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Abstract

Background—Ovarian cancer is a lethal disease comprised of distinct histopathological types.

There are few established biomarkers of ovarian cancer prognosis, in part because subtype-

specific associations may have been obscured in studies combining all subtypes. We examined

whether progesterone receptor (PR) and estrogen receptor (ER) protein expression were associated

with subtype-specific survival in the international Ovarian Tumor Tissue Analysis (OTTA)

consortium.

Methods—PR and ER were assessed by central immunohistochemical analysis of tissue

microarrays for 2933 women with invasive epithelial ovarian cancer from 12 study sites. Negative,

weak, and strong expression were defined as positive staining in <1%, 1–50%, and ≥50% of tumor

cell nuclei, respectively. Hazard ratios (HRs) for ovarian cancer death were estimated using Cox

regression stratified by site and adjusted for age, stage, and grade.

Results—PR expression was associated with improved survival for endometrioid (EC;

p<0·0001) and high-grade serous carcinoma (HGSC; p=0·0006), and ER expression was

associated with improved EC survival (p<0·0001); no significant associations were found for

mucinous, clear cell, or low-grade serous carcinoma. EC patients with hormone receptor (PR

and/or ER) positive (weak or strong) versus negative tumors had significantly reduced risk of

dying from their disease, independent of clinical factors (HR, 0·33; 95% CI, 0·21–0·51; p<0·0001).

HGSC patients with strong versus weak or negative tumor PR expression had significantly

reduced risk of dying from their disease, independent of clinical factors (HR, 0·71; 95% CI, 0·55–

0·91; p=0·0061).

© 2013 Elsevier Ltd. All rights reserved

Corresponding author: Martin Köbel, MD, Department of Pathology and Laboratory Medicine, University of Calgary, 1403 29th
Street NW, Calgary, AB, T2N 2T9, Canada, martin.kobel@cls.ab.ca.

CONTRIBUTORS
All authors contributed to the design and execution of this work and to the preparation of this report. Additionally, all had the
opportunity to contribute to the interpretation of the results and to the redrafting of the report. Approval of the final report was
obtained from all authors.

CONFLICTS OF INTEREST
We declare that we have no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Lancet Oncol. Author manuscript; available in PMC 2014 May 01.

Published in final edited form as:
Lancet Oncol. 2013 August ; 14(9): 853–862. doi:10.1016/S1470-2045(13)70253-5.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Interpretation—PR and ER are prognostic biomarkers for endometrioid and high-grade serous

ovarian cancers. Clinical trials, stratified by subtype and biomarker status, are needed to determine

whether hormone receptor status predicts response to endocrine therapy, and can guide

personalized treatment for ovarian cancer.

Funding—Carraressi Foundation, US National Institutes of Health, National Health and Medical

Research Council of Australia, UK National Institute for Health Research, and others.

INTRODUCTION

Ovarian cancer causes over 140,000 deaths annually worldwide, and is the most lethal

gynecologic malignancy in developed countries.1 Invasive epithelial ovarian cancer consists

of five major histopathological types that are phenotypically, molecularly and etiologically

distinct: high-grade serous carcinoma (HGSC), low-grade serous carcinoma (LGSC),

mucinous carcinoma (MC), endometrioid carcinoma (EC), and clear cell carcinoma (CCC).2

It is now recognized that the association of tumor biomarker expression with survival varies

substantially across subtypes, and can be obscured in analyses of all ovarian cancers

combined.3 However, the infrequency of histopathological types other than HGSC have

precluded robust subtype-specific analyses and hindered efforts to identify biomarkers of

ovarian cancer survival to date.

Progesterone receptor (PR) and estrogen receptor (ER) mediate the effects of female steroid

hormones on ovarian cancer cell proliferation and apoptosis.4 Immunohistochemical (IHC)

assessment of ER/PR status is routinely performed for the clinical management of breast

cancer.5 However, the utility of ER/PR for guiding ovarian cancer prognosis or therapy is

uncertain. Previous studies have reported that PR6–8 or ER6, 9 protein expression was

associated with improved ovarian cancer survival, independent of clinical prognostic factors,

but these associations have not been consistently replicated.3, 10–13 These conflicting data

are difficult to interpret for several reasons. First, most studies combined all disease

subtypes,6–8, 10–12 which can obscure subtype-specific associations. Second, the few studies

that focused on serous carcinoma9, 13 and other subtypes3 had limited sample sizes and

statistical power. Finally, different methods of IHC analysis and biomarker scoring were

employed, which could contribute to the heterogeneous results across studies.14

We formed the international Ovarian Tumor Tissue Analysis (OTTA) consortium to

overcome the main obstacles that heretofore have prevented the development of clinically

useful prognostic biomarkers for ovarian cancer. Here, we examine the association of tumor

PR and ER protein expression with disease-specific survival by performing central IHC

assessment and subtype-specific analyses of 2933 women with invasive epithelial ovarian

cancer from 12 sites. This study is over five times larger than any previous study and the

first pooled analysis of centrally collected IHC data, enabling robust assessment of subtype-

specific associations of ER/PR status with ovarian cancer outcomes for the first time.
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METHODS

Study participants and immunohistochemistry analysis

Twelve studies participating in the OTTA consortium contributed to this work, including

sites located in Australia, the United States, Denmark, the United Kingdom, Poland, and

Canada (Table 1). Study participants (N=2933) were diagnosed with invasive serous,

mucinous, endometrioid, or clear cell carcinomas of the ovary; mixed and other histological

types were excluded. Inclusion criteria were the availability of tissue microarrays (TMAs)

for immunohistochemistry (IHC) analysis, clinical follow-up data, age at diagnosis, tumor

grade and stage. Clinical data were obtained from medical records, cancer registries, death

certificates, and pathology reports. Histological classifications were locally reviewed for

consistency with World Health Organization guidelines15 by study physicians with expertise

in gynecologic pathology, and was based upon slide review for approximately 70% of all

patients (Table 1). Seven sites (AOC, HAW, MAL, MAY+MAC, NOT, TOR, VAN)

provided information on the extent of residual disease. Four sites (AOC, MAL, MAY

+MAC, STA) provided BRCA1 and BRCA2 germline mutation data.16 The data from each

site were centrally harmonized and reviewed for consistency and quality.

IHC analyses were performed by a central laboratory (Genetic Pathology Evaluation Centre,

Vancouver, BC, Canada). Each site submitted TMA sections on glass slides, and >75% of

tumors were represented by at least two cores. We used the Ventana Discovery XT platform

and antigen retrieval solution CC1. Staining was performed using rabbit monoclonal

antibodies for ERα (Thermo clone SP1, 1:25 dilution) and PR (Roche clone 1E2, ready to

use), which are routinely used for clinical testing of ER and PR in breast cancer.17, 18 The

Universal Secondary Antibody (Ventana) and DAB MAP kit were used to detect and

amplify the signal. Slides were visualized at 200× magnification and both biomarkers were

scored using a three-tier system: negative, weak, and strong, defined a priori as positive

staining in <1%, 1–50%, and ≥50% of tumor cell nuclei, respectively (Supplementary Figure

1).7, 17 Two pathologists (MK, TL) blindly scored each biomarker on a subset of 276 cases

and the inter-observer agreement was 91% for ER and 92% for PR; one pathologist (MK)

then scored all the remaining cases. Study protocols were approved by the respective

Institutional Review Board for each site.

Statistical analysis

The primary endpoint was disease-specific survival within 10 years of diagnosis with

ovarian cancer. We used left truncation to avoid potential survival bias from the inclusion of

patients (<10%) enrolled >1 year after diagnosis. Women were considered to have died from

disease if the underlying cause of death was ovarian cancer (N=1312) or unknown (N=197)

because most deaths among women with ovarian cancer are due to disease. Women were

censored at the earliest time of: last follow-up (N=875) or 10 years (N=389) if alive because

the data were limited after 10 years; or death from other causes unrelated to their disease

(N=160). To evaluate the influence of misclassification of the cause of death, we performed

sensitivity analyses classifying deaths due to unknown causes as censored rather than

disease-related, and also analyzed overall survival irrespective of the causes of death.
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Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated for each disease

subtype using Cox regression, stratified by site. We evaluated potential confounding by age

at diagnosis, tumor stage, tumor grade, extent of residual disease after primary cytoreductive

surgery, and pre-treatment CA125 levels. All models included age, fit as age (years) and

age-squared to allow for nonlinearity. Stage at diagnosis was categorized as localized (FIGO

IA, IB), regional (FIGO IC, II), or advanced (FIGO III, IV) using cancer registry and/or

FIGO stage information from each site according to SEER guidelines (http://

seer.cancer.gov/). Grade was assigned using cancer registry, FIGO, Silverberg, and/or two-

tier serous carcinoma19 grade information from each site. Grade was categorized as well,

moderately, or poorly differentiated in EC and MC models; moderately or poorly

differentiated in HGSC models; and grade was not included in CCC models because it was

not a significant predictor or confounder. We performed sub-analyses, adjusting for

macroscopic residual disease (no, yes, unknown), in addition to age, stage, and grade for

seven sites with this information. Pre-treatment CA125 levels did not predict ovarian cancer

survival or confound the associations of interest, and was not included in final models. The

Cox proportional hazards assumption was evaluated by testing for a nonzero slope of the

scaled Schoenfeld residuals regressed on time. We evaluated potential heterogeneity among

different study sites by performing likelihood ratio tests of the interactions with site. All

statistical tests were two-sided and performed using Stata 11.

Role of the funding source

No funding agency or sponsor had any role in the study design; collection, analysis, or

interpretation of the data; or writing of the report. WS, MK, and SJR had full access to all of

the data and the final responsibility to submit for publication.

RESULTS

Clinical and pathologic characteristics of the 2933 women with ovarian cancer (1742 HGSC,

110 LGSC, 207 MC, 484 EC, 390 CCC) are summarized in Table 2. 1669 (56·9%) patients

died within ten years of their diagnosis. Of the 1669 patients who died, the cause of death

was ovarian cancer for 1312 (78·6%), unrelated to ovarian cancer for 160 (9·6%), and

unknown for 197 (11·8%). Information regarding extent of residual disease following

primary cytoreductive surgery was available for 2023 patients (1151 HGSC, 64 LGSC, 148

MC, 370 EC, 290 CCC).

The distribution of PR and ER expression differed markedly across ovarian cancer subtypes

(Table 2). The proportion of tumors that stained positive (weak or strong) for PR was

highest for EC (310/460=67·4%) and LGSC (58/101=57·4%), intermediate for HGSC

(517/1661=31·1%), and lowest for MC (32/195=16·4%) and CCC (29/363=8·0%). A greater

proportion of tumors stained positive for ER than PR for all subtypes: LGSC

(91/104=87·5%), HGSC (1365/1691=80·7%), EC (364/475=76·6%), MC (41/197=20·8%),

and CCC (74/381=19·4%). Among tumors that expressed ER, co-expression of PR was most

likely for EC (284/348=81·6%), intermediate for MC (24/38=63·2%) and LGSC

(52/84=61·9%) and least likely for HGSC (447/1304=34·3%) and CCC (22/68=32·4%). A

substantial fraction of HGSC tumors expressed ER but not PR (857/1610=53·2%). The
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proportion of hormone receptor (PR and/or ER) positive tumors was much higher for LGSC

(86/95=90·5%), HGSC (1356/1610=84·2%), and EC (368/451=81·6%) than for MC

(43/185=23·2%), and CCC (74/354=20·9%).

We observed distinct patterns of association between biomarker level and disease-specific

survival across ovarian cancer subtypes (Figure 1, Supplementary Figure 2). PR (p=0·0006)

but not ER (p=0·49) expression was strongly associated with better HGSC survival (Figure

1). In contrast, both PR (p <0·0001) and ER (p<0·0001) expression were associated with

better EC survival. No significant survival differences by biomarker level were found for

LGSC or MC (Supplementary Figure 2). ER expression appeared to be associated with

worse CCC survival, but this association was of borderline significance after applying a

Bonferroni correction for multiple comparisons, and did not persist after adjusting for other

clinical covariates.

Strong PR expression was independently associated with significantly improved HGSC

survival (HR, 0·71; 95% CI, 0·55–0·91; p=0·0080) compared with PR-negative tumors after

accounting for site, age, stage, and grade, whereas no association with weak PR expression

was found (Table 3). Similar associations were found after further adjustment for residual

disease in a subset of 1151 HGSC patients (Supplementary Table 1). HGSC patients whose

tumors stained strongly positive (124/1661=7·5%) versus negative or weakly positive for PR

had a hazard ratio of 0·71 (95% CI, 0·55–0·91; p=0·0061) of dying from their disease

(Supplementary Table 2). ER expression was not independently associated with HGSC

survival (Table 3). No significant interaction between PR and ER effects was found

(p=0·45). Strong PR expression was associated with better HGSC survival in both the

presence (HR, 0·60; 95% CI, 0·36–1·02; p=0·059) and absence (HR, 0·74; 95% CI, 0·54–

1·00; p=0·052) of strong ER expression, and no association was found for strong ER

expression in the absence of strong PR expression (HR, 0·97; 95% CI, 0·85–1·11; p=0·64),

compared with tumors lacking strong expression of either biomarker in analyses accounting

for site, age, stage, and grade. LGSC results were similar to HGSC in that strong PR, but not

ER, expression appeared to be associated with improved survival after accounting for site,

age, stage, and grade (Table 3), but this association was not statistically significant after

adjusting for residual disease in a subset of 64 LGSC patients (Supplementary Table 1).

Positive (weak or strong) expression of PR and ER were associated with significantly

improved EC survival compared with tumors that stained negative for each biomarker,

respectively, independent of site, age, stage, and grade (Table 3). EC patients with tumors

that stained positive for PR (310/460=67·4%) and ER (364/475=76·6%), respectively, had

hazard ratios of 0·49 (95% CI, 0·32–0·75; p=0·0012) and 0·40 (95% CI, 0·27–0·61; p

<0·0001) of dying from their disease compared with patients whose tumors stained negative

for each biomarker. Similar associations were found before (data not shown) and after

adjusting for extent of residual disease (Supplementary Table 1) in a subset of 370 EC

patients, indicating that PR and ER effects on EC survival were not mediated or confounded

by residual disease. Analyses of the joint effects of PR and ER on EC survival showed that

the risk reductions associated with positive staining for one or both biomarkers versus

neither were similar in magnitude (Table 4), and there was no significant interaction

(p=0·19). The best prognostic model for EC, as determined by a comparison of model
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likelihoods, combined women with hormone receptor-positive tumors, defined by positive

staining for PR and/or ER, into the low-risk group. EC patients with hormone receptor-

positive versus negative tumors had a hazard ratio of 0·33 (95% CI, 0·21–0·51; p <0·0001)

of dying from their disease, independent of other clinical prognostic factors (Table 4,

Supplementary Table 3).

Sensitivity analyses to evaluate the influence of misclassification of the cause of death

showed that treating deaths due to unknown causes as censored rather than disease-related

yielded very similar disease-specific hazard ratios (Supplementary Table 4). Analyses of

overall survival yielded consistent but slightly attenuated associations as expected because

tumor hormone receptor status is unlikely to influence mortality from causes other than

ovarian cancer (Supplementary Table 5). Examination of Schoenfeld residuals provided

some evidence that the protective effect of PR expression on EC but not HGSC survival may

wane over time. However, no significant (p >0·05) departures from the proportional hazards

assumption were found in fully adjusted models of the effects of ER or hormone receptor

positivity on EC survival, and therefore time-dependent covariates were not included in the

final models. We found no evidence of study heterogeneity (p >0·10) of the estimated

biomarker effects for HGSC or EC. To evaluate potential differential misclassification of EC

tumors as HGSC, we examined WT1 expression, found in ~80% of HGSC and <5% of EC

tumors3, in a subset of 966 HGSC tumors (data to be published separately). WT1 expression

frequencies were similar (p=0.61) across HGSC tumors with strong (58/72=80.6%), weak

(190/241=78.8%), and negative (499/653=76.4%) PR staining indicating that

misclassification of EC as HGSC was not more likely among PR-positive tumors.

Exploratory analyses were performed to evaluate potential modification of biomarker effects

by clinical prognostic factors. In EC tumors (Supplementary Table 6), hormone receptor

positivity was associated with lower grade (punadjusted=0·0007) and absence of macroscopic

residual disease (punadjusted=0·041), but not stage (punadjusted=0·57). Within each stratum of

grade, and among patients with and without macroscopic residual disease, hormone

receptor-positive tumors were associated with significantly (p <0·05) improved EC survival,

after adjusting for other clinical prognostic factors; no effect modification by grade

(p=0·82), residual disease (p=0·71), or stage (p=0·95) was found. In HGSC tumors

(Supplementary Table 7), PR expression was associated with lower stage

(punadjusted=0·0029), but not residual disease (p=0·11). Within each stratum of stage, strong

PR expression was associated with better HGSC survival after accounting for site, age, and

grade; no effect modification by stage was found (p=0·41). The protective association with

strong PR expression appeared to be greater among HGSC patients without (HR, 0·23; 95%

CI, 0·10–0·50; p=0·0002) versus with (HR, 0·91; 95% CI, 0·61–1·36; p=0·66) macroscopic

residual disease following cytoreductive surgery (pinteraction=0·0012) in analyses accounting

for site, age, stage, and grade. Exploratory analysis of a subset of 376 HGSC cases screened

for deleterious germline BRCA1 or BRCA2 mutations did not reveal a significant association

of carrier status and tumor PR expression (Supplementary Table 7). Strong PR expression

was found in 4 (7·1%) of 56 mutation carriers and 21 (6·6%) of 320 non-carriers,

respectively. Furthermore, inclusion of BRCA1/2 carrier status as a covariate in HGSC

survival models did not appreciably attenuate the risk reduction associated with strong PR
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expression, or vice versa, suggesting that these two protective factors are likely to be

independent (data not shown).

DISCUSSION

Ovarian cancer subtypes have distinct etiologies and variable clinical courses.20 We found

that EC patients with hormone receptor-positive tumors have a hazard ratio of about 0.33 of

dying from their disease compared to patients with hormone receptor-negative tumors.

Furthermore, HGSC patients with tumors that stain strongly positive for PR have a hazard

ratio of about 0.71 of dying from their disease compared to patients whose tumors stain

negative or weakly positive for PR. The magnitude of these biomarker effects is comparable

to the protective effect of germline BRCA mutations on ovarian cancer survival,16 and is

stronger than the associations of grade and extent of residual disease with EC survival in

these data. This study responds to the call for large-scale international collaboration2 and

demonstrates the feasibility of this approach to robustly identify clinically important

prognostic biomarkers for ovarian cancer.

This collaborative study had several important strengths. The large sample size enabled

robust subtype-specific analyses. Centralized IHC analyses, biomarker scoring, data

harmonization, and pooled analyses reduced technical sources of variation. Finally,

representation of patients worldwide increased the generalizability of study findings. One

limitation was potential misclassification of histological types, which generally would be

expected to obscure subtype-specific associations. Histologic review by study pathologists

with expertise in gynecologic cancers was conducted by most sites. Nonetheless, some

HGSC tumors may have been misclassified as high-grade EC, although misclassification in

the opposite direction is rare21, 22 and unlikely to have occurred differentially given the

similar WT1 expression frequencies found across PR levels in HGSC tumors.3 High-grade

EC tumors were less likely to be hormone receptor-positive than low-grade EC tumors

which often harbor mutations in the β-catenin gene.23 However, hormone receptor positivity

was associated with significantly improved EC survival within each stratum of grade,

suggesting that histological misclassification could not explain the overall findings. A

second limitation was variation in tissue handling in different clinical settings, which may

cause false-negative biomarker tests and potential bias towards the null. However, the

antigenicity of PR and ER has been shown to be relatively robust to variable time-to-

fixation.24 We found little evidence of study heterogeneity, indicating that the observed

associations of hormone receptor expression with improved ovarian cancer survival are

likely to be robust and generalizable. Finally, quantitative assays and optimization of ER/PR

scoring could yield stronger associations with ovarian cancer outcomes.

The finding of improved survival among EC and HGSC patients with tumors that express

hormone receptors could be related to intrinsic biological characteristics or better response

to treatment. ERα mediates the growth stimulatory effects of estrogen and is the principal

biomarker for the response of breast cancers to tamoxifen treatment.25, 26 PR mediates the

growth inhibitory effects of progesterone and has been associated with improved response to

progestogen treatment for endometrial cancer,27 which shares genomic features with EC and

HGSC.23, 28 A Cochrane review found no data from randomized or non-randomized studies
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on the effectiveness of tamoxifen for relapsed ovarian cancer, or whether hormone receptor

status predicts response.29 However, a recent phase III trial of tamoxifen versus thalidomide

in ovarian cancer patients with asymptomatic biochemical recurrence showed that tamoxifen

was less toxic and associated with lower mortality than thalidomide.30 Limited data from

clinical trials that have considered hormone receptor status suggest that ERα expression

may be correlated with higher response to letrozole for recurrent ovarian cancer.4, 31 In

principle, the improved survival in the subset of patients with hormone receptor-positive

tumors could be partially explained by better response to endocrine therapy, although

response rates for all ovarian cancers are generally modest.4, 29 In this cohort, the treatment

data were limited, precluding an evaluation of hormone receptor status and response to

treatment.

The finding that strong PR but not ER expression was associated with improved HGSC

survival is consistent with previous studies combining all ovarian cancers, among which

HGSC is the predominant subtype, that in aggregate support a favorable prognosis with

elevated PR but not ER protein levels.14 PR activation induces apoptosis in ovarian cancer

cells,4 which could contribute to the improved survival associated with PR-positive tumors.

PR is transactivated by ERα,32 and PR expression may be a biomarker of improved

prognosis because it indicates a functionally intact ER pathway and less aggressive tumor

behavior.33 Loss of PR expression in ER-positive breast tumors is associated with poor

prognosis and has been theorized to result from: nonfunctional ER pathway, low circulating

levels of estrogen, loss or hypermethylation of the PR gene, and down-regulation of PR by

crosstalk between ER and growth factor signaling pathways.33, 34 The Cancer Genome Atlas

(TCGA) recently demonstrated that HGSC and triple-negative breast cancers, lacking

expression of ER, PR, and HER2, share many molecular features, including frequent TP53

mutations, BRCA1 inactivation, and genomic instability.35 The finding that HGSC patients

with tumors lacking strong PR expression had a worse prognosis, regardless of ER status, is

reminiscent of the poor prognosis reported for breast cancer patients with triple-negative or

ER-positive/PR-negative tumors.33, 34 Exploratory analyses suggested that strong PR

expression was associated with improved survival primarily among HGSC patients without

macroscopic residual disease. The median survival in HGSC patients with and without

macroscopic residual disease was 2.6 and 6.9 years, respectively, and we speculate that the

lethal effects of residual HGSC may dominate other protective factors. PR did not appear to

be a marker of germline BRCA mutation carriage, which has been associated with improved

survival in ovarian cancer patients.16 Thus, strong PR expression identifies a distinct group

of HGSC patients with good prognosis who may benefit from endocrine therapy.

The findings of this study have potentially important implications for the clinical

management of patients with ovarian cancer. IHC analysis of PR and ER expression in

HGSC and EC tumors could help physicians counsel patients regarding their prognosis and

distinguish patients who need aggressive chemotherapy from those who may benefit from

less toxic endocrine therapy. Limited data from clinical trials to date show that a subset of

ovarian cancer patients responds well to endocrine therapy.4 Additional clinical trials

stratified by subtype and biomarker status are needed to determine whether PR and ER

predict response to endocrine therapy and can guide personalized treatment for ovarian
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cancer. Future studies are also needed to improve our understanding of hormone signaling

pathways and their different mechanisms of action across ovarian cancer subtypes in order

to inform the development of new therapeutic interventions.

RESEARCH IN CONTEXT

Systematic review

To identify previous studies of tumor ER/PR protein expression and ovarian cancer survival,

we searched the PubMed database for English language papers published during 1973–2012

using the terms: ovarian cancer, survival, prognosis, progesterone receptor, estrogen

receptor, hormone receptor; and manually searched references in review articles. Previous

studies have yielded inconsistent associations between ER/PR protein expression and

ovarian cancer survival. However, most studies combined all disease subtypes, which can

obscure subtype-specific associations, or had limited sample sizes.

Interpretation

This large international collaborative study provides the first robust subtype-specific

analyses of hormone receptors as prognostic biomarkers for ovarian cancer. We found that

hormone receptor expression was associated with significantly improved survival among

women with invasive endometrioid or high-grade serous ovarian cancer, independent of

other clinical prognostic factors. Evaluation of hormone receptor status in ovarian tumors

could help clinicians counsel patients regarding their prognosis, and distinguish patients who

need aggressive chemotherapy from those who may benefit from less toxic endocrine

therapy. Clinical trials, stratified by subtype and biomarker status, are needed to determine

whether hormone receptor status predicts response to endocrine therapy, and can guide

personalized treatment for ovarian cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier curves of disease-specific survival for high-grade serous (HGSC) and endometrioid (EC) carcinomas, according

to hormone receptor status. The data were left truncated to avoid potential survival bias from the inclusion of patients (<10%)

enrolled >1 year after diagnosis, and right censored at 10 years. P-values correspond to log-rank tests of the equality of survivor

functions across hormone receptor expression levels, stratified by study site.
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