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ABSTRACT

Androgen receptor (AR), estrogen receptor α and β (ERα, ERβ), and progesterone receptor 
(PR) are potential therapeutic targets in epithelial ovarian cancer. In this study we evaluate 
the prognostic value of these hormone receptors in ovarian cancer patients. 

In a prospective multicenter randomized controlled phase II trial 196 ovarian cancer patients 
were randomized to carboplatin/docetaxel ± celecoxib. Of 121 patients sufficient tumor 
tissue was available for hormone receptor analysis. Tissue micro-arrays were stained for AR, 
ERα, ERβ, and PR. Cluster analysis was performed to identify subgroups based on hormone 
receptor expression profile. Receptor expression was correlated to progression-free survival 
(PFS) and overall survival (OS) in uni- and multivariate analysis. 

AR, ERα, ERβ, and PR were expressed in respectively 10%, 31%, 73%, and 19%. In patients 
with synchronous metastasis tissue available (n=69 patients), discordant receptor expression 
was observed in 9-32%. ERβ expression was associated with poor PFS and OS (hazard ratios 
1.88 and 1.92). Clustering analysis revealed a subgroup with hormone receptor negative 
disease that had a favorable PFS and OS. 

Hormone receptors are expressed in the majority of ovarian cancer tumors and may serve 
as therapeutic targets. Clustering analysis can reveal subgroups with different outcome, 
which may prove valuable in selecting patients for endocrine therapy.
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INTRODUCTION

Epithelial ovarian cancer is the second most common gynecologic malignancy with an age-
adjusted yearly incidence rate of 12.3 per 100,000 women.177 The majority of patients (75%) 
present with high stage (IIb-IV) disease. Despite debulking surgery and chemotherapy, 75% of 
the patients will relapse and eventually become resistant to platinum-based chemotherapy. 
Therefore, the overall mortality is high with a 5-year survival of only 45%,177 and additional 
treatments are urgently needed.

Steroid hormones may well play a potential role in ovarian cancer development and 
progression. In preclinical studies androgens and estrogens induced tumor growth of 
ovarian cancer cell lines.178,179 A large epidemiological study in 54,436 postmenopausal 
women showed that long-term unopposed estrogens increased the risk for ovarian cancer 
by 3-fold, while the addition of progesterone had protective effects.180

Several phase II studies have evaluated hormonal treatment for ovarian cancer. However, no 
randomized studies are available and current guidelines do not advocate systemic endocrine 
therapy. In the phase II studies, patients were generally not selected based on the presence 
of the actual targets: the androgen receptor (AR), estrogen receptor (ER) and progesterone 
receptor (PR). This is remarkable, given the known predictive value of hormone receptor 
expression in other cancers. It may also be important to take into account co-expression 
of different hormone receptors isoforms. For example, AR can act as an oncogene in the 
absence of ERα, whereas it acts as a tumor suppressor in its presence.181 Furthermore, the 
ERβ isoform can behave as a tumor suppressor in the presence of ERα.182 Finally, the PR 
gene is a known estrogen-responsive gene, and absence of PR expression in ERα positive 
breast cancer is associated with decreased survival.183

To gain further insight in the role of hormone receptors, tumor tissue of uniformly treated 
epithelial ovarian cancer patients in a prospective trial was collected. AR, ER (α and β), and PR 
expression were determined on tissue micro-arrays (TMAs) and correlated to prospectively 
collected progression free survival (PFS) and overall survival (OS) data. Study execution and 
reporting was performed in adherence to REMARK criteria.184

MATERIAL AND METHODS

Patients
Between March 2003 and November 2008, epithelial ovarian cancer patients were enrolled 
in a Dutch multicenter randomized phase II study. The study results have previously been 
published and showed no difference in outcome between the two arms.14 In short, patients 
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with histological-confirmed epithelial ovarian cancer, Fallopian tube or primary peritoneal 
carcinomas, FIGO stage IC-IV, were eligible. After an upfront staging laparotomy with or 
without debulking surgery, patients were treated with docetaxel and carboplatin and 
randomized to receive 400 mg celecoxib twice daily or placebo. Data on progression free 
survival (PFS) and overall survival (OS) was prospectively collected.

Hormone receptor analysis
The construction of TMAs and immunohistochemistry are described in a supplementary 
document (supplemental files).14,185–188 Each tumor sample was represented by four different 
cores. The intensity of the nuclear staining by tumor cells for AR, ERα, ERβ and PR was 
scored as well as the percentage of positive tumor cells. Since ERβ can also be expressed in 
the cytoplasm, cytoplasmic ERβ staining was scored similarly. Based on literature, receptor 
staining was dichotomized using an arbitrary cut-off point of ≥ 10% weakly stained cells for 
AR,189 and moderately stained for ERα, ERβ and PR.187 Cores were scored by two independent 
observers that were blinded for the study endpoint, i.e. PFS and OS. In case of discordance 
between the two observers, the staining was discussed until consensus was reached. 
Patients were only included in the analysis when ≥ 2 cores were present on the slides. The 
average score of the different cores was used to obtain the score of the tumor sample. 

Statistical analysis
To determine hormone receptor expression for an individual patient, staining of the primary 
ovarian tumor was used. In case less than 2 cores of the primary tumor could be scored, 
hormone receptor expression of an omental metastasis was used whenever available. A 
one-way ANOVA with a post hoc Tukey was used to evaluate differences in expression 
between histological subgroups. A paired t-test was used to evaluate differences between 
primary and omental tumor tissue. Clustering analysis was performed to identify tumors 
with similar hormone receptor expression profiles (Multibase, 2013). 

A Cox proportional hazard model was used to analyze the prognostic value for PFS and OS 
of hormone receptor expression and presented as hazard ratio (HR). Due to low patient 
numbers (n=4) mucinous tumors were excluded. FIGO stage, histological subtype, age, 
tumor grade, and residual disease were evaluated as input parameters in univariate analysis. 
Factors that were significant in univariate analysis with P<0.1, were included in multivariate 
analysis. Results were considered significant if P<0.05 in multivariate analysis at a two-sided 
test. The hazard for hormone receptor positivity was calculated by setting the patients with 
negative staining as reference group. The hazard for other factors was calculated by setting 
the group with the lowest hazard as reference group.
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A two-way mixed average intra-class correlation coefficient (ICC) was calculated to evaluate 
the internal consistency of the immunoscore of the four cores from each individual tumor 
sample. An ICC >0.8 was considered appropriate for the validity of TMAs as opposed to 
whole tumor slides. Percentage agreement and Cohen’s kappa (κ) were determined to 
evaluate the inter-rater agreement of the two independent observers. STATA software 
package version 12.0 (STATA Corporation LP, College Station, TX, USA) and SPSS version 20.0 
were used.

RESULTS

Patient characteristics
Tumor tissue was available from a total of 121 patients (114 primary tumors and 76 omental 
metastases) that participated in the randomized trial. Mean age of the patients was 61 years 
(range 30-84 year). Nearly all patients (93%) had high stage disease (FIGO IIb-IV). Histological 
subtypes were serous (n=85), endometrioid (n=21), clear cell (n=11), and mucinous (n=4). 
Median PFS and OS were 16 and 32 months respectively. Median follow-up was 45months. 
Detailed patients characteristics are described in table 1.

Table 1: Patient Characteristics

Characteristic n=121 patients
Median (range) age, years 61 (30-84)
FIGO stage, n (%)

I-IIA
IIB-IV 
Missing

9 
111 
1

(7)
(92)
(1)

Residual disease after debulking surgery, n (%)
Present
None 
No debulking
Missing

49
54
12
6

(40)
(45)
(10)
(5)

Tumor grade, n (%)
1
2
3

17
15
89

(14)
(12)
(74)

Histological subtype, n (%)
Serous
Endometrioid 
Clear cell
Mucinous

85
21
11
4

(70)
(17)
(9)
(3)

Progression events, n (%)
No
 Yes

39
82  

(32)
(68)

Survival, n (%)
Alive 
Dead

48
73

(40)
(60)
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Hormone receptor expression
Due to insufficient tumor tissue availability, loss of tissue during construction and 
processing of the TMA, and cores not meeting the criteria mentioned earlier, in 5, 11, 10 
and 11 patients receptor expression could not be determined for AR, ERα, ERβ, and PR 
respectively. On a patient level AR was expressed in 10% (n=12), ERα in 31% (n=33), and 
PR in 19% (n=23). Nuclear ERβ staining was positive in 73% (n=88) and cytoplasmic in 53% 
(n=64) of the patients (table 2). For representative images of receptor staining see figure 1. 
There were no significant differences in receptor expression between histological subgroups 
in the post hoc analysis. There was good inter-rater agreement (range 81-95% agreement, 
κ=0.68-0.90) for the scoring of receptor expression. We observed relatively little intra-tumor 
heterogeneity as indicated by low variance in the immunoscore among cores from the same 
tumor sample (range ICC=0.90-0.97). This supports the validity of the use of TMAs to score 
hormone receptor expression in ovarian cancer as opposed to using whole tumor slides. 

Table 2: Tumor hormone receptor expression in 121 ovarian cancer patients

Hormone receptor Percentage positive, 
%

Mean immunoscore 
(range 0-12)

Inter-rater agreement,  
% (κ)

AR 10 0.3 95 (0.78)
ERα 31 3.0 94 (0.90)
ERβ (nuclear) 73 6.8 88 (0.68)
ERβ (cytoplasmic) 53 5.6 81 (0.68)
PR 19 2.4 93 (0.85)

Spatial discordance in hormone receptor expression
In 69 patients synchronous omental metastases tissue was available. We evaluated the 
discordance in receptor expression between the primary ovarian tumor and metastasis. 
Negative expression in metastasis compared to the primary tumor was noted in 9% (AR), 
17% (ERα), 9% (ERβ nuclear), 19% (ERβ cytoplasmic), and 18% (PR), and positive expression 
in the metastases compared to the primary tumor in 2% (AR), 15% (ERα), 13% (ERβ 
nuclear), 23% (ERβ cytoplasmic), and 7% (PR). These results indicate potential inter-tumoral 
heterogeneity in epithelial ovarian cancer. Between primary ovarian tumor and omental 
metastases there was no difference in the average immunoscore for AR, ERα and ERβ, but 
PR immunoscores were lower in omental metastases (2.8 vs. 2.0, P=0.036). 

ERβ is associated with poor PFS and OS
In univariate analysis, ERβ positive nuclear staining was associated with decreased PFS 
(hazard ratio [HR] 1.69; 95% confidence interval [CI] 0.91-3.15; P=0.096) and decreased OS 
(HR 1.91; 95% CI 0.94-3.89; P=0.075). A trend towards decreased OS was also observed for 
AR positivity and ERβ cytoplasmic staining, but not reaching statistical significance (P=0.10 
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and P=0.12 respectively). Other receptors were not associated with PFS or OS (table 3). 

High FIGO stage and the status of disease after debulking surgery were significant in 
univariate analysis for both PFS and OS. Therefore, these were used as parameters in 
multivariate analysis for ERβ positive nuclear staining. In multivariate analysis nuclear ERβ 
positivity remained associated with decreased PFS (HR 1.88; 95% CI 1.00-3.54; P=0.052) and 
OS (HR 1.92; 95% CI 0.93-3.96; P=0.076), but did not reach statistical significance. 

Patients with hormone receptor negative tumors have a favorable prognosis
Whereas ERα was only expressed in 31% of all patients, in the subpopulation with AR positive 
tumors all co-expressed ERα, with the exception of 1 patient (χ2; P <0.001). ERα positivity 
was also related to ERβ nuclear staining (χ2; P=0.021). Clustering analysis was performed to 
identify which tumors were related to each other with regard to their hormone receptor 
expression pattern. Based on this analysis a total of five subgroups were distinguished 
(figure 2). The prognostic value for PFS and OS was evaluated for these subgroups (figure 
3). Overall, we observed a significantly decreased survival for the subgroups that express 
hormone receptors when compared to the group that lacks the expression of all four 
hormone receptors. This holds true for both uni- and multivariate analysis, and for PFS as 
well as OS. Indicative of potential biological meaningfulness of the cluster analysis is the 
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Figure 1. Representative positive and negative staining for AR (A,B), ERα (C,D), ERβ (E,F), and PR (G,H). In AR positive 
cases (A), only weak-moderate staining was observed. For ERβ, cytoplasmic staining was observed and scored (E).
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Table 3: Uni- and multivariate analysis progression-free and overall survival

Progression-free survival Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value

Hormone receptor
AR 1.26 0.61-2.64 0.532
ERα 1.43 0.88-2.31 0.144
ERβ (nuclear) 1.69 0.91-3.15 0.096 1.88 1.00-3.54 0.052
ERβ (cytoplasmic) 1.05 0.66-1.68 0.839
PR 0.92 0.52-1.63 0.781

Age
<55 years ref
>55 years 0.93 0.58-1.50 0.779

FIGO stage
I-IIA ref ref
IIB-IV 5.51 1.35-22.49 0.017 2.82 0.66-12.07 0.163

Tumor grade
1 ref
2 1.31 0.53-3.26 0.564
3 1.15 0.55-2.40 0.718

Histological subtype 0.101
Serous ref
Endometrioid 0.85 0.47-1.55 0.598
Clear cell 0.29 0.09-0.91 0.034

Residual disease <0.001 0.010
None ref ref
Present 2.55 1.51-4.30 <0.001 2.29 1.31-4.00 0.004
No debulking 3.59 1.63-7.94 0.002 2.90 1.24-6.77 0.014
Unknown 4.77 1.88-12.10 0.001 3.78 1.09-13.10 0.036

Overall survival Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value

Hormone receptor
AR 1.81 0.89-3.67 0.101
ERα 0.98 0.58-1.66 0.945
ERβ (nuclear) 1.91 0.94-3.89 0.075 1.92 0.93-3.96 0.076
ERβ (cytoplasmic) 1.54 0.89-2.64 0.120
PR 1.27 0.69-2.31 0.443

Age
<55 year ref
>55 year 1.24 0.72-2.13 0.435

FIGO stage
I-IIA ref ref
IIB-IV 4.53 1.11-18.55 0.036 2.25 0.52-9.77 0.279

Tumor grade 0.893
1 ref
2 0.85 0.31-2.35 0.757
3 1.03 0.49-2.18 0.934

Histological subtype 0.148
Serous ref
Endometrioid 0.69 0.36-1.32 0.265
Clear cell 0.36 0.11-1.16 0.088

Residual disease 0.002 0.027
None ref ref
Present 2.23 1.29-3.86 0.004 1.90 1.06-3.44 0.032
No debulking 3.09 1.34-7.14 0.008 2.86 1.22-6.73 0.016
Unknown 4.79 1.76-13.03 0.002 3.96 1.14-13.71 0.030

Abbreviations:   CI: confidence interval; HR: hazard ratio; ref: reference group
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fact that the groups that were identified as the furthest neighbors (the hormone receptor 
negative subgroup versus the AR-predominant group that expresses high levels of AR, ERα 
and ERβ), also showed the most divergent outcome. With the hormone receptor negative 
subgroup as reference group (HR=1.00), the AR-predominant group had the worst PFS (HR 
3.87, 95% CI 1.12-13.33; P=0.032) and OS (HR 8.05; 95% CI 1.93-33.60;P=0.004). 
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Figure 2. Clustering analysis of all patients in whom staining for all four receptor isoforms was available (n=100). 
Clustering was based on commonalities in receptor expression in individual patients (aligned vertically). On top 
the five subgroups that were identified upon clustering analysis are indicated. Horizontally, the expression for the 
different receptors is depicted with red indicating negative expression, and green for positive expression. Color 
scaling was based on the semi-quantitative immunoscores.
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Figure 3. Forest plot analysis for the prognostic value of the hormone receptor subgroups identified at clustering 
analysis in univariate analysis (left) and multivariate analysis (right). At the left side of the forest plot the indicated 
groups and patient numbers are provided, at the right side the hazard ratio, 95% confidence interval (CI) and 
P-values are indicated.
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DISCUSSION

Hormone receptors were present in the majority of tumors of epithelial ovarian cancer 
patients. ERβ and ERα were most commonly expressed in respectively 73% and 31%. 
Although the expression of the individual hormone receptors had little prognostic value, 
their combined expression pattern was associated with survival. Namely, patients with 
tumors exhibiting high levels of AR, ERα and ERβ, had poor PFS (HR 3.87) and OS (HR 8.05), 
while patients with hormone receptor negative tumors had a favorable outcome. 

Studies on the prognostic value of individual hormone receptor expression in ovarian 
cancer have obtained inconsistent results. Whereas some have implicated ERβ expression 
as a marker of poor survival,186 others have suggested ERβ positivity as favorable factor.190 
Differences in the prognostic value of ERβ among studies may partly be explained by the 
locus of expression (cytoplasmic or nuclear), with poor prognosis in the case of cytoplasmic 
staining.186 Also, at least five splice variants are known for ERβ, some of which are known 
to act as an oncogene, whereas others can act as tumor suppressor. For example ERβ2 
staining was associated with chemo resistance and poor overall survival.191 Also for ERα 
and PR results have largely been inconsistent. This can largely be attributed to small sample 
size, different antibodies used for immunohistochemistry and data analysis. Moreover, 
differences in the prognostic value of hormone receptor expression likely exist between 
histological subtypes. This is highlighted by a recent large consortium study involving 2,933 
ovarian cancer patients.192 In that study, ERα was not prognostic in high- and low-grade 
serous, clear cell and mucinous subtypes, but was associated with improved disease free 
survival in endometrioid carcinoma. Conversely, others have shown that ERα expression is 
correlated with lymphovascular space invasion and associated with poor survival.193 Finally, 
strong (but not weak) staining for PR was prognostic in high-grade serous carcinoma, and 
in endometrioid carcinoma (any staining).192 In our study only 21 (17%) of patients had 
endometrioid carcinoma, which can explain the absence of prognostic value for ERα in our 
set of patients. 

Aside from an approach regarding histological subtypes, combining information of different 
receptors may increase the prognostic value of hormone receptor analysis. Clustering of 
hormone receptors is observed in various tumor types. In breast cancer, for example, AR is 
expressed in only 12-35% of triple negative tumors, while being expressed in 83-91% of ERα 
positive tumors.194,195 In our study clustering analysis revealed different subgroups harboring 
increased prognostic value over the determination of a single hormone receptor isoform. 
Our results indicate that patients with hormone receptor negative tumors have a favorable 
survival. This contrasts with e.g. breast cancer, in which patients with hormone receptor 
negative tumors have a poor survival compared to patients with hormone receptor positive 
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disease. The observed benefit from hormone receptor negative disease may suggest a 
role of hormones in tumor growth and proliferation, resulting in poor survival in tumors 
expressing high levels of their putative receptors. Conversely, hormone receptor negative 
tumors may harbor increased chemo-sensitivity. In this study, all patients were treated 
with chemotherapy. A postmenopausal status was introduced (when not yet present) by 
the debulking surgery, but no systemic endocrine therapy was administered. Therefore, 
the favorable outcome of the hormone receptor negative subgroup might be related to 
an increased chemo-sensitivity. This would correspond to the observations in breast 
cancer, in which pathologic response rate is higher in triple negative disease, compared to 
hormone receptor positive tumors.196 It may be hypothesized that the hormone receptor 
negative tumors in our study are in fact BRCA1-associated tumors, since these are known 
to have a favorable prognosis,197 harbor increased chemo-sensitivity,198,199 and are usually 
hormone receptor negative in hereditary breast cancer.200 In contrast to BRCA-1 associated 
breast cancer, however, hormone receptors can be expressed in BRCA1-associated ovarian 
cancer.201

In patients in whom histology was obtained from two tumor lesions we detected a high 
degree of discordance in hormone receptor expression. This finding may certainly be 
responsible at least in part for the conflicting results observed for the role of hormone 
receptors in ovarian cancer. In other cancers, discordances for hormone receptors between 
primary tumor and metastases are also known to occur.9 In breast cancer, epigenetic 
changes and therapy-induced selection have, among others, been implicated in the changes 
in receptor phenotype. In our study the discordances were observed in synchronous instead 
of metachronous metastases. The observed heterogeneity among metastases in our study 
may be a result of the genomic instability that characterizes ovarian cancer.202

Our study has some limitations. In 4-9% of the patients one of the hormone receptors could 
not be determined due to loss of tumor tissue or technical failure during the preparation of 
the TMAs. This percentage is comparable to other studies using TMAs.203 Also the paucity 
of tumors with endometrioid and clear cell histology limited our analysis per histological 
subtype. Finally, our study was aimed only to evaluate the presence of hormone receptor 
expression and their prognostic value in epithelial ovarian cancer. The predictive value of 
hormone receptor expression for response to endocrine therapy therefore remains to be 
explored. 

Several endocrine therapies have shown modest anti-tumor effects in ovarian cancer 
studies. Strikingly, the far majority of studies did not select patients based on hormone 
receptor expression. In two phase II studies with the anti-androgen flutamide in 55 patients 
with platinum-resistant ovarian cancer, objective responses were observed in 4.3-6.3%, 
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and disease stabilization in 9-28% of the patients.204,205 In five phase II studies evaluating 
anti-estrogen therapy with letrozole (n=69), tamoxifen (n=207) and fulvestrant (n=26), 
objective tumor response was observed in 8-17% of the patients.4–7,206 Except for one study, 
all patients had platinum-resistant disease. A retrospective analysis in the 26 patients that 
received fulvestrant indicated that high ERα levels by immunohistochemistry, and especially 
high levels determined by quantitative immunofluorescence, was associated with clinical 
benefit from fulvestrant therapy.207 Finally, in a phase II study in 36 platinum-resistant 
ovarian cancer patients, treatment with the progesterone derivative megestrol acetate, 
induced an objective response in 19.4% of the patients.208 Several ERβ-specific therapies are 
currently in preclinical development, some of which have shown potential in other cancer 
types.209 Furthermore, results with novel anti-androgens such as abiraterone acetate and 
enzalutamide in prostate cancer could encourage further exploration of the benefit of anti-
androgen therapy in ovarian cancer.210

Together, our results indicate that hormone receptor negative ovarian tumors are associated 
with a favorable PFS and OS when compared to hormone receptor positive tumors. The 
presence of hormone receptors as well as the effects of endocrine therapies observed in 
phase II studies support further exploration of endocrine therapies in selected groups of 
ovarian cancer patients. These studies should take into account co-expression of different 
types of hormone receptors and potential heterogeneity of hormone receptor expression 
among metastases.
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