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Single estrogen receptor (ER)+ and progesterone receptor (PR)+ tumors account for about10% of all breast cancers. However, the prognosis of these single hormone receptor-positive (HR+) tumor remains unclear. We aimed to investigate the characteristics of single HR+ breast tumors according to HER2 status in order to improve the treatment of patients with single HR+. Patients from the SEER program (2010-2016) were divided into ER+PR-, ER-PR+, ER+PR+ and ER-PR- molecular subtypes stratified by HER2 status. Overall survival (OS) and breast cancer-specific survival (BCSS) were compared by Kaplan–Meier curves after propensity score matching (PSM). A total of 203,406 patients were enrolled. Single ER+ and PR+ tumors account for 11.9% of the total population. For HER2- subtype, patients with ER+PR- (n = 16906 pairs) and ER-PR+ (n = 1395 pairs) had worse prognoses than those with ER+PR+ with hazard ratio (HR) and 95% confidence interval (CI) of 1.52 (1.41-1.64) and 2.25 (1.76-2.88) for OS; and 1.94 (1.76-2.14) and 2.57 (1.94-3.40) for BCSS, respectively; ER+PR- showed a better prognosis than ER-PR+ (n = 1394 pairs) and ER-PR- (n = 9626 pairs) with HR (95% CI) of 1.32 (1.06-1.65) and 1.44 (1.33-1.55) for OS, and 1.32 (1.03-1.69) and 1.46 (1.34-1.60) for BCSS, respectively; ER-PR+ had a similar prognosis relative to ER-PR- (n = 1395 pairs) after PSM. For HER2+ subtype, patients with ER-PR+, ER+PR-, and ER-PR- had similar OS and BCSS; ER+PR+ showed a similar prognosis compare with ER-PR+ (n = 535 pairs), but had better OS and BCSS than ER+PR- (n = 5376 pairs) and ER-PR- (n = 8143 pairs) after PSM. In addition, ER+PR+HER2+ showed similar OS and better BCSS compared with ER+PR+HER2- after PSM. In conclusion, single PR+ patients experienced poorer prognoses than single ER+ patients, and may be treated as ER-PR- patients in HER2- subtype. In HER2+ patients, both single ER+ and single PR+ cases showed similar prognoses compared with ER-PR- cases, and may be treated as ER-PR- patients.
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Introduction

Breast cancer is a heterogeneous malignancy that can be divided into several molecular subtypes according to estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2 (HER2). ER and PR are termed as hormone receptor (HR). The four main molecular subtypes are luminal A, luminal B, HER2+, and triple-negative breast cancer. This classification provides a good biomarker for prognosis and basis for targeted therapies.

Single ER+ and PR+ subtypes accounted for about 10% of all molecular subtypes of breast cancer (1). Some studies found that there were no differences in prognosis between ER+PR- and ER-PR+ patients (2, 3). Others found that ER-PR+ patients had worse prognosis compared with ER+PR- cases (1, 4). Research from the National Cancer Database and the Surveillance, Epidemiology, and End Results (SEER) program showed the same conclusion that single HR+ tumors had worse prognosis than ER+PR+ tumors, and ER-PR+ subtype had similar prognosis relative to ER-PR- (5, 6). However, HER2 status, a vital predictor of breast cancer prognosis, was not included for analysis in these studies. Recently, a single-center study found that the clinicopathologic characteristics and prognosis were similar between ER+PR+, ER-PR+, and ER+PR- in HER2+ patients (7). Due to the limited sample size of single HR+ cases and the imbalance between groups, they obtained a meaningless and wide confidence interval and this may weaken the reliability of the results (7). To our knowledge, studies on the prognosis of single ER+ and PR+ stratified by HER2 status are very limited.

In order to discern and treat patients with single HR+ better, we compared the prognosis between single ER+ and PR+ tumors, and compared them with the other molecular subtypes stratified by HER2 status. Unlike previous studies, we for the first time balanced the variables between groups using propensity score matching (PSM), and we found some novel results of the prognosis of single HR+ tumors after introducing HER2.



Patients and Methods


Ethics Statement

The study population were obtained from SEER database from 2010 to 2016 (SEERStat user name: 10561-Nov2019). This study was granted an exemption from institutional review board approval for its deidentified information in a public database.



Study Population

ER and PR status were determined by immunohistochemistry. If 1% or greater cells stain positive, the test results are considered positive. HER2 status was available from 2010 in SEER database, we thus enroll patients from 2010. The following clinicopathologic characteristics were extracted from the database: patient age, year of diagnosis, race, marital status, insurance, pathological types, tumor grade, tumor stage, T/N/M stage, number of metastatic axillary lymph nodes, surgery, radiation, chemotherapy, overall survival (OS), breast cancer-specific survival (BCSS), and survival months. Marital status comprises single, married, divorced/separated/widowed (DSW) and other. The pathology was categorized into invasive ductal carcinoma, invasive lobular carcinoma, and invasive ductal and lobular carcinoma. Poorly differentiated and anaplastic histology were defined as grade III. Tumor stage and T/N/M stage was based on American Joint Committee on Cancer (AJCC) stage of the 6th edition. Surgery was categorized into partial mastectomy, total mastectomy, and modified radical mastectomy. Only female patients with one primary tumor, positive histology, and age ≥ 18 years were enrolled. Data with unknown information were excluded.



Statistical Analysis

Category variables were analyzed by χ2 test. Age and year of diagnosis were analyzed with Mann–Whitney U test. The number of metastatic axillary lymph nodes was compared by Student’s t test. OS was defined as the duration between the date of initial diagnosis to death from any causes or last follow up. BCSS was defined as the time from diagnosis to death from breast cancer. The Kaplan–Meier curves of OS and BCSS were analyzed by log-rank test. Multivariable Cox proportional hazards regression was established to estimate hazard ratio (HR) and a 95% confidence interval (CI) for OS and BCSS.

To minimize the imbalance of the variables between groups, PSM was performed using R software (ver. 3.3.3, https://www.r-project.org/) of package ‘MatchIt’. Age, year of diagnosis, race, marital status, insurance, histology, grade, tumor stage, T/N/M stage, metastatic axillary lymph nodes, surgery, radiation, and chemotherapy were matched between groups. One-to-one matching with a caliper of 0.1 was used to balance the demographic, pathologic and treatment covariates as previously described (8). Other statistical analyses were performed with Stata/MP (ver. 14.2, StataCorp., College Station, TX), and GraphPad Prism (ver. 7.0, GraphPad Software, Inc). A two-sided P value < 0.05 was considered statistically different.




Results


Clinicopathologic Characteristics of the Study Population

The flowchart of selection process was shown in Supplementary Figure 1. A total of 203406 patients were included, including 133662 patients (65.7%) for ER+PR+HER2-, 16906 (8.3%) for ER+PR-HER2-, 1395 (0.7%) for ER-PR+HER2-, 21439 (10.5%) for ER-PR-HER2-; and 15646 (7.7%) for ER+PR+HER2+, 5381 (2.6%) for ER+PR-HER2+, 537 (0.3%) for ER-PR+HER2+, and 8440 (4.1%) for ER-PR-HER2+. The median follow-up duration of the study population was 35 months (range: 1-83 months). The clinicopathologic characteristics of each subtype were summarized in Table 1.


Table 1 | Clinicopathologic characteristics of the study population (n = 203,406).





Predictors for OS and BCSS by Multivariate Cox Regression Analysis

Compared with ER+PR+HER2-, patients with ER+PR-HER2-, ER-PR+HER2-, and ER-PR-HER2- were associated with compromised OS with HR (95% CI) of 1.67 (1.58-1.77), 2.36 (2.02-2.75), and 2.72 (2.59-2.87), respectively. In addition, ER+PR-HER2+ and ER-PR-HER2+ were associated with compromised OS compared with ER+PR+HER2- with HR (95% CI) of 1.20 (1.09-1.34) and 1.27 (1.17-1.38), respectively. However, patients with ER+PR+HER2+ showed marginally better OS than those with ER+PR+HER2-with HR (95% CI) of 0.93 (0.86-1.01). No significant difference in OS was observed between patients with ER+PR+HER2- and ER-PR+HER2+ (Table 2). BCSS showed the same trend as OS. In addition, patients with ER+PR+HER2+ showed improved BCSS compared with ER+PR+HER2- cases with HR (95% CI) of 0.89 (0.80-0.99) (Supplementary Table 1).


Table 2 | Overall survival by multivariate Cox proportional analysis.





Kaplan–Meier Curves of OS and BCSS Before PSM

For HER2- subtype, ER+PR+ had better OS compared with ER+PR-, ER-PR+, and ER-PR- (log-rank p < 0.001 for all). In addition, ER+PR- showed better OS than ER-PR+ and ER-PR- (log-rank p < 0.001 for both). Additionally, ER-PR+ showed better OS than ER-PR- (log-rank p = 0.021) before PSM (Figures 1A, B).




Figure 1 | Overall survival of patients stratified by estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor Receptor 2 (HER2) status before propensity score matching. (A) Kaplan-Meier survival curves of overall survival. (B) League table of comparison by log-rank test.



For HER2+ subgroup, ER+PR+ showed better OS than ER+PR- and ER-PR- (log-rank p < 0.001 for both), while ER+PR+ had similar OS relative to ER-PR+ (log-rank p = 0.085). In addition, ER+PR- showed better OS than ER-PR- (log-rank p = 0.024). However, no significant difference in OS was observed between ER+PR- and ER-PR+ (log-rank p = 0.370). What’s more, ER-PR+ showed similar OS compared with ER-PR- (log-rank p = 0.082) (Figures 1A, B). BCSS showed the same trend as OS. In addition, ER-PR+ patients showed better BCSS than ER-PR- patients before PSM (log-rank p = 0.045) (Supplementary Figure 2).



Kaplan–Meier Curves of OS and BCSS After PSM

To minimize the imbalance of baseline clinicopathologic characteristics between groups, PSM was performed. The absolute values of standardized differences of the matched variables were < 0.1, indicating that the variables were well balanced between groups after matching. In addition, the statistical differences in the baseline characteristics between groups were reduced after PSM.

For HER2- subgroup, there were no differences in OS between ER-PR+ and ER-PR- with HR (95% CI) of 0.95 (0.77-1.18) in a matched cohort of 1395 paired cases (Figure 2A and Supplementary Table 2). However, ER+PR- showed better OS than ER-PR- with HR (95% CI) of 1.44 (1.31-1.55) in a matched cohort of 9626 paired cases (Figure 2B and Supplementary Table 3). Patients with ER+PR- showed better OS than patients with ER-PR+ (n = 1394 pairs) with HR (95% CI) of 1.32 (1.06-1.65) (Figure 2C and Supplementary Table 4). ER+PR+ showed better OS than ER+PR- with HR (95% CI) of 1.52 (1.41-1.64) (n = 16906 pairs) (Figure 2D; Supplementary Table 5), and better OS than ER-PR+ (n = 1395 pairs) with HR (95% CI) of 2.25 (1.76-2.88) (Figure 2E and Supplementary Table 6). We further found that there was no difference in OS between ER+PR+HER2+ and ER+PR+HER2-with HR (95% CI) of 0.99 (0.89-1.09) (n = 15640 pairs) (Figure 2F and Supplementary Table 7). BCSS showed the same trend as OS. However, patients with ER+PR+HER2+ predicted better BCSS than those with ER+PR+HER2- with HR (95% CI) of 0.86 (0.76-0.98) (Supplementary Figure 3).




Figure 2 | Kaplan–Meier curves of overall survival after propensity score matching in HER2- subgroup. (A) Comparison between ER-PR+ and ER-PR-. (B) Comparison between ER+PR- and ER-PR-. (C) Comparison between ER-PR+ and ER+PR-. (D) Comparison between ER+PR+ and ER+PR-. (E) Comparison between ER+PR+ and ER-PR+. (F) Comparison between ER+PR+HER2- and ER+PR+HER2+. ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor Receptor 2.



For HER2+ subgroup, patients with ER-PR- showed similar OS compared with ER-PR+ (n = 536 pairs) (Figure 3A and Supplementary Table 8), and ER+PR- (n = 4984 pairs) (Figure 3B and Supplementary Table 9). ER+PR+ showed better OS than ER-PR- with HR (95% CI) of 1.37 (1.22-1.44) (n = 8143 pairs) (Figure 3C and Supplementary Table 10). No significant differences in OS were observed between patient with ER+PR+ and ER-PR+ (n = 535 pairs) (Figure 3D and Supplementary Table 11). Patients with ER+PR+ had better OS than patients with ER+PR- with HR (95% CI) of 1.26 (1.09-1.45) (n = 5376 pairs) (Figure 3E and Supplementary Table 12). There was no significant difference in OS between patients with ER+PR- and ER-PR+ with HR (95% CI) of 1.10 (0.68-1.80) (n = 537 pairs) (Figure 3F and Supplementary Table 13). BCSS showed the same trend as OS (Supplementary Figure 4).




Figure 3 | Kaplan–Meier curves of overall survival in HER2+ subgroup after propensity score matching. (A) Comparison between ER-PR+ and ER-PR-. (B) Comparison between ER+PR- and ER-PR-. (C) Comparison between ER-PR- and ER+PR+. (D) Comparison between ER+PR+ and ER-PR+. (E) Comparison between ER+PR+ and ER+PR-. (F) Comparison between ER+PR- and ER-PR+. ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor Receptor 2.






Discussion

In this study, we found that single HR+ showed different effect on the prognosis of HER2- and HER2+ breast tumors. ER+PR- had better prognosis than ER-PR+ in HER2- cases. However, ER+PR- showed similar prognosis compared with ER-PR+ in HER2+ cases. In addition, both ER+PR- and ER-PR+ cases had higher overall mortality than ER+PR+ patients in HER2- subtype. For HER2+ subtype, ER-PR+ showed similar prognosis compared with ER+PR+. ER+PR+HER2+ patients had similar OS and better BCSS relative to those with ER+PR+HER2-.

A recent study found that ER+PR- and ER-PR+ had similar disease-free survival and OS compared with ER-PR- in both HER2+ and HER2- subgroups (7). However, we found that ER+PR- showed better OS and BCSS than ER-PR- in HER2- subgroup. This inconsistence might result from the sample size, statistical methods, and the adjusted variables. In addition, this study failed to compared the survival difference between ER+PR- and ER-PR+ (7). We found that there were no differences in the prognoses between ER+PR- and ER-PR+ and ER-PR- after PSM in HER2+ subgroup. This indicated that patients with single ER+ or PR+ may gain limited survival benefit from endocrine therapy when facing HER2+. For the limited sample size, they failed to fully investigate the survival differences of ER+PR+ (n = 518) and ER-PR+ (n = 30) and ER+PR- (n = 159) in HER2+ subtype. We found that patients with ER+PR+ (n = 15646) showed similar prognosis relative to those with ER-PR+ (n = 537), but had better prognosis than patients with ER+PR- (n = 5381) and ER-PR- (n = 8840) in HER2+ subtype after PSM.

The clinicopathologic characteristics were highly consistent between ER-PR+HER2+ and ER-PR-HER2+. However, patients with ER+PR-HER2+ were older, had lower tumor grade and tumor stage compared with ER-PR-HER2+. It seemed that patients with ER-PR+HER2+ were more likely to gain survival benefit from endocrine therapy or HER2-targeted therapy than those with ER+PR-HER2+. It indicated that PR levels may reflect growth factor activity within a tumor. Low or absent PR expression in some tumors indicated high HER2 activity. The increased growth factor signaling may reduce the ability of tamoxifen to act as an antagonist, resulting in selective ER modulator resistance (9).

Unlike the role of ER+PR- in HER2+ tumors, patients with ER+PR- showed better prognoses relative to those with ER-PR+ and ER-PR- in HER2- subtype after PSM. We found that ER-PR+HER2- showed similar prognosis compared with ER-PR-HER2-. In addition, ER+PR+HER2- showed better OS and BCSS than ER+PR-HER2-. Considering the survival differences between ER+PR- and ER-PR- in HER2+ and HER2- subtypes, we can speculate that there existed a signaling crosstalk between ER/PR and HER2. Growth factor can directly modulate ER activity via phosphorylation of ER itself or via phosphorylation of coregulators, it also downregulated PR levels independent of ER levels or activity (9). The proportion of ER+PR- and ER-PR+ tumors was 11.9% of in this study. ER and PR status can change during breast cancer development (10, 11). Therefore, the conversion from ER+PR+ to single ER+ or PR+, or to ER-PR- may indicate disease progression.

The proportion of ER-PR+ phenotype represents 1.0% of the total patients in our study. A study re-evaluated 43 of 2432 (1.8%) patients reported as ER-PR+ in a reference laboratory. However, none of the cases were the initial ER-PR+ (12). Another study re-evaluated 27 of 9844 (0.3%) patients which were initially diagnosed with ER-PR+ breast carcinoma, and 7 patients remained ER-PR+ (13). However, another study found that breast carcinoma of ER-PR+ existed, although rare (1.1% of all phenotypes), and had distinct clinicopathologic characteristics (14). The status of ER-PR+ should be evaluated carefully to avoid technical artifacts (15).

Contrary to our conventional thought that ER+PR+HER2- predicted the best survival, and a low risk of local or regional recurrence (16, 17), we found that patients with ER+PR+HER2+ showed similar OS, and even better BCSS relative to those with ER+PR+HER2-. A previous study showed that HR+HER2+ subtype experienced the better BCSS than those with HR+HER2- for stage IV breast cancer (16). The introduction of trastuzumab therapy may account for the improved prognosis of HER2+ patients. Trastuzumab plus adjuvant chemotherapy was associated with a 33% reduction in the risk of mortality compared with chemotherapy alone for operable HER2+ breast cancer (18). In CLEOPATRA trial, dual inhibition of HER2 signaling with pertuzumab and trastuzumab significantly improved OS compared with trastuzumab alone for HER2+ metastatic breast cancer (median OS: 56.5 months vs 40.8 months) (19). With the development of HER2 inhibitors, patients with ER+PR+HER2+ may gain better prognoses than those with ER+PR+HER2-.

The limitations of this study must be acknowledged. First, the selection bias was evitable for the retrospective design. However, the statistical differences in baseline variables were significantly reduced after performing PSM, which may improve the reliability of the results. In addition, the endocrine and HER2 targeted therapies were not recorded in the database. Therefore, they were not included for analysis. Additionally, the exact expression levels of ER and PR were unavailable. We can’t re-evaluate single ER+ and PR+ status.

In conclusion, this is the largest known study investigating the prognosis of breast cancer stratified by ER, PR and HER2 status. We found that single ER+ and PR+ subtypes showed different roles in the prognosis of breast cancer according to HER2 status. For HER2- subgroup, ER+PR+ showed the best prognosis, followed by ER+PR-, and worst for ER-PR+ and ER-PR- subtypes. For HER2+ subgroup, ER+PR+ showed similar prognosis relative to ER-PR+, but better prognosis than ER+PR- and ER-PR- subtypes. HER2 status didn’t decrease the survival of patients with ER+PR+. Although we strictly included cases and balanced the variables between groups with a large population, the results should be cautiously interpreted when dealing with single ER+ or PR+ breast cancers.
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