
Abstract. The use of glucocorticoids (GCs) in oncology,
including in the treatment of ovarian carcinomas, is contro-
versial. In vitro experiments suggest that GCs negatively
influence the response to chemotherapy, but the few available
clinical data show only benefits. Glucocorticoid action is
mediated via glucocorticoid receptors (GRs). This study aims
to define any clinical implications of GR expression in ovarian
cancer to further the debate. Archived tissue samples from
patients with histologically confirmed ovarian cancer were
analyzed for GR expression and evaluated by immunohisto-
chemistry and immunoreactive score. The results were related
to the patients' overall survival. Kaplan-Meier survival and
residual survival analyses gave no evidence that GR expression
had any prognostic value in the 85 cases studied. No evidence
of poorer survival was found in a small subset of GR-positive
patients who received GC treatment. Glucocorticoid receptor
expression had no prognostic impact in our study. However,
GC (cortisol) is being produced continuously by the body,
which may have stimulated GR-positive ovarian cancer cells.
Our finding does not exclude the possibility that long-term GC
treatment has adverse effects, and it should also be emphasized
that treatment duration, dosage and dosing regimens, as
well as the choice of an appropriate GC and the mode of
application, determine the risks and benefits. Our study showed
no evidence against using GC for antiemetic prophylaxis in
ovarian carcinomas.

Introduction

Glucocorticoids (GCs) are widely used in oncology and have
clear and proven benefits in several indications, such as
antiemesis. However, the mechanism of action and possible
risks associated with GCs are not fully understood, and
concerns about the safety of GCs have been expressed. In the

late 1950s and early 1960s, autopsy studies reported that
patients treated with GCs showed a significant increase in
the degree of metastatic spread to various organs, including
the lung, liver, heart, opposite breast, brain, spleen and
submucosa of the gastroduodenum (1-3). Evidence from
some in vitro studies suggests that GCs may have an adverse
effect on outcome in several cancers, including ovarian
cancer (4-7). However, other investigators have reported
favorable effects of GCs in vitro (8-10). The fact that in vitro
studies may not reflect the clinical situation adds to the
continuing uncertainty. 

Glucocorticoids play an important part in the treatment of
leukemia (11,12). The first clinical data from a retrospective
study have shown that GC treatment was not associated with
any disadvantage in terms of survival. On the contrary, patients
given GCs had significantly higher leukocyte values in the
days immediately after chemotherapy, higher nadir leukocyte
values, and higher counts before subsequent courses of
chemotherapy than patients who did not receive this treatment
(13). Furthermore, the introduction of taxanes, which have
reactions that are averted by GC treatment, did not lead to a
worsened outcome in ovarian cancer (14,15). Unfortunately,
the original published report of the International Collaborative
Ovarian Neoplasm (ICON3) trial, a study comparing treatment
with taxanes and platinum derivatives with platinum alone or
with taxanes and cyclophosphamide, does not give details of
any GC-based antiemetic medication. 

Thus, the use of GC in oncology is still beset by speculation
and the lack of pathoclinical data. The action of GCs is
mediated by receptors. The present study aims to define the
prognostic role of glucocorticoid receptors (GRs) expressed
in ovarian cancer as a way of shedding further light on the
clinical use of GCs in treating patients with this type of cancer.

Patients and methods

Patients. We re-evaluated the clinical records of all patients
with ovarian carcinoma referred to, treated, and followed-up
at the Department of Obstetrics and Gynecology of the
Justus-Liebig-University, Giessen, between 1982 and 1996,
and recorded the details of prognostic factors (patient age,
tumor stage, presence of ascites and tumor size), survival
status and, where relevant, the cause of death (classified as
cancer-associated, cancer-independent, and unclear). The
availability of complete clinical data and tumor tissue from
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initial tumor surgery was the only selection criterion for
inclusion in the study.

Tissues and pathology. Specimens of all primary tumors were
routinely fixed in formalin and embedded in paraffin wax,
and 2-to 3-μm thick tissue sections were cut. Histological
diagnoses were performed and re-evaluated on standardized
hematoxylin-and-eosin-stained sections following the
suggestions of Russell and Farnsworth (16). Tumor grading
was performed according to the recommendations of Baak
et al (17). Representative tumor specimens from each case
were selected for immunohistochemistry. 

Immunohistochemistry. Commercially available mouse
monoclonal GR antibody (BuGR2) (ab 2768) raised against
partially purified rat GR was obtained from Abcam Ltd.
(Cambridge, UK). Slides were dewaxed in xylene, rehydrated
through a graded ethanol series, and washed in Tris-buffered
saline. Endogenous peroxidase was blocked by placing slides
in 3% hydrogen peroxide for 10 min. Antigen retrieval was
performed in 0.01 mol/l sodium citrate buffer, pH 6.0, for
25 min at 98˚C in a microwave oven. Primary antibodies
were diluted according to the manufacturer's instructions in
Dako antibody dilutent (1:200) and incubated overnight at
4˚C (Dako, Hamburg, Germany). Reactions were detected
using the DAB detection kit (Dako). Negative controls for
BuGR2 were treated identically, without use of the primary
antibody. Immunohistochemical results were evaluated by
two different pathologists. 

In order to allow comparisons with other steroid receptors
and exclude cross-antigenicity, data on estrogen receptor
(estrogen receptor monoclonal antibody clone 1D5; Dako)
and progesterone receptor (polyclonal rabbit anti-human
progesterone receptor antibody; Dako) expression levels
from an earlier study were added to the data set (18). 

Evaluation and statistics. Immunohistochemistry was semi-
quantitatively evaluated using the immunoreactive score
(IRS), which has been described previously (18,19). IRS is
the product of the intensity of immunostaining (none, 0;
weak, 1; moderate, 2; and strong, 3) and the percentage of
positive tumor cells (none, 0; <10%, 1; 10-50%, 2; 51-80%, 3;
and >80%, 4). For the statistical analyses of GR expression,
an IRS value of 0 was scored as 0 (no expression), values of
1-3 were scored as 1 (poor expression), 4-8 as 2 (moderate
expression), and 9-12 as 3 (strong expression). Dichotomized
data of GRs (no and poor expression =0 versus moderate and
strong expression =1) were used for the analyses of GRs and
clinical use of GC. Data management and statistics (bivariate
correlation and Kaplan-Meier survival analysis and residual
analysis) were performed using the SPSS software for
Windows™, release 11.0. A probability of error value <5%
was regarded as significant.

Results 

Patients. The records of 85 patients were evaluated. Tumor-
associated death was recorded in 47 patients, who had a
mean survival time of 2.2 years (median, 1.4; SD, 2.1). The
mean age of patients at diagnosis was 57.7 years (median,

59.4; SD, 11.0). Median follow-up was 7.5 years (mean, 5.5
years; range, 4 days to 22.4 years). 

Of the 85 tumors, 25 (29.4%) were classed as FIGO
stage I (growth limited to the ovaries), 23 (27.1%) as stage II
(growth involving one or both ovaries with pelvic extension),
29 (34.1%) as stage III (tumor involving one or both ovaries
with peritoneal implants outside the pelvis and/or positive
retroperitoneal or inguinal nodes), and 8 (9.4%) as stage IV
(distant metastasis) (20). 

Of 85 patients with stage I a/b disease and a low tumor
grading (grades 1 and 2), 4 had received no adjuvant treatment.
Forty-four of 85 patients with disease stages between Ic and
IIc had been treated with intraperitoneal chromic phosphate
(P32) and/or systemic chemotherapy according to the PEC
regimen (cisplatinum 50 mg/m2, epirubicin 60 mg/m2 and
cyclophosphamide 500 mg/m2; q28). Patients of all other stages
received PEC chemotherapy, of which 69.4% also received
radiotherapy, mainly via open field technique.

The success of postoperative therapy in patients with
tumor residuals after surgery was assessed by second-look
interventions, computed tomograms, radiography and
sonography, and the course of CA125 serum values, as
described previously (21).

Histological tumor classification. Of 85 invasive tumors, 48
(56.5%) were classified as serous, 9 (10.6%) as mucinous, 11
(12.9%) as endometrioid, 12 (14.1%) as clear cell, and 5
(5.9%) as undifferentiated.

Glucocorticoid receptor immunohistochemistry. In general,
the immunohistochemical staining of GR resulted in a clearly
analyzable nuclear expression pattern of the receptor, which
was similar to that of estrogen and progesterone receptors
and allowed a simple discrimination of tumor cells and tumors
(Fig. 1). Neither the staining intensity nor the percentage of
positive tumor cells was found to depend on the age or
storage time of the paraffin-embedded tumor specimens.
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Figure 1. Histological distribution of glucocorticoid receptor expression in
an invasive ovarian carcinoma. Nuclear signals are present in >80% of tumor
cells showing a moderate staining intensity (IRS 8, moderate expression).
Original magnification, x10.
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Glucocorticoid receptor correlations and survival. Gluco-
corticoid receptor expression correlated with various clinical
(age, disease stage), histopathological (grading and tumor
type), and previously determined immunohistochemical
factors (estrogen and progesterone receptors). No significant
correlation or trend was observed. Thus, the antibody used
does not cross-react with the steroid hormone receptors,
estrogen and progesterone. Kaplan-Meier survival analysis
showed that GR expression had no influence on overall
survival (log-rank =1.93; df=3; p=0.587; Fig. 2). Even
residual Kaplan-Meier survival analysis, which included
factors such as disease stage, tumor grading, success of initial
therapy and age at diagnosis, showed no influence by GRs on
overall survival (log-rank 0.93; df=3; p=0.819; Fig. 3). 

Glucocorticoid receptor expression and administration.
Sixteen patients received GCs as a part of antiemetic therapy
(8 or 20 mg of dexamethasone on day 1). The two subgroup
analyses on GR expression and GC administration (yes
versus no) showed no significant influence on survival
(log-rank =1.52; df=3; p=0.677). 

Discussion

We were motivated to undertake this study because, despite
the controversy, there are few clinical data on GC treatment
or on the implications of GRs in solid tumors. This makes it
difficult for clinicians to make balanced decisions about GC
treatment.

Our results in ovarian cancer show that the degree of GR
expression does not influence patient prognosis. Moreover,
we found no evidence that GC treatment has an unfavorable
effect on outcome, even when the tumor expresses the
receptor. Although these findings may not allow us to draw
final conclusions, it is important to realize that, in cases of
GR expression, the receptors would also have been stimulated
by endogenous cortisol during the circadian rhythm. We
found no effects by GC treatment on the outcome of ovarian
cancer patients. 

With regard to the expression of GRs in ovarian cancer,
there are no directly comparable clinical studies. A study of
91 patients with colon cancer also failed to find any correlation
between GR expression and histopathological characteristics,
proliferative capacity of tumors or patient survival (22). In
contrast, a study of patients with resectable hepatocellular
carcinoma found that those with GR-positive tumors had
lower survival rates than those with GR-negative tumors
(23). This may indicate that GRs have different roles in
different tumor entities.

Previously published studies based on in vitro analyses
that calculated the potential adverse effects of GC in antiemetic
prophylaxis and older autopsy reports may have discouraged
clinicians from using GCs. As a result, some patients may
not have profited from the known potential benefits of GCs.

It is recognized that the duration of treatment, dosage,
and dosing regimen, as well as the choice of appropriate GC
and mode of application, can affect the risk/benefit ratio (24).
These factors combined with individual susceptibility deter-
mine the occurrence and severity of adverse effects in all
clinical situations, including the treatment of cancer (24).
Glucocorticoids prescribed for antiemetic treatment are given
for a short time only, the results of which may contrast the
adverse effects reported in cases of long-term use. Analyses
from the field of psychoneuroimmunology have shown that
the short-term use of GC has cognitive benefits and long-term
treatment is associated with negative effects on cognition
(25).

In summary, the results of in vitro data alone provide
insufficient evidence for making balanced decisions about
GC treatment in cancer patients. To date, there are no clinical
data indicating that GC should not be used in treating patients
with ovarian cancer. We showed in this study that the
expression of GR in ovarian cancer had no negative prognostic
effects. In fact, the short-term use of GC may have additional
hematoprotective effects in these patients (13).
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Figure 2. Kaplan-Meier survival analysis of glucocorticoid receptor expression.

Figure 3. Kaplan-Meier residual survival analysis of glucocorticoid receptor
expression.
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