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Abstract  

Background 

The NICE trial was designed to evaluate the possible benefits of adding epidermal growth factor receptor 

targeted therapy to neoadjuvant chemotherapy in patients with estrogen receptor  (ER) negative and 

operable breast cancer. Preclinical data have suggested that signalling through the ErbB receptors or 

downstream effectors may repress ER expression. Here we investigated whether gefitinib, given 

neoadjuvant in combination with epirubicin and cyclophosphamide (EC), could restore ER expression.  

Materials and Methods 

Eligible patients in the NICE trial were women with unilateral, primary operable, ER negative invasive breast 

cancer ≥ 2 cm. Material from patients randomized and completing treatment (four cycles of neoadjuvant EC 

plus 12 weeks of either gefitinib or placebo) in the NICE trial having available ER status both at baseline and 

after neoadjuvant treatment were eligible for this study.  

Tumors with indication of changed ER phenotype (based on collected pathology reports) were 

immunohistochemically reassessed centrally. 

Results 

115 patients were eligible for this study; 59 patients in the gefitinib group and 56 patients in the placebo 

group. Five (4.3%) of 115 tumors changed ER phenotype from negative to positive. No difference between 

the two treatment groups was observed, as changes were seen in 3 patients in the gefitinib (5.1%) and in 2 

patients in the placebo (3.6%) group with a difference of 1.51% (95% CI, -6.1 – 9.1; p=1.0).  Results of the 

NICE trial has been reported previously. 

Conclusion 

Postoperative reassessment of ER expression changed the assessment of ER status in a small but 

significant fraction of patients and should, whenever possible, be performed following neoadjuvant 

chemotherapy for ER negative breast cancer. Gefitinib did not affect the reversion rate of ER negative 

tumors. 
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Introduction 

Expression of the estrogen receptor (ER) possesses a strong predictive value and constitutes a requisite for 

the efficacy of adjuvant endocrine therapy in breast cancer patients (1). Measurement of ER has for that 

reason become standard on all newly diagnosed invasive breast cancers (2;3) and accurate and 

standardized assessment of ER is therefore essential.  

A negative association between ER expression and expression of receptors from the ErbB-family, like 

epidermal growth factor receptor (EGFR) and human epidermal growth factor receptor II (HER2), has been 

demonstrated in a large number of clinical studies and overexpression of EGFR and HER2 are primarily 

observed in ER negative tumors (4;5). Both clinical and preclinical data demonstrate that progression of ER 

dependent breast cancer may occur via a shift from ER to EGFR/HER2 signalling (6-8), although the shift 

occurs with only modest upregulation of the ErbB receptor mediated signalling (8-10). 

Absent ER expression is a complex multi-step and potentially reversible process and it has been suggested 

that absent ER expression, may be reverted by blocking of the ErbB system. Thus, several cell culture 

studies have shown that blocking EGFR and/or HER2 receptor signaling resulted in regain of endocrine 

sensitivity (10-16). Furthermore, in both clinical and preclinical studies, it has been demonstrated that 

treatment with trastuzumab and/or gefitinib restores ER expression in HER2 positive and ER negative breast 

cancer (16;17). In Munzone et al (17), three of ten patients changed ER negative phenotype to ER positive 

following treatment, indicating that re-evaluation of ER expression may be recommended in general.  

Consequently, we sought to examine the effect of neoadjuvant treatment on ER expression in patients with 

early ER negative breast cancer and whether treatment with gefitinib, a specific EGFR tyrosine kinase 

inhibitor, would increase the possibility of endocrine responsiveness. The present study is an exploratory 

analysis but according to and defined by the study protocol. The study is based on collection of local 

pathology reports, followed by central immunohistochemistry (IHC) confirmation of tumors with ER 

phenotype change following definitive surgery. All patients received preoperative chemotherapy in the NICE 

trial and were randomized to gefitinib against placebo.  

 

Patients and methods 

Full details of the NICE study (clinicaltrials.gov identifier NCT00239343) have been described previously 

(18). In summary, NICE was a Nordic phase II, multicenter, two-armed double-blind randomized trial 
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involving 12 centers in Denmark, Norway and Sweden, in which 181 patients were assigned to either four 

cycles of epirubicin (90 mg/m
2
) and cyclophosphamide (600 mg/m

2
)(EC) plus 12 weeks of daily treatment 

with gefitinib (250 mg) or EC plus 12 weeks daily treatment with placebo. 

Eligible patients were women with unilateral, primary operable, ER negative invasive breast cancer ≥ 2 cm. 

Patients with inflammatory breast cancer, involvement of skin or muscle, involvement of supraclavicular 

lymph nodes or evidence of distant metastases were not eligible.  

The primary clinical objective of the NICE trial was to compare the difference in pathologic complete 

response (pCR) rate in the two treatment arms and secondary objectives were complete and overall 

response. Tumor response was assessed by the response evaluation criteria in solid tumors (RECIST) 

criteria. 

Written informed consent was obtained from all study participants prior to study entry and ethical committees 

with jurisdiction for the participating institutions approved the study protocol. 

Patients who completed treatment in the NICE study and had available ER status, before and after 

neoadjuvant treatment, were eligible for this study. 

 

Local pathology assessment 

Local pathologists determined ER expression before random assignment. Immunohistochemistry was used 

in all participating institutions and ER was classified as negative for a proportion score of < 10% staining 

cells and ignoring intensity of staining. 

 

Central pathology assessment 

Formalin fixed paraffin-embedded tumor tissue was prospectively collected at baseline and following definite 

surgery (pre- and postoperative specimens, respectively). In all, complete specimens was obtained from 134 

patients (74% of the randomized population). The Central DBCG Pathology Laboratory in Herlev, Denmark 

reviewed the material for residual tumor tissue and expression of tumor markers. 

 

Assessment of ER and HER2 

In tumors where local pathology reports indicated a change in ER phenotype, a central review of ER status 

was performed using IHC and scored with percentage of staining. 
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HER2 and EGFR copy number Fluorescence In Situ Hybridization (FISH) analysis was performed by use of 

DakoCytomation (HER2 pharm Dx  and EGFR pharm Dx , Dako, Glostrup, Denmark). Tumors were 

scored as HER2 or EGFR positive/amplified when the gene to centromere ratio  2 and EGFR as deleted 

when the ratio was < 0.8.  

 
 
Statistical methods 

The percentage of ER staining cells were dichotomised as present (> 0%) or absent (0%), and as positive (≥ 

10%) or negative (< 10%). Concordance denoted the proportion of tumors with the same classification by 

local and central assessment. Fisher’s exact test was used to evaluate the difference in ER changes in the 

two groups. 

 

Results 

In all, 158/181 (87%) patients randomized into the NICE study completed treatment, of which 115 patients 

were eligible for this study; 59 patients in the gefitinib group and 56 patients in the placebo group. Reasons 

for excluding 43 patients were: a pCR was observed, leaving no tumor material for posttreatment ER 

evaluation (n=23); tumor was retrospectively identified as baseline ER positive (n=6); or no posttreatment ER 

evaluation was done locally (n=14). Baseline patient characteristics were well balanced in the two groups 

(table 1).  

5.1% (3/59) of tumors in the gefitinib group and 3.5% (2/56) of tumors in the placebo group, with a total of 

4.3% (5/115) and a difference of 1.51% (95% CI, -6.1 – 9.1) changed from ER negative at baseline to ER 

positive after neoadjuvant treatment. All tumors with change in ER were revised and confirmed centrally. 

Local and central ER evaluation and staining scores for tumors with ER phenotype change are listed in table 

2. It is noteworthy, that in the tumors with ER reversion, between 15 to 90% of the tumor cells were ER 

positive (fig 1). 

Tumors with change in ER phenotype tended to be of ductal histology and HER2, EGFR and PgR 

normal/negative as this was randomly present in 4 tumors. Pathologic characteristics at baseline for the five 

tumors with change in ER are listed in table 3.  

Other pathologic characteristics for tumors with a change in ER phenotype, such as HER2, EGFR and 

histology, were not different from the entire cohort (table 1 and 2). 
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Of the 115 patients, 99 and 101 had both pre and post treatment HER2 and EGFR status performed, 

respectively. Changes in HER2 were observed in 3 tumors (3%, gefitinib, n=1; placebo, n=2) and in EGFR in 

7 tumors (6.9%; gefitinib, n= 3; placebo, n=4). None of the five tumors with change in ER phenotype had any 

changes in HER2 or EGFR. 

A partial response was observed in 3 tumors and stable disease in 2 tumors with change in ER phenotype 

(table 3). Because of the low numbers of tumors with change in ER status, no analysis of difference in 

response for tumors with and without ER phenotype change was done. 

 

Discussion 

This is the first report exploring ER-negative phenotype changes after a neoadjuvant gefitinib regime. All 

patients received EC with or without gefitinib and pathological tumor characteristics were collected at 

baseline and at surgery. 

Since central review revealed 1% of tumors to be a wrongly ER classified locally in the BIG 1-98 study (19), 

a central review of tumors with change in ER phenotype was conducted. The central review revealed no 

discrepancy with local ER classification (table2). 

The primary goal of this study was to evaluate the effect of neoadjuvant treatment on ER expression and 

whether gefitinib, given neoadjuvant with EC, would have an increased impact on ER expression. 

Interestingly, 4.3% (5/115) of ER negative tumors changed ER phenotype, supporting that ER expression, is 

reversible, as also reported by others (6;7;12;17;20;21). The reversibility of ER expression challenges the 

clinical approach to patients with an ER resistent tumor, as patients with an initially ER negative tumor, that 

revert to ER positive, might benefit from endocrine therapy.  

Together with our results, the significant shift in ER phenotype, from ER positive to negative, following 

neoadjuvant therapy observed in the trial by Taucher et al (21) and the variation in ER expression between 

primary and metastatic breast cancer reported by Arslan et al (22), further emphasizes the importance for 

renewed ER evaluation after neoadjuvant treatment and in the event of recurrence or metastases.  

A higher turnover rate was anticipated in the gefitinib group, due to the inverse relation between expression 

of ER and EGFR/HER2 and due to the reversal of ER expression by suppression of EGFR/HER2 signaling, 

but no difference between the two treatment groups was observed. These results indicate that the inhibition 

of EGFR with gefitinib, may not be the only mechanism which restores ER expression and suggests that 
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EGFR, may not alone drive cell growth in ER negative breast cancer. This is further supported by a recent 

review, describing different mechanisms of reversing ER expression and sensitization to endocrine therapy 

in ER negative breast cancer (15). In four of five tumors, ER reversion occurred in tumors with normal EGFR 

and HER2, and no conclusion on a change from ErbB to ER signalling can be made.  

It remains unknown, whether the clinical activity of gefitinib can be equated to gefitinibs ability to revert ER 

expression, if such an ability excist. However, the clinical effect of gefitinib is neither depended on EGFR 

expression nor inhibition of EGFR phosphorylation (23;24) as well as gefitinib does not affect the expression 

of EGFR (23). In our study the majority of patients included were EGFR normal (table 1) and whether 

selecting patients based on EGFR amplification would have resulted in more tumors converting ER 

phenotype remains unknown, but no tumor that changed ER phenotype was EGFR amplified in the present 

study.  

In the study by Baselga et al (23), the complete inhibition of EGFR phosphorylation, which did not translate 

into a clinical benefit, was achieved with gefitinib 500 mg/daily as monotherapy for treatment of advanced 

breast cancer. In the NICE study, a dose of gefitinib 250 mg/daily was chosen since no clinical benefit was 

observed in a comparison of gefitinib 500 mg/dailly to 250 mg/daily (25;26). Whether a dose of gefitinib 500 

mg/daily could have increased the rate of ER reversions remain unknown. 

The exact mechanism underlying the change in ER phenotype is unknown. As no discrepancy was observed 

between local and central review, the changes are likely due to a biological phenomenon, rather than 

inconsistent measurements. The intratumoral heterogeneity in breast cancer, may result in genetic 

subclones with different sensitivity to anti-neoplastic treatment (27). This could be a possible explanation for 

a change in ER phenotype, where, under the pressure of chemotherapy, a possible shift (clonal selection) 

from an ER negative dominant clone to an ER positive dominant clone could have occurred.  

However, in the gefitinib treated group, two of the three tumors displayed a posttreatment ER level of 90%. 

In one case, this was associated with stable disease, strongly supporting that gefitinib treatment may be 

responsible for the ER reversion. In the two patients with a partial response, selective survival and growth of 

a minor undetected population of ER positive cells cannot be excluded, although a posttreatment ER level of 

90% indicate that reversion may have occurred.  

Regardless of the underlying mechanism of restoring ER expression, in order to translate into a clinical 

benefit, the re-expressed ER must be functional in order to respond to endocrine therapy. In the study by 
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Monzone et al (17), two of three patients with advanced disease, who reverted to ER positivity, were treated 

with endocrine therapy and one of these patients was without progression at three years. Whether or not re-

expression of ER after neoadjuvant treatment indicate benefit from endocrine therapy remains unknown and 

requires further investigations. 

 

 

Conclusion 

Our data show that ER expression is reversible in a minor but significant fraction of ER negative tumors, 

emphasizing the importance for reliable and correct pathologic evaluation, in order to provide best treatment 

possible. Eventhough, gefitinib did not have an impact on tumors reverting ER phenotype, a possible role of 

gefitinib in the change of ER expression cannot be excluded. 

The reversion of ER from negative to positive might indicate benefit from endocrine treatment in patients 

otherwise exempt from this option. Therefore, a reassessment of ER status and whenever possible, also 

markers associated with functional ER e.g. the progesterone receptor, should be performed following 

neoadjuvant treatment.  

 

 

 

 

 

 

 

 

 

 

 

Reference List 



 10 

 

 (1)  Effects of chemotherapy and hormonal therapy for early breast cancer on recurrence and 15-

year survival: an overview of the randomised trials. Lancet 2005 May 14;365(9472):1687-

717. 

 (2)  Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thurlimann B, Senn HJ. Thresholds for 

therapies: highlights of the St Gallen International Expert Consensus on the primary therapy 

of early breast cancer 2009. Ann Oncol 2009 Aug;20(8):1319-29. 

 (3)  Hammond ME, Hayes DF, Dowsett M, Allred DC, Hagerty KL, Badve S, et al. American 

Society of Clinical Oncology/College Of American Pathologists guideline recommendations 

for immunohistochemical testing of estrogen and progesterone receptors in breast cancer. J 

Clin Oncol 2010 Jun 1;28(16):2784-95. 

 (4)  Revillion F, Bonneterre J, Peyrat JP. ERBB2 oncogene in human breast cancer and its 

clinical significance. Eur J Cancer 1998 May;34(6):791-808. 

 (5)  Klijn JG, Berns PM, Schmitz PI, Foekens JA. The clinical significance of epidermal growth 

factor receptor (EGF-R) in human breast cancer: a review on 5232 patients. Endocr Rev 

1992 Feb;13(1):3-17. 

 (6)  Sainsbury JR, Farndon JR, Sherbet GV, Harris AL. Epidermal-growth-factor receptors and 

oestrogen receptors in human breast cancer. Lancet 1985 Feb 16;1(8425):364-6. 

 (7)  Sonne-Hansen K, Norrie IC, Emdal KB, Benjaminsen RV, Frogne T, Christiansen IJ, et al. 

Breast cancer cells can switch between estrogen receptor alpha and ErbB signaling and 

combined treatment against both signaling pathways postpones development of resistance. 

Breast Cancer Res Treat 2010 Jun;121(3):601-13. 

 (8)  Frogne T, Benjaminsen RV, Sonne-Hansen K, Sorensen BS, Nexo E, Laenkholm AV, et al. 

Activation of ErbB3, EGFR and Erk is essential for growth of human breast cancer cell lines 

with acquired resistance to fulvestrant. Breast Cancer Res Treat 2009 Mar;114(2):263-75. 

 (9)  Knowlden JM, Hutcheson IR, Jones HE, Madden T, Gee JM, Harper ME, et al. Elevated 

levels of epidermal growth factor receptor/c-erbB2 heterodimers mediate an autocrine 

growth regulatory pathway in tamoxifen-resistant MCF-7 cells. Endocrinology 2003 

Mar;144(3):1032-44. 

 (10)  Pancholi S, Lykkesfeldt AE, Hilmi C, Banerjee S, Leary A, Drury S, et al. ERBB2 

influences the subcellular localization of the estrogen receptor in tamoxifen-resistant MCF-7 

cells leading to the activation of AKT and RPS6KA2. Endocr Relat Cancer 2008 

Dec;15(4):985-1002. 

 (11)  Shou J, Massarweh S, Osborne CK, Wakeling AE, Ali S, Weiss H, et al. Mechanisms of 

tamoxifen resistance: increased estrogen receptor-HER2/neu cross-talk in ER/HER2-

positive breast cancer. J Natl Cancer Inst 2004 Jun 16;96(12):926-35. 

 (12)  Xia W, Bacus S, Hegde P, Husain I, Strum J, Liu L, et al. A model of acquired 

autoresistance to a potent ErbB2 tyrosine kinase inhibitor and a therapeutic strategy to 



 11 

prevent its onset in breast cancer. Proc Natl Acad Sci U S A 2006 May 16;103(20):7795-

800. 

 (13)  Ghayad SE, Vendrell JA, Larbi SB, Dumontet C, Bieche I, Cohen PA. Endocrine resistance 

associated with activated ErbB system in breast cancer cells is reversed by inhibiting MAPK 

or PI3K/Akt signaling pathways. Int J Cancer 2010 Jan 15;126(2):545-62. 

 (14)  Leary AF, Drury S, Detre S, Pancholi S, Lykkesfeldt AE, Martin LA, et al. Lapatinib 

restores hormone sensitivity with differential effects on estrogen receptor signaling in cell 

models of human epidermal growth factor receptor 2-negative breast cancer with acquired 

endocrine resistance. Clin Cancer Res 2010 Mar 1;16(5):1486-97. 

 (15)  Brinkman JA, El-Ashry D. ER re-expression and re-sensitization to endocrine therapies in 

ER-negative breast cancers. J Mammary Gland Biol Neoplasia 2009 Mar;14(1):67-78. 

 (16)  Bayliss J, Hilger A, Vishnu P, Diehl K, El-Ashry D. Reversal of the estrogen receptor 

negative phenotype in breast cancer and restoration of antiestrogen response. Clin Cancer 

Res 2007 Dec 1;13(23):7029-36. 

 (17)  Munzone E, Curigliano G, Rocca A, Bonizzi G, Renne G, Goldhirsch A, et al. Reverting 

estrogen-receptor-negative phenotype in HER-2-overexpressing advanced breast cancer 

patients exposed to trastuzumab plus chemotherapy. Breast Cancer Res 2006;8(1):R4. 

 (18)  Bernsdorf M, Ingvar C, Jorgensen L, Tuxen MK, Jakobsen EH, Saetersdal A, et al. Effect of 

adding gefitinib to neoadjuvant chemotherapy in estrogen receptor negative early breast 

cancer in a randomized phase II trial. Breast Cancer Res Treat 2011 Jan 15. 

 (19)  Viale G, Regan MM, Maiorano E, Mastropasqua MG, Dell'Orto P, Rasmussen BB, et al. 

Prognostic and predictive value of centrally reviewed expression of estrogen and 

progesterone receptors in a randomized trial comparing letrozole and tamoxifen adjuvant 

therapy for postmenopausal early breast cancer: BIG 1-98. J Clin Oncol 2007 Sep 

1;25(25):3846-52. 

 (20)  Massarweh S, Schiff R. Unraveling the mechanisms of endocrine resistance in breast cancer: 

new therapeutic opportunities. Clin Cancer Res 2007 Apr 1;13(7):1950-4. 

 (21)  Taucher S, Rudas M, Gnant M, Thomanek K, Dubsky P, Roka S, et al. Sequential steroid 

hormone receptor measurements in primary breast cancer with and without intervening 

primary chemotherapy. Endocr Relat Cancer 2003 Mar;10(1):91-8. 

 (22)  Arslan C, Sari E, Aksoy S, Altundag K. Variation in hormone receptor and HER-2 status 

between primary and metastatic breast cancer: review of the literature. Expert Opin Ther 

Targets 2011 Jan;15(1):21-30. 

 (23)  Baselga J, Albanell J, Ruiz A, Lluch A, Gascon P, Guillem V, et al. Phase II and tumor 

pharmacodynamic study of gefitinib in patients with advanced breast cancer. J Clin Oncol 

2005 Aug 10;23(23):5323-33. 

 (24)  Ciardiello F, Tortora G. EGFR antagonists in cancer treatment. N Engl J Med 2008 Mar 

13;358(11):1160-74. 



 12 

 (25)  Fukuoka M, Yano S, Giaccone G, Tamura T, Nakagawa K, Douillard JY, et al. Multi-

institutional randomized phase II trial of gefitinib for previously treated patients with 

advanced non-small-cell lung cancer (The IDEAL 1 Trial) [corrected]. J Clin Oncol 2003 

Jun 15;21(12):2237-46. 

 (26)  Kris MG, Natale RB, Herbst RS, Lynch TJ, Jr., Prager D, Belani CP, et al. Efficacy of 

gefitinib, an inhibitor of the epidermal growth factor receptor tyrosine kinase, in 

symptomatic patients with non-small cell lung cancer: a randomized trial. JAMA 2003 Oct 

22;290(16):2149-58. 

 (27)  Nassar A, Radhakrishnan A, Cabrero IA, Cotsonis GA, Cohen C. Intratumoral heterogeneity 

of immunohistochemical marker expression in breast carcinoma: a tissue microarray-based 

study. Appl Immunohistochem Mol Morphol 2010 Oct;18(5):433-41. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Pretreatment patient and tumor characteristics. 

     

 Gefitinib (n=59) Placebo (n=56) 

Characteristics 
Number (n) Percent (%) Number (n) Percent (%) 

Age, years     

 Mean 52.8  53,3  

 SD 10.1  10.5  

 Range 32, 70  32, 69  

Histology      

 Ductal 56 94.9 52 92.9 

 Lobular 2 3.4 2 3.6 

 Other 1 1.7 2 3.6 

Histologic grade     

 1 0 0 1 1.9 

 2 26 46.4 22 40.7 

 3 30 53.6 31 57.4 

 Missing 3  2  

Tumor status     

 < 30 mm 35 59.3 26 46.8 
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 30 – 50 mm 19 32.2 23 41.1 

 30 mm 5 8.5 7 12.5 

HER2     

 Normal 34 58.6 32 57.1 

 Amplified 24 41.4 24 42.9 

 Unsuitable/missing 1    

EGFR      

 Deleted 5 9.3 5 9.4 

 Normal 46 85.2 45 84.9 

 Amplified 3 5.6 3 5.7 

 Unsuitable/missing 5  3  

SD: Standard deviation. 

HER2: Human epidermal growth factor receptor II. 

EGFR: Epidermal growth factor receptor. 

 

 

Table 2. Results of local and central ER evaluation. 

 

                              Local1                           Central2 

Pretreatment Posttreatment Pretreatment Posttreatment 

Gefitinib     

Tumor 1 negative positive (25%) 0% 90% 

Tumor 2 negative positive (30%) 0% 15% 

Tumor 3 negative positive (NA) 0% 90% 

Placebo     

Tumor 4 negative positive (100%) 0% 20% 

Tumor 5 negative positive (80%) 0% 70% 
ER: Estrogen receptor. NA: Not available. 
1
Dichotomized data from local evaluation with 10% cut-off.  

2
Central evaluation with percent of ER staining. 

 

Table 3. Baseline pathologic characteristics and response to NAC for ER changing tumors. 

 

  HER2 PgR Grade Tumor 

size (mm) 

Histology EGFR Response 
(tumor reduction %) 

Gefitinib         

Tumor 1  normal negative 2 21 ductal normal SD (29%) 

Tumor 2  normal negative 2 21 ductal normal PR (52%) 

Tumor 3  normal negative 2 70 lobular normal PR (57%) 

Placebo         

Tumor 4  amplified negative 3 40 ductal deleted SD (0%) 

Tumor 5  normal positive 3 26 ductal normal PR (42%) 
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NAC: Neoadjuvant chemotherapy, ER: Estrogen receptor, PgR: Progesterone receptor, HER2: Human epidermal growth factor 

receptor II, EGFR: Epidermal growth factor receptor, PR: Partial response, SD: Stable diesease.  
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Fig 1 Immunohistochemical estrogen receptor staining in 

pre- and posttreatment tumor samples. (a) Baseline 

tumor sample from tumor 2 with 0% ER staining. (b) 40% 

ER staining in posttreatment sample from tumor 4 

recieving EC + placebo treatment. Average ER staining 

throughout the sample was 20%. (c) 90% ER staining in 

posttreatment sample from tumor 1 recieving EC + 


