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Abstract (272 words) 

Purpose: We examined estrogen receptor (ER) mRNA expression and molecular 

subtypes in stage I-III breast cancers that are progesterone receptor (PR) positive but ER 

and HER2 negative by immunohistochemistry (IHC) or fluorescent in situ 

hybridization.    

Patients and Methods: The ER, PR and HER2 status was determined by IHC as part of 

routine clinical assessment (N=501). Gene expression profiling was done with the 

Affymetrix U133A gene chip. We compared expressions of ESR1, MKI67 mRNA, 

distribution of molecular subtypes by the PAM50 classifier, the sensitivity to endocrine 

therapy index and the DLDA30 chemotherapy response predictor signature among 

ER/PR positive (n=223), ER positive/PR negative (n=73), ER negative/PR positive 

(n=20), and triple-negative (n=185) cancers. All patients received neoadjuvant 

chemotherapy with an anthracycline and taxane and had adjuvant endocrine therapy 



only if ER or PR > 10% positive.  

Results: ESR1 expression was high in 25% of ER negative/PR positive, in 79% of ER 

positive/PR negative, in 96% of ER/PR positive, and in 12% of triple negative cancers 

by IHC. The average MKI67 expression was significantly higher in the ER negative/PR 

positive and triple-negative cohorts. Among the ER negative/PR positive patients, 15% 

were luminal A, 5% Luminal B, and 65% basal like. The relapse free survival rate of ER 

negative/PR positive patients was equivalent to ER positive cancers and better than the 

triple-negative cohort.    

Conclusion: Only 20-25% of the ER negative/PR positive tumors show molecular 

features of ER positive cancers. In this rare subset of patients (i) a second RNA based 

assessment may help identifying the minority of ESR1 mRNA-positive, luminal type 

cancers and (ii) the safest clinical approach may be to consider both adjuvant endocrine 

and chemotherapy. 

  



 (1,483 words) 

Introduction 

Estrogen (ER) and progesterone receptor (PR) are routinely assessed in all 

primary breast cancers by immunohistochemistry (IHC) [1] and adjuvant endocrine 

therapy is recommended if either of these receptors is positive (i.e. > 1% by IHC) [2-4]. 

The expression of PR is activated by ERα via an estrogen responsive 

element–containing gene promoter. Therefore, it has been proposed that PR expression 

indicates the presence of functional ERα[5] and loss of PR expression potentially 

defines a subpopulation of patients with inferior benefit from tamoxifen compared to 

PR receptor persisted cancers.[6] In this model, the existence of ER negative/PR 

positive cancers represents an enigma. It has even been suggested that the majority of 

ER negative but PR positive cancers may represent false negative IHC results for 

ER.[7] After reevaluation of the tumor slides and control tissues, most cases of ER 

negative/PR positive cases changed their original phenotype. [7] The more, Hefti et al 

also reported that ER negative/PR positive cases showed no significant reproducibility 

by integrated gene expression microarray and clinico-pathological data.[8] 

The prognostic value of PR expression independent of any endocrine therapy 

and its interaction with benefit from endocrine therapy in ER positive cancers has been 

documented by several studies. In ER positive cancers, patients with PR positive 

disease have lower risks of recurrence and mortality compared to PR negative cancers 

both with and without adjuvant endocrine therapy.[9] Prat et al reported that PR 

expression adds to the prognostic value of luminal A classification and can further 

sub-stratify patients among luminal cancers.[10] Viale et al also showed that PR 

expression predicts for adjuvant chemotherapy benefit among pre- and peri-menopausal 



but not post-menopausal patients with ER positive cancers.[11] The predictive and 

prognostic value of PR expression in ER negative cancers is much less understood, 

mostly because of the rarity of this disease subset. 

Approximately 3 % of all breast cancers are ER negative and PR positive.[12] 

Some data suggests that cancers may not significantly benefit from adjuvant endocrine 

therapy.[9]  In 2010, joint guidelines by the American Society of Clinical Oncology 

(ASCO) and the American College of Pathologists recommended that hormone receptor 

(HR) status should be considered positive if 1% or more of tumor cells demonstrate 

positive nuclear staining of either ER or PR with an IHC assay[1]. Historically, many 

investigators and clinicians considered 10% or greater IHC staining as the threshold for 

defining HR positive status and therefore eligibility for endocrine therapy. We have 

previously showed that the majority of ER borderline, 1-9% IHC positive, cases had 

molecular features similar to ER negative cancers.[13]         

In the current study, we examined ESR1 mRNA expression and molecular 

subtype distribution among ER negative but PR positive cancers and assessed hormone 

and chemotherapy sensitivity markers in these cancers.[14, 15] The purpose of these 

analyses was to determine whether ER negative/PR positive cancers show the same 

global gene expression patterns and molecular subtypes as ER positive cancers do or if 

they are more similar to ER negative cancers. 

  



Patients and Methods   

Five hundred one patients were included in this study who participated in a 

prospective institutional review board approved biomarker discovery study at MD 

Anderson Cancer Center in Houston, TX and signed informed consent for molecular 

analysis of their pretreatment cancer biopsy and had routine marker and gene expression 

data available. The ER, PR and HER2 status was assessed on diagnostic core needle 

biopsies in the routine pathology laboratory. Clinical ER status was determined by IHC 

using the ERalfa antibody 6F11 (Novocastra/Vector Laboratories, Burlingame, CA) and 

PR status was determined by using the antibody 1A6 (Novacastra Laboratories Ltd., 

Burlingame, CA). The cut-off for ER or PR positivity for this analysis was >1% tumor 

cells with nuclear staining. HER2 status had been assessed either by fluorescence in situ 

hybridization or by IHC (Dako North America, Inc., Carpinteria, CA, USA). HER2 

positivity had been defined as either HER2 gene amplification if immunohistochemical 

score was 2+ or an immunohistochemical score of 3+. Two hundred and twenty three 

patients were ER and PR positive, 73 were ER positive but PR negative, 20 were ER 

negative but PR positive and 185 were ER and PR negative. All patients received 

neoadjuvant chemotherapy containing a taxane and anthracycline based regimen, and 

patients with ER or PR positive tumors defined as ≥ 10% staining also received 

adjuvant endocrine therapy. 

Gene expression profiling with Affymetrix U133 gene chips were performed 

on fine needle aspirations obtained before any therapy and independent of the diagnostic 

core needle biopsy used for routine ER, PR and HER2 determination. Gene expression 

data is available under GEO (Gene Expression Omnibus) accession number GSE 25066 

and methods were described in a previous a publication.[16] Expression data were 



normalized with the MAS5 algorithm, mean centered to 600 and log2 transformed. 

Probe set 205225_at was used as the measure of ESR1 mRNA expression, and a 

log2-transformed expression value of ≥ 10.18 was considered as ER positive by mRNA 

based on of a threshold established and validated in previous publications.[13, 17, 18] 

We also assessed PR mRNA expression by probe set 208305_at and Ki67 (MKI67) 

expression by probe set 212021_s_at. An ER metagene was calculated as the average 

log2 transformed expression values of ESR1, PR, BCL2 and SCUBE2 as measure of 

endocrine sensitivity (based on OncotypeDX ER score). The PAM50 classifier, the 

sensitivity to endocrine therapy (SET) index and the DLDA30 chemotherapy response 

predictor signature were also applied to the data as previously described.[14-16, 19] The 

Wilcoxon test was used to determine statistical significance of gene expression 

differences between IHC subsets. We also plotted survival curves with the log-rank test 

by ER and PR status based on IHC. Statistical analyses were performed using the 

BRB-ArrayTools v 4.1.0 (http://linus.nci.nih.gov/BRB-ArrayTools.html) and the R 

software v 2.7.2 (http://www.r-project.org). Two sided p values< 0.05 were considered 

statistically significant. 

 

Results 

Patients characteristics are shown in Table 1. Sixty three percent of tumors 

were hormone receptor (HR) positive (ER and/or PR ≥ 1%[1]) by IHC. Among the IHC 

ER negative/PR positive, ER positive/PR negative, ER/PR positive, and ER/PR 

negative patients, 25% (= 5/20), 79% (= 58/73), 96% (= 213/223) and 12% (= 22/185) 

were also positive by ESR1 mRNA expression, respectively (Table 2). Among the ER 

negative/PR positive patients, 15% were luminal A, 5% were Luminal B, and 65% were 

http://linus.nci.nih.gov/BRB-ArrayTools.html
http://www.r-project.org/


basal like; among the ER positive/PR negative patients, 59% were luminal type (Table 

2).  An additional 22 patients who were IHC ER/PR negative (12% of ER/PR negative 

cases) were positive by ESR1 mRNA gene expression and may be considered as false 

negative IHC results (Table 2).  The Sensitivity to Endocrine Therapy (SET) index 

assigned low sensitivity to 90% of the ER negative/PR positive cancers (Table 2).  The 

chemotherapy sensitivity gene score, DLDA30, predicted high chemotherapy sensitivity 

for 60% of the ER negative/PR positive patients and for 21% of ER positive/PR 

negative patients (Table 2).  Only 5 % (12/233) of the ER/PR positive patients were 

assigned to the high chemotherapy sensitivity group. 

Figure 1 shows the relationship between ER/PR protein expression and ESR1, 

PR and MKI67 mRNA gene expression and the ER metagene. The associations between 

IHC ER/PR subtypes and the mRNA gene expression level (ESR1, PR and ER-related 

genes) were similar and consistent, indicating that they were highly correlated each 

other. The majority of the ER negative/PR positive patients (75%) showed low ESR1 

mRNA, low PR and low ER metagene expression, and were assigned to ER negative 

status by these metrics.  In contrast the majority of ER positive/PR negative cases 

showed high ESR1 and ER metagene expression that were consistent with ER positive 

status. The average MKI67 expression was also significantly higher in the ER 

negative/PR positive and ER/PR negative cancers compared to other subtypes. (Fig. 1)     

Among the ER negative/PR positive, ER positive/PR negative, ER/PR positive 

and ER/PR negative, 40% (8/20), 16% (12/73), 8% (18/223) and 32% (60/185) 

achieved pathological complete response that was defined as absence of any residual 

invasive cancer in the breast and absence of any metastatic cells in the regional lymph 

nodes after neoadjuvant chemotherapy. The relapse free survival rate of ER negative/PR 



positive patients who received chemotherapy (and nine of them received additional 

adjuvant endocrine therapy) was equivalent to ER/PR positive or ER positive/PR 

negative cases that received both endocrine and chemotherapy, and significantly better 

than the relapse free survival of ER/PR negative cancers. (Fig. 2) 

 

Discussions 

ER negative/PR positive breast cancers are rare; this and previous studies 

indicate that approximately 3 to 4% if all breast cancers fall into this category.[12] 

Because it represents a rare receptor subtype, it is unlikely that a prospective clinical 

trial would ever be conducted to define the optimal adjuvant treatment strategy for this 

disease. ER negative/PR positive status may arise from testing artifacts, including false 

positive IHC results in a truly HR negative tumor[20] or erroneously ER negative 

results in a truly ER positive tumor. It may also indicate the presence of tumor 

heterogeneity as a small PR positive subpopulation of cells within a larger both ER/PR 

negative tumor. In our study IHC ER/PR status defined by the routine analysis has been 

done on a fixed core needle biopsy, whereas the molecular profiling has been realized 

on another frozen samples by fine needle aspirations. Discordance form the distinct 

methods of the sampling and the possibilities false positive or negative results may be 

inevitable.[21] mRNA based methods to assess hormone receptor status may help 

resolve some of these uncertainties.[22] We assessed gene expression profiling data in 

501 primary breast cancer to find out how often ER negative/PR positive patients by 

IHC showed molecular features of ER positive disease.  

The minority (25%) of ER negative/PR positive tumors and the majority (79%) 

of ER positive/PR negative tumors showed ER positive status by ESR1 mRNA gene 

expression data and had high expression of ER related genes. Five of twenty patients 



with ER negative/PR positive cancers by IHC were ER positive by ESR1 mRNA and 

ER metagene expression. Four of these 5 cancers were also classified as luminal 

subtypes by the PAM50 classifier and therefore likely represent false negative ER IHC 

results. On the other hand, 15 of the 20 ER negative/PR positive cancers showed low 

ESR1 mRNA and ER metagene expression and all of these cancers were classified as 

non-luminal subtypes by a PAM50. This suggests that the majority of ER negative but 

PR positive cancers may not be endocrine sensitive. However the mRNA measurements 

represent bulk expression results for heterogeneous tissue. It is possible that small truly 

PR positive and endocrine sensitive subpopulation of cells may exist within a larger 

ER/PR negative tumor and signal from these cells is not apparent in the global 

expression data from the whole tissue.[11, 23, 24]    

In these series, twenty ER negative/PR positive patients who received 

chemotherapy (and about half of them received additional adjuvant hormone therapy) 

have equivalent prognosis to ER/PR positive or ER positive/PR negative that received 

both chemo and hormone therapies. Overall, the expected benefit from hormone therapy 

is small in ER negative/PR positive tumors because majority of these tumors tend to be 

ER negative by ESR1 mRNA (75%), show low predicted hormone sensitivity by the 

SET gene signature (90%), and are predominantly non-luminal class (85%). On the 

other hand 60% of the ER negative/PR positive cancers were predicted to have high 

chemotherapy sensitivity by the DLDA30 predictor. 

This study has limitations. The number of ER negative/PR positive patients in 

this analysis is low. No prior study examined the molecular features of this rare disease 

subset and this study has the advantage of using centrally reviewed IHC results and a 

uniformly performed gene expression analysis. The molecular analysis yielded 



generally consistent results for different RNA-based methods to assess ER status, and 

hormone and chemotherapy sensitivities. Another limitation should be that gene 

expression analysis does not necessarily imply protein expression. Elevated mRNA may 

not be indicative of elevated protein expression. Therefore, the potential false positive 

that can be obtained through IHC, there is equaling uncertainty on whether the mRNA 

levels in these samples translates to protein expression. The uneven samples size for the 

four ER/PR subgroups, different types of adjuvant hormone therapy used, and different 

TNM stages across cohorts limit the interpretation of the survival analysis.       

In summary, only 20-25% of the ER negative/PR positive tumors show 

molecular features of ER positive cancers (i.e high ER mRNA expression, luminal 

molecular class). These cancers also have higher proliferation rate than ER positive 

cancers, higher predicted chemotherapy sensitivity and lower predicted hormone 

sensitivity. We concluded that in this rare subset of patients (i) a second RNA based 

assessment may help identifying the minority of ESR1 mRNA-positive, luminal type 

cancers and (ii) due to the substantial uncertainty about endocrine sensitivity and high 

chemotherapy sensitivity in this IHC ER negative/PR positive cancer population, the 

safest clinical approach may be to consider both adjuvant endocrine and chemotherapy. 

  



Acknowledgement 

This work was supported by JSPS KAKENHI Grant Number:25830101.   



References 

1. Hammond ME, Hayes DF, Dowsett M, Allred DC, Hagerty KL, Badve S, 

Fitzgibbons PL, Francis G, Goldstein NS, Hayes M, Hicks DG, Lester S, Love R, Mangu PB, 

McShane L, Miller K, Osborne CK, Paik S, Perlmutter J, Rhodes A, Sasano H, Schwartz JN, 

Sweep FC, Taube S, Torlakovic EE, Valenstein P, Viale G, Visscher D, Wheeler T, Williams 

RB, Wittliff JL, Wolff AC. 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;28:2784-95. 

2. Fisher B, Costantino J, Redmond C, Poisson R, Bowman D, Couture J, Dimitrov 

NV, Wolmark N, Wickerham DL, Fisher ER, et al. A randomized clinical trial evaluating 

tamoxifen in the treatment of patients with node-negative breast cancer who have 

estrogen-receptor-positive tumors. N Engl J Med 1989;320:479-84. 

3. Bernoux A, de Cremoux P, Laine-Bidron C, Martin EC, Asselain B, Magdelenat H. 

Estrogen receptor negative and progesterone receptor positive primary breast cancer: 

pathological characteristics and clinical outcome. Institut Curie Breast Cancer Study Group. 

Breast Cancer Res Treat 1998;49:219-25. 

4. Goldhirsch A, Glick JH, Gelber RD, Coates AS, Thurlimann B, Senn HJ. Meeting 

highlights: international expert consensus on the primary therapy of early breast cancer 

2005. Ann Oncol 2005;16:1569-83. 

5. Cui X, Schiff R, Arpino G, Osborne CK, Lee AV. Biology of progesterone receptor 

loss in breast cancer and its implications for endocrine therapy. J Clin Oncol 

2005;23:7721-35. 

6. Gross GE, Clark GM, Chamness GC, McGuire WL. Multiple progesterone receptor 

assays in human breast cancer. Cancer Res 1984;44:836-40. 

7. Cserni G, Francz M, Kalman E, Kelemen G, Komjathy DC, Kovacs I, Kulka J, 

Sarkadi L, Udvarhelyi N, Vass L, Voros A. Estrogen receptor negative and progesterone 

receptor positive breast carcinomas-how frequent are they? Pathol Oncol Res 2011;17:663-8. 

8. Hefti MM, Hu R, Knoblauch NW, Collins LC, Haibe-Kains B, Tamimi RM, Beck 

AH. Estrogen receptor negative/progesterone receptor positive breast cancer is not a 

reproducible subtype. Breast Cancer Res 2013;15:R68. 

9. Davies C, Godwin J, Gray R, Clarke M, Cutter D, Darby S, McGale P, Pan HC, 

Taylor C, Wang YC, Dowsett M, Ingle J, Peto R. Relevance of breast cancer hormone 

receptors and other factors to the efficacy of adjuvant tamoxifen: patient-level meta-analysis 

of randomised trials. Lancet 2011;378:771-84. 

10. Prat A, Cheang MC, Martin M, Parker JS, Carrasco E, Caballero R, Tyldesley S, 

Gelmon K, Bernard PS, Nielsen TO, Perou CM. Prognostic significance of progesterone 



receptor-positive tumor cells within immunohistochemically defined luminal A breast 

cancer. J Clin Oncol 2013;31:203-9. 

11. Viale G, Regan MM, Maiorano E, Mastropasqua MG, Dell'Orto P, Rasmussen BB, 

Raffoul J, Neven P, Orosz Z, Braye S, Ohlschlegel C, Thurlimann B, Gelber RD, 

Castiglione-Gertsch M, Price KN, Goldhirsch A, Gusterson BA, Coates AS. 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;25:3846-52. 

12. Dunnwald LK, Rossing MA, Li CI. Hormone receptor status, tumor characteristics, 

and prognosis: a prospective cohort of breast cancer patients. Breast Cancer Res 2007;9:R6. 

13. Iwamoto T, Booser D, Valero V, Murray JL, Koenig K, Esteva FJ, Ueno NT, Zhang 

J, Shi W, Qi Y, Matsuoka J, Yang EJ, Hortobagyi GN, Hatzis C, Symmans WF, Pusztai L. 

Estrogen Receptor (ER) mRNA and ER-Related Gene Expression in Breast Cancers That 

Are 1% to 10% ER-Positive by Immunohistochemistry. J Clin Oncol 2012;30:729-34. 

14. Symmans WF, Hatzis C, Sotiriou C, Andre F, Peintinger F, Regitnig P, 

Daxenbichler G, Desmedt C, Domont J, Marth C, Delaloge S, Bauernhofer T, Valero V, 

Booser DJ, Hortobagyi GN, Pusztai L. Genomic index of sensitivity to endocrine therapy for 

breast cancer. J Clin Oncol 2010;28:4111-9. 

15. Lee JK, Coutant C, Kim YC, Qi Y, Theodorescu D, Symmans WF, Baggerly K, 

Rouzier R, Pusztai L. Prospective comparison of clinical and genomic multivariate 

predictors of response to neoadjuvant chemotherapy in breast cancer. Clin Cancer Res 

2010;16:711-8. 

16. Hatzis C, Pusztai L, Valero V, Booser DJ, Esserman L, Lluch A, Vidaurre T, 

Holmes F, Souchon E, Wang H, Martin M, Cotrina J, Gomez H, Hubbard R, Chacon JI, 

Ferrer-Lozano J, Dyer R, Buxton M, Gong Y, Wu Y, Ibrahim N, Andreopoulou E, Ueno NT, 

Hunt K, Yang W, Nazario A, DeMichele A, O'Shaughnessy J, Hortobagyi GN, Symmans WF. 

A genomic predictor of response and survival following taxane-anthracycline chemotherapy 

for invasive breast cancer. JAMA 2011;305:1873-81. 

17. Gong Y, Yan K, Lin F, Anderson K, Sotiriou C, Andre F, Holmes FA, Valero V, 

Booser D, Pippen JE, Jr., Vukelja S, Gomez H, Mejia J, Barajas LJ, Hess KR, Sneige N, 

Hortobagyi GN, Pusztai L, Symmans WF. Determination of oestrogen-receptor status and 

ERBB2 status of breast carcinoma: a gene-expression profiling study. Lancet Oncol 

2007;8:203-11. 

18. Bianchini G, Iwamoto T, Qi Y, Coutant C, Shiang CY, Wang B, Santarpia L, Valero 

V, Hortobagyi GN, Symmans WF, Gianni L, Pusztai L. Prognostic and therapeutic 

implications of distinct kinase expression patterns in different subtypes of breast cancer. 



Cancer Res 2010;70:8852-62. 

19. Parker JS, Mullins M, Cheang MC, Leung S, Voduc D, Vickery T, Davies S, Fauron 

C, He X, Hu Z, Quackenbush JF, Stijleman IJ, Palazzo J, Marron JS, Nobel AB, Mardis E, 

Nielsen TO, Ellis MJ, Perou CM, Bernard PS. Supervised risk predictor of breast cancer 

based on intrinsic subtypes. J Clin Oncol 2009;27:1160-7. 

20. Ibrahim M, Dodson A, Barnett S, Fish D, Jasani B, Miller K. Potential for 

false-positive staining with a rabbit monoclonal antibody to progesterone receptor (SP2): 

findings of the UK National External Quality Assessment Scheme for Immunocytochemistry 

and FISH highlight the need for correct validation of antibodies on introduction to the 

laboratory. Am J Clin Pathol 2008;129:398-409. 

21. Li S, Yang X, Zhang Y, Fan L, Zhang F, Chen L, Zhou Y, Chen X, Jiang J. 

Assessment accuracy of core needle biopsy for hormone receptors in breast cancer: a 

meta-analysis. Breast Cancer Res Treat 2012;135:325-34. 

22. Badve SS, Baehner FL, Gray RP, Childs BH, Maddala T, Liu ML, Rowley SC, Shak 

S, Perez EA, Shulman LJ, Martino S, Davidson NE, Sledge GW, Goldstein LJ, Sparano JA. 

Estrogen- and progesterone-receptor status in ECOG 2197: comparison of 

immunohistochemistry by local and central laboratories and quantitative reverse 

transcription polymerase chain reaction by central laboratory. J Clin Oncol 

2008;26:2473-81. 

23. Elledge RM, Green S, Pugh R, Allred DC, Clark GM, Hill J, Ravdin P, Martino S, 

Osborne CK. Estrogen receptor (ER) and progesterone receptor (PgR), by ligand-binding 

assay compared with ER, PgR and pS2, by immuno-histochemistry in predicting response to 

tamoxifen in metastatic breast cancer: a Southwest Oncology Group Study. Int J Cancer 

2000;89:111-7. 

24. Dowsett M, Allred C, Knox J, Quinn E, Salter J, Wale C, Cuzick J, Houghton J, 

Williams N, Mallon E, Bishop H, Ellis I, Larsimont D, Sasano H, Carder P, Cussac AL, Knox 

F, Speirs V, Forbes J, Buzdar A. Relationship between quantitative estrogen and 

progesterone receptor expression and human epidermal growth factor receptor 2 (HER-2) 

status with recurrence in the Arimidex, Tamoxifen, Alone or in Combination trial. J Clin 

Oncol 2008;26:1059-65. 

25. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL, Walker MG, 

Watson D, Park T, Hiller W, Fisher ER, Wickerham DL, Bryant J, Wolmark N. A multigene 

assay to predict recurrence of tamoxifen-treated, node-negative breast cancer. N Engl J Med 

2004;351:2817-26. 

  



Figure legends (2 Tables and 2 figures) 

Fig. 1 ESR1, Progesterone receptor (PR), ER metagene and MKI67 mRNA gene 

expression in four distinct immunosittochemistry (IHC) groups.  IHC groups were 

defined by the percentage of cells of that were positive of nuclear ER and PR staining.  

(A) Expression distribution of ESR1 mRNA.  (B) Expression distribution of PR 

mRNA.  (C) ER-related genes refers to the average expression of 4 probe sets that are 

highly coexpressed with ESR1.[25]  (D) Expression distribution of MKI67 mRNA.  P 

values were calculated with the Wilcoxon test.  

 

Fig. 2 Kaplan-Meier relapse free survival curves by estrogen receptor (ER) 

/progesterone receptor (PR) immunohistochemistry status.  Immunohistochemistry 

groups were defined by the percentage of ER/PR positive cells. P: Positive; N: 

Negative;  HR: Hazard ratio;  CI: Confidential interval. 

  



 

  

No of Pt. (%) 501

Age
Average 49.8

(mini.-max) (24 - 75)
ER by IHC
Positive/Negative 296 (59.1)/ 205(40.1)

PR by IHC
Positive/Negative 243(48.5) / 258(51.5)

HER2 by IHC and/or FISH
Positive/Negative 6 (1.2)/ 483(96.4)
NA 12(2.4)

T
0-2/3-4 284(56.7) / 217(43.3)

N
Positive/Negative 155(30.9) / 346(69.1)

Grade
I / II / III 31(6.2)/ 178(35.5) / 256(51.1)
NA 36(7.2)

* ER: Estrogen receptor; PR: Progesterone receptor; HER2:
Human epidermal growth factor receptor 2; T: Clinical tumor
size; N: Clinical lymph node status; NA: Not available.

Table 1 Patient characterisctics*



 

223 44.5% 73 14.6% 20 4.0% 185 36.9%

Positive 213 95.5% 58 79.5% 5 25.0% 22 11.9%
Negative 10 4.5% 15 20.5% 15 75.0% 163 88.1%

LumA 131 58.7% 21 28.8% 3 15.0% 2 1.1%
LumB 51 22.9% 22 30.1% 1 5.0% 4 2.2%
Her2 12 5.4% 7 9.6% 2 10.0% 15 8.1%
Basal 13 5.8% 13 17.8% 13 65.0% 147 79.5%

Normal 16 7.2% 10 13.7% 1 5.0% 17 9.2%

High 21 9.4% 0 0.0% 1 5.0% 1 0.5%
Intermediate 33 14.8% 3 4.1% 1 5.0% 3 1.6%

Low 169 75.8% 70 95.9% 18 90.0% 181 97.8%

pCR 12 5.4% 15 20.5% 12 60.0% 154 83.2%
RD 211 94.6% 58 79.5% 8 40.0% 31 16.8%

Pos/Pos Pos/Neg Neg/Pos Neg/Neg

*ER: Estrogen receptor; PR: Progesterone receptor; Pos: sitive; Neg: Negative; GE: Gene expression; SET index: Symmans
et al 2010 JCO; DLDA30; Lee et al 2010 CCR; pCR: Pathological complete response; RD: Residual disease;

DLDA30

Table 2 Breast cancer subtypes and Genomic markers*
ER / PR by IHC

No of Pt. (%)

ER by GE

SET index

Molecular
subtypes


