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ABSTRACT

Estrogen receptor (ER) and progestin receptor were measured in
samples of tumors obtained at first laparotomy from 97 previously
untreated patients suffering with a primary ovarian epithelial tumor, for
whom a 3-year follow-up was available. The presence or absence of
steroid receptors (threshold arbitrarily fixed at 10 fmol/mg of cytoplasmic
protein) was determined by the dextran coated charcoal method and
related to a number of patient characteristics such as the residual disease
(cutoff, 2 cm), histolÃ³gica!type. International Federation of Gynecologists
and Obstetricians grade and stage, and age.

Results were analyzed by univariate and multivariate methods, (a) The
tumor ER positively was associated with better survival; progestin recep
tor showed a similar trend but did not reach statistical significance, (b)
After stratification for residual tumor the association ER positivity/better
survival was still statistically significant in the subset of patients with
residual tumor > 2 cm. (c) When the median survival times were
considered it became apparent that progestin receptor absence nullified
the effect associated with positive ER. (</) Multivariate analysis con
firmed that among the variables considered the main determinants of
prognosis were the size of the residual tumor, serous histolÃ³gica!type,
and positive ER.

INTRODUCTION

Since ER3 and PGR were first recognized as prognostic
factors for breast cancer (1-8), much interest has been focused
on steroid receptors in tumors thought to be related to gonadal
hormones (i.e., endometrium, prostatic, ovarian cancer) (9-19).
Despite the fact that the ovary is not a primary target tissue for
estrogen and only endometrioid histolÃ³gica! types can be con
sidered hormone dependent, epithelial ovarian tumors have
nevertheless been investigated (20-38) and ER and PGR have
been found in about 50% of ovarian tumors. Nonetheless the
significance of their presence in the pathogenesis of epithelial
ovarian tumors has not yet been defined. A role similar to that
in breast cancer has been claimed, in that their presence seems
to be inversely related to tumor differentiation (25, 27, 29, 33),
but others have been unable to prove any relationship (21-24,
36).

This disagreement (probably arising from the heterogeneity
of epithelial ovarian tumors) and the failure to prove the effec
tiveness of any endocrine therapy (6, 28, 31) cast doubts on the
real significance of ER and PGR in such tumors.

This paper presents data from 97 previously untreated pa
tients who underwent surgery for primary epithelial ovarian
tumor. In this relatively limited set of patients, ER and PGR
had been measured in their tumor cell cytosols, and a 3-year
follow up record was available, so it was possible to relate ER
and PGR measures not only to pathological parameters but
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also to the response to therapy and to the survival time after
first surgery.

PATIENTS AND METHODS

Patients. Between 1981 and 1983, 97 patients suffering from histo-
logically proven epithelial ovarian cancer entered this study. After first
surgery patients received six courses of cisplatin-based chemotherapy,
after which second look surgery was performed to assess response.
Their characteristics at diagnosis are reported in Table 1. The median
age was 58 years (range, 24-81); 22% of cases were pre- and 78% were
postmenopausal.

Tumor specimens were obtained at first laparotomy before any other
treatment and were used for histology and ER and PGR determinations.
Stage and histolÃ³gica!classification of tumors were performed accord
ing to International Federation of Gynecologists and Obstetricians and
WHO recommendations (37).

Estrogen and Progestin Receptor Determination. Tumor specimens
were obtained by random biopsies of the primary site of disease (ovary)
at surgery. They were dissected free of necrotic tissue and fat, cut into
small pieces, placed in plastic bags, and stored in a liquid nitrogen
container until receptor analysis (no longer than 30 days). The samples
were analyzed for cytosol ER and PGR according to the currently
available dextran coated charcoal method as described by Vihko et al.
(39). The whole procedure was carried out at 0-4Â°C.Briefly, the samples

were homogenized in 16 volumes of 10 mM Tris-1.5 mM EDTA-0.02%
sodium azide-12 mM l-thioglycerol-20% glycerol-10 mM Na2MoO4
buffer at 4Â°Cand centrifuged at 105,000 x g for 60 min at 2Â°C.Cytosol

ER were measured using 7 concentrations (0.16-1.33 nM) of [1,2,6,7-
3H]estradiol (specific activity, 90 Ci/mmol; Amersham, England) as

ligand to allow saturation analysis of the cytosol binding system.
Nonspecific binding of the tracer was determined from parallel repli
cates containing a 100-fold molar excess of nonradioactive estradiol.
The samples underwent dextran-coated charcoal treatment and radio
activity counting, and the results were calculated by Scatchard's plot

(40). PGR were measured similarly using 7 concentrations (0.33-5.83
nM) of [6,7-'H] 16a-ethyl-21 -hydroxy-19-nor-4-pregnene-20-dione (spe

cific activity, 45 Ci/mmol, Amersham, England). When the specimens
were too small for complete Scatchard analysis, determinations were
made at saturation with a single concentration of ['Hjestradiol (1.66

nM) or tritiated ORG 2058 (5.83 nM).
Cytosol proteins were measured according to the method of Lowry

et al. (41).
Tumors were divided into "receptor positive" and "receptor negative"

categories. When the ER or PGR concentration was 10 fmol/mg cytosol
proteins or more, the tumor was classified as positive.

Evaluation and Statistical Methods. Survival time was defined as the
period between the date of first surgery' and death or the last follow-up,

whichever came first. All the patients were included in the survival
curves. Patients who died of causes other than ovarian cancer were not
excluded from the analysis. Survival distributions were described by the
Life Tables Methods; Lee-Desu statistics (42) were used for testing the
differences between the curves. The effect of a set of covariates on the
survival function was estimated using the proportional hazard regres
sion model (43).

The test of statistical significance for contingency tables was based
on the usual \~ value comparing observed and expected numbers of
events. The potential reciprocal confounding effects of patients' major

characteristics were controlled for using stratification and Mantel-
Haenszel procedure (44).
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Quantitative estimates of the effects of ER and PGR characteristics
on response at second look surgery were obtained using odds ratios as
estimates of the relative risk and their 95% confidence intervals.

RESULTS

ER and PGR concentrations are reported in Table 2. Taking
a threshold of 10 fmol/mg cytoplasmic proteins as positive,
55% of the tumors were ER positive and 65% were PGR
positive; ER were not detectable in 22% of the specimens and
PGR were not detectable in 21%, while 10% of the samples
had ER ^50 fmol/mg cytoplasmic proteins and 16% had PGR
>50 fmol/mg cytoplasmic proteins.

The relationship between ER and PGR is shown in Table 3.
Negative and positive PGR were distributed uniformly in the
group of negative ER (respectively, 53 and 47%), while in the
positive ER group 80% of tumors also had positive PGR.

Table 1 Patient characteristics at first surgery

N%Clinical

stageIIIIVHistological

typeSerousEndometrioidMucinousClear

cellUndifferentiatedHistological

grading1.
Welldifferentiated2.
Moderatelydifferentiated3.
PoorlydifferentiatedResidual

tumor<2cm>2

cmPerformance

status(Karnofsky)10080-90<70Not

known8897113733925592572582351190.79.373.213.47.23.13.19.726.963.425.874.26024511

Table 2 Frequency distribution of estrogen and progestin receptors (ER and
PGR) in primary epithelial ovarian tumors

fmol/mg cytosol protein Â±SD

Mean Â±SD95%
confidence interval

Median
Rangefmol/mg

cytosolproteinNot

detectable (= 0)
1-9
10-49
a50N*212244 10

57ER19.1

Â±37.2
12-27

11
0-334ER%22

23
45
10

TooPGR31.6

Â±4922-41

14
0-232N20

14
48
1597PGR%21

144916

TÃ¼Ã¶
Â°A', number of patients.

Table 3 Association between ER and PGR content of primar}' epithelial ovarian
tumors

X2 = 10.24; P = 0.002. Percentages were calculated in the respective ER

positive and negative groups.

PGR <10fmolER<

IO fmol
a 10 fmolFrequency4354

97Frequency23
1133%53 20PGR

>10fmolFrequency20

43
53%47

80

The results of univariate analysis of the distribution of ER
and PGR according to the patient's characteristics (state, his

tolÃ³gica! type, histolÃ³gica! grade, menopausa! status, residual
tumor, response to therapy after surgery) are summarized in
Table 4. Overall, no significant differences were observed; how
ever the serous histolÃ³gica! type tended to have more numerous
positive ER samples than all the other histolÃ³gica! types con
sidered together (\2 = 5.63; P = 0.017). No significant differ

ences emerged when the histological grade, menopausal status,
or residual tumor were considered. The pathological response
to first line therapy was not significantly affected by the receptor
status.

Survival time was evaluated according to ER and PGR status.
Life table survival analysis indicated a highly significant asso-

Table 4 Association between ER and PGR content anil clinical and histological
parameters

ParametersStage

IIIIVHistological

type
SerousEndometrioidMucinousClear

cellsUndifferenliatedHistological

grade
1. WelldilTerenliated2.

Moderately
differentiated3.

Poorly
differentiatedMenopausal

status
PrePostResidual

tumorÂ«2
cm>2cmResponse

to therapy after
first surgery

CRPRNRfmol<10alO<10alO<IOalO<10>10<10aio<10>10<10>10<10alO<10>10<10alO<10alO<10>IO<10alO<10alO<10>10<10alO<10210N38505426458561212136817302971339351114314191413231817ER%

P43575644

n.s.37636138861467336733

n.s.336732685446

n.s.35655347

n.s.44564357

n.s.396136645149

n.s.N30594526452113412212771822345153143519294461742221322PGR%

P34664456

n.s."3763IS85435733676733

n.s.227828723763

n.s.25754258

n.s.21794060

n.s.267439515941

n.s.
" CR. complete response

significant.
PR. partial response; NR. no response; NS, not
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ciation between positive ER (&10 fmol) and survival (log-rank
test: x2 = 9.27, P = 0.002) (Fig. 1). Despite a similar trend the

association positivity/survival was not statistically confirmed
for PGR(Fig. 1).

Although this difference remained significant even after strat
ification for size of residual tumor after first surgery, a major
benefit in survival for ER positive patients was observed mainly
in the subgroup with residual tumor size > 2cm. (Fig. 2) (overall:
X2 = 13.6, P = 0.0002; <2 cm: x2 = 3.15, P = 0.08; >2 cm: x2

= 10.6, P = 0.001). The statistical significance was still present
when the cutoff was raised to 20 fmol, but it was lost at 30
fmol, because the positive ER group became too small (n =
17). Survival curves according to ER levels and menopausal
status are reported in Fig. 3. Premenopausal as well as post-
menopausal patients with positive ER tumors seemed to survive
longer than patients with negative ER tumors; however, the
difference was not statistically significant for the postmenopau-
sal group. Also, the number of patients in each category is
small, especially for the ER postmenopausal subgroup. Thus,
the true role of the interaction between ER receptor, survival,
and menopausal status remains unclear.

The effect of the PGR status within positive and negative ER
groups is presented in Fig. 4. Patients with positive ER and
positive PGR survived significantly longer (P = 0.017) than the
group with ER and PGR both negative; the intermediate groups
did not differ significantly. Median survival times for negative
or positive ER patients stratified according to the size of their
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Table 5 Median survival time after first surger)" ER status in relation lo residual
disease, menopausal status, and PGR status

Median survival time was expressed as months of survival after first surgery.

Parameters compared
to ERstatusResidual

tumor <2 cm
Residual tumor >2cmPremenopausal

status
PostmenopausalstatusPGR

>10 fmol
PGR <10 fmolMedian

survival time
(mo)forER

<10fmol14.2842.11

12.451

3.50
14.6914.17

14.26ER>10fmol27.4942.11Â°

23.3642.00

26.5328.60

15.44P<0.01<0.01<0.01<0.05
" Not yet reached.

residual tumor, menopausal status, or PGR status are reported
in Table 5. Median survival times of negative ER were generally
lower than those of positive ER patients, with the exception of
residual tumor <2 cm; in this group the media values of ER
positive and negative patients were equally high. The median
survival time of ER positive premenopausal patients was higher
than for the corresponding postmenopausal patients, and both
were higher than pre- and postmenopausal patients with nega
tive ER.

Positive PGR alone did not modify the median of positive
ER patients, but when PGR were negative the beneficial influ
ence of positive ER was no longer manifest.
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Table 6 Results of step-wise Cox regression analysis

CategoryVariablesUnivariate

analysisStageResidual

tumorsizeHistologyHistologyGradeERPC

RAgeAgeMultivariate

analysis'StageResidual

tumorsizeHistology-HistologyER

statusBetter3<2cmserousother1

+2>10>1040-5540-553<2cmserousserous>10Worse4>2cmothermucin3<IO<10Â«40>554>2cmothers'mucinous<10"P"

values

from
likelihood
ratiotest"0.0060.00390.00310.00350.970.0080.0980.080.290.0440.00030.00470.00480.0066Estimatedrelativerisk2.14.62.48.92.595%

confidence
limits1.02-4.352.10-10.11.32-4.403.07-24.51.4-4.3

Â°Determines whether, for a given variable, a proportional hazard model

provides a better fit with survival than does a model without the variable. Any
factor yielding a P value < 0.1 was considered for inclusion in the multivariate
model.

*The relative risk ratio gives the estimated proportional increase in the
probability of survival for a patient having a "better" category of a feature relative
to one having the "worse" category.

' All the histotypes were included except serous and mucinous.

The results of the stepwise Cox analysis are reported in Table
6 together with the univariate analysis used to determine the
variables to be entered in the final model. Prognostic factors
taken into account in the evaluation of survival time by Cox
analysis were tumor size (Â«2cm, >2 cm), histology, grade, ER,
PGR, age stratified in the groups <40, 40-55, >55 years. The
major determinant of survival in the Cox analysis was the size
of residual tumor. However a serous histolÃ³gica! type and an
ER level >10 fmol also were positively associated with survival,
while the mucinous histological type was negatively related to
it.

DISCUSSION

The present results obtained from primary ovarian epithelial
tumor without any pretreatment confirm that ER and PGR
may occur in these tumors with a frequency not very different
from those of breast and endometrial cancer. In spite of the
broad range the absolute values were, on the average, lower
than in breast and endometrial cancer. No significant correla
tions were found between the tumor receptor status and the
clinical pathological features of patients. Univariate analysis
showed up a positive relation between the presence of ER and
survival time (3-year follow-up). This observation suggests that
steroid receptors or those factors implicated in their occurrence
must play some role in the tumor evaluation.

The data obtained by multivariate analysis indicate that the
association of positive ER/better survival is independent of the
other factors considered (residual disease, histological type,
grade, performance) and can be regarded as a favorable prog
nostic factor, even though it was certainly less strong than the
residual disease and was equivalent to that of serous histological
type (but associated with better survival).

The different strength of these factors in the survival prog
nosis may well account for the observation that when patients
were stratified by residual disease in the univariate analysis the
association ER/survival was statistically significant only in the
category with residual tumor >2 cm. The role of PGR was less
clear, since the data did not reach statistical significance even
though positive PGR showed a pattern similar to that of posi
tive ER. The positive ER group comprehensive of positive and

negative PGR and the positive ER group comprehensive of
only positive PGR have similar curves. That the positivity of
PGR did not strengthen the beneficial effect of positive ER
may depend on the fact that 80% of positive ER also had
positive PGR, so the positive ER group comprehensive of
positive and negative PGR and the positive ER group compre
hensive of only positive PGR understandably have similar
curves.

Iversen et al. (34) recently published a record of 31 ovarian
cancer patients and their data agrees with ours in that combined
positive PGR and ER were positively related to better survival
time. However, they differ in attributing the effect only to PGR
positivity. The differences regarding ER might be due to the
fact that they used a threshold of positivity of 5 fmol compared
to our 10 fmol. Not only the presence but also the concentration
of ER may play a role in this kind of association. For PGR the
selected cutoff was similar in both laboratories (10 fmol). and
differences could be due to the different number and the broad
variability of this kind of evaluation or to different selection of
patients (Iversen considered all stages, while we selected only
Stages III and IV; Iversen mixed first and second line cases,
while we took only first line cases).

Beyond the different hypotheses that can be drawn from
different interpretations, these two sets of data confirm that
steroid receptors do have some relation to prognosis of ovarian
epithelial tumor. Further steps would be to investigate condi
tions that contribute to the occurrence of steroid receptors in
epithelial ovarian tumor, since these conditions might in fact
have a more direct role in the survival of epithelial ovarian
cancer patients than the receptors. The use of the recent mono
clonal ER enzyme assay for determination of filled and unfilled
receptors could give useful insight into the relationship between
ER and PGR. Differences between the two methods might
explain results that at the moment appear difficult to under
stand (i.e.. tumors with negative ER and positive PGR).
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