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Summary

In ovarian cancer, translational research on the
prognostic impact of molecular biological factors has
until now not led to clinical implementation of any
of these factors. This is partly due to the often con-
flicting results of different prognostic factor studies
on the same molecular biological factor. We have
performed meta-analyses on studies in ovarian can-
cer on four putative prognostic molecular biological
factors, epidermal growth factor-receptor (EGFR),
HER-2/neu, glutathione-S-transferase (GST)-pi and
pS53. Odds ratios were estimated for the increase in
death at 1 and 5 years for patients with ovarian can-
cer, harbouring aberrant EGFR, HER-2/neu, GST-pi
and p53, respectively. Patients with aberrant Her-
2/neu or p53 in their tumours had significantly worse
odds of surviving 1 and 5 years, respectively. Patients
with aberrant EGFR in their tumours only had a sig-
nificantly greater risk of mortality at 5 years, while
there seemed to be a trend for a decreased probability
of 5-year survival for patients with aberrant GST-pi
in their tumours. Despite inevitable flaws (such as
small individual study sizes, publication bias, etc.)
our meta-analysis confirms that therapeutic drugs tar-
geted at EGFR, HER-2/neu, GST-pi and p53 may
have therapeutic potential. Since ovarian cancer is
a relatively rare disease, international collaboration
to increase the number of patients to be analysed is
critical for progress in translational research on the
prognostic impact of molecular biological factors and
on innovative treatment in ovarian cancer. In addition
it is important to reach a consensus about guidelines
for the design, conduct and analysis of translational
studies in ovarian cancer.
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Introduction

Ovarian cancer is the leading cause of death from
gynaecological cancers and the fifth most common
cause of cancer death in women after lung, breast,
colorectal and pancreas cancers. It is estimated that
25,400 new ovarian cancer cases will be diagnosed in
the United States in the year 2003 and that an esti-
mated 14,300 deaths from ovarian cancer will occur
[1]. This high death rate is related to the difficulty of
detecting ovarian cancer at an early stage, as well as
to the lack of effective therapies for advanced disease.

Current clinical decision-making in ovarian cancer
is based on so-called “classic” clinicopathological
prognostic factors, such as stage (according to the In-
ternational Federation of Gynaecology and Obstetrics
[FIGO]), differentiation grade and histiotype. Critical
questions for the clinicians who treat patients with
ovarian cancer are (in part) different in early-stage
patients when compared with late-stage patients. In
early-stage patients, it is particularly important: first,
to identify those patients who will recur after macro-
scopically complete resection of disease, and second,
to identify those patients with a high chance of recur-
rence who will benefit from adjuvant chemotherapy
[2]. In late-stage ovarian cancer, it would be ex-
tremely helpful to be able to predict which patients
would respond to chemotherapy and, ideally, which
type of chemotherapy should be given [3]. Based on
current classic clinicopathological prognostic factors,
it is, however, not possible to answer these questions.

Ovarian cancer, like all cancers, is thought to result
from an accumulation of genetic changes. Ultimately,
when the genetic changes that underlie ovarian car-
cinogenesis are better understood, it should be pos-
sible to classify early- and late-stage ovarian cancer
patients in a more specific way than is currently pos-
sible. Based on this “molecular biological” classifica-
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tion, it should also become possible to treat patients
more efficiently and in a more individualised manner.

In breast cancer, several cell biological prognos-
tic markers have already been identified and their
assessment in combination with therapeutic conse-
quences has been implemented in daily clinical prac-
tice. For example, it has been clearly demonstrated
that expression of oestrogen receptors is required for
optimal responses to hormonal therapy and, more
recently, that breast cancers that overexpress the epi-
dermal growth factor receptor (EGFR) type I (HER-
2/neu) are less sensitive to chemotherapy regimens
lacking anthracyclines [4]. Trastuzumab, a mono-
clonal antibody targeting HER-2/neu, potentiates the
antitumour effect of chemotherapy in patients with
metastatic breast cancer [5].

In ovarian cancer, translational research on the
prognostic impact of molecular biological factors has
until now not led to the clinical implementation of
any of these factors. Among other reasons, this is
due to the often inconsistent or even contradictory re-
sults of different prognostic factor studies in ovarian
cancer on the same molecular biological factor. In
this review, we will present meta-analyses which we
performed on studies in ovarian cancer on four puta-
tive prognostic molecular biological factors, namely
EGFR, HER-2/neu, glutathione-S-transferase (GST)-
pi and p53. These four markers were selected be-
cause of the large number of studies that have been
performed on each of them, their possible role in
response to chemotherapy and the availability of clin-
ical intervention studies that target their expression
in tumours from ovarian cancer patients. Our aim
was to identify the methodological differences be-
tween the different prognostic studies and to produce
a more precise estimate of the prognostic significance
of these factors. In addition, we will also summarise
the available studies in ovarian cancer that have
applied the currently rapidly emerging DNA microar-
ray technology to identify gene expression profiles
that may predict prognosis. Finally, we discuss why
translational research in ovarian cancer has not yet
made any difference with regard to clinical decision-
making, and how future translational research on
the prognostic impact of molecular biological factors
could be performed.

Meta-analyses

Search for prognostic studies

A PubMed search for studies investigating the
prognostic significance of EGFR, HER-2/neu, GST-

pi, and p53 in ovarian cancer was performed list-
ing one of the search terms “EGFR”, “HER-2/neu”,
“GST-pi”, or “p53” in combination with one or more
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of the keywords “ovary”, “ovarian cancer”, “ovarian
carcinoma”, “ovarian neoplasm”, “prognosis”, “prog-
nostic factor”, “survival”, or “response to chemo-
therapy”. The references of all publications were
hand-searched in order to identify missing relevant

publications.
Methodological variability and inclusion criteria

Performing meta-analyses of prognostic factor
studies in ovarian cancer is rather problematic. There
is considerable variability between prognostic studies
with respect to type of study design, patient inclu-
sion criteria, assays or methods used to determine the
status of the specific factor, determinations of fac-
tor cut-off points, and definition of study end-points
for survival and response to chemotherapy. Further-
more, frequently no quantitative information beyond
a P-value or even just “not significant” is provided.
Therefore, the minimum criteria for studies to be
included in our meta-analyses were: presence of a
clear definition of positivity or negativity of the spe-
cific factor; availability of quantitative information on
overall survival rates at 1 and/or 5 years (reported,
or depicted in a graph) in relation to the status of the
specific factor. In the subgroup of studies in which
both mutation analysis as well as expression analysis
of the specific factor was performed, only data as
determined by mutational analysis were used, unless
more data as determined by expression analysis were
available. Where a single study had been reported on
multiple occasions, only the most recent report or the
report with the most complete data was included in
the analysis.

Statistics

The power of heterogeneity tests is relatively low.
Because the number of studies included was limited
and the studies overall showed heterogeneity regard-
ing the effect estimates, we show the results of the
meta-analyses using random effects models. Random
effects (DerSimonian-Laird) meta-analysis computes
the odds ratios of the individual studies, the sum-
mary, the random effects variance, and heterogeneity.
Woolf’s formula was used for the calculations of the
within variance. Studies with zero or infinite odds
ratio were omitted, as their variance cannot be calcu-
lated sensibly.

The “plot” method that is presented in the figures
shows standard meta-analysis plots. The 95% con-
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fidence interval (CI) for each study is given by a
horizontal line, and the point estimate is given by a
square whose height is inversely proportional to the
standard error of the estimate. The summary odds ra-
tio is drawn as a diamond with horizontal limits at the
confidence limits and width inversely proportional to
its standard error. Odds ratios lower than 1 indicate
a decreased risk to survive for patients affected by
ovarian tumours with aberrant EGFR, HER-2/neu,
GST-pi or p53 (e.g. an increased risk of death). Meta-
analyses were performed using the Rmeta package of
the R Project for Statistical Computing (Build1.7.0).

The class I family of receptor tyrosine kinases

The class I family of receptor tyrosine kinases
consists of four closely related receptors that use
kinase activity as the signal transduction trigger:
EGFR (erbB-1), HER-2/neu (erbB-2), HER-3 (erbB-
3), and HER-4 (erbB-4). These receptors modulate
signalling pathways which control cell proliferation
and differentiation [6]. It has further been shown
by studies in human ovarian cancer cell lines that
EGFR and HER-2/neu overexpression may play a
role in sensitivity to chemotherapy. In two ovarian
cancer cell lines, it was demonstrated that blockage
of EGFR expression by an antibody resulted in an
enhanced response to platinum compounds [7-9].
However, in one of those cell lines, short exposure
to EGF also led to an increased response to cisplatin
[10,11]. In addition, the effect of reversal of HER-
2/neu overexpression in the ovarian cancer cell line
SK-OV-3 on sensitivity to paclitaxel, doxorubicin
and cisplatin has been studied. The data regarding
sensitivity to paclitaxel are conflicting; one study
reported an increased and one a decreased sensitivity
of the SK-OV-3 cells to paclitaxel upon reversal
of Her-2/neu overexpression. The sensitivity of the
ovarian cancer cells to doxorubicin and cisplatin
was not altered [12,13]. However, it was shown in
vivo that an anti-HER-2/neu antibody enhanced the
cytotoxicity of cisplatin against the SK-OV-3 cell line
[14]. In another ovarian cancer cell line, it was also
found that exposure to an anti-HER-2/neu antibody
increased in vitro sensitivity to cisplatin [15].

Epidermal growth factor receptor (EGFR)

Nineteen studies were identified that investigated
whether EGFR status of ovarian cancers was re-
lated with prognosis (see Table 1). EGFR status was
determined by three different methods: a radioligand-
binding assay, immunohistochemistry and reverse

transcriptase-polymerase chain reaction. EGFR posi-
tivity was detected in 12-82% of the ovarian cancers.
EGFR positivity of ovarian tumours was associated
in one study with a better and in 8 studies with worse
overall survival. In 6 studies, no relationship between
EGFR positivity of ovarian tumours and overall sur-
vival was found.

Thirteen studies were included in the meta-analysis
[16-28]. The meta-analysis demonstrated a decrease
in survival at 1 and 5 years for patients with EGFR-
positive ovarian tumours with respective summary
odds ratios of 0.94 (95% CIL: 0.58-1.51, not signif-
icant) and 0.38 (0.24-0.59, significant) (see Figs. 1
and 2). The x? with df (degrees of freedom) = 10 for
survival at 1 and 5 years was 15.65 (P =0.1101) and
21.08 (P = 0.0206), respectively.

Several agents that block the activation of
the EGFR have been developed, including small-
molecule tyrosine kinase inhibitors (TKIs), such as
ZD1839 (“Iressa”) and OSI-774. ZD1839 has been
evaluated in three phase I trials, including 33 ovarian
cancer patients. Of these 33 patients, three patients
had stable disease during treatment with ZD1839
[29]. A phase II trial of OSI-774 in 34 patients
with heavily pre-treated ovarian cancer showed three
patients with partial responses, while 42% of the
patients had stable disease [30,31]. No data are as
yet available on a possible relationship between re-
sponse to OS1-774 and EGFR expression levels in the
individual tumours.

HER-2/neu (c-erbB2)

Twenty-five studies were identified that evaluated
the prognostic value of the HER-2/neu status of
ovarian cancers (see Table 2). Most studies used
immunohistochemistry to determine the HER-2/neu
status of the ovarian tumours. HER-2/neu overex-
pression and/or amplification was observed in 5-
66% of ovarian cancers. Nineteen studies were eli-
gible for the meta-analysis [19,21,22,27,32-46] The
meta-analysis showed that ovarian cancer patients
with HER-2/neu-positive tumours had a worse prob-
ability of survival at 1 and 5 years with respective
significant summary odds ratios of 0.52 (0.36-0.76)
and 0.61 (0.4-0.92) (see Figs. 3 and 4). The x? for
survival at 1 and 5 years was 30.6 (# = 0.0151) and
25.07 (P = 0.0226), respectively.

HER-2/neu overexpression can be inhibited in
ovarian cancer cells by repressing the HER-2/neu
promoter via the adenovirus type 5 E1A gene, which
encodes a well-known transcription factor. In in vitro
and in animal studies, this inhibition appeared to
abolish the tumorigenicity and metastatic capability
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Fig. 1. Odds ratios and 95% CI of survival at 1 year for patients
with EGFR-positive tumours. Individual odds ratios: squares
whose height are inversely proportional to the standard error
of the estimate, and their respective Cls; horizontal lines. Sum-
mary odds ratio: diamond with horizontal limits at the Cls and
width inversely related to its standard error. Odds ratios lower
than 1 indicate a decreased risk to survive for patients affected by
EGFR-positive ovarian tumours.

induced by the HER-2/neu oncogene. In a phase I
clinical trial, it has been demonstrated that cationic
liposome-mediated E1A gene transfer in patients
with HER-2/neu-overexpressing breast and ovarian
cancers was feasible [47]. In addition, anti-HER-
2/neu monoclonal antibodies (Mabs) have been de-
signed to specifically antagonise the function of the
HER-2/neu receptor in HER-2/neu-positive tumours
(e.g. trastuzumab). A phase II trial with single agent
trastuzumab in patients with recurrent or refractory
ovarian or primary peritoneal cancer with overex-
pression of HER-2/neu showed a low frequency of
HER-2/neu overexpression and low rate of objective
response among patients with HER-2/neu overex-
pression [48]. Currently, two trials are ongoing, using
trastuzumab in combination with weekly paclitaxel
and carboplatin, one in patients with newly diag-
nosed, advanced stage ovarian cancer, and the other
in patients with platinum-sensitive recurrent epithe-
lial ovarian cancer [49].
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Fig. 2. Odds ratios and 95% CI of survival at 5 years for patients
with EGFR-positive tumours (symbols as in Fig. 1).

Glutathione (GSH)/glutathione-S-transferase pi
(GST-pi)

Glutathione (GSH) is a non-protein thiol, which is
most abundantly present in the cytoplasm [50]. GSH
synthesis depends on the formation of precursors by
the enzyme gamma-glutamyl transpeptidase (GGT),
and the successive actions of cytosolic enzymes such
as gamma-glutamylcysteine synthetase (GCS) and
glutathione synthetase [51,52]. GSH plays an im-
portant role in the cellular detoxification of various
xenobiotics, such as platinum-drugs [50]. GSH can
bind cisplatin (or alkylating agents) in a glutathione-
cisplatin chelate complex. This complex is eliminated
from tumour cells by a cell membrane-bound export
pump, thereby preventing the formation of drug-DNA
adducts [53,54].

Apart from a direct binding of platinum compounds
to GSH, binding of platinum compounds to GSH may
also occur by conjugation, mediated by gluthatione-S-
transferases (GSTs). Currently, five isozymes of GST
have been identified; alpha, mu, pi, theta and zeta,
of which GST-pi appears to be the predominant GST
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Fig. 3. Odds ratios and 95% ClIs of survival at 1 year for patients
with HER-2 /neu-positive tumours (symbols as in Fig. 1).

isozyme in ovarian cancers [55-58]. However, in two
different panels of ovarian cancer cell lines, no asso-
ciation was found between GST levels and resistance
to platinum compounds [59,60].

Twenty-one studies were identified which have
analysed the predictive value of GST-pi in ovarian
cancer with respect to survival and/or response to
chemotherapy (see Table 3). With immunohistochem-
istry, GST-pi was detected in 25-100% of ovarian
cancers. Only eight studies could be included in our
meta-analysis [61-68]. The meta-analysis illustrated
that patients with GST-pi-positive tumours had an in-
crease in mortality at 1 and 5 years with respective
summary odds ratios of 0.56 (0.24—1.31, not signifi-
cant) and 0.57 (0.3—-1.07, not significant) (see Figs. 5
and 6).The y 2 for survival at 1 and 5 years was 22.26
(P =0.0011) and 26.3 (P = 0.0004), respectively.

Cellular GSH can be depleted by buthionine sul-
foximine, a selective inhibitor of y-glutamylcysteine
synthetase. Phase 1 and II clinical trials have been
performed in ovarian cancer with buthionine sulfox-
imine in conjunction with melphalan. Only results of
the phase I study are available. A progressive decline
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Fig. 4. Odds ratios and 95% ClIs of survival at 5 years for patients
with HER-2/neu-positive tumours (symbols as in Fig. 1).

of cellular GSH was found in peripheral mononuclear
cells, while GSH was depleted in sequential tumour
biopsies to a variable extent, but with a similar time
course [69]. In addition, a phase II clinical trial of
TLK286, a GST-pi activated glutathione analogue,
has been performed in 21 patients with platinum-
resistant ovarian cancer. Of the 15 patients that were
evaluable for response to TLK286, 5 patients had sta-
ble disease and one patient had a partial response. No
data are available on the GST-pi status of the ovarian
tumours [70].

p53

p53 is a human tumour suppressor gene which in
normal cells plays a key role in co-ordinating cell
cycle arrest, DNA repair and apoptosis in response to
DNA damage (caused by radiotherapy, DNA alkylat-
ing chemotherapy, or foreign DNA synthesis). In can-
cer cells, the loss of wild-type p53 function (via dif-
ferent mechanisms such as mutation, protein degra-
dation or sequestration) can lead to more aggressive
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Fig. 5. Odds ratios and 95% ClIs of survival at 1 year for patients
with GST-pi-positive tumours (symbols as in Fig. 1).

tumour growth and worse response to chemotherapy.
Fifty-three studies were identified that examined the
prognostic impact of the p53 status in ovarian can-
cers (see Table 4). pS3 overexpression was detected
in 14-79% of the ovarian cancers. Thirty-two stud-
ies were eligible for the meta-analysis [67,71-101].
The meta-analysis demonstrated that patients with
p53-overexpressing ovarian tumours had a decrease
in survival at 1 and 5 years with respective summary
odds ratios of 0.61 (0.5-0.75, significant) and 0.39
(0.3-0.5, significant) (see Figs. 7 and 8). The x? for
survival at 1 and 5 years was 19.1 (P = 0.832) and
51.33 (P = 0.0006), respectively.

The adenovirus d11520 (ONYX-015) has been at-
tenuated by deletion of its EIB 55-kd gene region,
the protein product of which is known to bind and in-
activate p53 and thereby allows continued DNA syn-
thesis and viral replication. Mutants such as d11520
lacking this early gene product are severely defi-
cient in their ability to replicate in normal cells. Yet,
ONYX-015 selectively replicates in and destroys can-
cer cells lacking p53 function e.g. by presence of a
p53 mutation. Cells with non-functioning p53, which
are therefore resistant to apoptosis, are permissive for
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Fig. 6. Odds ratios and 95% Cls of survival at 5 years for patients
with GST-pi-positive tumours (symbols as in Fig. 1).

replication, leading to virus spread and subsequent
cytolysis of the cancer cell population [102,103]. In a
phase I trial, no conclusive proof of viral replication
in p53-mutant cancer cells or clear-cut antitumour ac-
tivity could be demonstrated. Before proceeding with
studies of intraperitoneal (i.p.) ONYX-015 in ovarian
cancer, either as a single agent or in combination
with chemotherapy, it will be important to provide
evidence of either clear-cut clinical efficacy or at
least a biological effect (e.g., cancer cell infection)
[103].

SCH58500 (rAD/p53) is a replication-deficient
adenovirus encoding human, recombinant, wild-type
p53. A phase I/II clinical trial of SCH58500 gene
replacement alone and sequentially in combina-
tion with platinum-based chemotherapy in heavily
pre-treated recurrent ovarian cancer showed vector-
specific transgenic expression in cancer by RT-PCR
in cells from both ascitic fluid and tissue biopsies,
while SCH58500 combined with platinum-based
chemotherapy was associated with a significant re-
duction of serum CA125 [104]. In a subsequent
study, the long-term follow-up was evaluated of the
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patients who had been enrolled onto the phase I/11
trial of SCH58500 gene transfer therapy and it ap-
peared that the 12—13-month median survival com-
pared favourably with the 16-month median survival
for individuals treated with paclitaxel at the time
of initial recurrence of this disease and is more
than double the 5-month survival seen with palliative
radiotherapy or paclitaxel failure [105]. Recently,
a phase III trial comparing carboplatin/paclitaxel
against carboplain/paclitaxel with SCHS58500 i.p.
was closed prematurely for as yet unspecified rea-
sons.

Microarray

Recently established DNA microarray techniques
allow for the simultaneous analysis of the expression
profiles of thousands of genes in ovarian tumour sam-
ples. Technically it is now possible to analyse the ex-
pression of all known genes and expressed sequence
tags (ESTs) as described by the Human Genome
Project in one experiment [106]. However, as Simon
et al. demonstrated, that there are several possible pit-
falls in the use of microarray data for prognostic clas-
sification. Experience is needed in the analytical steps
required to convert tens of thousands of noisy data
points into reliable and interpretable biological in-
formation. In their discussion, Simon et al. point out
that microarray studies trying to identify gene expres-
sion profiles that will affect clinical decision-making
should be performed with statistical rigour and be
reported clearly and with unbiased statistics [107].
Until now, there are only three studies in ovarian can-
cer available that examined the potential use of DNA
microarrays to predict (treatment) outcome. Yet, stud-
ies using DNA microarrays that tried to identify the
molecular determinants of the classic clinicopatho-
logical factors (stage, grade and histiotype) in ovarian
cancer have also been presented. The sample size of
all of those studies is small, which severely affects
the statistical reliability of the conclusions. Shrid-
har et al. attempted to identify molecular differences
between early and late-stage ovarian carcinomas by
cDNA microarray and found that the gene expression
profiles were very similar [108]. Jazaert et al. investi-
gated patterns of gene expression in well (n = 8) and
poorly (n = 4) differentiated serous papillary ovarian
carcinomas and identified 99 genes whose expres-
sion was significantly different. A disproportionate
number of these differentially expressed genes were
located on the chromosomal region 20q13 and all ex-
hibited higher expression in grade III tumours [109].
Three studies used DNA microarrays for identifying

gene expression patterns that may predict prognosis
(e.g. survival or response to chemotherapy). Lan-
caster et al. compared differences in gene expression
profiles between short- (dead of disease within two
years, n = 10) and long-term (still alive after seven
years, n = 8) survivors and detected a pattern of
gene expression (predictor) that correctly classified
ovarian cancers into either the short- or long-term
survival group in 83% (15/18) of cases. However, it
should be mentioned that these data are still prelimi-
nary [110]. Wei et al. profiled methylation alterations
of CpG islands in advanced stage ovarian tumours
(n = 19) to identify candidate markers for diagnosis
and prognosis of the disease. A higher degree of
CpG island methylation was associated with early
disease recurrence after chemotherapy. Also a select
group of CpG island loci was identified that may be
used to predict treatment outcome in ovarian can-
cer patients [111]. Sakamoto et al. compared gene
expression profiles between chemotherapy-sensitive
(n = 2) and chemotherapy-resistant (n = 2) ovarian
tumours and identified six genes that were overex-
pressed, and eight genes that were underexpressed in
the chemotherapy-resistant tumours [112].

Discussion

During the course of our meta-analyses on stud-
ies aimed at determining the prognostic value of
EGFR, HER-2/neu, GST-pi and p53, it became more
and more clear that the methodological variability be-
tween the different prognostic studies is considerable.
As illustrated in our review, many of the prognostic
studies are especially affected by small sample size,
which may lead to either over- or underestimation of
the relevance of the factors under investigation. Only
by accepting more or less flexible study inclusion cri-
teria for the meta-analysis did it become possible to
combine the results of the various prognostic studies
regarding a specific factor. Apart from the method-
ological differences between the prognostic studies,
another important factor affecting the reliability of
our meta-analyses is the problem of publication bias.
Negative (non-significant) findings are seldom writ-
ten up and much less published. However, despite
these limitations, the results of the meta-analyses
should represent a more precise estimate of the prog-
nostic significance of EGFR, HER-2/neu, GST-pi
and p53, than the individual studies by themselves.
As illustrated in our meta-analyses, patients with
aberrant Her-2/neu or p53 in their tumours had sig-
nificantly worse odds of surviving 1 and 5 years,
respectively. Patients with aberrant EGFR in their
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Fig. 7. Odds ratios and 95% ClIs of survival at 1 year for patients
with p53-positive tumours (symbols as in Fig. 1).

tumours only had a significantly greater risk of mor-
tality at 5 years, while there seemed to be only a
trend for a decreased probability of 5-year survival
for patients with aberrant GST-pi in their tumours.
Therapeutic agents targeting these molecular biologi-
cal factors, therefore, may have therapeutic potential.

To evaluate the possible clinical relevance of
molecular biological factors, large studies examin-
ing clinically relevant patient groups are needed,
especially when the prevalence of the molecular bi-
ological factor under investigation is relatively low.
To illustrate the number of patients that is needed
for evaluation of the prognostic impact of the molec-
ular biological factors, we have performed a Log
Rank Survival Power Analysis (Simple) for early-
and late-stage ovarian cancers separately to calculate
the sample size needed for a study on the prognos-
tic impact of mutant p53. It was assumed that the
prevalence of mutant p53 is approximately 50%, the
S-year survival rate of early- and late-stage ovarian
cancers is 70% and 20%, respectively, that a survival
difference of 10% is clinically relevant, and no pa-
tients would be lost during follow-up. The statistical
power achieved had to be 80% at a significance level
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of 5%. For a study on the prognostic impact of mu-
tant p53 in early- and late-stage ovarian cancers an
overall sample size of 711 patients and 295 patients,
respectively, is required. None of the studies on the
prognostic impact of p53 in ovarian cancer have in-
cluded the number of early stage and/or late stage
ovarian cancer patients needed according to our cal-
culations to assure an adequate statistical power (see
Table 4).

Due to the relative rarity of ovarian cancer, it is
obvious that it will be difficult to include sufficient
numbers of patients in future studies to obtain sta-
tistically reliable results. The incidence of ovarian
cancer is about 8.4 times lower than the incidence
of breast cancer [1]. The relative low incidence of
ovarian cancer is particularly a problem in prognos-
tic studies in early-stage ovarian cancer, since only
about 30% of ovarian cancer patients have disease
that is confined to the pelvis at diagnosis. The in-
clusion of an adequate number of patients is further
complicated by the fact that approximately 36% of
the patients with ovarian cancer are seventy years of
age or older at the time of diagnosis [113]. Because
of co-morbidity, older patients with ovarian cancer
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are often not treated according to protocol, whereas
(as much as possible) uniformity of treatment is im-
portant in prognostic studies in ovarian cancer.

Based on these considerations it is clear that to

reach sufficient number of ovarian cancer patients in
studies on prognostic factors, international collabo-
ration is critical to ensure progress in translational
research. Our power calculations are based on a min-
imal difference in prognosis to be detected of 10
percent. In this respect, it is encouraging to note that
in a recent study by van de Vijver et al., microarray
analysis on 295 breast tumours allowed the identifi-
cation of gene expression signatures in breast cancer
associated with differences in prognosis much larger
than 10 percent [114,115]. Using DNA microarrays,
it may therefore also be possible to identify gene
expression profiles/signatures that can better predict
prognosis in ovarian cancer than the current classic
clinicopathological factors. However, it remains of
the utmost importance to reach a consensus about
guidelines for the design, conduct and analysis of
such studies in ovarian cancer. Ideally, future prog-
nostic studies should include ovarian tumour samples
derived from patients treated in clinical trials with
identical regimens, follow-up and salvage strategies.
Hopefully, in that way, molecular biological factors
will be identified that will make a difference in clin-
ical decision-making in ovarian cancer, ultimately
resulting in effective, individualised targeted therapy.

Acknowledgement

This study was supported by grant AZG 2002-

2681 of the Dutch Cancer Society.

References

—_

Jemal A, Murray T, Samuels A, Ghafoor A, Ward E, Thun
MJ. Cancer statistics, 2003. CA Cancer J Clin 2003, 53:
5-26.

Trimbos JB, Parmar M, Vergote 1, et al. International Col-
laborative Ovarian Neoplasm trial 1 and Adjuvant Chemo-
Therapy In Ovarian Neoplasm trial: two parallel randomized
phase III trials of adjuvant chemotherapy in patients with
early-stage ovarian carcinoma. J Natl Cancer Inst 2003, 95:
105-112.

Mills GB, Schmandt R, Gershenson D, Bast RC. Should
therapy of ovarian cancer patients be individualized based
on underlying genetic defects? Clin Cancer Res 1999, 5:
2286~2288.

Konecny G, Fritz M, Untch M, et al. HER-2/neu overex-
pression and in vitro chemosensitivity to CMF and FEC in
primary breast cancer. Breast Cancer Res Treat 2001, 69:
53-63.

Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemo-

1

1

1

1

1

1

1

1

1

1

141

therapy plus a monoclonal antibody against HER2 for
metastatic breast cancer that overexpresses HER2. N Engl J
Med 2001, 344: 783-792.

6 Aunoble B, Sanches R, Didier E, Bignon YJ. Major onco-
genes and tumor suppressor genes involved in epithelial
ovarian cancer (review). Int J Oncol 2000, 16: 567-576.

7 Ciardiello F, Caputo R, Bianco R, et al. Antitumor effect and
potentiation of cytotoxic drugs activity in human cancer cells
by ZD-1839 (Iressa), an epidermal growth factor receptor-
selective tyrosine kinase inhibitor. Clin Cancer Res 2000, 6:
2053-2063.

8 Tortora G, Caputo R, Damiano V, et al. Oral administration
of a novel taxane, an antisense oligonucleotide targeting
protein kinase A, and the epidermal growth factor receptor
inhibitor Iressa causes cooperative antitumor and antian-
giogenic activity. Clin Cancer Res 2001, 7: 4156-4163.

9 Finn RS, Beryt M, Konecny G, Pegram MD, Slamon DJ.
ZD1839 (“Iressa”) acts synergistically with chemotherapy in
ovarian cancer cells expressing high levels of the epidermal
growth factor receptor. Proc Am Soc Clin Oncol 2002,
#1928.

0 Christen RD, Hom DK, Porter DC, et al. Epidermal growth

factor regulates the in vitro sensitivity of human ovarian

carcinoma cells to cisplatin. J Clin Invest 1990, 86: 1632—

1640.

Cenni B, Aebi S, Nehme A, Christen RD. Epidermal growth

factor enhances cisplatin-induced apoptosis by a caspase 3

independent pathway. Cancer Chemother Pharmacol 2001,

47: 397-403.

2 Aigner A, Hsieh SS, Malerczyk C, Czubayko F. Reversal of
HER-2 over-expression renders human ovarian cancer cells
highly resistant to taxol. Toxicology 2000, 144: 221-228.

3 Ueno NT, Bartholomeusz C, Herrmann JL, et al
ElA-mediated paclitaxel sensitization in HER-2/neu-
overexpressing ovarian cancer SKOV3.ip1 through apoptosis
involving the caspase-3 pathway. Clin Cancer Res 2000, 6:
250-259.

4 Hancock MC, Langton BC, Chan T, et al. A monoclonal an-
tibody against the c-erbB-2 protein enhances the cytotoxicity
of cis-diamminedichloroplatinum against human breast and
ovarian tumor cell lines. Cancer Res 1991, 51: 4575-4580.

S Pietras RJ, Fendly BM, Chazin VR, Pegram MD, Howell
SB, Slamon DJ. Antibody to HER-2/neu receptor blocks
DNA repair after cisplatin in human breast and ovarian
can-cer cells. Oncogene 1994, 9: 1829-1838.

6 Bauknecht T, Runge M, Schwall M, Pfleiderer A. Occur-
rence of epidermal growth factor receptors in human adnexal
tumors and their prognostic value in advanced ovarian carci-
nomas. Gynecol Oncol 1988, 29: 147-157.

7 Kohler M, Janz I, Wintzer HO, Wagner E, Bauknecht T. The
expression of EGF receptors, EGF-like factors and c-myc in
ovarian and cervical carcinomas and their potential clinical
significance. Anticancer Res 1989, 9: 1537-1547.

8 Berchuck A, Rodriguez GC, Kamel A, et al. Epidermal
growth factor receptor expression in normal ovarian epithe-
lium and ovarian cancer. I. Correlation of receptor expres-
sion with prognostic factors in patients with ovarian cancer.
Am J Obstet Gynecol 1991, 164: 669-674.

9 van Dam PA, Vergote IB, Lowe DG, et al. Expression of
c-erbB-2, c-myc, and c-ras oncoproteins, insulin-like growth
factor receptor I, and epidermal growth factor receptor in
ovarian carcinoma. J Clin Pathol 1994, 47: 914-919.

—

20 Scambia G, Benedetti-Panici P, Ferrandina G, et al. Epi-

dermal growth factor, oestrogen and progesterone receptor



142

2

—_

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

A.P.G. Crijns et al.

expression in primary ovarian cancer: correlation with clin-
ical outcome and response to chemotherapy. Br J Cancer
1995, 72: 361-366.

Devitt JL, Chew K, Sauter G, Waldman F, Benz CC. Preva-
lence and prognostic significance of HER2/neu and epider-
mal growth factor receptors in ovarian cancer. J Exp Clin
Cancer Res 1995, 14: 329-334.

Meden H, Marx D, Raab T, Kron M, Schauer A, Kuhn
W. EGF-R and overexpression of the oncogene c-erbB-2 in
ovarian cancer: immunohistochemical findings and prognos-
tic value. J Obstet Gynaecol 1995, 21: 167-178.

Bartlett JM, Langdon SP, Simpson BJ, et al. The prognostic
value of epidermal growth factor receptor mRNA expres-
sion in primary ovarian cancer. Br J Cancer 1996, 73:
301-306.

Fischer-Colbrie J, Witt A, Heinzl H, et al. EGFR and steroid
receptors in ovarian carcinoma: comparison with prognostic
parameters and outcome of patients. Anticancer Res 1997,
17: 613-619.

Kamel NAMH. Epidermal growth factor receptor in ovarian
cancer: detection and prognostic value. Cancer Mol Biol
1997, 4: 1003-1012.

Baekelandt M, Kristensen GB, Trope CG, Nesland IM,
Holm R. Epidermal growth factor receptor expression has
no independent prognostic significance in advanced ovarian
cancer. Anticancer Res 1999, 19: 4469-4474.

Skirnisdottir I, Sorbe B, Seidal T. The growth factor re-
ceptors HER-2/neu and EGFR, their relationship, and their
effects on the prognosis in early stage (FIGO I-II) epithelial
ovarian carcinoma. Int J Gynecol Cancer 2001, 11: 119-129.
Nagai N, Oshita T, Fujii T, Katsube Y, Matsubayashi S,
Ohama K. Are DNA ploidy and epidermal growth factor
receptor prognostic factors for untreated ovarian cancer? A
prospective study. Am J Clin Oncol 2001, 24: 215-221.
Herbst RS, Maddox AM, Rothenberg ML, et al. Selective
oral epidermal growth factor receptor tyrosine kinase in-
hibitor ZD1839 is generally well-tolerated and has activity
in non-small-cell lung cancer and other solid tumors: results
of a phase I trial. J Clin Oncol 2002, 20: 3815-3825.
Hidalgo M, Siu LL, Nemunaitis J, et al. Phase I and phar-
macologic study of OSI-774, an epidermal growth factor
re-ceptor tyrosine kinase inhibitor, in patients with advanced
solid malignancies. J Clin Oncol 2001, 19: 3267-3279.
Seiden MV. Ovarian cancer. Oncologist 2001, 6: 327-332.
Slamon DJ, Godolphin W, Jones LA, et al. Studies of the
HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science 1989, 244: 707-712.

Berchuck A, Kamel A, Whitaker R, et al. Overexpression
of HER-2/neu is associated with poor survival in advanced
epithelial ovarian cancer. Cancer Res 1990, 50: 4087—4091.
Kacinski BM, Mayer AG, King BL, Carter D, Chambers
SK. NEU protein overexpression in benign, borderline, and
malignant ovarian neoplasms. Gynecol Oncol 1992, 44: 245-
253.

Scambia G, Benedetti PP, Ferrandina G, et al. Expression of
HER-2/neu oncoprotein, DNA-ploidy and S-phase fraction
in advanced ovarian cancer. Int J Gynecol Cancer 1993, 3:
271-2178.

Rubin SC, Finstad CL, Wong GY, Almadrones L, Plante M,
Lloyd KO. Prognostic significance of HER-2/neu expression
in advanced epithelial ovarian cancer: a multivariate analysis.
Am J Obstet Gynecol 1993, 168: 162-169.

Singleton TP, Perrone T, Oakley G, et al. Activation of
c-erbB-2 and prognosis in ovarian carcinoma. Comparison

38

39

40

41

42

43

45

46

47

48

49

50

51

52

53

54

with histologic type, grade, and stage. Cancer 1994, 73:
1460-1466.

Rubin SC, Finstad CL, Federici MG, Scheiner L, Lloyd
KO, Hoskins WJ. Prevalence and significance of HER-2/neu
expression in early epithelial ovarian cancer. Cancer 1994,
73: 1456-1459.

Felip E, Del Campo JM, Rubio D, Vidal MT, Colomer R,
Bermejo B. Overexpression of c-erbB-2 in epithelial ovarian
cancer. Prognostic value and relationship with response to
chemotherapy. Cancer 1995, 75: 2147-2152.

Fajac A, Benard J, Lhomme C, et al. c-etbB2 gene ampli-
fication and protein expression in ovarian epithelial tumors;
evaluation of their respective prognostic significance by mul-
tivariate analysis. Int J Cancer 1995, 64: 146-151.

Medl M, Sevelda P, Czerwenka K, et al. DNA amplification
of HER-2/neu and INT-2 oncogenes in epithelial ovarian
cancer. Gynecol Oncol 1995, 59: 321-326.

Tanner B, Kreutz E, Weikel W, et al. Prognostic significance
of c-erB-2 mRNA in ovarian carcinoma. Gynecol Oncol
1996, 62: 268-277.

Beckmann MW, An HX, Niederacher D, et al. Oncogene
amplification in archival ovarian carcinoma detected by fluo-
rescent differential polymerase chain reaction-a routine ana-
lytical approach. Int J Gynecol Cancer 1996, 6: 291-297.
Meden H, Marx D, Roegglen T, Schauer A, Kuhn W. Over-
expression of the oncogene c-erbB-2 (HER2/neu) and re-
sponse to chemotherapy in patients with ovarian cancer. Int
J Gynecol Pathol 1998, 17: 61-65.

Hengstler JG, Lange J, Kett A, et al. Contribution of c-erbB-
2 and topoisomerase Ilalpha to chemoresistance in ovarian
cancer. Cancer Res 1999, 59: 3206-3214.

Seki A, Yoshinouchi M, Seki N, Kodama J, Miyagi Y, Kudo
T. Detection of c-erbB-2 and FGF-3 (INT-2) gene amplifica-
tion in epithelial ovarian cancer. Int J Oncol 2000, 17: 103-
106.

Hortobagyi GN, Ueno NT, Xia W, et al. Cationic liposome-
mediated E1A gene transfer to human breast and ovarian
cancer cells and its biologic effects: a phase I clinical trial. J
Clin Oncol 2001, 19: 3422-3433,

Bookman MA, Darcy KM, Clarke-Pearson D, Boothby RA,
Horowitz IR. Evaluation of monoclonal humanized anti-
HER?2 antibody, trastuzumab, in patients with recurrent or
refractory ovarian or primary peritoneal carcinoma with
overexpression of HER2: a phase II trial of the Gyneco-
logic Oncology Group. J Clin Oncol 2003, 21: 283-290.
Kaye S, Gershensen D, Hung MC, Seiden M. Discussion:
molecular therapeutics and pharmacogenomics. Gynecol On-
col 2003, 88: S93-896.

Arrick BA,Nathan CF. Glutathione metabolism as a deter-
minant of therapeutic efficacy: a review. Cancer Res 1984,
44: 4224-4232.

Hanigan MH, Ricketts WA. Extracellular glutathione is a
source of cysteine for cells that express gamma-glutamyl
transpeptidase. Biochemistry 1993, 32: 6302-6306.
Richman PG, Meister A. Regulation of gamma-glutamyl-
cysteine synthetase by nonallosteric feedback inhibition by
glutathione. J Biol Chem 1975, 250: 1422-1426.

Ishikawa T. ATP/Mg**-dependent cardiac transport system
for glutathione S-conjugates. A study using rat heart sar-
colemma vesicles. J Biol Chem 1989, 264: 17343-17348.
Ishikawa T, Ali-Osman F. Glutathione-associated cis-diam-
minedichloroplatinum(IT) metabolism and ATP-dependent ef-
flux from leukemia cells. Molecular characterization of gluta-
thione-platinum complex and its biological significance. J
Biol Chem 1993, 268: 20116-20125.



55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Prognostic factors in ovarian cancer: current evidence and future prospects

Strange RC, Jones PW, Fryer AA. Glutathione-S-transferase:
genetics and role in toxicology. Toxicol Lett 2000, 112-113:
357-363.

van der Zee AG, van Ommen B, Meijer C, Hollema H, van
Bladeren PJ, de Vries EG. Glutathione-S-transferase activ-
ity and isoenzyme composition in benign ovarian tumours,
untreated malignant ovarian tumours, and malignant ovarian
tumours after platinum/cyclophosphamide chemotherapy. Br
J Cancer 1992, 66: 930-936.

Rahilly M, Nafussi AA, Harrison DJ. Distribution of
glutathione-S-transferase isoenzymes in primary epithelial
tumors of the ovary. Int J Gynecol Cancer 1991, 1: 268-271.
Murphy D, McGown AT, Hall A, Cattan A, Crowther D,
Fox BW. Glutathione-S-transferase activity and isoenzyme
distribution in ovarian tumour biopsies taken before or after
cytotoxic chemotherapy. Br J Cancer 1992, 66: 937-942.
Godwin AK, Meister A, O’'Dwyer PJ, Huang CS, Hamilton
TC, Anderson ME. High resistance to cisplatin in human
ovarian cancer cell lines is associated with marked increase
of glutathione synthesis. Proc Natl Acad Sci USA 1992, 89:
3070-3074.

Mistry P, Kelland LR, Abel G, Sidhar S, Harrap KR. The
relationships between glutathione, glutathione-S-transferase
and cytotoxicity of platinum drugs and melphalan in eight
human ovarian carcinoma cell lines. Br J Cancer 1991, 64:
215-220.

Green JA, Robertson LJ, Clark AH. Glutathione-S-
transferase expression in benign and malignant ovarian tu-
mours. Br J Cancer 1993, 68: 235-239.

Hamada S, Kamada M, Furumoto H, Hirao T, Aono T.
Expression of glutathione-S-transferase-pi in human ovar-
ian cancer as an indicator of resistance to chemotherapy.
Gynecol Oncol 1994, 52: 313-319.

Hirazono K, Shinozuka T, Kuroshima Y, Itoh H, Kawai
K. Immunohistochemical expression of glutathione-S-
transferase pi (GST-pi) and chemotherapy response in malig-
nant ovarian tumors. J Obstet Gynaecol 1995, 21: 305-312.
Tanner B, Hengstler JG, Dietrich B, et al. Glutathione,
glutathione-S-transferase alpha and pi, and aldehyde de-
hydrogenase content in relationship to drug resistance in
ovarian cancer. Gynecol Oncol 1997, 65: 54-62.

Ferrandina G, Scambia G, Damia G, et al. Glutathione-S-
transferase activity in epithelial ovarian cancer: association
with response to chemotherapy and disease outcome. Ann
Oncol 1997, 8: 343-350.

Muso H. Long-term prognostic factors for chemotherapy of
ovarian cancer. Osaka City Med J 1998, 44: 155-171.

Mayr D, Pannekamp U, Baretton GB, et al. Immunohisto-
chemical analysis of drug resistance-associated proteins in
ovarian carcinomas. Pathol Res Pract 2000, 196: 469-475.
Satoh T, Nishida M, Tsunoda H, Kubo T. Expression of
glutathione-S-transferase pi (GST-pi) in human malignant
ovarian tumors. Eur J Obstet Gynecol Reprod Biol 2001, 96:
202-208.

O’Dwyer PJ, Hamilton TC, LaCreta FP, et al. Phase I trial
of buthionine sulfoximine in combination with melphalan in
patients with cancer. J Clin Oncol 1996, 14: 249-256.
Kavanagh JJ, Spriggs D, Bookman M, et al. Phase 2 study of
TLK286 (GST PI1-1 activated glutathione analog) in patients
with platinum resistant epithelial ovarian cancer. Proc Am
Soc Clin Onclol 2002, # 831.

Marks JR, Davidoff AM, Kerns BJ, et al. Overexpression
and mutation of p53 in epithelial ovarian cancer. Cancer Res
1991, 51: 2979-2984.

72

73

74

75

76

77

78

79

80

8

—

82

83

84

85

86

87

88

143

Kohler MF, Kerns BJ, Humphrey PA, Marks JR, Bast RC,
Jr., Berchuck A. Mutation and overexpression of pS53 in
early-stage epithelial ovarian cancer. Obstet Gynecol 1993,
81: 643-650.

Bosari S, Viale G, Radaelli U, Bossi P, Bonoldi E, Coggi G.
p53 accumulation in ovarian carcinomas and its prognostic
implications. Hum Pathol 1993, 24: 1175-1179.

Hartmann LC, Podratz KC, Keeney GL, et al. Prognostic
significance of p53 immunostaining in epithelial ovarian
cancer. J Clin Oncol 1994, 12: 64—69.

Niwa K, Itoh M, Murase T, et al. Alteration of p53 gene
in ovarian carcinoma: clinicopathological correlation and
prognostic significance. Br J Cancer 1994, 70: 1191-1197.
Henriksen R, Strang P, Wilander E, Backstrom T, Tribukait
B, Oberg K. p53 expression in epithelial ovarian neo-plasms:
relationship to clinical and pathological parameters, Ki-67
expression and flow cytometry. Gynecol Oncol 1994, 53:
301-306.

Levesque MA, Katsaros D, Yu H, et al. Mutant p53 protein
overexpression is associated with poor outcome in patients
with well or moderately differentiated ovarian carcinoma.
Cancer 1995, 75: 1327-1338.

van der Zee AG, Hollema H, Suurmeijer AJ, et al. Value of
P-glycoprotein, glutathione-S-transferase pi, c-erbB-2, and
p53 as prognostic factors in ovarian carcinomas. J Clin On-
col 1995, 13: 70-78.

Klemi PJ, Pylkkanen L, Kiilholma P, Kurvinen K, Joensuu
H. p53 protein detected by immunohistochemistry as a prog-
nostic factor in patients with epithelial ovarian carcinoma.
Cancer 1995, 76: 1201-1208.

Allan LA, Campbell MK, Milner BJ, et al. The signifi-
cance of p53 mutation and over-expression in ovarian cancer
prognosis. Int J Gynecol Cancer 1996, 6: 483—490.

Diebold J, Baretton G, Felchner M, et al. bcl-2 expression,
p53 accumulation, and apoptosis in ovarian carcinomas. Am
J Clin Pathol 1996, 105: 341-349.

Reles A, Schmider A, Press MF, et al. Immunostain-
ing of p53 protein in ovarian carcinoma: correlation with
histopathological data and clinical outcome. J Cancer Res
Clin Oncol 1996, 122: 489494,

Viale G, Maisonneuve P, Bonoldi E, et al. The combined
evaluation of p53 accumulation and of Ki-67 (MIB1) label-
ling index provides independent information on overall sur-
vival of ovarian carcinoma patients. Ann Oncol 1997, 8:
469-476.

Dong Y, Walsh MD, McGuckin MA, et al. Reduced ex-
pression of retinoblastoma gene product (pRB) and high
expression of p53 are associated with poor prognosis in
ovarian cancer. Int J Cancer 1997, 74: 407-415.

Rohlke P, Milde-Langosch K, Weyland C, Pichlmeier U,
Jonat W, Loning T. p53 is a persistent and predictive marker
in advanced ovarian carcinomas: multivariate analysis in-
cluding comparison with Ki67 immunoreactivity. J Cancer
Res Clin Oncol 1997, 123: 496-501.

Eltabbakh GH, Belinson JL, Kennedy AW, et al. p53 over-
expression is not an independent prognostic factor for pa-
tients with primary ovarian epithelial cancer. Cancer 1997,
80: 892-898.

Marx D, Meden H, Ziemek T, Lenthe T, Kuhn W, Schauer
A. Expression of the p53 tumour suppressor gene as a
prognostic marker in platinum-treated patients with ovarian
cancer. Eur J Cancer 1998, 34: 845-850.

Ferrandina G, Fagotti A, Salerno MG, et al. p53 overex-
pression is associated with cytoreduction and response to



144

89

90

9

—_

92

93

94

95

96

97

98

99

100

101

102

103

104

105

A.P.G. Crijns et al.

chemotherapy in ovarian cancer. Br J Cancer 1999, 81:
733-740.

Anttila MA, Kosma VM, Hongxiu J, et al. p21/WAF1 ex-
pression as related to p53, cell proliferation and prognosis in
epithelial ovarian cancer. Br J Cancer 1999, 79: 1870-1878.
Shahin MS, Hughes JH, Sood AK, Buller RE. The prognos-
tic significance of p53 tumor suppressor gene alterations in
ovarian carcinoma. Cancer 2000, 89: 2006-2017.

Ozalp SS, Yalcin OT, Basaran GN, Artan S, Kabukcuoglu
S, Minsin TH. Prognostic significance of deletion and over-
expression of the p53 gene in epithelial ovarian cancer. Eur
J Gynaecol Oncol 2000, 21: 282-286.

Gadducci A, Cianci C, Cosio S, et al. pS3 status is nei-
ther a predictive nor a prognostic variable in patients with
ad-vanced ovarian cancer treated with a paclitaxel-based
regimen. Anticancer Res 2000, 20: 4793-4799.

Levesque MA, Katsaros D, Massobrio M, et al. Evi-
dence for a dose-response effect between p53 (but not
p21WAF1/Cipl) protein concentrations, survival, and re-
sponsiveness in patients with epithelial ovarian cancer
treated with platinum-based chemotherapy. Clin Cancer Res
2000, 6: 3260-3270.

Skirnisdottir I, Sorbe B, Seidal T. P53, bcl-2, and bax: their
relationship and effect on prognosis in early stage epithelial
ovarian carcinoma. Int J Gynecol Cancer 2001, 11: 147-158.
Howells RE, Holland T, Dhar KK, et al. Glutathione-S-
transferase GSTM1 and GSTT1 genotypes in ovarian cancer:
association with p53 expression and survival. Int J Gynecol
Cancer 2001, 11: 107-112.

Reles A, Wen WH, Schmider A, et al. Correlation of p53
mutations with resistance to platinum-based chemotherapy
and shortened survival in ovarian cancer. Clin Cancer Res
2001, 7: 2984-2997.

Fallows S, Price J, Atkinson RJ, Johnston PG, Hickey I,
Russell SE. P53 mutation does not affect prognosis in ovar-
ian epithelial malignancies. J Pathol 2001, 194: 68-75.
Geisler HE, Geisler JP, Miller GA, et al. p21 and p53 in
ovarian carcinoma: their combined staining is more valuable
than either alone. Cancer 2001, 92: 781-786.

Skirnisdottir 1, Seidal T, Gerdin E, Sorbe B. The prognostic
importance of p53, bcl-2, and bax in early stage epithelial
ovarian carcinoma treated with adjuvant chemotherapy. Int J
Gynecol Cancer 2002, 12: 265-276.

Berker B, Dunder I, Ensari A, Cengiz SD. Prognostic value
of p53 accumulation in epithelial ovarian carcinomas. Arch
Gynecol Obstet 2002, 266: 205-209.

Okuda T, Otsuka J, Sekizawa A, et al. p53 mutations and
overexpression affect prognosis of ovarian endometrioid can-
cer but not clear cell cancer. Gynecol Oncol 2003, 88: 318-
325.

Heise C, Lemmon M, Kirn D. Efficacy with a replication-
selective adenovirus plus cisplatin-based chemotherapy: de-
pendence on sequencing but not p53 functional status or
route of administration. Clin Cancer Res 2000, 6: 4908
4914.

Vasey PA, Shulman LN, Campos S, et al. Phase I trial
of intraperitoneal injection of the E1B-55-kd-gene-deleted
adenovirus ONYX-015 (d11520) given on days 1 through 5
every 3 weeks in patients with recurrent/refractory epithelial
ovarian cancer. J Clin Oncol 2002, 20: 1562-1569.

Buller RE, Runnebaum IB, Karlan BY, et al. A phase I/II
trial of rAd/p53 (SCH 58500) gene replacement in recurrent
ovarian cancer. Cancer Gene Ther 2002, 9: 553-566.

Buller RE, Shahin MS, Horowitz JA, et al. Long term
follow-up of patients with recurrent ovarian cancer after Ad

106

107

108

109

110

11

—_—

112

113

114

115

116

117

118

119

120

121

122

123

p53 gene replacement with SCH 58500. Cancer Gene Ther
2002, 9: 567-572.

Venter JC, Adams MD, Myers EW, et al. The Sequence of
the human genome. Science 2001, 291: 1304-1351.

Simon R, Radmacher MD, Dobbin K, McShane LM. Pit-
falls in the use of DNA microarray data for diagnostic and
prognostic classification. J Natl Cancer Inst 2003, 95: 14-18.
Shridhar V, Lee J, Pandita A, et al. Genetic analysis of
early- versus late-stage ovarian tumors. Cancer Res 2001,
61: 5895-5904.

Jazaeri AA, Lu K, Schmandt R, et al. Molecular determi-
nants of tumor differentiation in papillary serous ovarian
carcinoma. Mol Carcinog 2003, 36: 53-59.

Lancaster JM, Havrilesky LJ, Whitaker R, et al. Expression
array analysis of advanced ovarian cancers distinguishes
between short and long-term survivors. Proc Soc Gyn Oncol
2001, #166.

Wei SH, Chen CM, Strathdee G, et al. Methylation microar-
ray analysis of late-stage ovarian carcinomas distinguishes
progression-free survival in patients and identifies candidate
epigenetic markers. Clin Cancer Res 2002, 8: 2246-2252.
Sakamoto M, Kondo A, Kawasaki K, et al. Analysis of
gene expression profiles associated with cisplatin resistance
in human ovarian cancer cell lines and tissues using ¢cDNA
microarray. Hum Cell 2001, 14: 305-315.

Barnholtz-Sloan JS, Tainsky MA, Abrams J, et al. Ethnic
differences in survival among women with ovarian carci-
noma. Cancer 2002, 94: 1886-1893.

’t Veer L], Dai H, van de Vijver MJ, et al. Gene expression
profiling predicts clinical outcome of breast cancer. Nature
2002, 415: 530-536.

van de Vijver MJ, He YD, Van 't Veer L], et al. A gene-
expression signature as a predictor of survival in breast
cancer. N Engl J Med 2002, 347: 1999-2009.

Scambia G, Benedetti PP, Battaglia F, et al. Significance of
epidermal growth factor receptor in advanced ovarian cancer.
J Clin Oncol 1992, 10: 529-535.

van der Burg ME, Henzen-Logmans SC, Foekens JA, et
al. The prognostic value of epidermal growth factor recep-
tors, determined by both immunohistochemistry and ligand
binding assays, in primary epithelial ovarian cancer: a pilot
study. Eur J Cancer 1993, 29A: 1951-1957.

Janinis J, Nakopoulou L, Panagos G, Davaris P. Immuno-
histochemical expression of EGF-R in malignant surface
epithelial ovarian neoplasms (SEON). Eur J Gynaecol Oncol
1994, 15: 19-23.

Khater EM, Ellisi AG, Hameed MHA, Kassim S. Epidermal
growth factor receptors in ovarian neoplasms. Cancer Mol
Biol 1996, 3: 945-954.

Goff BA, Ries JA, Els LP, Coltrera MD, Gown AM. Im-
munophenotype of ovarian cancer as predictor of clinical
out-come: evaluation at primary surgery and second-look
procedure. Gynecol Oncol 1998, 70: 378-385.

Ferrandina G, Ranelletti FO, Lauriola L, et al. Cyclooxy-
genase-2 (COX-2), epidermal growth factor receptor
(EGFR), and Her-2/neu expression in ovarian cancer. Gy-
necol Oncol 2002, 85: 305-310.

Makar AP, Holm R, Kristensen GB, Nesland JM, Trope
CG. The expression of c-erbB-2 (HER-2/neu) oncogene in
invasive ovarian malignancies. Int J Gynecol Cancer 1994,
4: 194-199.

Wong YF, Cheung TH, Lam SK, et al. Prevalence and sig-
nificance of HER-2/neu amplification in epithelial ovarian
cancer. Gynecol Obstet Invest 1995, 40: 209-212.



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

Prognostic factors in ovarian cancer: current evidence and future prospects

Ross JS, Yang F, Kallakury BV, Sheehan CE, Ambros RA,
Muraca PJ. HER-2/neu oncogene amplification by fluores-
cence in situ hybridization in epithelial tumors of the ovary.
Am J Clin Pathol 1999, 111: 311-316.

Cheng X, Kigawa J, Minagawa Y, et al. Glutathione-S-
transferase-pi expression and glutathione concentration in
ovarian carcinoma before and after chemotherapy. Cancer
1997, 79: 521-5217.

Ghazal-Aswad S, Hogarth L, Hall AG, et al. The relation-
ship between tumour glutathione concentration, glutathione-
S-transferase isoenzyme expression and response to single
agent carboplatin in epithelial ovarian cancer patients. Br J
Cancer 1996, 74: 468-473.

Wrigley EC, McGown AT, Buckley H, Hall A, Crowther
D. Glutathione-S-transferase activity and isoenzyme levels
measured by two methods in ovarian cancer, and their value
as markers of disease outcome. Br J Cancer 1996, 73: 763—
769.

Germain I, Tetu B, Brisson J, Mondor M, Cherian MG.
Markers of chemoresistance in ovarian carcinomas: an im-
munohistochemical study of 86 cases. Int J Gynecol Pathol
1996, 15: 54-62.

Codegoni AM, Broggini M, Pitelli MR, et al. Expression
of genes of potential importance in the response to chemo-
therapy and DNA repair in patients with ovarian cancer.
Gynecol Oncol 1997, 65: 130-137.

Silvestrini R, Daidone MG, Veneroni S, et al. The clinical
predictivity of biomarkers of stage III-IV epithelial ovar-
ian cancer in a prospective randomized treatment protocol.
Cancer 1998, 82: 159-167.

Kase H, Kodama S, Nagai E, Tanaka K. Glutathione-S-
transferase pi immunostaining of cisplatin-resistant ovarian
cancer cells in ascites. Acta Cytol 1998, 42: 1397-1402.
Joncourt F, Buser K, Altermatt H, Bacchi M, Oberli A,
Cerny T. Multiple drug resistance parameter expression in
ovarian cancer. Gynecol Oncol 1998, 70: 176-182.

Kigawa J, Minagawa Y, Kanamori Y, et al. Glutathione
concentration may be a useful predictor of response to
second-line chemotherapy in patients with ovarian cancer.
Cancer 1998, 82: 697-702.

Yokoyama Y, Sato S, Fukushi Y, Sakamoto T, Futagami
M, Saito Y. Significance of multi-drug-resistant proteins in
predicting chemotherapy response and prognosis in epithelial
ovarian cancer. J Obstet Gynaecol Res 1999, 25: 387-394.
Sheridan E, Silcocks P, Smith J, Hancock BW, Goyns MH.
p53 mutation in a series of epithelial ovarian cancers from
the UK, and its prognostic significance. Eur J Cancer 1994,
30A: 1701-1704.

Renninson J, Baker BW, McGown AT, et al. Immunobhis-
tochemical detection of mutant p53 protein in epithelial
ovarian cancer using polyclonal antibody CMI: correlation
with histopathology and clinical features. Br J Cancer 1994,
69: 609-612.

Righetti SC, Della TG, Pilotti S, et al. A comparative study
of p53 gene mutations, protein accumulation, and response
to cisplatin-based chemotherapy in advanced ovarian carci-
noma. Cancer Res 1996, 56: 689-693.

Herod JJ, Eliopoulos AG, Warwick J, Niedobitek G, Young
LS, Kerr DJ. The prognostic significance of Bcl-2 and p53
expression in ovarian carcinoma. Cancer Res 1996, 56: 2178—
2184.

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

145

McMenamin ME, O’Neill AJ, Gaffney EF. Extent of apopto-
sis in ovarian serous carcinoma: relation to mitotic and pro-
liferative indices, p53 expression, and survival. Mol Pathol
1997, 50: 242-246.

Geisler JP, Geisler HE, Wiemann MC, Givens SS, Zhou
Z, Miller GA. Quantification of p53 in epithelial ovarian
cancer. Gynecol Oncol 1997, 66: 435—438.

Buttitta F, Marchetti A, Gadducci A, et al. p53 alterations are
predictive of chemoresistance and aggressiveness in ovarian
carcinomas: a molecular and immunohistochemical study. Br
J Cancer 1997, 75: 230-235.

Skomedal H, Kristensen GB, Abeler VM, Borresen-Dale
AL, Trope C, Holm R. TP53 protein accumulation and gene
mutation in relation to overexpression of MDM?2 protein in
ovarian borderline tumours and stage I carcinomas. J Pathol
1997, 181: 158-165.

Smith-Sorensen B, Kaern J, Holm R, Dorum A, Trope C,
Borresen-Dale AL. Therapy effect of either paclitaxel or
cyclophosphamide combination treatment in patients with
epithelial ovarian cancer and relation to TP53 gene status.
Br J Cancer 1998, 78: 375-381.

Shimizu M, Nikaido T, Toki T, Shiozawa T, Fujii S. Clear
cell carcinoma has an expression pattern of cell cycle regu-
latory molecules that is unique among ovarian adenocarcino-
mas. Cancer 1999, 85: 669-677.

Wen WH, Reles A, Runnebaum IB, et al. p53 mutations
and expression in ovarian cancers: correlation with overall
survival. Int J Gynecol Pathol 1999, 18: 29-41.

Daponte A, Guidozi F, Tiltman AJ, Marineanu A, Taylor L.
p53 as a prognostic factor for stage III serous adenocarci-
noma of the ovary. Anticancer Res 1999, 19: 2387-2389.
Schmider A, Gee C, Friedmann W, et al. p21 (WAF1/CIP1)
protein expression is associated with prolonged survival but
not with p53 expression in epithelial ovarian carcinoma.
Gynecol Oncol 2000, 77: 237-242.

Laframboise S, Chapman W, McLaughlin J, Andrulis IL.
p53 mutations in epithelial ovarian cancers: possible role in
predicting chemoresistance. Cancer J 2000, 6: 302-308.
Geisler JP, Geisler HE, Miller GA, Wiemann MC, Zhou Z,
Crabtree W. p53 and bel-2 in epithelial ovarian carcinoma:
their value as prognostic indicators at a median follow-up of
60 months. Gynecol Oncol 2000, 77: 278-282.

Lavarino C, Pilotti S, Oggionni M, et al. p53 gene status
and response to platinum/paclitaxel-based chemotherapy in
advanced ovarian carcinoma. J Clin Oncol 2000, 18: 3936—
3945.

Schuyer M, van der Burg ME, Henzen-Logmans SC, et al.
Reduced expression of BAX is associated with poor progno-
sis in patients with epithelial ovarian cancer: a multifactorial
analysis of TP53, p21, BAX and BCL-2. Br J Cancer 2001,
85: 1359-1367.

Sagarra RA, Andrade LA, Martinez EZ, Pinto GA, Syrjanen
KJ, Derchain SF. P53 and Bcl-2 as prognostic predictors in
epithelial ovarian cancer. Int J Gynecol Cancer 2002, 12:
720-727.

Kupryjanczyk J, Szymanska T, Madry R, et al. Evaluation
of clinical significance of TP53, BCL-2, BAX and MEK1
expression in 229 ovarian carcinomas treated with platinum-
based regimen. Br J Cancer 2003, 88: 848-854.



