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ABSTRACT

Conventional cytosol estrogen receptor analysis is not a significant
prognostic variable in serous ovarian carcinoma. Although the use of
immunocytochemical receptor analysis for estrogen does provide prognos-

tically useful information in enhanced accuracy of predicting survival in
patients with ovarian cancer, its usefulness can still be improved. Surgical
samples from ovarian carcinomas are heterogeneous in tissue composition.
Immunocytochemical receptor analysis allows for the specific assessment
of the tumorous portions of a histological specimen. However, it is limited
by its dependence on staining intensity as the determining factor. Bio
chemical receptor analysis does provide objective information concerning
the number of receptor molecules present in a given sample, but the value
is not adjusted for histological composition of the tumor section. There
fore, we have attempted to combine the advantages of both methods. By
adjusting the conventional receptor analysis for the percentage of tumor
present in the specimen, we have eliminated the tissue heterogeneity as a
confounding variable. The resulting value is named Composition Adjusted
Receptor Level or CARL. A prospective study was performed on the
estrogen receptor concentrations in 61 ovarian cancers. Minimum fol
low-up was 8 years. For the percentage of tumor in the specimen, a highly

significant correlation of the assessment of the two pathologists was ob
served. Stage (P < 0.05) and grade (P < 0.05) as well as cell type (P < 0.05)
were found to be significant prognostic variables. In an attempt to elimi
nate the confounding influences of these variables, the CARL of the es
trogen receptor was assessed with regard to its prognostic significance in
32 grade 2 and 3 serous carcinomas of the ovary, stage III and IV. A linear
correlation between CARL and survival was found above a threshold
estrogen receptor concentration of 15 fmol/mg cytosol protein using a
correlation of the Cox proportional hazards model (/' < 0.02). Our data

suggest that (a) the assessment of the percentage of tumor in a given
sample is not significantly observer dependent, (b) CARL is a significant
predictor of survival in serous ovarian carcinoma, and (c) a CARL should
be determined for the analysis of any cytosol receptor in solid tumors.

INTRODUCTION

The cytosol concentration of the ER3 in tumors of the human

reproductive system has been shown to be of prognostic significance.
In breast cancer it is useful in the selection of patients for antiestrogen
therapy (1). An analogous relationship between ER expression and
prognosis has been demonstrated for endometrial cancer (2).
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In ovarian cancer, however, a linear correlation between ER level
and survival has never been established, although it is known that
estrogen receptors are present in 62% of malignant epithelial ovarian
tumors (3). Whether ER levels of >10 fmol ER/mg cytosol protein in
ovarian cancers indicate a more favorable prognosis than concentra
tions of <10 fmol ER/mg cytosol protein is controversially discussed
in the literature (Table 1) (4-14). Several authors have suggested that

tumor heterogeneity may, in part, account for this disagreement (4, 6,
14). Ovarian cancer, in contrast to breast cancer, is a more heterog
eneous tumor in which cystic areas frequently coexist with solid areas
and necrosis. To our knowledge, no data concerning the impact of
tumor composition on the results of cytosol ER determination have
been published.

Immunocytochemistry has been established as a reliable method for
investigating the presence of ER in ovarian cancer tumor tissue (15).
It was found to correlate well with the biochemical assay, if a mini
mum of 75% of viable tumor was present in each specimen (16).

However, to our knowledge, so far no correlation of immunocyto
chemical staining intensity and prognosis has been attempted for
patients with ovarian cancer.

The goal of this investigation was to answer the following ques
tions: (a) Can immunocytochemistry be helpful in predicting patient
prognosis in ovarian cancer? (b) Are the results of the conventional
cytosol analysis of ER levels of prognostic significance in ovarian
cancer? (c) Can the calculation of a CARL for the estrogen receptor
enhance the ability of the biochemical receptor assay to predict the
outcome of the disease?

MATERIALS AND METHODS

Patient Selection. Tumor stage, grade, and cell type are known predictors
of prognosis in human ovarian cancer. To eliminate their confounding influ
ence on the data analysis, only patients with FIGO stage III or IV, grade 2 and
3, serous ovarian carcinoma were admitted to this prospective study. To be
eligible for this study, all patients had to have been treated with exploratory
laparotomy, total abdominal hysterectomy, bilateral salpingo-oophorectomy,
and tumor-reductive surgery that reduced the residual tumor to a diameter of

S2 cm. In addition, all patients had to have been treated postoperatively with
a cisplatin-containing chemotherapy regimen as first-line therapy. Minimum
follow-up time was 8 years. Thirty patients meeting these criteria were admit

ted to the study.
Tissue Collection. Tissue from the primary focus of ovarian cancers was

sampled during surgery, frozen immediately, and stored in liquid nitrogen until
used for biochemical receptor analysis. The conservation of the hormone-
binding function of the ER when stored at -27Â°C had been established before

the onset of this investigation. A thin diagonal cross-section of the tissue

designated for cytosol receptor analysis was fixed in formalin, embedded in
paraffin, sectioned, and stained with hematoxylin and eosin for pathological
diagnosis. The percentage of viable tumor in each specimen submitted for ER
analysis was determined by two independent pathologists by reviewing these
representative permanent sections.

Immunocytochemical Localization of Estrogen Receptors. ER was lo
calized using a previously published indirect immunoperoxidase technique (17,
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Table 1 Overview of literature on ER as a prognostic indicator in ovarian cancer

Creasman et al., 1981 (13)
Kauppila el ai, 1983 (12)
Spona et ai, 1986 (10)
Bizzi et ai. 1988 (9)

Schwartz et ai, 1982 (14)
Quinn. 1984(11)
Schwartz et ai, 1986 (5)
Iverson et ai, 1986 (6)
Slotman et ai, 1989 (4)
Massed et ai, 1989 (7)
Rose et ai, 1990 (8)

a Authors who found a correlation between ER level and patient prognosis.
* Authors who did not find a correlation between ER level and patient prognosis.

18). Immunocytochemical localization of receptor involved the sequential

application of three immune reagents to tissue sections and incubation in
diaminobenzidine-H2O;> to identify the site of the immunoprecipitate. Each of
these steps was followed by extensive washing in phosphate-buffered saline.

The first immune reagent, the rat monoclonal antibody to ER (10 mg/ml), was
applied in excess of the amount of receptor present in the tissue section
(approximately 10"'" M)at room temperature for l h (15). The second immune

reagent, a goat anti-rat IgG, served as the bridging antibody, binding the first

rat monoclonal antibody (1:50 dilution, 30 min) and the third immune reagent,
a rat peroxidase-antiperoxidase complex (1:50 dilution. 30 min). Diaminoben-

zidine was converted from a soluble monomer to an insoluble polymer in the
presence of H2O2. This precipitate was recognized as a brown pigment by light
microscopy.

The staining intensity was rated according to the percentage of positive
cells: -, 0; +, <20%; + + , 20-50%; + + +, >50%. The positive immuno-

staining percentages were, therefore, separated into four groups.
Biochemical Receptor Analysis. Biochemical receptor determinations

were performed according to a previously published methodology (19). In
brief, frozen tissue was powdered in a Thermovac stainless steel autopulver-
izer; the powder was weighed and added to ice-cold 0.01 M TEDG. The
pulverized tissue was homogenized twice for 10 s with 1-min cooling periods,

using a Polytron tissue homogenizer with a rheostat setting of 7. Fresh speci
mens were homogenized in 0.01 M TEDG buffer with an all-glass Kontes
homogenizer and a motor-driven pestle.

Homogenates were centrifuged in a J6B Beckman low-speed centrifuge at
3000 rpm for 10 min at 2Â°C.The pellets were washed twice with 0.01 MTEDG

buffer. The supernatant from each spin was then added to the supernatant from
the first 3000 rpm centrifugation. The pooled crude cytosol was centrifuged in
a L5-65B ultracentrifuge at 50,000 rpm for 1 h (2Â°C)using a Beckman type

65 rotor. The final concentration was adjusted to 100 mg cytosol protein/ml by
adding the appropriate amount of 0.01 MTEDG buffer.

The determination of the cytosolic ER concentration was performed by a
G-25 Sephadex filtration assay (19). This method entails the addition of vary
ing concentrations (0.1-30 nM)of [3H]estradiol dissolved in absolute ethanol to

0.01 ml propylene glycol in 12- x 75-mm disposable test tubes prebaked at
500Â°Ffor 3.5 h. In addition, a 200-fold excess of unlabeled 5a-dihydrotestos-

terone was added to each test tube to block the binding of [3H]estradiol to sex

hormone-binding globulin. The ethanol was thereafter evaporated under a

stream of prepurified nitrogen. Cytosol (0.2 ml) was added, and the tubes were
incubated al 4Â°Cfor 2 h.

After incubation, an aliquot (0.02 ml) was removed to determine the con
centration of 'H-ligand present in each tube. The amount of bound ligand was

determined by applying 100 u,l TEDG buffer wash. After 1 min, a 40 Â¡L\TEDG
buffer was applied. Then 300 /xl TED (without glycerol) buffer was added, and
the eluant was discarded. The bound ligand was eluted from the column with
700 fxlTED buffer into 5-ml minivials, and 3.5 ml scintillation fluid was added

for counting.
Binding data were analyzed according to the methods of Scatchard (20) as

modified by Rosenthal (21). Correction for nonspecific binding was done as
previously described by Seematter et ai (22) and Hoffman et al. (23) (Fig. 1).
Every assay was run with a control standard of known ER titer. The standards
were made from human myoma. The ER titers in this standard remained stable
for more than 1 year when stored at ~186Â°C.Protein and DNA determinations

were made using the Bradford method (24) and the Burton method (25).
All homogenates were prepared by the same technician with the same

reagents and equipment. Furthermore, all assays were performed simulta
neously by the same scientist assaying large numbers of samples. A single

preparation of reagents was utilized for all ER determinations. Sephadex beads
were taken from a single commercial lot.

Composition Adjustment of the Cytosol Estrogen Receptor Level. The
ER content of the tumor cytosol was adjusted for the amount of viable tumor
present, resulting in a CARL. The following formula was used for this calcu
lation:

CARL =
Cytosol receptor concentration (fmollmg protein )

proportion of viable tumor

Statistical Analysis. The correlation of conventional cytosol level and
CARL with survival was analyzed by parametric survival analysis, using an
accelerated failure time model with generalized F analysis and y distribution
for linear and logarithmic CARL values (26). In addition, semiparametric
analysis was performed using Cox proportional hazards analysis. The corre
lation between the assessments of the two independent pathologists was tested
using the Spearman rank correlation analysis. A P value of <0.05 was con
sidered significant.

RESULTS

The inclusion of stage 111and IV disease in a single group could be
justified, because in an analysis of 61 candidates for this investigation,
no significant difference in survival was observed between these two
tumor stages (Fig. 2).

ER expression was found in 19 of 30 (63%) of the stages III and IV,
grades 2 and 3, serous ovarian carcinomas. Immunocytochernistry was
able to separate the patients into different prognostic groups when
20% positive tumor cells was used as a cutoff value (Fig. 3). Other
cutoff values produced groups whose survival differences were not
statistically significant. As illustrated by the differences of levels of
significance between Wilcoxon (P = 0.0291) and log rank (P =
0.0523) tests, this prognostic prediction is more pronounced in short-
term follow-up.

Cytosolic ER concentration ranged from 1.0 to 1759.4 fmol/mg
cytosol protein. The mean Â±SD was 62.9 Â±291.4 fmol/mg cytosol
protein (Table 2). No significant correlation was found between this
uncorrected ER concentration and overall survival (P = 0.805). In

addition, there was no prognostic difference when groups of patients
with ER concentrations above versus below thresholds of 10, 15, 20,
25, 30, 35, 40, 45, and 50 fmol/mg cytosol protein were compared
(Fig. 4). The test-retest reliability and observer independence of the
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Fig. I. Representative Scatchard analysis of ER ovarian cytosol sample. EL original
data; â€¢¿�.data corrected for nonspecific binding. The KÂ¿was 0.61 nM, the specific binding
capacity was 0.16 nM, and the nonspecific binding coefficient was 0.007 nM. The KÂ¿for
the standard control human myoma cytosol was 4.75 nM.
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Fig. 2. Slage-dependent survival of 61 patients with ovarian cancer. A, FIGO slage I
disease, n = 7; â€¢¿�,FIGO stage II disease, n = 2; Â».FIGO stage III disease, n = 36); Â»,
FIGO stage IV disease, n = 16.
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Fig. 3. Immunocytochemistry for ER as a predictor of survival in 42 ovarian cancer
slages III and IV patients. (Log rank, 0.0523; Wilcoxon, 0.0291). A, ER negative, n = 23;
â€¢¿�ER positive, n - 19.

Table 2 Cytosol ER levels in serous ovarian cancer (fmol/mg cytosol protein)

Values represent the data from the tumors with a CARL for the ER & 15 fmol/mg
cytosol protein.

ER-overallCARL-overallERCARLMean62.9101.9109.2157.2SD291.4353.8399.8431.1Range1.0-1759.41.0-1954.92.8-1759.415.3-1954.9na30301919"

Number of patients.

assessment of the percentage of viable tumor in the sections of the
tissue taken for cytosolic receptor analysis were established (Rho =
0.59, P < 0.0005). A relative risk assessment for patients with tumors
showing CARL of ER >15 fmol/mg cytosol protein was performed
on the basis of Cox proportional hazards analysis. Fig. 5 illustrates the
relative risk of dying of ovarian cancer at any given time, comparing
patients with tumors of a CARL of ER >15 fmol/mg cytosol protein
to women with a baseline risk of 1 assigned to cancers with a CARL
of 15 fmol/mg cytosol protein. The mean, SD, and range for conven
tional ER analysis and for CARL are listed in Table 2. Some tumors
which would have been considered receptor-negative by conventional
receptor analysis (ER-overall) can be identified as receptor-positive

with a more favorable prognosis after adjustment for tumor compo
sition (Table 2). Fig. 6 shows that the determination of CARLs leads
to a rearrangement of the position of the individual tumor on the
continuous scale of receptor levels. The correlation of linear and
logarithmic CARLs of ER in the ovarian cancer specimen with overall
survival was significant above a threshold CARL of 15 fmol/mg

100 p
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Fig. 4. Representative analysis of cytosolic ER concentration as a predictor of patient
survival in 30 ovarian cancers of stages III and IV using an above versus below threshold
of 15 fmol/mg cytosol protein (log rank, 0.30). A, ER negative, n = 22; â€¢¿�ER positive,

0.4

0.2 â€¢¿�

50 100 ISO 200 250

Fig. 5. Relative risk of dying from ovarian cancer in patients with tumors of CARL of
ER > 15 fmol/mg compared to patients with tumors of CARL of 15 fmol/mg cytosol
protein assigned a baseline risk of 1.
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Cytosol ER CARL

Fig. 6. Numbers 1-6 are assigned to decreasing CARL levels. The disordering of the
number sequence illustrates that the order of the tumors with their associated prognoses
is not apparent without adjusting for the sample composition.
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Table 3 Levels of significance in the analysis of CARL of ER a IS fmol/mg cytosol
protein as a predictor of survival in ovarian cancer

y analysis
Generalized

log F analysis
Cox proportional
hazards analysis

CARL
Log CARL

P < 0.001
P < 0.001

P = 0.007
P = 0.019

P = 0.038
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Fig. 7. Predicted 5-year survival curves for chosen CARLs for estrogen based on 30
stages HI and IV, grades 2 and 3, serous ovarian cancers after tumor reductive surgery to
2-cm residual disease and cisplatin-based first-line chemotherapy (Cox proportional haz

ards analysis).

cytosol protein in all of the statistical tests used in our data analysis
(Table 3). Fig. 7 shows the predicted survival curves for patients with
tumors of different CARLs for estrogen receptor.

DISCUSSION

The controversy in the literature regarding the significance of con
ventional cytosol analysis of ER for the prognosis of patients with
ovarian cancer may in part be explained by the lack of stratification of
the patient population into prognostic subgroups. The analysis, thus,
may have been significantly confounded by differences in the distri
bution of FIGO stage, grade, and tumor cell type between the com
pared groups. Also, the threshold concentration of 10 fmol/mg cytosol
protein for the differentiation between prognostic subgroups had fre
quently not been questioned. Our data suggest that changing the
threshold concentration does not significantly improve the ability to
distinguish between prognostic subgroups on the basis of nonadjusted
ER levels.

Tumor stage, grade, and cell type are descriptive parameters which
permit distinction between prognostic groups in patients with ovarian
cancer. Our data have newly established that after selection of these
variables for the group of tumors most frequently observed in clinical
practice the use of immunocytochemistry for ER can be helpful in
further distinguishing between prognostic subgroups in this disease.
The observation that a more subtle differentiation between >2 degrees
of staining intensity did not prove to be useful may be explained by
the fact that the degree of ER expression is a continuous variable and,
thus, not well suited to evaluation on a step scale.

The composition of the tumor sample plays an important role in the
interpretation of cytosolic ER levels. This is illustrated by the appli
cation of composition adjustment to the determination of ER levels.
We have shown that, especially in ovarian cancers with smaller areas
of viable tumor, patients with a more favorable prognosis can be
successfully identified. The calculation of CARLs leads to a correc
tion of the receptor level assigned to each tumor with its associated
prognosis. Thereby, a mathematically defined continuous correlation
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of tumor ER concentration and survival emerges, which is obscured in
the conventional analysis by the heterogeneity of the tumor. In this
way, for the first time, a numerical prognostic parameter has been
established in ovarian cancer. Our data show that a CARL of ER can
define the prognosis of the individual patient in stages III and IV,
grades 2 and 3, serous carcinoma of the ovary after tumor-reductive
surgery to <2 cm residual disease and first-line cisplatin-based che

motherapy. Prediction of patient prognosis beyond the limitations of
histopathology has become possible in these women. It is uncertain, at
this time, whether the more favorable prognosis observed in patients
with high levels of ER in the tumor tissue is due to a more benign
biological behavior of the malignancy or to a relatively better response
to therapy. Whether the enhanced prognostic distinction achieved by
ER analysis can be translated into a more differentiated therapeutic
approach will have to be determined. The authors suggest extending
the concept of CARL to the variety of cytosol variables evaluated in
the analysis of solid tumors of any site.
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