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Abstract 

Therapy targeting the estrogen receptor (ER) pathway is 

being explored as a treatment option in ovarian 

carcinoma. However, studies on the efficacy of anti-

estrogen therapy include a broad range of histological 

subtypes and/or do not select patients based on ER status. 

This systematic review provides an analysis of literature 

on the clinical benefit rate (CBR) of anti-estrogen therapy 

in ER positive high-grade serous carcinomas (HGSC) and 

on the correlation between ER expression by 

immunohistochemistry and clinical response. We did not 

find studies with populations consisting solely of ER 

positive HGSC. However, we included six studies 

reporting on 407 evaluable patients of whom 376 were 

HGSC (92%) and 302 were confirmed ER positive (80%). 

Anti-estrogen therapy resulted in a CBR of 27-65% and 

an overall response rate of 0-16%. No correlation was 

found between ER expression and clinical response. 

Therefore, ER protein expression alone is not a specific 

predictor of response. This may result from the incorrect 
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assumption that ER expression equals ER pathway 

activity, since in the absence of ER activating mutations, 

ER pathway activity depends on availability of the 

estradiol ligand. In order to apply effective ER targeted 

therapy, it is important to develop better predictors to 

identify (non)-responders. 

 

Keywords: High-grade serous ovarian carcinoma; Anti-

estrogen targeted therapy; Clinical benefit rate 

 

1. Introduction 

Ovarian carcinoma reflects a heterogenous disease 

compromised of five histological subtypes, namely high-

grade serous, low-grade serous, endometrioid, clear cell 

and mucinous, that all differ in their cell-of-origin, 

pathogenesis and prognosis [1]. High-grade serous 

carcinoma (HGSC) is the most common subtype (70%) of 

ovarian carcinoma, of which 80% of the patients is 

diagnosed with advanced-stage disease due to 

asymptomatic and rapid tumor progression [2, 3]. Current 

treatment consisting of debulking surgery and 

(neo)adjuvant chemotherapy with carboplatin and 

paclitaxel frequently results in complete remission [4]. 

However, most patients will experience relapse of 

disease, which is often complicated by resistance to 

platinum containing chemotherapy. As only few options 

then remain, research focusses on the use of alternative 

therapies, such as targeting the estrogen receptor (ER) 

signaling pathway [5]. The ER signaling pathway can be 

initiated through direct or indirect estradiol signaling [6]. 

As a steroid hormone, estradiol can directly enter the 

cytoplasm where it can bind nuclear ER monomers (ER  

and ER ) and induces receptor dimerization. The 

transcription factor complex translocates to the nucleus 

where it binds to ER response elements in gene promoter 

regions and activates transcription of ER target genes. 

Alternatively, estradiol can bind a G-protein coupled 

receptor on the plasma membrane and hereby activate 

intracellular second messengers. In this manner estradiol 

can indirectly influence activation of other signaling 

pathways, such as the phosphoinositide 3-kinase (PI3K) 

signaling pathway [6]. ER signaling pathway activity can 

be inhibited by selective estrogen receptor modulators 

(SERMs; e.g. tamoxifen), selective estrogen receptor 

downregulators (SERDs; e.g. fulvestrant) or aromatase 

inhibitors (e.g. anastrozole, letrozole or exemestane) [7]. 

Tamoxifen is able to act both as a partial agonist and 

antagonist [8]. Like estradiol, it can bind to ER but the 

induced transcriptional activation of ER is lower. 

Tamoxifen competes with estradiol for ER binding and 

antagonizes the effect of estradiol, but in the absence of 

estradiol it will act as a partial agonist [8-10]. Fulvestrant 

has a pure antagonistic effect as it binds reversibly to ER 

monomers, which prevents receptor dimerization and 

thereby stimulates degradation of ER [11]. Aromatase is 

an essential molecule in the formation of estradiol and 

inhibition by anastrozole or letrozole leads to blockage of 

the final step in the steroid biosynthetic pathway to 

generate estradiol [12]. As a result, aromatase inhibitors 

are able to almost completely block estradiol production 

by aromatase-expressing cells. 

 

Ovarian carcinoma is considered a hormone-dependent 

disease as estrogens caused proliferation of ovarian 

cancer cells in vivo and in vitro [13, 14]. However, the 

exact mechanism of action of estrogens in ovarian 

carcinoma is not fully understood. The use of anti-

estrogen therapy is a well-established treatment for 

hormone-dependent breast cancer [15]. Oral 

administration and low toxicity makes anti-estrogens an 

attractive therapy option, which has also been studied in 

ovarian carcinoma during the past decades [16, 17]. A 

meta-analysis concluded that anti-estrogen therapy in 

ovarian cancer was associated with a modest clinical 

benefit rate (CBR) of 41% (95% confidence interval (CI): 

34-48) [17]. CBR was defined as the total proportion of 

patients who had achieved complete response (CR), 

partial response (PR) and stable disease (SD). The 
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selected trials in this meta-analysis included women with 

a broad range of ovarian cancer histological subtypes and 

multiple studies did not select patients based on ER 

status, resulting in a heterogenic population. 

 

Immunohistochemical (IHC) ER protein staining of 

formalin fixed paraffin embedded sections is widely used 

to identify ER protein expression. A study from the 

Ovarian Tissue Analysis Consortium investigated ER 

positivity based on 50% stained tumor cell nuclei in 

2,933 ovarian carcinomas [18]. They found strong ER 

expression in 60% of the HGSC. However, in contrast to 

breast cancer, the predictive value of ER status on anti-

estrogen response has not been well-established for 

HGSC. Additional ER scoring methods such as the 

histoscore method, which takes intensity and percentage 

of stained tumor cells into account, have been developed 

[19]. The first phase II trial with ovarian cancer patients 

treated with letrozole found a significant correlation 

between response and increasing ER histoscores 

(p<0.001) [20]. Another phase II trial with letrozole also 

reported a significant correlation (p=0.028), suggesting 

that patients with high ER histoscores respond better to 

anti-estrogen therapy [21]. However, this correlation has 

not been found in other studies [22, 23]. The conflicting 

findings may result from the inclusion of ER negative 

patients in these studies, as these patients may have 

obscured the relation between ER expression and 

response to anti-estrogen therapy. In this systematic 

review, we aim to analyze the literature on the CBR of 

anti-estrogen therapy in a homogenic population of ER 

positive metastatic or recurrent HGSC. Additionally, we 

aim to correlate ER expression based histoscores to 

clinical response. 

 

2. Methods 

2.1. Search strategy 

This systematic review was conducted in accordance with 

the Preferred Reporting Items for Systematic Reviews and 

Meta-analyses (PRISMA) [24]. Studies were identified by 

performing a literature search in the electronic databases 

PubMed, the Cochrane Library and ClinicalTrails.gov. 

The search query combined synonyms and Mesh terms 

for ‘ovarian carcinoma’ and ‘anti-estrogen therapy’. The 

full search is shown as supplementary material (Table S1: 

Search strategy). The last search was conducted on 

December 13th, 2019. 

 

2.2. Inclusion criteria 

Studies were eligible for inclusion when reporting clinical 

response rates of anti-estrogen therapy in ER positive 

metastatic or recurrent HGSC patients. Anti-estrogen 

therapy included the following drugs: tamoxifen, 

anastrozole, letrozole, exemestane and fulvestrant. In 

order to review the latest clinical results, only studies 

published during the last 10 years were included. 

Language was restricted to English and full study results 

had to be available. All clinical studies were included 

with the exception of case reports. Reviews and meta-

analysis were not eligible for inclusion, but reference lists 

were carefully screened for any additional inclusions. 

 

2.3. Data extraction and quality assessment 

Eligibility assessment was performed independently by 

two reviewers (P.v.d.P. and M.P.M.O.) and any 

disagreements were resolved by discussion with a third 

reviewer (J.M.J.P.). Data was extracted using pre-

designed standardized data collection forms which 

included publication details, study design, sample size, 

study population, histologic subtype, type of treatment, 

method of response measurement, clinical outcomes, type 

of ER measurement, ER status and measured correlation 

between ER status and therapy response.  

 

Two reviewers (P.v.d.P. and M.P.M.O.) independently 

assessed risk of bias using the ROBINS-I tool for non-

randomized studies [25]. Risk of bias was scored as high, 

low or unclear risk and assessed for the following 
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domains: confounding, selection of participants, co-

interventions, missing data, measurement of outcome, 

selective reporting and other sources of bias. To use the 

ROBINS-I tool, a hypothetical ‘target’ trial is necessary 

to assess bias. We defined this trial as a phase II or III 

clinical trial of anti-estrogen therapy in ER positive 

metastatic or recurrent HGSC. Criteria that this trial 

should meet are as follows: 1) Baseline information 

should include tumor histology, number of prior lines of 

(chemo)therapy and ER status. 2) Detailed information on 

the intervention is required and no co-interventions would 

be allowed during the treatment period. 3) CBR should be 

measured after a minimum of three months by GCIG 

and/or RECIST criteria. 

 

2.4. Statistical analysis 

The primary outcome measure was CBR, defined as the 

percentages of patients that achieved CR, PR and SD. 

Secondary outcome measures were overall response rate 

(ORR), defined as the percentages of patients with CR 

and PR, median progression-free survival (PFS) and 

median duration of response. For CBR and ORR 95% CI 

were calculated using the modified Wald method [26]. 

 

3. Results 

3.1. Search results 

We identified a total of 461 references from PubMed, 

Cochrane Library and clinicaltrials.gov, of which 434 

remained after removal of duplicates. After title and 

abstract screening 386 articles were excluded. Full-text 

screening of the remaining 48 articles resulted in the 

exclusion of an additional 41 articles as they did not meet 

the inclusion criteria, mostly because they lacked data on 

ER status. There were no clinical studies available with a 

population consisting entirely of ER positive HGSC. 

However, we identified seven articles describing six 

individual clinical studies reporting on anti-estrogen 

therapy in ovarian cancer populations partially consisting 

of ER positive HGSC. The screening and selection 

process and reasons for exclusion are illustrated in a 

PRISMA flowchart (Figure 1). 

 

 

Figure 1: PRISMA flowchart of systematic literature search and selection of studies. ER: estrogen receptor. 
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3.2. Description of included studies 

The sample size of included studies ranged from 19 to 

164 evaluable patients, resulting in a total of 407 included 

ovarian cancer patients, 376 of whom were diagnosed 

with HGSC (92%). ER positivity was confirmed in 302 

out of 376 HGSC (80%). Study characteristics are 

summarized in Table 1 and a detailed description of the 

included studies is given below. 

 

Argenta et al. [27, 28] reported two studies on one phase 

II clinical trial of fulvestrant treatment in 31 (26 

evaluable) ER positive recurrent ovarian carcinoma 

patients, 16 (62%) of which were HGSC. Treatment 

regimen consisted of 500 mg intramuscular (IM) on day 

1, followed by 250 mg IM on day 15, day 29 and every 28 

days thereafter. Primary endpoint was CBR at 90 days 

based on modified Rustin and RECIST criteria. ER 

positivity was based on >10% stained tumor cell nuclei in 

primary tumor tissue and ER histoscores were obtained in 

24 patients (92%) using the archived paraffin-embedded 

blocks. 

 

Bonaventura et al. [29] performed a phase II clinical trial 

of 53 (49 evaluable) platinum-resistant recurrent ovarian 

carcinoma treated with anastrozole (1.0 mg daily). Most 

patients were HGSC, but the exact percentage was not 

specified. CBR was determined by GCIG or RECIST 1.1 

criteria every three months of treatment. All patients were 

ER positive based on >10% stained tumor cell nuclei and 

tumor tissue blocks for ER histoscore assessment were 

available in 34 patients (69%) with clinical response data.  

 

Colon-Otero et al. [30] presented a phase II clinical trial 

enrolling 20 patients with platinum-resistant or -sensitive 

relapsed ovarian cancers treated with a combination of 

letrozole (2.5 mg per oral (PO) daily) and the mammalian 

target of rapamycin (mTOR) inhibitor everolimus (10 mg 

PO daily). Nineteen patients were evaluable for response 

evaluation, 17 of which were HGSC (89%). Primary 

endpoint was PFS at 12 weeks based on CA125 tumor 

marker concentrations or radiological assessments by 

RECIST 1.1. All patients were defined ER positive, 

however no information was given about the threshold for 

ER positivity or whether this was based on primary or 

recurrent tumor tissue.  

 

Kok et al. [31] reported a phase II clinical trial of 

anastrozole (1.0 mg PO daily) in asymptomatic ER 

positive recurrent ovarian cancer patients based on 

CA125 progression. These patients normally await 

(chemo)therapy until symptoms occur. The study 

population consisted of 52 evaluable patients of whom 40 

were HGSC (77%). Primary endpoint was CBR at three 

months based on GCIG or RECIST 1.1 criteria. ER 

positivity was based on >10% stained tumor cell nuclei 

and histoscores were calculated retrospectively in 28 

patients (54%) on available archival tissue blocks. 

 

The study of George et al. [32] was a retrospective cohort 

study in 97 platinum-resistant or -sensitive relapsed 

ovarian carcinoma patients, 90 of which were HGSC 

(93%). Patients were treated with tamoxifen 20 or 40 mg 

PO daily (44%) or letrozole 2.5 mg PO daily (56%). CBR 

was measured after three months based on GCIG or 

RECIST 1.1 criteria. Fifty-two percent of the population 

was classified ER positive, although a threshold of 

percentage positive ER stained tumor cell nuclei was not 

mentioned. In 47% ER status was unknown and 1% was 

ER negative. The authors did not specify if IHC staining 

was conducted on primary or recurrent material and ER 

histoscores were not calculated. 
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Author and year Number of 

patients 

Study population Histologic subtype (n) Prior lines of 

chemotherapy 

Type of anti-estrogen 

treatment 

Method of response 

measurement 

Phase II clinical trials 

Argenta et al.  

2009 and 2013 [27, 

28] 

31 (26 

evaluable) 

Multiple recurrent disease High-grade serous (16) 

Endometrioid (4) 
Clear cell (1) 

Other (5) 

Median 5.0 Fulvestrant  

Day 1 500 mg 
Day 15 250 mg 

Day 29 250 mg 

Every 28 days till 

progression 250 mg 

CA125 by modified 

Rustin criteria and 
modified RECIST 

Bonaventura et al. 

2017 [29] 

53 (49 

evaluable) 

Platinum-resistant 

recurrent disease 

 

Most high-grade serous Median 2.0 Anastrozole 

1.0 mg daily 

CA125 by GCIG criteria 

and/or  

radiological assessment 

by RECIST 1.1 

Colon-Otero et al. 

2017 [30] 

20 (19 
evaluable) 

Platinum-resistant or -
sensitive relapsed disease 

High-grade serous (17)  
Carcinosarcoma (1) 

Transitional cell 

carcinoma (1) 

Median 3.0 Letrozole  
2.5 mg and 

everolimus 10 mg daily 

 

CA125 and/or  
radiological assessment 

by RECIST 1.1 

Kok et al.  

2019 [31] 

54 (52 

evaluable) 

Asymptomatic recurrent 

disease 

High-grade serous (40) 

Low-grade serous (5) 

Serous carcinoma, 

unknown grade (4) 

Endometrioid (4) 

Clear cell (1) 

Median 1.0 Anastrozole 1.0 mg daily CA125 by GCIG criteria 

and/or  

radiological assessment 

by RECIST 1.1 

Retrospective cohort studies 

George et al.  

2017 [32] 

97 Platinum-resistant or -

sensitive relapsed disease 

High-grade serous (90) 

High-grade endometrioid 

(5) 

Clear cell (2) 

Median 3.0 Tamoxifen  

20 mg (n = 36) 

40 mg (n = 7) 

CA125 by GCIG criteria 

and  

radiological assessment 

by RECIST 1.1  Letrozole 2.5 mg (n = 54) 

Stanley et al.  

2019 [33] 

269 (164 
evaluable) 

Platinum-resistant or -
sensitive relapsed disease 

High-grade serous (164) Median 1.0 Letrozole (n = 128)  CA125 by modified 
GCIG criteria 

Tamoxifen (n = 36)  

 

Table 1: Patient and treatment characteristics of studies including high-grade serous carcinoma treated with anti-estrogen therapy. 
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Stanley et al. [33] conducted a retrospective cohort study 

in 267 (164 evaluable for CA125 response) platinum-

resistant or – sensitive relapsed HGSC patients treated 

with letrozole (78%) or tamoxifen (22%). Patients 

received at least four weeks of treatment. Response after 

12 weeks was based on modified GCIG criteria due to 

variable frequency of CA125 measurements. ER 

histoscores were calculated in 225 patients (148 evaluable 

for CA125 response) of which the majority (85%) was 

based on primary tumor tissue prior to chemotherapy. 

 

3.3. Risk of bias in included studies 

Studies were subjected to a comprehensive quality 

assessment for the risk of bias on seven predefined 

domains and reviewers’ judgements of each domain were 

summarized in Table 2. 

 

3.3.1. Bias due to confounding: We considered four 

studies to be at low risk of bias due to confounding 

related to the detailed description of the patient 

characteristics [27-31]. Populations consisted of recurrent 

or metastatic ER positive disease with at least one prior 

line of chemotherapy. In two studies a proportion of the 

population had unknown ER status and therefore these 

studies were considered to be at high risk of bias [32, 33].  

 

3.3.2. Bias in selection of participants: Five studies we 

rated at low risk of bias due to selection of participants as 

the inclusion- and exclusion criteria and selection process 

were descripted in detail and reasons for exclusion were 

mentioned [27-31, 33]. One study did not sufficiently 

describe the exclusion criteria and selection process and 

thus was rated as at unclear risk of bias [32].  

 

3.3.3. Bias in classification of intervention: We rated 

three studies as at low risk of bias due to classification of 

intervention as the intervention was described in detail 

and no co-interventions were allowed [27, 28, 30, 32]. 

Three studies did not sufficiently describe the intervention 

and/or did not describe if the use of co-interventions 

during the study period was excluded. These studies were 

considered to be at unclear risk of bias [29, 31, 33]. 

 

3.3.4. Bias due to deviations from intended 

intervention: We judged two studies to be at low risk of 

bias due to deviations from intended intervention as 

treatment delay did not occur and reasons for dose 

modifications were specified [27, 28, 30]. Three studies 

did not describe if deviations from intended intervention, 

dose modifications or treatment delay occurred and were 

rated as at unclear risk of bias [29, 31, 33]. One study was 

considered to be at high risk of bias as duration of anti-

estrogen therapy use was not defined and a substantial 

proportion (18%) of the population received both 

tamoxifen and letrozole as a single agent during the study 

period [32]. 

 

3.3.5. Bias due to missing or incomplete data: Four 

studies sufficiently described number of included and 

evaluable patients and were judged as low risk of bias due 

to missing or incomplete data [27-31]. One study was 

considered as unclear risk of bias as they did not specify 

the number of exclusions based on missing response data 

[32]. One study was considered to be at high risk of bias 

as only 64% of the patients were evaluable for CA125 

response [33].  

 

3.3.6. Bias in measurement of outcome: We judged four 

studies as at low risk of bias due to measurement of 

outcome related to a detailed description of criteria for 

response evaluation [27-31]. Two retrospective studies 

were rated as at high risk of bias as timepoints of response 

measurements were not standardized [32, 33]. 

 

3.3.7. Bias in selection of reported results: One study 

reported the outcomes according to the published protocol 

and thus we considered it at low risk of bias in selection 

of reported results [27, 28]. Four studies were rated at 
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unclear risk of reporting bias: two studies referred to the 

same protocol [29, 31] and for the other studies we were 

not able to find a published protocol [32, 33]. One study 

was rated to be at high risk of reporting bias as the 

primary objective in the study protocol stated to compare 

the PFS of combination therapy with letrozole and 

everolimus with results from a previously reported phase 

II study with letrozole monotherapy [30]. However, 

results were not compared as the article does not refer to a 

previously conducted phase II trial.  

 

3.3.8. Other sources of bias: We identified no other 

sources of bias. 
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George et al. 2017 [32] 
        

Stanley et al. 2019 [33] 
        

 Low,  Unclear,  High 

 

Table 2: Risk of bias of included studies by reviewers’ judgement. 

 

3.4. Clinical outcome of anti-estrogen therapy 

The included studies in this systematic review reported a 

CBR ranging between 27-65% and an ORR ranging 

between 0-16% after approximately three months of anti-

estrogen therapy (Table 3, Figure 2). The median PFS 

ranged between 2.0-3.9 months and the mean duration of 
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response ranged between 2.8-6.5 months. Argenta et al. 

investigated the effect of fulvestrant injections in patients 

with multiple recurrent disease and observed a CBR of 

50% (95% CI: 32-68) based on computer tomography 

evaluation [27, 28]. Both Bonaventura et al. and Kok et 

al. reported on anastrozole therapy and observed a CBR 

of 27% (95% CI: 16-40) and 35% (95% CI: 23-48), 

respectively [29, 31]. The study population of 

Bonaventura et al. included platinum-resistant recurrent 

patients compared to asymptomatic recurrent patients in 

the study of Kok et al. [29, 31]. The combination of the 

aromatase inhibitor letrozole with the mTOR inhibitor 

everolimus resulted in a CBR of 53% (95% CI: 32-73) in 

platinum-resistant or -sensitive relapsed patients in the 

study of Colon-Otero et al. [30]. Two of the included 

trials reported results from both tamoxifen and letrozole 

therapy in platinum-resistant or -sensitive relapsed 

patients. George et al. reported an overall CBR of 60% 

(95% CI: 50-69). They found a CBR of 65% (95% CI: 

50-78) with tamoxifen therapy, which was not statistically 

higher than the 56% CBR (95% CI: 42-68) of letrozole 

therapy (p=0.140) [32]. Though, the median duration of 

response in the group with partial responders was longer 

with letrozole therapy compared to tamoxifen therapy 

(26.0 versus 11.5 months, respectively, p=0.030). Stanley 

et al. reported an overall CBR of 40% (95% CI: 32-47) 

but did not find a significant difference between 

tamoxifen (33%, 95% CI: 20-50) or letrozole (41%, 95% 

CI: 33-50) CBR (p=0.495) [33]. They noticed a longer 

median duration of letrozole therapy compared to 

tamoxifen (126 versus 98 days, respectively, p=0.006 in 

univariable analysis, p=0.255 in multivariable analysis). 

 

3.5. Correlation between ER histoscores and therapy 

response 

Four of the included studies obtained ER histoscores and 

correlated this to anti-estrogen therapy response (Table 3) 

[28, 29, 31, 33]. In total, ER histoscores of 234 ovarian 

cancer patients were reported, which in most cases was 

assessed on archived primary tumor tissue instead of a 

tissue sample of recurrent disease. Argenta et al. 

demonstrated significantly higher ER histoscores in 

subjects responding to fulvestrant therapy compared to 

non-responders (p=0.020) [28]. Bonaventura et al. 

clustered histoscores into groups of ER histoscores < 100 

(n=13), 100 to 200 (n=11) and > 200 (n=10) and 

correlated this to a CBR of 31%, 18% and 50%, 

respectively [29]. The highest response rates were seen in 

patients with the highest histoscores although a 

statistically significant difference could not be objectified. 

A paradoxical difference was found in the lowest 

histoscore group were the CBR was superior to the 

middle-range histoscore group, which might indicate that 

an increasing ER histoscore is not directly proportional to 

therapy response. Kok et al. were also unable to find a 

significant correlation, as they found a CBR of 25% in 

patients with ER histoscores of 0-100 (n=8), 50% in the 

group with ER histoscores of 101-200 (n=12) and 25% in 

the group with ER histoscores of 201-300 (n=8) [31]. In 

the retrospective cohort of Stanley et al. a positive trend 

in response was seen with increasing ER histoscores. 

They reported a CBR of 34% in patients with ER 

histoscores of 0-150 (n=12), 40% in the group with ER 

histoscores of 151-200 (n=14), 48% in the group with ER 

histoscores of 201-250 (n=21) and 47% in the group with 

ER histoscores of 251-300 (n=16) (p=0.404) [33]. The 

authors included an additional analysis in which they also 

included patients with a delayed stable disease (patients 

whose CA125 tumor maker rose and afterwards 

stabilized) to the responding group. Then, the group with 

the highest ER histoscores (251-300, n=22) had a 

significant higher CBR of 65% compared to 37% in the 

lowest ER histoscores group (0-150, n=13) (p=0.040). 
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Author and 

year 

Number 

of HGSC 

(%) 

Type of anti-

estrogen 

CR 

(%) 

PR 

(%) 

SD 

(%) 

ORR 

(%) 

CBR 

(%) 

Median 

PFS 

Median 

duration 

of 

response 

Type of ER 

measurement 

or scoring 

ER status 

(n) 

Correlation 

between ER 

status and 

response 

Phase II clinical trials 

 

Argenta et al. 

2009 and 2013 

[27, 28] 

16 (62) Fulvestrant  0 0 50 0 50 

 

2.0 

months 

(62 days) 

- IHC  10% Positive (26) No 

correlation, 

but significant 

difference 

between group 

with or 

without 

response 
(p=0.020) 

ER histoscores 0-100 (12) 

101-200 

(11) 

201-300 (1) 

Bonaventura et 

al. 2017 [29] 

49 (100) Anastrozole 0 0 27 0 27 2.7 

months 

2.8 months IHC > 10% Positive (49) 

 

No correlation 

ER histoscores 0-100 (13) 

101-200 

(11) 

201-300 

(10) 

Colon-Otero et 

al. 2017 [30] 

17 (89) Letrozole and 

Everolimus  

 

0 16 37 16 53 3.9 

months 

- Unknown Positive (19) - 

Kok et al.  

2019 [31] 

40 (77) Anastrozole 0 4 31 4 35 2.7 

months 

6.5 months IHC > 10% 

 

Positive (52) 

 

No correlation 

ER histoscores 0-100 (8) 

101-200 

(12) 

201-300 (8) 
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Retrospective cohort studies 

 

George et al.  

2017 [32] 

90 (93) Tamoxifen  0 14 51 14 65 - - Unknown Positive (50) 

Negative (1) 

Unknown 
(46) 

- 

Letrozole 0 15 41 15 56 - 

Stanley et al.  

2019 [33] 

164 (100) Letrozole 

 

3 5 34 8 41 - - ER histoscores Unknown 

(27) 

0–150 (35) 

151–200 

(35) 

201–250 

(44) 
251–300 

(34) 

No 

correlation, 

but significant 

difference 

between group 

with 0-150 

and 251-300 
ER 

histoscores 

(p=0.040) 

Tamoxifen 

 

3 8 22 11 33 

 

Table 3: Estrogen receptor (ER) targeted therapy response and ER status in high-grade serous carcinoma (HGSC). CR: complete remission, PR: partial response, SD: stable 

disease, ORR: overall response rate, CBR: clinical benefit rate, PFS: progression free survival, IHC: immunohistochemistry. 
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Figure 2: Overall response rate (ORR) and clinical benefit rate (CBR) of anti-estrogen therapy. ORR and CBR are shown 

with 95% confidence intervals (CI). ORR is defined as the proportion (%) of patients with complete or partial response. 

CBR is defined as the proportion (%) of patients with complete response, partial response or stable disease. 

 

4. Discussion 

4.1. Clinical benefit of anti-estrogen therapy in HGSC 

This systematic review aims to analyze studies reporting 

on the clinical benefit of anti-estrogen therapy in ER 

positive metastatic or recurrent HGSC. Although there 

were no studies including solely ER positive HGSC 

patients, we were able to identify six individual clinical 

studies reporting on anti-estrogen therapy in ovarian 

cancer populations partially consisting of ER positive 

metastatic or recurrent HGSC. The included studies 

reported a CBR ranging between 27-65% and an ORR 

ranging between 0-16% in a population consisting of 92% 

recurrent or metastatic HGSC, 80% of whom were 

confirmed ER positive. 

 

4.2. Predicting anti-estrogen therapy response by ER 

expression by immunohistochemistry 

We analyzed the literature to find a correlation between 

ER expression and clinical response in order to identify 

the specificity of this marker as a predictor of anti-

estrogen therapy response. Of the four studies reporting 

ER histoscores, two studies were not able to find a 

significant correlation [29, 31]. The other two studies did 

report significant differences between groups but were 

unable to provide strong evidence for a correlation 

between increasing ER histoscores and improved clinical 

response [27, 28, 33]. Argenta et al. found a significant 

difference in mean ER histoscore between the responding 

and non-responding group [27, 28]. Furthermore, Stanley 

et al. reported a statistical significant difference in CBR 
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between two ER histoscore groups, but they did not report 

a significant correlation between increasing histoscores 

and better clinical response [33]. Additionally, this 

difference was only significant when patients with a 

delayed stable disease were included to the response data. 

These results do suggest that clinical response is more 

likely in HGSC with the highest levels of ER histoscores 

(>250), but lower histoscores seem to be inconclusive in 

predicting therapy response. To conclude, we had 

insufficient data to identify ER expression by IHC as a 

specific predictor for anti-estrogen therapy response, 

which could be caused by the relatively small number of 

patients with available ER histoscores.  

 

Another possible explanation for the lack of support for a 

correlation between ER expression and therapy response 

might be the use of primary tumor samples for ER 

expression assessment, while anti-estrogen therapy was 

administered to metastatic or recurrent disease after 

(multiple lines of) chemotherapy. Both the metastatic 

process and cytotoxic regimes may result in a change in 

tumor driving signaling pathways in recurrent disease 

compared to the primary tumor. ER expression 

discordance between untreated primary tumor and tumor 

tissue taken after chemotherapy treatment has been 

demonstrated in HGSC by Van Kruchten et al. [34]. They 

found differing ER expression in tumor tissue taken at 

diagnosis compared to tumor obtained at debulking 

surgery after neo-adjuvant chemotherapy. In two patients 

IHC ER staining appeared to be negative at diagnosis, 

while the subsequent tumor sample taken after 

chemotherapy showed positive ER expression. 

Furthermore, ER expression instability has been reported 

in 35% of paired primary and recurrent HGSC patients, of 

which 14% showed loss and 21% gain of ER expression 

[35]. In addition, discrepancies in ER expression between 

primary tumor and corresponding distant metastases have 

been found. Several studies investigated primary breast 

cancers and corresponding distant metastases and reported 

changes in ER status in 15-40% of the patients [36]. 

Visualization of ER expression by a fluorescent estradiol 

tracer on positron emission tomography (PET) imaging in 

metastatic breast cancer patients revealed heterogenous 

ER expression between primary tumor and metastases in 

up to 45% of the patients [37]. ER expression discordance 

may have been caused by tumor evolution, although 

heterogeneity in ER expression within a tumor as an 

alternative cause cannot be excluded. Despite this 

uncertainty as to the cause, results support the importance 

of ER status re-assessment in the actual tumor to be 

treated, preferably by taking multiple histological 

samples, to improve identification of patients sensitive to 

anti-estrogen therapy.  

 

Moreover, it could be questioned if receptor staining is 

the most adequate predictor of signaling pathway activity. 

In absence of ER the direct ER signaling pathway is 

inactive. However, positive nuclear ER staining does not 

automatically imply that the ER signaling pathway is 

transcriptionally active, since pathway activity depends 

on availability of the estradiol ligand [38, 39], or 

alternatively (but rare) an activating ER mutation [40]. 

The potential clinical relevance of the discrepancy 

between positive ER staining and actual ER pathway 

activity has recently been investigated using a mRNA 

based ER pathway activity test which provides an ER 

pathway activity score based on computational 

interpretation of the expression values of the ER target 

genes [41-44]. In three ER positive breast cancer cohorts, 

low ER pathway activity scores were found in breast 

cancer patients who failed to respond to aromatase 

inhibitors and showed progressive disease [42]. The ER 

pathway activity test was also used to investigate the 

correlation between ER IHC staining and actual ER 

signaling pathway activity in a metastatic breast cancer 

cohort [43]. While low ER expression was always 

associated with very low ER pathway activity scores, 

indicating an inactive ER pathway, cases with high ER 
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expression appeared to have a wide variation in ER 

pathway scores. These results were confirmed in another 

retrospective breast cancer cohort in which metastatic 

disease was treated with tamoxifen [44]. Although all 

primary tumor samples were ER positive, 41% of the 

patients had high ER pathway activity scores which was 

associated with longer time to progression of metastases 

(p=0.005). No correlation was observed between ER 

expression and ER pathway activity (p=0.400). These 

results provide evidence that positive ER expression not 

necessarily means an activated ER signaling pathway and 

that ER expression alone is not a sufficiently specific 

predictor of anti-estrogen therapy response.  

 

4.3. Mechanism of action and clinical response of anti-

estrogen agents 

Our results do not demonstrate distinct superiority of one 

type of anti-estrogen therapy over another. The CBR of 

tamoxifen and letrozole treatment were comparable [32, 

33]. However, letrozole in general was associated with 

longer median duration of response in two studies 

investigating both agents [32, 33]. This might be 

explained by the partial agonistic effect of tamoxifen, 

which activates the ER pathway to some extent and 

carries a risk for tumor progression [9, 10]. 

 

Within the group of aromatase inhibitors, it is suggested 

that letrozole is more effective than anastrozole [45, 46]. 

A pharmacodynamic study in breast cancer patients 

reported letrozole to be more effective in inhibiting 

aromatase activity and circulating estradiol levels 

compared to anastrozole [47]. Whether this also translated 

in improved survival rates was recently studied in a phase 

II randomized trial designed to compare the efficacy of 

letrozole and anastrozole in breast cancer patients [48]. 

No statistically significant difference in disease-free and 

overall survival between letrozole and anastrozole therapy 

was observed. In our review, comparison of letrozole and 

anastrozole therapy in HGSC shows a CBR of 41-56% 

compared to 27-35%, respectively [29, 31-33]. However, 

these results are based on indirect comparison of studies 

with heterogeneity in study design (retrospective cohorts 

versus phase II clinical trials) and patient population 

(platinum-resistant or -sensitive versus asymptomatic 

recurrent disease). Therefore, no conclusion can be drawn 

about the superiority of one aromatase inhibitor over 

another in HGSC.  

 

One of the included studies investigated the use of 

fulvestrant; an ER downregulator which stimulates 

degradation of ER [27, 28]. Fulvestrant resulted in a CBR 

of 50% according to RECIST criteria [27, 28]. Fulvestrant 

can be effective in case of activating mutations in the 

ESR1 gene encoding for ER  [49, 50]. Mutations in ESR1 

confer ligand-independent transcriptional activity of the 

ER transcription factor. ESR1 mutations can arise de novo 

prior to anti-estrogen therapy [40]. However, acquired 

ESR1 mutations frequently occur as a resistance 

mechanism to aromatase inhibitor therapy, as seen in 

metastatic breast cancer patients, were mutations were 

found in approximately 20% of the patients [51-53]. In 

contrast to breast cancer, little is known about ESR1 

mutations in ovarian cancer. A recent study identified 

ESR1 alterations in 2.1% of the studied ovarian cancers 

(n=5,594) [40]. As the majority of the investigated 

samples might be from primary disease, further research 

is needed to explore the prevalence of ESR1 mutations in 

metastatic ovarian cancers.  

 

Taken together, the different mechanisms of actions of 

anti-estrogen agents emphasize the importance of 

knowledge on functionality of the ER signaling pathway 

in order to select the appropriate anti-estrogen agents. In 

case of positive ER expression in the absence of estradiol, 

tamoxifen could act as a partial agonist and might 

stimulate tumor progression. In case of ESR1 mutations, 

treatment with aromatase inhibitors probably results in 
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non-responding patients as ER activation is independent 

from the estradiol ligand.  

 

4.4. Anti-estrogen therapy in combination with a 

mTOR inhibitor  

In the study of Colon-Otero et al., letrozole was combined 

with the mTOR inhibitor everolimus [30]. mTOR is a 

member of the PI3K/AKT/mTOR signaling pathway 

which plays a critical role in cell growth and proliferation 

and is frequently activated in ovarian cancer [54-56]. The 

rationale for combined therapy is that PI3K/AKT/mTOR 

pathway activation could diminish the effect of anti-

estrogen therapy, as the PI3K/AKT/mTOR pathway may 

activate estradiol-independent transcription of ER [57]. 

This second tumor-driving pathway may cause primary 

resistance to anti-estrogens. A phase III clinical trial in 

advanced breast cancer patients treated with exemestane 

in combination with everolimus after progression on 

aromatase inhibitors resulted in a significant prolonged 

PFS by more than twofold compared to exemestane alone 

[58]. The combination of letrozole and everolimus in the 

study of Colon-Otero et al. resulted in a relative 

promising CBR of 53%, but it must be noted that this 

study had a smaller sample size compared to the other 

included studies in this review [30]. A lower CBR has 

been reported in a phase I clinical trial with 50 ER 

positive advanced gynecologic and breast malignancies 

treated with anastrozole and everolimus [59]. Two of the 

six serous ovarian carcinoma patients (33%) had SD for 

6 months. However, this study was not included in this 

review as it could not be confirmed that the serous 

carcinoma were high-grade. The molecular alterations and 

crosstalk between the PI3K/AKT/mTOR and ER 

signaling pathways suggest a promising role for 

combinations of these inhibitors, which should be further 

explored in clinical trials focusing on selecting optimal 

patient populations.  

 

4.5. Relation between ER expression and tumor 

differentiation 

Although the majority of the patient populations of the 

included studies in this review represent HGSC, small 

numbers of endometrioid, low grade serous (LGSC), clear 

cell, transitional cell carcinoma, carcinosarcoma and 

granulosa cell tumors were included. The Ovarian Tissue 

Analysis Consortium reported significant differences in 

ER expression between histologic subtypes [18]. Strong 

ER expression was found in 71% of LGSC and in 60% of 

HGSC and endometrioid carcinoma in contrast to a mere 

14% in clear cell carcinoma. Apart from ER expression, 

these subtypes differ clearly in cell type of origin and 

clinical behavior [60, 61]. Noticeably, relatively high 

response rates were observed in better-differentiated 

carcinomas. A phase II study treating patients with ER 

positive recurrent or metastatic LGSC (89%) and serous 

borderline tumors (11%) with anastrozole found a CBR of 

64% for 6 months [62]. In addition, a retrospective 

cohort study with a homogenous population of 64 patients 

diagnosed with recurrent LGSC treated with anti-estrogen 

therapy reported a CBR of 71% [63]. These improved 

response rates may be related to the inverse relationship 

between ER expression and tumor grade, in which low-

grade tumors have high ER expression, which may reflect 

higher ER pathway activity. In line with this, studies in 

breast cancer patients reported loss of ER expression by 

increasing histologic grade [64-67]. The inverse 

association between ER expression and tumor grade was 

also found in two independent endometrial carcinoma 

cohorts, in which ER pathway activity was also measured, 

using the aforementioned ER pathway activity test [68]. 

In this study, higher ER expression as measured with ER 

IHC staining was associated with higher ER pathway 

activity scores. These results suggest that indeed the 

inverse correlation between ER staining and grade 

extends to an inverse relation between actual ER pathway 

activity and tumor grade. This provides a logical 

explanation for the better response to anti-estrogen 
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therapy in lower grade ovarian cancer types with higher 

ER expression: the ER pathway is probably more active 

providing an effective therapy target.  

 

4.6. Efficacy of anti-estrogen therapy in ER negative 

patients 

Although we focused on studies with ER positive 

populations in this review, interesting results have been 

reported in studies that included ER negative patients as 

well. Del Carmen et al. compared time to disease 

progression after anastrozole therapy between patients 

with ER positive (n=32) and negative (n=13) 

asymptomatic recurrent or persistent ovarian carcinoma 

[69]. They found a median time to progression of 72 days 

in the ER positive group compared to 125 days in the ER 

negative group. Although these results suggest a superior 

response in ER negative patients, survival analysis 

showed no differences in time to progression between the 

ER positive and negative group. In line with this, a 

retrospective cohort of Stasenko et al. also was not able to 

find a significant improved PFS in ER positive patients 

compared to ER negative patients. They reported a 

median time to progression of 4.0 months in the ER 

positive group (n=44) compared to 2.0 months in the 

negative group (n=19) (p=0.360) [23]. In addition, a 

meta-analysis including a heterogenic ovarian cancer 

population with ER positive and negative patients 

reported subgroup analysis for hormone receptor status 

[17]. They found a CBR of 46% in ER positive and/or 

progesterone receptor positive patients, 44% in 

exclusively ER positive patients and 37% in patients with 

unknown receptor status, which was not statistically 

significant (p=0.540) [17]. The fact that these studies did 

not report a significant superior therapy response in ER 

positive patients compared to ER negative patients, 

cautions against deciding on anti-estrogen therapy based 

on ER expression assessment on a single tissue sample 

from the primary tumor. It is important to acknowledge 

that tumor heterogeneity could lead to sampling errors 

and that tumor tissue from primary diagnosis is not 

representative for the recurrent tumor. 

 

4.7 Recommendations 

Further research on the identification of responding 

patients for anti-estrogen therapy should focus on the use 

of mRNA levels of target genes of the ER transcription 

factor. We mentioned an ER pathway activity test based 

on computational interpretation of the expression levels of 

several ER target genes [41]. In our opinion, measuring a 

panel of ER specific target genes would be a more 

appropriate approach to predict ER signaling pathway 

activity.  

 

Furthermore, we would like to address the lack of large 

prospective trials comparing anti-estrogen therapy with 

standard next-line treatment. There has been only one 

phase III randomized controlled trial comparing 

tamoxifen to chemotherapy treatment in platinum-

resistance ovarian carcinoma patients [70]. Unfortunately, 

determination of ER status was not incorporated in the 

study design, resulting in exclusion of this study from our 

analysis. Although, the authors report a better PFS after 

chemotherapy treatment compared to tamoxifen 

treatment, there was no difference in overall survival 

between the treatment groups [70]. In addition, tamoxifen 

treatment was associated with less toxicity and better 

quality of life. These results suggest a role for anti-

estrogens in ovarian carcinoma treatment but emphasize 

the need for further prospective trials comparing standard 

treatment to anti-estrogen therapy in selected ovarian 

carcinoma patients with a functionally active ER pathway. 

 

5. Conclusion 

In our systematic review we included six clinical studies 

and found a clinical benefit to anti-estrogen therapy in 27-

65% of the population consisting for 92% of recurrent or 

metastatic HGSC, of which 80% was confirmed ER 

positive. Complete and partial response rates are low, as 
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we found an ORR of 0-16%. No correlation was found 

between ER expression and clinical response. Therefore, 

ER protein expression alone is not a specific predictor of 

response. Treatment with anti-estrogen therapy is 

probably only effective when the ER pathway is 

functionally active, which depends on availability of the 

estradiol ligand or alternatively (but rare) on an activating 

ER mutation. The currently used IHC ER staining is 

insufficiently specific for identification of 

transcriptionally active ER in HGSC, probably resulting 

in treatment of a population of non-responder patients. 

Even worse, in the absence of estradiol, tamoxifen may 

exert its partial agonistic action and may potentially 

stimulate tumor progression. As ER expression remains 

an unreliable response predictor, it is of great importance 

to measure actual ER pathway activity in order to 

improve therapy response. 
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