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Abstract: Background: To compare the time-varying recurrence patterns of different molecular subtypes of breast cancer in the contemporary era with those in the past era. Patients and Methods: This retrospective study included 14627 consecutive invasive breast cancer patients who underwent surgery from 2008 to 2016 at Fudan University Shanghai Cancer Center. We defined the period from 2013 to 2016 as the contemporary era and that from 2008 to 2012 as the past era. Five subtypes were defined according to the immunohistochemistry results. Emphasis was made on the changing patterns of recurrence for patients with different molecular subtypes changed between the two treatment eras. Kaplan–Meier survival curves were generated, and the hazard function was used to estimate the annual recurrence hazard. Results: By the end of follow-up (median, 68.1 months), 1429 patients (9.77%) experienced recurrence and metastasis. The annual recurrence risks of the entire population and each molecular type in 2013–2016 were reduced compared with those in 2008–2012. Luminal A and triple-negative patients in 2013–2016 showed a significantly lower recurrence hazard curve than those in 2008–2012. The recurrence hazard curve of luminal B (HER2−) and HER2+ subtypes was lower in 2013–2016 than in 2008–2012. The recurrence risk of the luminal B (HER2+) subtype was reduced substantially during 2013–2016, showing a delay of two years. Conclusions: With early detection of disease recurrence and improved treatment strategies, the recurrence patterns of different molecular subtypes of breast cancer have changed. The time-varying recurrence patterns observed during the contemporary era are significant for treatment decision-making and clinical trial planning.
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1  Introduction

Even with all the advances in breast cancer treatment, which have decreased the mortality rate of breast cancer patients over the last few years, it remains the most common cancer and the leading cause of cancer death in women worldwide [1]. Disease recurrence and distant metastasis are the major causes of breast cancer-related death. Despite the further development of breast cancer therapeutics, approximately 20% of patients experience relapse or distant metastases at 10 years after breast surgery [2,3]. A better understanding of the risk of breast cancer recurrence will facilitate therapeutic decision-making and help clinicians conduct appropriate follow-up.

Breast cancer is a heterogeneous disease composed of distinct biological subtypes with different risk factors, natural histories, and therapeutic responses and outcomes. Based on the expression of estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor type 2 (HER2) and Ki67, breast cancer is currently classified into five subtypes [4]: luminal A-like, luminal B-like (HER2 negative), luminal B-like (HER2 positive), HER2 positive (non-luminal) and triple negative (ductal). The luminal A subtype has the best prognosis, whereas the triple-negative subtype is the most aggressive. Although patients continue to experience relapse and metastasis, several studies have shown that patterns of recurrence between different molecular subtypes are different [5–9]. It appeared that luminal A-like patients have a significantly lower risk of recurrence during the first 5 years after treatment compared to other subtypes [10]. Compared to patients with hormone receptor (HR)-positive/HER2-negative tumors, those with triple-negative tumors were found to have a greater risk of brain or lung metastases and had worse breast cancer-specific survival outcomes [11]. In recent years, there have been an increasing number clinical trials on the treatment of different molecular subtypes of breast cancer, and their treatment strategies are constantly changing. Regarding ER/PR-positive breast cancer, extended adjuvant endocrine therapy has significantly improved disease-free survival outcomes and has decreased the relapse of contralateral breast cancer [12]. For breast cancer patients with intermediate or high risk of relapse, especially for ER/PR-negative subtypes, adjuvant chemotherapy is recommended [13,14]. With early detection and advances in precision treatment strategies, the time-varying recurrence risk and patterns of postoperative breast cancer patients have begun to change.

Although many studies abroad have reported differences in survival and recurrence patterns according to breast cancer subtypes, few studies have been conducted in the Chinese population. Furthermore, in both Western and Chinese populations, few studies have compared the contemporary recurrence pattern of breast cancer with that in the past. In this large single-center retrospective study, we aimed to investigate the recurrence risk of early breast cancer patients with different molecular subtypes and explore whether the recurrence pattern has changed during the contemporary treatment era by comparing the latest recurrence patterns of different molecular subtypes (from 2013 to 2016) with those from the past treatment era (from 2008 to 2012).

2  Materials and Methods

2.1 Patient Selection and Definition of Molecular Subtypes

This investigation was a single-center retrospective study conducted at Fudan University Shanghai Cancer Center (FUSCC). From January 2008 to December 2016, a total of 14627 female patients with newly diagnosed I–III unilateral primary invasive breast cancer who underwent surgery were consecutively recruited. We defined the period from 2013 to 2016 as the contemporary era and the period from 2008 to 2012 as the past era. Data on patient and tumor characteristics were collected, including age, menopausal status, type of surgery, neoadjuvant chemotherapy, adjuvant chemotherapy, radiotherapy, histological grade, pathology tumor size (pT), pathology node stage (pN), hormone therapy and anti-HER2 therapy. pT and pN stages were identified according to the eighth edition of the AJCC cancer staging manual [15]. All patients received complete imaging and physical examination and were confirmed to have no distant metastasis before surgery. All primary tumors were treated with mastectomy or lumpectomy, and patients were treated according to the standards used at the time of surgery.

Immunohistochemical (IHC) staining of ER, PR, HER2, Ki67 and FISH (fluorescence in situ hybridization) were carried out in the Pathology Department of Fudan University Shanghai Cancer Center (FUSCC). All slides were examined by two pathologists, and any disagreements were resolved by a third expert. Tumors with HER2 scores of 0 or 1+ were considered negative, and those with scores of 3+ were considered HER2 positive. For borderline HER2 (2+) staining, HER2 status was confirmed by FISH [16]. Based on the 2013 St Gallen consensus [4], we used a cutoff of 20% for the Ki67 index to divide the breast cancer cases into five molecular subtypes: (1) luminal A: ER and PR positive, HER2 negative and Ki67 < 20%; (2) luminal B (HER2−): ER positive, HER2 negative and at least Ki67 ≥ 20% or PR “negative” or “low”; (3) luminal B (HER2+): ER positive, HER2 positive, any PR status and Ki67 ≥ 20%; (4) HER2 positive (HER2+): HER2 overexpression or amplification and the absence of ER and PR expression; and (5) triple negative: HER2 negative and the absence of ER and PR expression.

2.2 Follow-Up and Outcomes

All patients were told to undergo examinations to ensure complete follow-up data. Routine follow-up data were collected every 3 months during the first 2 years after surgery, every 6 months during the next 2 years and then once a year after 5 years, whether in our hospital or others. The data were updated periodically by retrieving outpatient follow-up medical records or with information collected from follow up visits by telephone. In this study, each patient was followed up once after surgery, and the last follow-up time was March 2021. Recurrence was diagnosed through clinical evaluation including imaging examination or biopsy. Types of recurrence were divided into four types: local relapse (LR), regional relapse (RR), contralateral breast cancer (CBC) and distant metastasis (DM). LR was defined as invasive breast cancer in ipsilateral breast tissue or ipsilateral chest and subcutaneous tissue. RR was defined as recurrence and metastasis in the ipsilateral breast lymph node drainage area, including the ipsilateral axillary lymph nodes, internal mammary lymph nodes, subclavian lymph nodes and supraclavicular lymph nodes. DM was defined as spread to distant organs, including bone, lung, liver, brain and distant lymph node metastasis. Recurrence-free survival (RFS) was defined as the time from surgery to the earliest time of recurrence.

2.3 Statistical Analysis

Differences in the clinical characteristics and recurrence types between the different groups were examined by χ2 tests. To compare the RFS outcomes across different molecular subtypes and different years of diagnosis, survival curves were generated by the Kaplan–Meier method with the log-rank test. We used a multivariable Cox regression model to further confirm the factors associated with RFS. The hazard function was used to measure the annual hazard of recurrence, and the Kernel method of smoothing was used to display the time-varying distribution of recurrence in breast cancer [17]. All analyses were performed using IBM SPSS Statistics (Version 26.0), and p < 0.05 was considered statistically significant.

3  Results

3.1 General Characteristics

Of the entire population, 6111 patients (41.787%) were diagnosed between 2008 and 2012, while 8516 patients (58.22%) were diagnosed between 2013 and 2016. The characteristics are listed in Supplementary Table S1. The median follow-up time was 68.1 months (98 months in 2008–2012 and 58.6 months in 2013–2016). The majority of patients had luminal A (30.21%, 4419/14627) and luminal B (HER2−) (30.87%, 4515/14627) tumors, followed by luminal B (HER2+) (13.69%, 2003/14627), triple-negative (13.41%, 1961/14627) and HER2+ (11.82%, 1961/14627) tumors. We found that patients were younger and had lower pN and pT stages in 2013–2016 than in 2008–2012 (p < 0.0001). Between 2008 and 2012, 15.61% of patients received BCS, whereas 22.58% of patients received BCS between 2013 and 2016 (p < 0.0001). More patients received radiotherapy in 2013–2016 than in 2008–2012 (p= 0.002). The proportion of patients who received neoadjuvant chemotherapy in 2013–2016 increased from 7.51% to 8.41% (p = 0.049); in contrast, the proportion of who received adjuvant chemotherapy decreased from 80.64% to 72.33% compared with that in 2008–2012 (p < 0.0001).

Differences in the baseline characteristics of each molecular subtype are presented in Supplementary Table S2. Luminal A and luminal B (HER−) tumors tended to present with a lower histological grade and smaller tumor size (p < 0.001). More HER2+ and triple-negative patients had received adjuvant chemotherapy compared with other subtypes. The characteristics of patients with different molecular subtypes between 2008–2012 and 2013–2016 are shown in Table 1. During 2013–2016, except for luminal B (HER2−) tumors, each type of tumor presented a lower pN stage than during 2008–2012. Compared with patients in 2008–2012, luminal A tumors had a lower histological grade in 2013–2016; in contrast, other subtypes had a higher histological grade in 2013–2016. More cases of BCS were performed across all subtypes of breast cancer in 2013–2016 than in 2008–2012. In hormone receptor (HR)−positive patients, the proportion of hormone therapy did not change, but the proportion of HER2−positive patients who received anti-HER2 therapy greatly increased in 2013–2016 compared with that in 2008–2012.
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3.2 Types of Recurrence

The site of the first recurrence in 2008–2012 and 2013–2016 are presented in Supplementary Table S3. Among all patients, 1429 patients (9.77%) experienced recurrence, of whom 187 patients (13.09%) had LR, 18 patients had RR (1.26%), 7 patients had (0.49%) CBC, and 866 patients (60.60%) had DM. In addition, 351 patients (25.56%) experienced more than one type of recurrence. Compared with the period from 2008–2012, during the period from 2013–2016, the proportion of patients experiencing LR and distant brain metastasis increased, and the proportion of patients experiencing distant lymph node and multiple site metastasis decreased. The site of the first recurrence site of breast cancer patients with different molecular types are presented in Supplementary Table S4. The recurrence rate of triple-negative tumors was the highest (13.16%, 258/1961), followed by that of luminal B (HER2+) tumors (11.73%, 235/2003), HER2+ tumors (11.05%, 191/1729), luminal B (HER2−) tumors (5.91%, 249/4215) and luminal A tumors (5.73%, 253/4419). The proportion of patients with bone metastasis was higher than the proportion of patients with metastases at other sites among those with luminal A (38.34%), luminal B (HER2−) (32.52%) and luminal B (HER2+) (22.98%) tumors. The LR rate and lung metastasis rate were notably high in triple-negative tumors and HER2−positive tumors. The first recurrence sites among different breast cancer subtypes in 2013–2016 did not change relative to 2008–2012, except for luminal B (HER2−) tumors, for which the proportion of patients experiencing LR increased from 6.18% to 12.88% (Table 2).
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3.3 Relapse-Free Survival Analysis

Up to the last follow-up time, 1429 patients (9.77%) experienced disease relapse. Survival analysis showed that age, menopausal status, type of surgery, neoadjuvant chemotherapy, adjuvant chemotherapy, radiotherapy, year of diagnosis, histological grade, pN status, pT status and molecular subtype were related to RFS. A Cox proportional hazards regression model further proved that age, menopausal status, neoadjuvant chemotherapy, year of diagnosis, histological grade, pN status, pT status and molecular subtypes were significant predictors of recurrence-free survival (RFS) (Table 3).

[image: images]

Patients with luminal A tumors showed the best survival after recurrence, and those with triple-negative tumors showed the worst survival after recurrence (Fig. 1A). The patients diagnosed in 2013–2016 showed obvious improvement in recurrence-free survival compared with those diagnosed in 2008–2012 (p < 0.001) (Fig. 1B). In 2013–2018, the recurrence-free survival (RFS) of patients with luminal A (p < 0.001), luminal B (HER2+) (p = 0.005), HER2+ (p = 0.044) and triple-negative tumors (p = 0.014) significantly decreased compared with that in 2008–2012 (Figs. 2A, 2C–2F), except in those with luminal B (HER2−) tumors (Fig. 2B) (p = 0.397).
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Figure 1: Kaplan-Meier curves for recurrence-free survival (RFS) according to different molecular subtypes and different periods. (A) Kaplan-Meier estimates of RFS of all patients and different molecular types. (B) Kaplan-Meier estimates of RFS between 2008–2012 and 2013–2016. Log-rank p values are shown
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Figure 2: Kaplan-Meier curves for recurrence-free survival (RFS) according to different molecular subtypes for 2008–2012 and 2013–2016. (A) Kaplan-Meier estimates of RFS for luminal A (A), luminal B (HER2−) (B), luminal B (HER2+) (C), HER2+ (D) and triple-negative (E) breast tumors. Log-rank p values are shown

3.4 Recurrence Hazard Analysis

The annual recurrence hazard curve for all populations showed a three-peak pattern, with the first and maximum recurrence peak at the first year after surgery and subsequent recurrence peaks at the sixth and ninth years (Fig. 3A). Similar to the entire population, luminal B (HER2−) tumors showed a three-peaked recurrence pattern, with peaks at the second, sixth and tenth years after surgery. Luminal A tumors displayed a double-peaked recurrence pattern, having the slowest increase in risk compared with other subtypes, reaching its first peak at five years after surgery. Luminal B (HER2+) tumors showed a one-peaked recurrence pattern, with maximum risk at the third year. Among all subtypes, HER2+ and triple-negative tumors demonstrated the earliest and highest risks of recurrence in the first three years after initial treatment, with the first and maximum peak appearing at the first year after surgery (Fig. 3A). For HER2+ tumors, the recurrence risk increased rapidly and remained at a high level from five to ten years after treatment. Triple-negative tumors showed a double-peaked recurrence pattern, with the second peak occurring at the sixth year, with the recurrence then remaining low. According to the year of diagnosis, the annual recurrence risk of the entire population was obviously reduced in the 2013–2016 period compared with the 2008–2012 period, but the double-peaked pattern of recurrence did not change over the seven years of follow-up after surgery (Fig. 3B).
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Figure 3: Annal recurrence rate curves for patients. (A) Annal recurrence rate curve for patients with different breast cancer molecular subtypes. (B) Annal recurrence rate curve for all patients for 2008–2012 and 2013–2016. The scale on the y-axis of each figure varies. The hazard rates of recurrence and metastasis were estimated within a 1-year interval. Smoothed curves were obtained by a Kernel-like smoothing procedure. The standard error for single points are also reported

To further investigate whether contemporary treatment changed the recurrence pattern of different molecular subtypes of breast cancer, we compared the annual recurrence hazards between 2008–2013 and 2013–2016. The recurrence hazard analysis revealed that luminal A and triple-negative patients experienced a significantly lower recurrence hazard curve in 2013–2016 than in 2008–2012 (Figs. 4A and 4E). Luminal A tumors in 2008–2012 presented a triple-peaked recurrence pattern, but those in 2013–2016 showed a one-peaked recurrence pattern, with the recurrence risk being reduced to a very low level after the peak at the second year (Fig. 4A). The annual recurrence risk of luminal B (HER2−) and HER2+ tumors was slightly reduced in 2013–2016 compared with 2008–2012 (Figs. 4B and 4D). For luminal B (HER2+) in 2013–2016, its recurrence peak was delayed to the fifth year compared with that in 2008–2012, in which it peaked at the third year after surgery (Fig. 4C).
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Figure 4: Annal recurrence hazard rate for patients with different molecular subtypes for 2008–2012 and 2013–2016. Hazard rates of recurrence and metastasis were estimated within a 1-year interval. Smoothed curves were obtained by a Kernel-like smoothing procedure. Standard error for single points are also reported

4  Discussion

This study is the first and largest retrospective analysis to identify different recurrence patterns of different molecular subtypes of breast cancer and to compare whether the outcomes and recurrence patterns of early breast cancer in the Chinese population had changed during the contemporary treatment era.

The association of different molecular subtypes at diagnosis with survival in breast cancer has been widely analyzed. Consistent with previous studies [10,18], we proved that different breast cancer subtypes and different diagnosis years were related to relapse-free survival. Multivariable analysis illustrated the independent prognostic value of the year of diagnosis and breast cancer subtype. In most recent studies, hazard functions were used to analyze the risk of recurrence for cancer compared with survival curves [6,19]. While survival curves only provide information on the cumulative time distribution of the recurrence rate, hazard functions can describe the recurrence rate at any point in time [20]. In different races or during different periods since diagnosis, the risk of disease recurrence may be different. A 10-year follow-up retrospective study of breast cancer conducted with SEER-Medicare data for the period between 1991 and 1997 showed that the greatest frequency of the first recurrence occurred between 0 and 5 years after the initial diagnosis [21]. In 2009, our center reported a double-peaked recurrence pattern for breast cancer in the Chinese population according to the patients diagnosed in the FUSCC between 1992 and 2003. These results are similar to those obtained with SEER data in the early follow-up years, but the difference is that the recurrence risk suddenly increased between the ninth and tenth years in the Chinese cohort [17]. In our study, we also used hazard function to investigate changes in the risk of breast cancer recurrence over nearly 12 years of follow-up time in patients who underwent surgery at our center from 2008 to 2016. We revealed a triple-peaked recurrence pattern for the entire population, with the risk of recurrence remaining high during the first 3 years after treatment and then gradually decreasing, with two other small recurrence peaks appearing at the sixth and ninth years. Different periods of diagnosis years can represent different treatment eras. We defined the period from 2013 to 2016 as the contemporary era and the period from 2008 to 2012 as the past era. Patients diagnosed during 2013–2018 demonstrated a great reduction of recurrence compared with those diagnosed during 2008–2012. Recurrence hazard curves showed that the double-peaked pattern of recurrence or the peak years did not change over 7 years of follow-up after surgery, but the annual disease recurrence hazard in 2013–2016 decreased meaningfully compared with that in 2008–2012. We also observed that the proportion of patients with pT1 patients increased from 54.52% in 2008–2012 to 61.93% in 2013–2016, while the proportion of pN0 patients increased from 59.83% to 62.46%. During the 2013–2018 period, more patients received BCS, neoadjuvant chemotherapy, radiotherapy and anti-HER2 therapy, while fewer people received adjuvant chemotherapy than in 2008–2012. We considered that the improvements in RFS during 2013–2016 may be attributed to the early detection of breast cancer and the use of more comprehensive and appropriate treatment.

Various studies, including ours, have examined recurrence hazard curves based on the subtypes of breast cancer and concluded that each subtype exhibits a particular pattern of recurrence over time [22]. In our study, we proved that the recurrence risk of luminal A patients was the lowest, and the risk in 2013–2016 showed a decrease to nearly half of that in 2008–2012. The recurrence pattern of luminal A tumors changed to a one-peaked pattern, and the recurrence risk decreased slowly to a very low level after reaching a peak at the second year despite having a triple-peaked recurrence pattern in the past era. The reasons for these changes might be due to some tremendous advances in endocrine therapy for hormone receptor (HR)-positive breast tumors over the past decade. The MA-17 [12] trial proved that extended adjuvant endocrine therapy could improve survival and decrease the relapse of contralateral breast cancer. Evidence has suggested that suppression of ovarian estrogen production could reduce the early recurrence of hormone receptor (HR)-positive breast cancer [23,24]. For young premenopausal women with HR-positive tumors who have sufficient risk of recurrence, the SOFT and TEXT trials [25] showed that treatment with an aromatase inhibitor plus ovarian suppression conferred a great survival benefit compared to tamoxifen plus ovarian therapy. Despite the great survival improvement observed for patients with luminal A tumors, there have been no survival benefits for patients with luminal B (HER2−) tumors. The recurrence pattern of luminal B (HER2−) tumors in the contemporary era remains similar to that in the past era. The Ki67 index was found to be an independent prognostic factor for RFS in luminal-like patients, and the proliferation activity of the Ki67 index is important for distinguishing luminal A from luminal B (HER-) subtypes. Histological grade was also reported to be an independent prognostic factor for all breast cancer patients, especially for luminal-like breast cancer patients [26]. In our population, luminal B (HER2−) patients who were diagnosed in 2013–2016 had a significantly higher histological grade than those diagnosed in 2008–2012, and the proportions of patients who received chemotherapy, radiotherapy or hormone therapy did not change. This may be main reason why patients with luminal B (HER2−) tumors did not receive any survival benefit, indicating that more appropriate treatment should be offered to modern luminal B (HER2−) patients.

It has been proven that standard adjuvant treatment of anti-HER2 therapy in HER2+ positive early breast cancer can substantially reduce the risk of recurrence and improve survival [27,28]. We confirmed this benefit again in the present study. We observed that more than seventy percent of HER2−positive patients received anti-HER2 targeted therapy in 2013–2016, and a notable survival benefit was conferred to both luminal B (HER2+) and HER2+ patients compared with 2008–2012. The recurrence risk of luminal B (HER2+) and HER2+ tumors was significantly attenuated in 2013–2016, even for luminal B (HER2+) tumors, which showed a delayed recurrence peak from the third year to the fifth year after surgery compared with that in 2008–2012. For luminal B (HER2+) tumors, the delayed recurrence peak might be due to not only the progress made in anti-HER2 therapy but also advancements in hormone therapy. With the results of numerous clinical trials on chemotherapy regimens, continuous improvements in outcomes have been achieved for patients with triple-negative breast cancer [29–38]. Fixx [14] demonstrated that adjuvant capecitabine in combination with docetaxel, epirubicin, and cyclophosphamide improved relapse-free survival for triple-negative patients. The CBCSG010 trial [36] illustrated a disease-free survival and overall survival benefit of the addition of capecitabine in early triple-negative tumors. In the present study, triple-negative tumors were the most aggressive breast cancer subtype and exhibited a double-peaked recurrence pattern, showing recurrence peaks in the first and sixth years over 12 years of follow-up. In contrast, triple-negative patients showed a significantly lower recurrence hazard curve than that in 2008–2012, with the double-peaked recurrence pattern changing to a one-peaked pattern.

Above all, we herein describe the latest recurrence patterns of early breast cancer in the Chinese population stratified according to molecular subtype. One of the main strengths of our study is that the clinical features and follow-up data of patients were collected at a single center. The Fudan University Cancer Center is one of the largest cancer centers in China, and the treatment strategies used at this center have been normalized according to the latest clinical trial results, thereby eliminating the bias caused by patient selection or irregular treatment. Another significant strength of the current study is that it is the largest retrospective analysis based on the pattern of recurrence for breast cancer in a Chinese population, and patients were followed over a long period of time. Our study included patients treated up to 2016, and we compared the recurrence patterns of the contemporary era (from 2013 to 2016) with those from the past era (from 2008 to 2012). As a result, our research also covers recent clinical practice and treatment results. The most vital strength of our study is that we not only investigated the recurrence patterns of different molecular subtypes but also compared them between the contemporary era and the past era. We found a significant survival benefit for patients with luminal A, luminal B (HER2+), HER2+ and triple-negative tumors in the contemporary era. However, this benefit was not obvious for patients with luminal B (HER2−) tumors, and we discussed the possible reasons. To our knowledge, few studies [39–41] have compared the differences in recurrence patterns according to different breast cancer subtypes, and our study is the first and largest study of the Chinese population. On the other hand, this study has a few limitations, which should be mentioned. First, the results we observed were only for invasive breast cancer and might not be applicable to other pathological subtypes, such as ductal carcinoma in situ and lobular carcinoma in situ. Second, the follow-up time of the population was shorter during the 2013–2016 period than during the 2008–2012 period, so the calculated recurrence hazards for later years after surgery might be inaccurate. A longer follow-up interval is needed to confirm the recurrence risk beyond 10 years after surgery. Finally, we did not analyze the detailed treatment differences based on each breast cancer subtype. Due to the inherent limitations of retrospective studies, treatment data on ovarian suppression or the type of hormone therapy administered were not included in our database, especially for luminal-like patients. Nevertheless, the improvement in the recurrence hazard during the 2013–2016 period likely reflects the efficacy of modern evidence-based treatment.

5  Conclusion

We proved that significant improvements in relapse-free survival have been achieved in recent years and that the recurrence patterns of early breast cancer patients with different subtypes have also changed with advancements in breast cancer therapy. Acknowledging the specific disease recurrence patterns of each breast cancer subtype during the contemporary period is of upmost importance to adequately inform patients of their prognosis, as well as to guide physicians in making appropriate treatment decisions and planning future clinical trials.
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Table 1: Characteristics of breast cancer patients with different molecular subtypes for 2008-2012 and 20132016

Characteristic Luminal A (n=4419) (%) Luminal B (HER2-) (n=4515) Luminal B (HER2+) (n=2003) HER2+ (n=1729) (%) Triple negative (n=1961) (%)
(%) (%)
2008— 2013— *p- 2008— 2013— *p- 2008—  2013- *p- 2008—  2013- *p- 2008—  2013- *p-value
2012 2016 value 2012 2016 value 2012 2016 value 2012 2016 value 2012 2016
n=1908 n=2511 n=1876 n=2639 n=898 n=1105 n=663 n=1066 n=766 n=1195
Age, median, year 51 years 51 years 53 years 52 years 50 years 49 years 53 years 52 years 52 years 51 years
Age group, mean, 0.007 0.001 0.439 0.048 0.208
year
<35 years 92 (4.82) 96 (3.82) 82 (4.37) 162 70 (7.80) 76 (6.88) 27(4.07) 61(5.72) 41(5.35) 83 (6.95)
(6.14)
35-50 years 844 1223 692 1055 402 524 229 410 307 499
(44.23) (48.71) (36.89) (39.98) (44.77)  (47.42) (34.54) (38.46) (40.08)  (41.76)
>50 years 972 1192 1102 1422 426 505 407 595 418 613
(50.94) (47.47) (58.74) (53.88) (47.44) (45.70) (61.39) (55.82) (54.57)  (51.30)
Menopausal status 0.001 0.109 0.866 0.003 0414
Pre-menopausal 1038 1236 1140 1541 452 552 438 628 447 675
(54.40) (49.22) (60.77) (58.39) (50.33)  (49.95) (66.06)  (58.91) (58.36)  (56.49)
Post-menopausal 870 1275 736 1098 446 553 225 438 319 520
(45.60) (50.78) (39.23) (41.61) (49.67)  (50.05) (33.94) (41.09) (41.64) (43.51)
Type of surgery <0.0001 0.003 0.004 0.002 <0.0001
BCS 312 710 338 569 111 187 50(7.54) 129 143 328
(16.35) (28.28) (18.02) (21.56) (12.36)  (16.92) (12.10) (18.67) (27.45)
Mastectomy 1596 1801 1538 2070 787 918 613 937 623 867
(83.65) (71.72) (81.98) (78.44) (87.64)  (83.08) (92.46)  (87.90) (81.33)  (72.55)
Neoadjuvant 0.058 0.465 0.08 0.113 0.25
chemotherapy
Yes 73 (3.83) 126 163 246 89(9.91) 137 69 87 (8.16) 65(8.49) 120
(5.02) (8.69) (9.32) (12.40) (10.41) (10.04)
No 1835 2385 1713 2393 809 968 594 979 701 1075
(96.17) (94.98) (91.31) (90.68) (90.09)  (87.60) (89.59) (91.84) (91.51)  (89.96)
Adjuvant <0.0001 1 0.001 0.006 0.056
chemotherapy
Yes 1357 1160 1399 1968 823 963 626 968 723 1101
(71.12) (46.20) (74.57) (74.57) (91.65)  (87.15) (94.42)  (90.81) (94.39)  (92.13)
No 551 1351 471 671 75(8.35) 142 37(5.58) 98(9.19) 43 (5.61) 94 (7.87)
(28.88) (53.80) (25.43) (25.43) (12.85)
Radiotherapy 0.937 <0.0001 0.038 0.268 0.189
Yes 772 1013 771 1250 377 515 274 412 346 576
(40.46) (40.34) (41.42) (47.37) (41.98) (46.61) (41.33)  (38.65) (45.17)  (48.20)
No 1136 1498 1099 1389 521 590 389 654 420 619
(59.54) (59.66) (58.58) (52.63) (58.02) (53.39) (58.67) (61.35) (54.83) (51.80)
Histological grade <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
I 58 (3.04) 159 39 (2.08) 41 (1.55) 0 (0) 4(0.36) 0 (0) 1 (0.09) 0(0) 1 (0.08)
(6.33)
I 1413 1733 1084 1335 462 353 224 219 207 202
(74.06) (69.02) (57.78) (50.59) (51.45)  (31.95) (33.79)  (20.54) (27.02)  (16.90)
I 204 169 448 893 304 557 302 619 487 854
(10.69) (6.73) (23.88) (33.84) (33.85) (50.41) (45.55)  (58.07) (63.58)  (71.46)
unkonwn 233 450 305 370 132 191 137 227 72 (9.40) 138
(12.21) (17.92) (16.26) (14.02) (14.70)  (17.29) (20.66)  (21.29) (11.55)
pN <0.0001 0.798 0.005 0.001 0.001
pNO 1122 1744 1129 1497 521 615 391 660 493 803
(58.80) (69.45) (60.18) (56.73) (58.02)  (55.66) (58.97) (61.91) (64.36)  (67.20)
pN1 494 533 434 662 209 288 137 206 150 252
(25.89) (21.23) (23.13) (25.09) (23.27)  (26.06) (20.66)  (19.32) (19.58)  (21.09)
pN2 182 159 198 301 105 126 77 122 76 (9.92) 82 (6.89)
(9.54) (6.33) (10.55) (11.41) (11.69)  (11.40) (11.61)  (11.44)
pN3 110 75 (2.99) 115 179 63 (7.02) 76 (6.88) 58 (8.75) 78(7.32) 47 (6.14) 58 (4.85)
(5.77) (6.13) (6.78)
pT <0.0001 0.144 0.554 0.567 0.047
<2 cm 1132 1844 1090 1559 437 609 312 602 361 660
(59.33) (73.44) (58.10) (59.08) (48.66)  (55.11) (47.06) (56.47) (47.12)  (55.23)
2 cm-5 cm 746 642 744 1024 428 472 319 423 376 504
(39.10) (25.57) (39.66) (38.80) (47.66)  (42.71) (48.11)  (39.68) (49.09) (42.18)
>5 cm 30 (1.57) 25 (1.00) 42 (2.24) 56(2.12) 33(3.67) 24 (2.17) 32(4.83) 41(3.85) 29(3.79) 31 (2.59)
Hormone therapy 0.190 0.670 0.385 N/A N/A
Yes 1840 2439 1771 2499 803 1001 N/A N/A N/A N/A
(96.44) (97.13) (94.40) (94.69) (89.42)  (90.59)
No 68 (3.56) 72 (2.87) 105 140 95 104 N/A N/A N/A N/A
(5.60) (5.31) (10.58)  (9.41)
Anti-HER?2 therapy N/A N/A <0.0001 <0.0001 N/A
Yes N/A N/A N/A N/A 423 815 346 775 N/A N/A
(47.10)  (73.76) (51.19)  (72.70)
No N/A N/A N/A N/A 475 290 317 291 N/A N/A
(52.90) (26.24) (47.81) (27.30)

Note: *, > tests; Abbreviation: ER (estrogen receptor); PR (progesterone receptor); HER2 (human epidermal growth factor receptor type 2); pN (pathology node stage); pT (pathology tumor size);
BCS (Breast conserving surgery); N/A, not applicable.
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Table 3: Univariate and multivariate Cox regression analyses of factors associated with recurrence-free survival

Variable Univariate analysis Multivariate analysis
*p-value HR 95% CI **p-value
Age at diagnosis <0.0001 0.001
35-50 years vs. <35 years 0.71 0.57-0.87 0.001
> 50 years vs. <35 years 0.61 0.48—0.79 <0.0001
Menopausal status
Pre-menopausal vs. Post-menopausal <0.0001 0.74 0.63—0.86 <0.0001
Type of surgery
Mastectomy vs. BCS <0.0001 1.06 0.88—1.27 0.571
Neoadjuvant chemotherapy
Yes vs. No <0.0001 2.94 2.55-3.40 <0.0001
adjuvant chemotherapy
Yes vs. No <0.0001 1.02 0.86—1.20 0.860
Radiotherapy
Yes vs. No <0.0001 0.91 0.79—-1.05 0.183
Year of diagnosis
2013-2016 vs. 2008-2012 <0.0001 0.73 0.65—0.81 <0.0001
Histological grade <0.0001 0.003
Il vs. I 2.07 09.2—-4.64 0.078
I vs. 1 2.53 1.22-5.71 0.025
unknow vs. | 2.09 0.93-4.73 0.076
pN <0.0001 <0.0001
pN1 vs. pNO 1.81 1.56—2.11 <0.0001
pN2 vs. pNO 3.39 2.85—4.03 <0.0001
pN3 vs. pNO 5.88 4.90—7.06 <0.0001
pT <0.0001 <0.0001
pT2 vs. pTl 1.46 1.31-1.64 <0.0001
pT3 vs. pTl 1.77 1.38—2.78 <0.0001
Molecular subtype <0.0001 <0.0001
Luminal B (HER2-) vs. Luminal A 1.54 1.32—1.80 <0.0001
Luminal B (HER2+) vs. Luminal A 1.57 1.30—1.89 <0.0001
HER2+ vs. Luminal A 1.57 1.29-1.92 <0.0001
Triple negative vs. Luminal A 2.16 1.79-2.21 <0.0001

Note: *, Univariate Cox regression analysis; **, Multivariate Cox regression analysis; Abbreviations: ER (estrogen receptor); PR (progesterone
receptor); HER2 (human epidermal growth factor receptor type 2); pN (pathology node stage); pT (pathology tumor size); BCS (breast

conserving surgery).
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Supplementary Table S3: The site of the first recurrence of breast cancer patients between 2008—2012 and

2013-2016
All 2008-2012 2013-2016

Type of recurrence *p-value

n=1429 (%) n=2813 (%) n=616 (%)
Locoregional relapse 187 (13.09) 80 (9.84) 107 (17.37) <0.001
Regional relapse 18 (1.26) 11 (1.35) 7 (1.14) 0.716
Contralateral breast cancers 7 (0.49) 5(0.62) 2 (0.32) 0.706
Distant metastasis 866 (60.60) 495 (60.89) 371 (60.23) 0.801
Bones 361 (25.26) 206 (25.34) 155 (25.16) 0.940
Lung 224 (15.68) 129 (15.87) 95 (15.42) 0.819
Liver 136 (9.52) 73 (8.98) 63 (10.23) 0.426
Brain 56 (3.92) 23 (2.83) 33 (5.36) 0.015
Distant lymph node metastasis 74 (5.18) 53 (6.52) 21 (3.41) 0.009
Others 15 (1.05) 11 (1.35) 4 (0.65) 0.303
Multiple sites 351 (25.56) 222 (27.31) 129 (20.94) 0.006

Note: *. v° tests.
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Supplementary Table S1: Characteristics of breast cancer patients between 2008-2012 and 2013-2016

All 2008-2012 2013-2016
Characteristic *p-value
n=14627 (%) n=6111 (%) n=_8516 (%)
Median follow-up time 68.1 months 98.0 months 58.6 months
Age, median, year 51 years 51 years 51 years
Age group, mean, year <0.001
>50 years 7652 (52.31) 3325 (54.41) 4327 (50.81)
35-50 years 6185 (42.28) 2474 (40.48) 3711 (43.58)
<35 years 790 (5.40) 312 (5.11) 478 (5.61)
Menopausal status <0.001
Pre-menopausal 8147 (55.70) 3515 (57.52) 4632 (54.39)
Post-menopausal 6480 (44.30) 2596 (42.48) 3884 (45.61)
Type of surgery <0.001
BCS 2877 (19.67) 954 (15.61) 1923 (22.58)
Mastectomy 11750 (80.33) 5157 (84.39) 6593 (77.42)
Neoadjuvant chemotherapy 0.049
Yes 1175 (8.03) 459 (7.51) 716 (8.41)
No 13452 (91.97) 5652 (92.49) 7800 (91.59)
Adjuvant chemotherapy <0.001
Yes 11088 (75.81) 4928 (80.64) 6160 (72.33)
No 3539 (24.19) 1183 (19.36) 2356 (27.67)
Radiotherapy 0.002
Yes 6312 (43.15) 2546 (41.66) 3766 (44.22)
No 8315 (56.85) 3565 (58.33) 4750 (55.78)
Histological grade <0.001
| 303 (2.07) 97 (15.87) 206 (2.42)
i 7232 (49.44) 3390 (55.47) 3842 (45.12)
1 4837 (33.07) 1745 (28.56) 3092 (36.31)
unknown 2255 (15.42) 879 (14.28) 1376 (37.90)
pN 0.002
pNO 8975 (61.36) 3656 (59.83) 5319 (62.46)
pN1 3365 (23.01) 1424 (23.30) 1941 (22.79)
pN2 1428 (9.76) 638 (10.44) 790 (9.28)
pN3 859 (5.87) 393 (6.43) 466 (5.47)
pT <0.001
pT1 8606 (58.84) 3332 (54.52) 5274 (61.93)
pT2 5678 (38.82) 2613 (42.76) 3065 (35.99)
pT3 343 (2.34) 166 (2.72) 177 (2.08)
Molecular subtype <0.001
Luminal A 4419 (30.21) 1908 (31.22) 2511 (29.49)
Luminal B (HER2-) 4515 (30.87) 1876 (30.70) 2639 (25.12)
Luminal B (HER2+) 2003 (13.69) 898 (14.69) 1105 (12.98)
HER2+ 1729 (11.82) 663 (10.85) 1066 (12.52)
Triple negative 1961 (13.41) 766 (12.53) 1195 (14.03)
Hormone therapy 0.765
Yes 10353 (70.78) 4414 (72.23) 5339 (62.69)
No 584 (3.99) 268 (4.39) 316 (3.71)
Anti-HER?2 therapy <0.001
Yes 2359 (16.13) 769 (12.58) 1590 (18.67)
No 1373 (9.39) 792 (12.96) 581 (6.82)

Note: *, v* tests; Abbreviation: ER (estrogen receptor); PR (progesterone receptor); HER2 (human epidermal growth factor receptor type 2); pN
(pathology node stage); pT (pathology tumor size); BCS (breast conserving surgery).





OEBPS/Images/Oncologie_25226-fig-4.png
=

1.4 )

3 == ALL Luminal A
§ — 1-2] = 2008-2012 Luminal A
EE 4 o] = 2013-2016 Luminal A
0@
]

< 0.8
e & 0.6
E E 0 4.

Y B R -
Bs _ -
g ® 0.2 .
-] % -
T 00"

012 3 45 6 7 8 910 1112

Years

== ALL HER2+

0.8
0.6
0.44
0.2

Hazard rate for recurrence
and metastasis (%)

o
o
T

1.27 - 2008-2012 HER2*
1.0{ = 2013-2016 HER2+

—~
Y
N’

Hazard rate for recurrence
and metastasis (%)

G

1.4 1.4
-+ ALL Luminal B (HER2) 3 = ALL Luminal B (HER2+)
1.29 - 2008-2012 Luminal B (HER2-} § 121 = 2008-2012 Luminal B (HER2+)
1.0 = 2013-2016 Luminal B (HER2-) % % 1.0{ = 2013-2016 Luminal B (HER2+)
0.8 2% os -
5
0.6 o % 0.6] -
R £
0.4 = Z 0.4
B
0.2 g 0.2
o
0.04 T 0.0
0 0

o

-

N A
w4
» 4
o 4
(2% I
~

and metastasis (%)

1.01
0.8
0.6
0.4
0.2

v
0.0

Years

== ALL Triple negative

~+-2008-2012 Triple negative
=~ 2013-2016 Triple negative






OEBPS/Images/logo.png





OEBPS/Images/table-7.png
Supplementary Table S4: The site of the first recurrence site of breast cancer patients with different molecular
types

Luminal A Luminal B (HER2—) Luminal B (HER2+) HER2+ Triple negative

Type of recurrence

n=253 (%) n=492 (%) n=235 (%) n=191 (%) n=258 (%)
Locoregional relapse 28 (11.07) 46 (9.35) 27 (11.49) 43 (22.51) 43 (16.67)
Regional relapse 4 (1.58) 9 (1.83) 1 (0.43) 2 (1.05) 2 (0.78)
Contralateral breast cancers 1 (0.40) 1 (0.20) 2 (0.85) 0 (0) 3(1.16)
Distant metastasis 162 (64.03) 310 (63.01) 148 (62.98) 104 (54.45) 142 (55.04)
Bones 97 (38.34) 160 (32.52) 54 (22.98) 17 (8.9) 33 (12.8)
Lung 28 (11.07) 67 (13.62) 37 (15.74) 39 (20.42) 53 (20.54)
Liver 17 (6.72) 44 (8.94) 27 (11.49) 31 (16.23) 17 (6.59)
Brain 3(1.19) 16 (3.25) 16 (6.81) 8 (4.19) 13 (5.04)
Distant lymph node 15 (5.93) 20 (4.07) 11 (4.68) 8 (4.19) 20 (7.75)
Others 2 (0.79) 3 (0.61) 3 (1.28) 1 (0.52) 6 (2.32)

Multiple sites 58 (22.92) 126 (25.61) 57 (24.3) 42 (21.99) 68 (26.36)
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Table 2: The site of first recurrence in breast cancer patients for 2008-2012 and 2013-2016 with different molecular subtypes

Luminal A (n=253)

Luminal B (HER2—-) (n=492)

Luminal B (HER2+) (n=235)

HER2+ (n= 191)

Triple negative (n=258)

Type of 2008 2013— *p- 2008 2013— *p- 2008 2013~ *p- 2008 2013— *p- 2008— 2013— *p-
recurrence 2012 n= 2016 n= value 2012 n= 2016 n= value 2012 n= 2016 n= value 2012 n= 2016 n= value 2012 n= 2016 n= value
195 (%) 58 (%) 259 (%) 233 (%) 139 (%) 96 (%) 95 (%) 96 (%) 125 (%) 133 (%)
Locoregional 19 (10.27) 9 (15.52) 0.219 16 (6.18) 30 (12.88) 0.010 14 (10.07) 13 (13.54) 0.530 16 (16.84) 27 (28.13) 0.062 15(12.00) 28 (21.05) 0.051
relapse
Regional relapse 3 (1.62) 1 (1.72) 1.000 7 (2.70) 2 (0.86) 0.235 1(0.72) 0 (0) 1.000 0 (0) 2 (2.08) 0.497 0 (0) 2 (1.50) 0.499
Contralateral 1 (0.54) 0(0) 1.000 0 (0) 1 (0.43) 0.474 1 (0.72) 1 (1.04) 1.000 0 (0) 0(0) 1.000 3 (2.40) 0(0) 0.676
breast cancers
Distant 126 (64.62) 36 (62.07) 0.723 156 (60.23) 154 (66.09) 0.179 87 (62.59) 61 (63.54) 0.882 55(57.89) 49 (51.04) 0.342 71 (56.8) 71 (53.38) 0.581
metastasis
Bones 74 (40.00) 23 (39.66) 0.207 80 (30.89) 80(34.33) 0.415 29 (20.86) 25(26.04) 0.515 7 (7.37) 10 (10.42) 0473 16 (12.80) 17 (12.78) 0.997
Lung 20 (10.81) 8 (13.80) 0.451 38 (14.67) 29(12.45) 0.472 21 (15.11) 16 (16.67) 0918 24 (25.26) 15(15.63) 0.099 26 (20.80) 27 (20.30) 0.921
Liver 14 (7.57) 3(5.17) 0.812 18 (6.95) 26 (11.16) 0.102 17 (12.23) 10(1042) 0.542 14 (14.74) 17 (17.71) 0.578 10 (8.00) 7 (5.26) 0.376
Brain 2 (1.81) 1 (1.72) 1.000 5 (1.93) 11 (4.72) 0.081 9 (6.47) 7 (7.29) 0.915 3 (3.16) 5(5.21) 0.721 4 (3.20) 9 (6.77) 0.306
Distant lymph 14 (7.57) 1 (1.72) 0.211 12 (4.63) 8 (3.43) 0.501 8 (5.76) 3 (3.13) 0.463 7 (7.37) 1 (1.04) 0.069 12 (9.60) 8 (6.02) 0.282
node metastasis
Others 2 (1.81) 0(0) 1.000 3 (1.16) 0(0) 0.251 3 (2.16) 0 (0) 0.264 0 (0) 1 (1.04) 1.000 3 (2.40) 3 (2.26) 1.000
Multiple sites 46 (24.86) 12 (20.69) 0.645 80 (30.89) 46 (19.74) 0.005 36 (25.90) 21 (21.88) 0.320 24 (25.26) 18 (18.75) 0.277 36 (28.80) 32 (24.06) 0.388

Note: *, ¢ test.
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Supplementary Table S2: Characteristics of breast cancer patients with different molecular types

Luminal A Luminal B (HER2-) Luminal B (HER2+) HER2+ Triple negative

Characteristic *p-value
n=4419 (%) n=4515 (%) n=2003 (%) n=1729 (%) n=1961 (%)

Median follow-up time 69.9 months  69.1 months 69.7 months 64.9 months  63.5 months

Age, median, year 50 years 52 years 50 years 53 years 51 years

Age group, mean, year <0.0001

<35 years 188 (4.25) 244 (5.40) 146 (7.29) 88 (5.09) 124 (6.32)

35-50 years 2067 (46.78) 1747 (38.69) 926 (46.23) 639 (36.96) 806 (41.10)

>50 years 2119 (47.95) 2524 (55.90) 931 (46.48) 1002 (57.95) 1031 (52.58)

Menopausal status <0.0001

Pre-menopausal 2274 (51.46) 2681 (59.38) 1004 (50.12) 1066 (61.65) 1122 (57.22)

Post-menopausal 2145 (48.54) 1834 (40.62) 999 (49.88) 663 (38.35) 839 (42.78)

Type of surgery <0.0001

BCS 1022 (23.13) 907 (20.09) 298 (14.88) 179 (10.35) 471 (24.02)

Mastectomy 3397 (76.87) 3608 (79.91) 1705 (85.12) 1550 (89.65) 1490 (75.98)

Neoadjuvant chemotherapy <0.0001

Yes 199 (4.50) 409 (9.06) 226 (12.28) 156 (9.02) 185 (9.43)

No 4200 (95.04) 4106 (90.94) 1777 (88.72) 1573 (90.08) 1776 (90.57)

Adjuvant chemotherapy <0.0001

Yes 2517 (56.96) 3367 (74.57) 1786 (89.17) 1594 (92.12) 1824 (93.01)

No 1902 (43.04) 1148 (25.42) 217 (10.83) 135 (7.81) 137 (6.99)

Radiotherapy <0.0001

Yes 1785 (40.39) 2027 (44.89) 892 (44.53) 686 (39.68) 922 (47.02)

No 2634 (59.61) 2488 (55.11) 1111 (55.47) 1043 (60.32) 1039 (52.98)

Year of diagnosis <0.0001

2008-2012 1908 (43.18) 1876 (41.55) 898 (44.83) 663 (38.35) 766 (39.06)

2013-2016 2511 (56.82) 2639 (58.45) 1105 (55.17) 1066 (61.65) 1195 (60.94)

Histological grade <0.0001

I 217 (4.91) 80 (1.77) 4(0.20) 1 (0.06) 1 (0.05)

I 3146 (71.19) 2419 (53.58) 815 (40.69) 443 (25.62) 409 (20.86)

I 373 (8.44) 1341 (29.70) 861 (42.99) 921 (53.27) 1341 (68.38)

unknown 683 (15.46) 675 (14.95) 323 (16.13) 364 (21.05) 210 (10.71)

pN <0.0001

pNO 2866 (64.86) 2626 (58.16) 1136 (56.71) 1051 (60.79) 1296 (66.09)

pN1 1027 (23.24) 1096 (24.27) 497 (24.81) 343 (19.84) 402 (20.50)

pN2 341 (7.72) 499 (11.05) 231 (11.53) 199 (11.51) 158 (8.06)

pN3 185 (4.19) 294 (6.51) 139 (6.94) 136 (7.87) 105 (5.35)

pT <0.0001

<2cm 2976 (67.35) 2649 (58.67) 1046 (52.22) 914 (52.86) 1021 (52.07)

2 cm-5 cm 1388 (31.41) 1768 (39.16) 900 (44.93) 742 (42.91) 880 (44.88)

>5 cm 55 (1.24) 98 (2.17) 57 (2.85) 73 (4.22) 60 (3.06)

Hormone therapy N/A

Yes 4279 (96.83) 4270 (94.57) 1804 (90.06) N/A N/A

No 140 (3.17) 245 (5.43) 199 (9.94) N/A N/A

Anti-HER?2 therapy N/A

Yes N/A N/A 1238 (61.81) 1121 (64.84) N/A

No N/A N/A 765 (38.19) 608 (35.16) N/A

Note: *, x* tests; Abbreviation: ER (estrogen receptor); PR (progesterone receptor); HER2 (human epidermal growth factor receptor type 2); pN
(pathology node stage); pT (pathology tumor size); BCS (breast conserving surgery).
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