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Background: ESR1 mutation has recently emerged as one of the important mechanisms involved 

in endocrine resistance. The incidence and clinical implication of ESR1 mutation has not been 

well evaluated in heavily pretreated breast cancer patients.

Methods: We conducted a retrospective review of advanced breast cancer patients with 

tumors who underwent next-generation sequencing genomic profiling using Foundation One 

test at Cancer Treatment Centers of America® regional hospitals between November 2012 and 

November 2014.

Results: We identified a total of 341 patients including 217 (59%) estrogen receptor (ER)+, 

177 (48%) progesterone receptor (PR)+, 30 (8%) hormone receptor+/HER2 positive, and 

119 (32%) triple negative patients. ESR1 mutation was noted in 27/222 (12.1%) ER+ or PR+ 

breast cancer patients. All ER+ patients received at least one line of an aromatase inhibi-

tor. All 28 patients were found to harbor ESR1 mutations affecting ligand-binding domain 

with the most common mutations affecting Y537 (17/28, 60.7%) and D538 (9/28, 32.1%). 

In this cohort, 19 (67.9%) patients carried three or more, seven (25%) patients had one or 

two additional genomic alterations and one (3.6%) patient had an ESR1 mutation only. Of  

28 patients, three patients were treated with fulvestrant immediately before and two patients 

were treated after next-generation sequencing testing; only one patient achieved stable disease 

for 8 months and the other four patients had progression of disease. In all, 3/3 (100%) patients 

before testing and 2/4 (50%) after testing treated with exemestane and everolimus achieved 

stable disease for at least 6 months.

Conclusion: ESR1 mutation was found in 12.1% of a large cohort of advanced breast cancer 

patients. Exemestane in combination with everolimus might be a reasonable option. Prospective 

studies are warranted to validate these findings.

Keywords: ESR1 mutation, breast cancer, endocrine therapy, resistance, next-generation 

sequencing, genomic alteration

Introduction
Breast cancer is the leading cause of cancer deaths in women worldwide. It is 

projected that over 230,000 cases of invasive breast cancer will be diagnosed in 

the US and more than 40,000 patients are expected to die of metastatic disease 

in 2015.1 Five-year survival of patients with stage IV metastatic breast cancer is 

approximately 25%.1 Among those with advanced breast cancer, 60%–70% of 

the patients have estrogen receptor (ER)+ disease. ERα is a nuclear transcrip-

tion factor that drives proliferation and growth of ER+ breast cancers. Endocrine 

therapy has been widely accepted as the cornerstone treatment due to its antitu-

mor activity and favorable side effect profile. Unlike tamoxifen working through 

correspondence: Jiaxin niu
Department of Medical Oncology, 
Western regional Medical center at 
Cancer Treatment Centers of America, 
14200 West Celebrate Life Way, 
Goodyear, AZ 85338, USA
Tel +1 623 207 3329
Fax +1 623 321 1528
email jasonniu1@gmail.com 

Journal name: OncoTargets and Therapy
Article Designation: Original Research
Year: 2015
Volume: 8
Running head verso: Niu et al
Running head recto: ESR1 mutations and breast cancer
DOI: http://dx.doi.org/10.2147/OTT.S92443

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S92443
mailto:jasonniu1@gmail.com


OncoTargets and Therapy 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3324

niu et al

ER blockade, aromatase inhibitors (AIs) are primary 

directed at reducing estrogen synthesis and typically used 

as first-line hormonal therapy particularly in postmeno-

pausal women with metastatic disease.2,3 Unfortunately, 

approximately 30%–40% patients do not respond to the 

therapy due to intrinsic or de novo resistance.2,3 Even for 

the initial responders, the objective response rate was only 

20%–30%, and the median disease-free survival was quite 

short, ranging from 6 to 11 months likely as a result of 

acquired resistance.2,4,5

The development of endocrine resistance (de novo 

or acquired) poses a significant clinical challenge. After 

progression on AIs, second-line hormonal therapy with a 

steroidal AI such as exemestane or an ER downregulator 

fulvestrant benefited only 30% of patients with a response 

rate of merely 7% as demonstrated in the EFECT trial.5 

This result was further confirmed by the CONFIRM trial, 

albeit a higher dose of fulvestrant conferred a slightly 

higher response rate and overall survival advantage.6,7 The 

underlying mechanisms for endocrine resistance remain to 

be elucidated. Putative mechanisms of acquired resistance 

include estrogen-independent growth, hypersensitivity to 

low estrogen concentrations, upregulation of the phosphati-

dylinositol 3-kinase–AKT–mammalian target of rapamycin 

pathway, cyclin D1 overexpression, downregulation of 

ERα expression, and so on.8,9 These pathways provide 

potential targets for therapeutic intervention to restore 

sensitivity to endocrine resistance. Everolimus, a mam-

malian target of rapamycin inhibitor, was demonstrated 

to overcome endocrine resistance in some patients when 

used in combination with exemestane in the BOLERO-2 

study.10 Exemestane combined with everolimus has been 

widely adopted as one of the second-line options by clini-

cal guidelines. Palbociclib, a cyclin-dependent kinase 4/6 

inhibitor, is another agent which has shown activity in 

ER+ breast cancer.11

Recently, ESR1 mutation has started to emerge as 

another potential mechanism implicated in acquired endo-

crine resistance. The mutations in ligand-binding domain 

(LBD) create a ligand-free constitutively activated ER.12 

The reported incidence of the mutation was as low as less 

than 1% in primary tumor and as high as 11%–55% in 

metastatic ER+ breast cancer.10,13–15 To confirm this finding 

and explore the role of further endocrine therapy in a large 

cohort of patients with heavily pretreated advanced breast 

cancer, we conducted a retrospective review of all patients 

with advanced breast cancer whose tumors underwent next-

generation sequencing (NGS) genomic profiling using the 

Foundation One (FO) test.

Methods
study population
This was a retrospective analysis of tumors from 341 advanced 

breast cancer patients who received treatment at one of the 

five Cancer Treatment Centers of America® regional hos-

pitals. The inclusion criterion was a recurrent breast cancer 

which had failed to respond to or progressed on at least two 

lines of standard therapy and underwent a biopsy in either 

locoregional or metastatic sites. All samples were stained by 

immunohistochemistry for ER, progesterone receptor (PR), 

and human epidermal growth receptor 2 (HER2) and reviewed 

by a pathologist at each institution. ER and PR positivity 

was defined as more than 1% of cells with strong staining. 

HER2  positivity was defined as either by immunohistochem-

istry of 3+ or Fluorescent In Situ Hybridization HER2/CEP17 

ratio of greater than 2.2. The paraffin-embedded blocks from 

biopsy specimens between November 2012 and November 

2014 were then sent for NGS genomic profiling using the FO 

test. The captured clinical information included: age, hormone 

receptor status, histology, site of origin of the tumor sample and 

hormonal and/or chemotherapy received, and outcome. This 

retrospective analysis was approved by the Institutional Review 

Board at the Cancer Treatment Centers of America. This study 

involved the use of data and records that already existed, and 

did not involve taking additional biological samples from the 

patients, therefore patient consent was not required.

NGS genomic profiling
Targeted NGS was performed by Foundation Medicine in 

a Clinical Laboratory Improvement Amendment-certified 

laboratory. The targeted NGS platform FO has been previ-

ously described and validated.16 FO testing utilizes NGS to 

identify alterations in genes known to be somatically altered 

in human solid cancers. FO is a mid/large gene panel which 

currently interrogates up to 315 cancer-related genes and 28 

genes commonly rearranged in cancer. It detects all classes of 

genomic alterations, including base substitutions, insertions 

and deletions, and copy number alterations and rearrange-

ments using a small, routine tumor sample. ESR1 mutation is 

one of the genomic alterations reported on each analysis.

statistical analysis
Descriptive statistics (means and frequencies) for baseline 

clinical and pathological characteristics were calculated.

Results
Incidence of ESR1 mutation
ESR1 mutations were identified in 28 patients with breast can-

cer. Table 1 describes the characteristics of the breast cancer 
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patient cohort. In all, 27 patients harboring ESR1 mutations 

were identified in 217 ER+ patients (27/217=12.45%); 24 of 

these 27 patients were also PR+, identified in 177 PR+ patients 

(24/177=13.6%). Taken together, the incidence of ESR1 muta-

tion was 12.1% (27/222) in HR+ (ER+ or PR+) patients. The 

incidence of ESR1 mutations in both ER+ and HER2 positive 

patients was 6.7% (2/30). Only one of 119 triple negative 

breast cancer (TNBC) samples was found to carry an ESR1 

mutation (1/119=0.8%) and the primary tumor of this patient 

was ER+. Therefore, based on our results it appears that the 

incidence of ESR1 mutation in TNBC was very small. Most 

of the breast cancer patients were heavily pretreated, having 

received on average at least two lines of cytotoxic chemo-

therapy in the metastatic setting and three lines of hormonal 

therapy including adjuvant hormonal therapy as shown in 

Table 1. All patients received at least one line of an AI. Median 

age of the 28-patient cohort was 55.5, ranging from 34 to 75. 

The specimen sources for FO analysis included local recur-

rence (n=3, 10.7%) and distant metastases (n=25, 89.3%).

ESR1 mutations and other genomic 
alterations in metastatic breast cancer
All 28 patients were found to harbor ESR1 mutations affecting 

LBD, with the most common mutations affecting Y537 (17/28, 

60.7%) and D538 (9/28, 32.1%). In all, 11 (11/28, 39.3%) 

patients had an ESR1 Y537S mutation, four (4/28, 14.3%) an 

ESR1 Y537C mutation, and two (2/28, 7.1%) an ESR1 Y537N 

mutation. Eight (8/28, 28.6%) harbored an ESR1 D538G muta-

tion, and one (1/28, 3.6%) patient had an ESR1 D538G mutation 

as well as amplification. One patient had mutations involving 

three amino acids from 536 to 538 (L536PY537PD538P), 

which has never been reported before. One patient carried 

an ESR1 V533M mutation (Table 2). We also examined the 

frequency of additional genomic alterations other than ESR1 

mutations in this heavily pretreated cohort of patients. We found 

that 19 (67.9%) patients carried three or more genomic altera-

tions, seven (25%) patients had one or two additional genomic 

alterations, and two (7%) patients had an ESR1 mutation only 

(Table 2). The most common genomic alteration involved 

PIK3CA, GATA3, cyclin D1, fibroblast growth factors, and 

fibroblast growth factor receptor 1 (Table 3) genes.

Clinical outcome after treatment with 
endocrine therapy
Of 28 patients, 15 patients received at least one line of che-

motherapy either immediately before or after FO testing and 

therefore were excluded from the assessment of the endocrine 

therapy outcome. As a result, only 13 patients were eligible 

Table 1 Characteristics of breast cancer patients with ESR1 mutations (n=28)

Number of patients  
with ESR1 mutation

Total number  
of patients tested

% of patients

er+ 27 217 12.5

Pr+ 24 177 13.6

er+ or Pr+ 27 222 12.1

er+/her2 2 30 6.7
Triple negative 1* 119 0.8
specimen site

Primary breast tumor 0 0.0
local recurrence 3 10.7
Metastasis 25 89.3

Note: *This patient with er+ primary breast cancer presented with lung metastases and biopsy of one of the lung metastases revealed a triple negative breast cancer.
Abbreviations: ER, estrogen receptor; HER-2, human epidermal growth receptor 2; PR, progesterone receptor.

Table 2 Summary of ESR1 mutation and other genomic alterations (gas) (n=28)

ESR1 and GA Patients, n % patients  
affected

ESR1
only

1 additional  
GA

2 additional  
GA

2 additional 
GA

ESR1 Y537S 11 39.3 0 1 2 8
ESR1 D538G 8 28.6 1 2 1 4
ESR1 Y537C 4 14.3 0 1 0 3
ESR1 Y537N 2 7.1 0 0 0 2
ESR1 amplification, D538G 1 3.6 0 0 0 1
ESR1 L536_D538P 1 3.6 0 0 0 1
ESR1 V533M 1 3.6 1 0 0 0

Total 28 100.0 2 4 3 19
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for this exploratory analysis. Three patients were treated with 

fulvestrant immediately before and two patients were treated 

after NGS testing. Only one patient achieved stable disease for 

8 months and the other four patients had progression of dis-

ease, demonstrating a clinical benefit rate of 20% (1/5). One 

patient treated with tamoxifen right before FO testing did not 

respond. However, 3/3 (100%) patients before testing and 2/4 

(50%) after testing treated with exemestane and everolimus 

achieved stable disease for at least 6 months (Table 4).

Discussion
In this study, we identified 28 patients with ESR1 muta-

tions from 341 patients with advanced breast cancer. To 

our knowledge, this represents the largest reported study of 

endocrine-refractory breast cancer patients with ESR1 muta-

tions. The first case of ESR1 mutation was described in 1997 

in a patient with metastatic breast cancer.17 Subsequently, the 

Cancer Genome Atlas Research Network failed to identify 

any ESR1 mutations in primary breast cancer.18 Recently, 

two independent studies reported somatic ESR1 mutations in 

six of eleven (55%) and nine of 36 (25%) patients with ER+ 

metastatic breast cancer, respectively.13,14 Jeselsohn et al stud-

ied ER+ samples consisting of 58 primary and 76 metastatic 

breast cancers. No ESR1 mutations were detected in primary 

ER+ cancers, but nine of 76 (12%) of metastatic samples were 

found to carry ESR1 mutations.19 These findings suggest that 

ESR1 mutations in treatment-naïve patients are a rare event; 

however, it is relatively common to harbor ESR1 mutations in 

ER+ metastatic breast cancer patients. The incidence of ESR1 

mutation has not been well established, ranging from 12% to 

55%.14,15,19 Toy et al reported that five of 44 (11%) ER+ breast 

cancer patients with disease progression during treatment 

with AIs carried ESR1 mutations in the BOLERO-2 clinical 

trial.14 The incidence of ESR1 mutation in this study appears 

to be consistent with the 12% (9/76) reported by Jeselsohn 

et al19 where all but two patients have previously received AIs.  

In our study, we identified 12.1% (27/222) of patients with 

an ESR1 mutation in heavily pretreated, HR+ breast cancer 

patients (Table 1). Taken together, these three studies sug-

gest that the incidence of ESR1 mutations in the pretreated 

Table 3 Distribution of additional genomic alterations (GAs) with frequency 2

Additional GA Frequency % of patients, n=28 Additional GA Frequency % of patients, n=28

PIK3CA 10 35.71 TET2 3 10.71
GATA3 6 21.43 ZNF703 3 10.71
CCND1 5 17.86 ARID1A 2 7.14
FGF3 5 17.86 BRCA2 2 7.14
FGF4 5 17.86 FANCA 2 7.14
FGF19 5 17.86 TP53 2 7.14
FGFR1 5 17.86 ZNF217 2 7.14
MYST3 4 14.29 CDH1 2 7.14
IKBKE 3 10.71 MDM4 2 7.14
PTEN 3 10.71 MYC 2 7.14

Note: Genes are listed by frequency.

Table 4 ESR1 mutation and endocrine therapy immediately before or after testing (n=13)

Patients and GAs Pretest endocrine therapy Response

#2 D538g +2 gas exemestane + everolimus SD for 6 months

#3 l536_D538P +5 gas exemestane + everolimus SD for 8 months
#4 Y537c +8 gas Fulvestrant SD for 8 months
#5 D538g +3 gas exemestane + everolimus SD for 12 months
#8 Y537n +7 gas Fulvestrant PD
#10 Y537s +1 ga Tamoxifen PD

#12 Y537s +4 ga Fulvestrant PD

Patients and GAs Post-test endocrine therapy Response

#17 Y537s +8 gas exemestane + everolimus PD

#21 Y537s +3 gas exemestane + everolimus PD
#22 D538g +4 gas exemestane + everolimus SD for 18 months
#23 D538g +4 gas exemestane + everolimus SD for 6 months
#30 Y537s +2 gas Fulvestrant PD

#31 D538g +0 ga Fulvestrant PD

Abbreviations: GA, genomic alteration; PD, progression of disease; SD, stable disease.
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ER+ metastatic breast cancer patient is approximately 12%. 

Thus, ESR1 mutation appears to be a frequently acquired 

mutation in the metastatic setting and in particular in patients 

who have previously received AIs. Given the prevalence of 

ER+ breast cancer, advanced breast cancer harboring ESR1 

mutations would be expected to affect a large population of 

patients and therefore warrants further studies.

All 28 patients were found to harbor ESR1 mutations 

affecting LBD, with the most common mutations affect-

ing Y537 (17/28, 60.7%) and D538 (9/28, 32.1%) as 

shown in Tables 2 and 3. Preclinical studies have previ-

ously shown that LBD mutations result in constitutive, 

ligand-independent ER activity, involved in endocrine 

resistance.13,14,19 All 28 patients identified in our study car-

rying ESR1 mutation failed at least one line of endocrine 

therapy with an AI, suggesting ESR1 mutation is at least 

partially responsible for endocrine resistance. The clinical 

implications to overcome the resistance conferred by ESR1 

mutations would be significant. In vivo experiments in 

breast cancer cell lines demonstrate that high-dose tamox-

ifen and fulvestrant were shown to inhibit the activity of 

ESR1 with mutations in LBD.14,19 However, there are no 

prospective studies available that specifically address this 

issue at this time. In the CONFIRM trial, higher doses of 

fulvestrant increased progression-free survival and overall 

survival after patients failed prior endocrine therapy.6,7 

The underlying mechanisms are still poorly understood. 

It is conceivable that some patients may have acquired 

ESR1 mutations and, as a result, a higher dose of fulves-

trant worked more effectively and contributed to longer 

progression-free survival and overall survival. In our cohort 

of patients, in five patients treated with a standard dose 

of fulvestrant (500 mg every 4 weeks after loading dose) 

immediately before or after NGS testing, only one patient 

achieved stable disease for 8 months. One patient treated 

with tamoxifen right before NGS testing did not respond 

(Table 4). Ideally, it is preferable to assess all patients who 

received endocrine therapy immediately after NGS testing, 

but in clinical practice it is extremely challenging to iden-

tify enough patients. However, if a patient progressing on 

endocrine therapy was tested positive for ESR mutation, it 

is self-evident that this patient will not respond to the very 

same therapy after the testing. The converse could also be 

true if a patient were responding clinically on endocrine 

therapy and tested positive for ESR mutation. Thus, we 

included the patients who received endocrine therapy 

immediately before NGS for this exploratory analysis. In our 

study, although the number of patients is small, the clinical 

benefit rate is certainly lower than what was reported in the 

CONFIRM trial.6,7 It also seems to suggest that it is not very 

promising to treat ESR1 mutation carriers with a standard 

dose of fulvestrant or tamoxifen. In contrast, 3/3 (100%) 

patients before testing and 2/4 (50%) after testing treated 

with exemestane and everolimus achieved stable disease 

for at least 6 months (Table 4). The clinical benefit rate of 

70% (5/7) seems to be well aligned with what was reported 

by the BOLERO-2 study where the clinical benefit rate was 

approximately 51%. It would be interesting to find out how 

the subpopulation of patients who tested positive for ESR1 

mutations responded to exemestane and everolimus in this 

study. The etiology for the different response to fulvestrant 

versus exemestane plus everolimus is unclear at this point. 

One could speculate that a standard dose of tamoxifen 

or fulvestrant is simply too low to be effective for ESR1 

mutation patients. On the other hand, ESR1 mutation alone 

appeared to be a rare phenomenon in this heavily pretreated 

patient cohort, accounting for 7% (2/28) of the patients with 

ESR1 mutations; 93% of the patients (26/28) had at least 

one additional genomic alteration other than ESR1 mutations 

(Tables 2 and 3). Very likely, these genomic alterations 

represent alternative mechanisms of endocrine resistance; 

therefore, targeting upstream ER alone with fulvestrant or 

tamoxifen is simply not sufficient to suppress endocrine 

resistance likely derived from both constitutively active ER 

and/or downstream signaling molecules. Similar to what was 

demonstrated in the BOLERO-2 study, PIK3CA, cyclin D1, 

and fibroblast growth receptor 1 were also the three most 

commonly altered genes in our study (Table 3).20 Not sur-

prisingly, the combination of everolimus, plus exemestane 

was able to achieve stable disease in five of seven patients 

without targeting specifically against ESR1 mutations. As 

such, in order to effectively target ESR1 mutations, it may 

require incorporating both effective ER targeting such as 

a higher dose of fulvestrant or a more potent analog and 

targeted therapy of downstream components. Most recently, 

the PALOMA-3 study demonstrated that the combination 

of palbociclib with fulvestrant improved progression-free 

survival in HR+ advanced breast cancer patients who had 

progressed on prior endocrine adjuvant therapy. Biomarker 

analysis including ESR1 mutations is eagerly awaited.21

Conclusion
In summary, our study demonstrates an overall 12% fre-

quency of ESR1 mutations in the largest cohort of advanced 

breast cancer patients through NGS of metastatic lesions. 

Moreover, the majority of the patients harbored at least one 
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additional genomic alteration. Prospective studies are needed 

to better understand and overcome ESR1-derived endocrine 

resistance in advanced ER+ breast cancer patients using 

more effective anti-ER agents in combination with targeted 

therapy toward downstream components.
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