (P=0.065). However,
Bax expression was not associated with apoptosis or Ki-
67 positive sections.
Tumour sections that were p21WAF1/CIP1-positive

were strongly associated with positive Gadd45 expres-
sion (P=0.003), but not with apoptosis, or expression
of Bcl-2, Ki-67 or Mdm2. Ki-67-positive sections were
not associated with any of the other biological factors.
The association between each of the standard prog-

nostic factors and the biological factors was similarly
analysed and age below the median of 55.5 years was
associated with p21WAF1/CIP1-positive sections
(P=0.04); similarly age greater than the median
approached signi®cance in relationship to sections con-
taining malignant apoptotic cells (P=0.06). There was
an association between Mdm2-positive tumours and
low-grade (well-di�erentiated) tumours (P=0.022).
There was a relationship between Gadd45 expression
and pathological subtype (negative Gadd45 expression
with adenocarcinoma NOS or mixed tumours; positive
Gadd45 expression with other subtypes) but this was
not signi®cant (P=0.07). It is important to note that a

Table 3

Univariate and multivariate analysis of biological and prognostic factorsa

Univariate analysis Multivariate analysis

Response Progression Survival Response Progression Survival

Apoptosis

Bax ++ ++

Bcl-2

Gadd45 +

Ki-67 ++ ++ +

Mdm-2

p21WAF1/CIP1

p53 ++ ++

Age at diagnosis

Bulk residual disease ++ +

FIGO Stage ++ ++ ++ ++ ++ ++

Pathological subtype + +

Tumour grade

KPS

KPS, Karnofsky Performance Status; FIGO, International Federation of Gynaecologists and obstetricians.
a +, P<0.05; ++, P<0.01.
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large number of associations were examined and this
may have led to the identi®cation of some associations
by chance.

3.5. Univariate and multivariate analysis Ð response to
chemotherapy

A univariate analysis was performed for response to
chemotherapy and each of the biological and standard
prognostic factors (Table 3). 3 patients (FIGO stage Ic)
were not included in the analysis, as the response to
chemotherapy could not be assessed. In the remaining
63 patients, bulk residual disease (P=0.0086) and
FIGO stage III or IV disease (P=0.0044) were asso-
ciated with a partial or complete response to chemo-
therapy. Only two of six stage II tumours showed a
response to chemotherapy, compared with 34 of 39
stage III tumours and 10 of 18 stage IV tumours. Both
positive p53 expression (P=0.00005) and strong
(nuclear) Bax expression (P=0.0004) were associated
with partial or complete response in the univariate ana-
lysis.
In multivariate analysis, volume of residual disease no

longer retained statistical signi®cance. However, posi-
tive p53 expression (P=0.0003), strong Bax expression
(P=0.001) and advanced FIGO stage (P=0.009)
retained independent signi®cance in association with
response to chemotherapy (Table 3).

3.6. Univariate and multivariate analysis Ð disease
progression

A univariate analysis was performed for PFS (Table
3). FIGO stage (I/II versus III versus IV) was sig-
ni®cantly linked to PFS (P<0.00005), with a shorter
time to progression as the stage advanced. The 5-year
PFS for patients diagnosed with FIGO stage I/II disease
was 70%; for stage III 16%; for stage IV 0%. Bulk
residual disease (P=0.03) and pathological subtype
(P=0.04) were also associated with a reduction in the
PFS. The 5-year PFS for nil or minimal residual disease
was 37% and for bulk residual disease 13%. The 5-year
PFS for endometrioid tumours was 36%; serous
tumours 26%; clear cell tumours 20%; malignant Bren-
ner tumours 0%; mixed and adenocarcinoma NOS
tumours 0%. There was no signi®cant association
between the PFS and age of the patient at initial diag-
nosis, WHO tumour grade (I versus II versus III) and
KPS (90% versus 80% versus 30±70%).
Among the p53-related biological factors, negative

Ki-67 expression was associated with an increase in
the PFS (P=0.00014). The 5-year PFS for Ki-67-
negative tumours was 44% and for Ki-67-positive
tumours 0. Expression of the other biological factors
did not approach statistical signi®cance in relation to
the PFS.

In multivariate analysis, both advanced FIGO stage
and positive Ki-67 expression were independent factors
associated with a reduction in PFS. The FIGO stage
was the most important factor in¯uencing the PFS
(P=0.00045). However, expression of Ki-67 was still of
signi®cance (P=0.024). Neither residual disease, nor
pathological subtype, retained statistical signi®cance in
multivariate analysis (Table 3).

3.7. Univariate and multivariate analysis Ð overall
survival

Univariate analysis (Table 3) showed that the FIGO
stage of the ovarian cancer was associated with survival
(P=0.0025). FIGO stage was the most important of the
standard prognostic factors on univariate analyses in
relation to overall survival (Fig. 2). Pathological sub-
type was also associated with overall survival (P=0.04)
(5-year survival for endometrioid tumours 75%; clear
cell tumours 38%; serous tumours 35%; malignant
Brenner tumours 8%; mixed or adenocarcinoma NOS
tumours 0%). Among the individual biological factors,

Fig. 2. Kaplan±Meier curve for International Federation of Gynae-

cologists and Obstetricians (FIGO) stage versus overall survival (uni-

variate analysis). aNumbers in parentheses are the number of patients

that have died in each subgroup.
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negative Ki-67 expression (P=0.003) (Fig. 3) and nega-
tive Gadd45 expression (P=0.03) were associated with
improved survival. The 5-year survival for patients with
Ki-67-positive tumours was 11%, whereas for those with
Ki-67-negative tumours it was 56%. The 5-year survival
for patients with Gadd45-positive tumours was 18%;
for those with Gadd45-negative tumours it was 60%.
Age of the patient, WHO tumour grade and KPS

were not associated with overall survival. The 5-year
survival was greater for patients with no residual or
minimal residual disease (51%) versus bulk residual
disease (24%), but this did not reach statistical sig-
ni®cance (P=0.08).
Multivariate analysis (Table 3) showed that the FIGO

stage was the most important factor in¯uencing overall
survival (P=0.003). However, there was still a trend
between Ki-67-positive tumours and a reduction in
overall survival that approached statistical signi®cance
(P=0.055). Pathological subtype and Gadd45 expres-
sion were no longer statistically signi®cant.

3.8. Ratios of Bax/Bcl-2 and p21WAF1/CIP1/Gadd45

In view of the signi®cant association between positive
Bcl-2 and strong (nuclear) Bax expression (P=0.005),

the ratios of Bax and Bcl-2 were analysed for the asso-
ciation with response to chemotherapy, PFS and overall
survival. However, there was no statistically signi®cant
association between Bax weak/Bcl-2-negative tumours,
Bax strong/Bcl-2-negative tumours, Bax weak/Bcl-2-
positive tumours, Bax strong/Bcl-2-positive tumours
and response, progression or survival on univariate and
multivariate analyses.
Similarly, in view of the signi®cant association

between positive p21WAF1/CIP1 and positive Gadd45
expression (P=0.003), the ratios of p21WAF1/CIP1 and
Gadd45 were also analysed for the association with
response, progression and survival. There was no asso-
ciation with response and overall survival. However,
there was a signi®cant association between the p21WAF1/

CIP1/Gadd45 ratio and response to chemotherapy
(P=0.01), although this was based on small numbers of
cases. There were 8 cases that were p21WAF1/CIP1-nega-
tive/Gadd45-negative, with 6 recurrences and a 5-year
PFS of 31%. There were 4 recurrences from four
tumours that were p21WAF1/CIP1-negative/Gadd45-
positive, with a 5-year PFS of 0%. 6 out of 9 cases that
were p21WAF1/CIP1-positive/Gadd45-negative developed
recurrent disease with a 5-year PFS of 27%. 30 of 39
cases that were p21WAF1/CIP1-positive/Gadd45-positive
developed recurrent disease with a 5-year PFS of 15%.

3.9. Relationship between biological factors in
postchemotherapy samples

Comparison of 21 samples taken before and after
chemotherapy did not reveal any statistically signi®cant
changes in any of the parameters (Table 4). p53 expres-
sion was unchanged in 17 samples (81%) after chemo-
therapy. Of four samples where expression di�ered,
three samples changed from positive to negative and
one from negative to positive. Similarly, Bcl-2 expres-
sion was unchanged in 14 (67%) of the paired tumours.
Of the remaining samples, four changed from negative
to positive and three from positive to negative. The
paired samples all stained positively for Bax with 12
samples (57%) unchanged. Nine matched samples
changed expression of Bax, with six changing from
strong (nuclear) to weak (cytoplasmic) staining and
three from weak to strong staining. Only one (5%) of
the matched samples did not express p21WAF1/CIP1,
changing from positive to negative staining. All 21 of
the matched samples (100%) expressed Gadd45 before
and after chemotherapy. Ki-67 expression was unchan-
ged in 13 (62%) matched samples. Of the remainder,
®ve changed from positive to negative; three changed
from negative to positive. The expression of Mdm2 in
the paired samples was dependent on the antibody used.
Using anti-Mdm2 antibody (DAKO), 18 (86%) samples
remained negative after chemotherapy. However, three
samples (14%) changed expression, from negative to

Fig. 3. Kaplan±Meier curve for Ki-67 expression versus overall survi-

val (univariate analysis). aNumbers in parentheses are the number of

patients that have died in each subgroup.
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positive. For the anti-Mdm2 antibody (Ab-1) (Onco-
gene Research Products) 15 samples remained negative
(71%) after chemotherapy, with three remaining posi-
tive after chemotherapy. Three samples changed
expression, with two becoming negative after chemo-
therapy and one changing from negative to positive
after chemotherapy.

4. Discussion

This is the ®rst study to examine the independent sig-
ni®cance of a broad range of p53-related proteins in
comparison with established prognostic factors for epi-
thelial ovarian cancer. The principal ®nding was that
the FIGO stage was the most signi®cant prognostic
factor for response to chemotherapy, progression-free
interval and overall survival. Ki-67 status was also an
independent predictor of progression, and approached
signi®cance for survival on multivariate analysis, but
interestingly not for response.
Bax and p53 expression were independently asso-

ciated with response to chemotherapy. Recent data have
shown that Bax expression is associated with an
improved response to chemotherapy in ovarian cancer
[32], which is consistent with its proposed role in the
induction of apoptosis. In this study, Bax and Bcl-2
expression were associated and recent data have sug-
gested that the ratio of Bax to Bcl-2 expression is the
determinant of response [31,61,62] although we did not
con®rm this hypothesis in the present study.
The association between immunohistochemically

detected p53 and response has not been reported in
ovarian cancer [19,20]. When p53 is detected using
immunohistochemistry, this is usually an indication of
mutated [9,10] or dysregulated p53 [63], suggesting an
abnormality in the apoptotic cascade. Thus, immuno-
histochemically-detectable p53 should predict for chemo-
resistance [19,20], yet there have been other reports that

p53 immunopositive laryngeal cancer [64], bladder cancer
[65] and head and neck cancer [66] respond better to
chemotherapy. One hypothesis to explain the data
would be that the cancer cells that express p53 do not
undergo apoptosis while the rest of the cancer cells do
die. However, we did not observe an increase in p53
expression in the 21 matched cases for which pre- and
postchemotherapy specimens were available and recent
data [67] have shown that spontaneous apoptosis is
increased in p53 immunopositive ovarian cancers.
An alternative explanation for the paradoxical asso-

ciation between p53 expression and response might be
related to the Mdm-2 and p21WAF1/CIP1 proteins, which
were signi®cantly associated with p53 expression. While
Mdm-2 suppresses p53 function, p21 is involved in the
G1/S checkpoint cell cycle arrest. Thus, the apoptotic
function of p53 might be suppressed in p53 immunopo-
sitive tumours where the protein is abnormal and dys-
functional. Here Mdm-2 may suppress the function of
p53 or allow p21WAF1/CIP1 to divert the cell into arrest
rather than apoptosis. However, our study did not
include co-localisation so that, although tumours con-
tained p53 associated with Mdm-2 and p21WAF1/CIP1,
we do not have evidence that the proteins were co-
expressed. In addition, we tested for a large number of
associations in this study and, therefore, it is possible
that some results achieved the level of statistical sig-
ni®cance by chance.
The study has found that the FIGO stage is the most

important predictor of the natural history of ovarian
cancer and that Ki-67 status provides further informa-
tion. The latter is of potential clinical signi®cance as it
could be used to de®ne patients who might require a
more aggressive clinical approach. A potential area of
study is in patients with FIGO stage Ia or Ib disease
who would normally undergo optimum surgical cytor-
eduction only. Prospective evaluation of Ki-67 in this
population might identify patients who would bene®t
from adjuvant chemotherapy.

Table 4

Comparison of expression of biological factors in 21 matched pre- and postchemotherapy samples

Biological factor (n=21) Negative staining

prechemotherapy (%)

Negative staining

postchemotherapy (%)

Positive staining

prechemotherapy (%)

Positive staining

postchemotherapy (%)

No. samples with

changed expression (%)

Apoptosis 1 (5) 2 (10) 20 (95) 19 (90) 3 (14)

Bax 6a (29) 9a (43) 15b (71) 12b (57) 9 (43)

Bcl-2 10 (48) 9 (43) 11 (52) 12 (57) 7 (33)

Gadd45 0 0 21 (100) 21 (100) 0

Ki-67 6 (29) 8 (38) 15 (71) 13 (62) 8 (38)

Mdm2 (Clone SMP14) 21 (100) 18 (86) 0 3 (14) 3 (14)

Mdm2 (Ab-1, Clone IF2) 16 (76) 17 (81) 5 (24) 4 (19) 3 (14)

p21WAF1/CIP1 0 1 (5) 21 (100) 20 (95) 1 (5)

p53 2 (10) 4 (19) 19 (90) 17 (81) 4 (19)

a Weak.
b Strong.
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