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Background: The association between tumor location and breast cancer prognosis has been controversial. We sought to explore the relationship between tumors located in central and nipple portion (TCNP) and Chinese breast cancer.



Patients and methods: A total of 1,427 breast cancer patients were recruited. There were 328 cases of TCNP and 1,099 cases of tumors in the breast peripheral quadrant (TBPQ). The chi-square test was used to compare different variables between TCNP and TBPQ groups. A one-to-one propensity score matching (PSM) was applied to construct a matched sample consisting of pairs of TCNP and TBPQ groups. Kaplan–Meier curves were used for survival analysis of disease-free survival (DFS), breast cancer-specific survival (BCSS) and overall survival (OS). The Cox proportional hazards regression model was applied to identify prognostic risk factors.



Results: The median follow-up time was 58 months. Compared to TBPQ, TCNP patients had significantly larger tumor size, more frequent metastasis to lymph nodes (LN) and more proportions of TNM stage II–III. DFS, OS and BCSS rates were markedly lower in the TCNP group as compared to the TBPQ group before and after PSM (all p < 0.05). Multivariate Cox analysis showed that TCNP was an independent prognostic factor for breast cancer. Subgroup analysis indicated that for breast molecular subtypes and TNM stage II-III breast cancer, TCNP were related to worse prognosis. Multivariate logistic regression revealed that TCNP was an independent contributing factor for LN metastasis.



Conclusion: In Chinese breast cancer, compared to TBPQ, TCNP is associated with more LN metastasis and poorer prognosis.
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Introduction

Breast cancer is the most common malignant tumor in women, which threaten to women's health seriously. In recent years, the importance of active screening and early diagnosis have been well acknowledged in the field which significantly improved the prognosis of breast cancer (1). However, breast cancer is still one of the main causes of female death, especially in developing countries, even more than lung cancer (2). Therefore, it is critical to identify prognostic risk factors of breast cancer so proper treatment strategy can be timely adjusted.

Studies have shown that many clinicopathological factors affected the prognosis of breast cancer patients, such as age, tumor size, body mass index (BMI), TNM stage, histological grade, lymph node (LN) status, Ki67, hormone receptor and human epidermal growthfactor receptor 2 (HER2) expressions (3–6). In recent years, molecular typing and gene detection have gradually entered the clinical practice to guide the precise treatment of breast cancer and improve the prognosis of breast cancer patients (7–9). However, the prognosis of breast cancer patients with similar clinicopathological characteristics can be varied even though receiving the same treatment, indicating that there are still many other factors affecting the prognosis.

Breast cancer most commonly locates at the upper outer quadrant and rarely at the lower inner quadrant of the breast. Previous studies have confirmed that the location of the primary mass of breast cancer could affect the prognosis of patients (10–14). Typically, tumor located at the medial quadrant was associated with worse prognosis, and the inner lower quadrant location was considered as an independent risk factor for prognosis in breast cancer patients (15–17). It's well-recognized that axillary lymph node (ALN) metastasis is of predictive clinical significance for survival of breast cancer. And the possibility of ALN metastasis might be related to the primary location of tumor. Bevilacqua et al. suggested that the incidence of ALN metastasis is 32.3% when tumor is in central position, higher than tumor of upper-inner-quadrant (20.6%) (18). Japanese researchers investigated a cohort of 313 cases and found that T1 and T2 breast cancer patients with a tumor located closer to the nipple have a higher risk of sentinel lymph node (SLN) metastases (19). However, with regard to the effect of tumors located in central and nipple portion (TCNP) in Chinese breast cancer patients, few studies have been reported.

The purpose of this study was to investigate the clinicopathological characteristics of TCNP and to uncover its prognosis value in Chinese patients.



Patients and methods


Study population

The clinical and pathological information of 1,517 breast cancer patients who admitted to our department from December 2014 to December 2018 were collected. In this study, TCNP was defined as the tumor whose center was within 2 cm of the nipple, including the nipple-areola complex. We choose a 2 cm margin because it has been indicated that tumors within this zone involve the nipple-areolar complex in up to 50% of patients (20, 21). Tumors in the breast peripheral quadrant were defined as TBPQ (including upper outer quadrant, upper inner quadrant, lower outer quadrant, lower inner quadrant, but overlapping sites were excepted). The inclusion criteria were as follows: (1) females aged over 18 years old; (2) breast cancer as the first and only malignant primary tumor; (3) unilateral breast cancer; (4) defined tumour location (TCNP or TBPQ); (5) tumors must located in the same quadrant; (6) American Joint Committee on Cancer stages (the seventh AJCC System) TNM stage I–III; (7) breast molecular subtype (luminal A, luminal B, HER2 enriched, and triple-negative) (22). (8) known of estrogen receptor (ER); progesterone receptor (PR); HER2 expression; ki67; histological grade; tumor size and LN metastasis status; surgery type; radiation/chemotherapy information; (9) active follow-up. The exclusion criteria were: (1) male; (2) bilateral breast cancer; (3) occult breast cancer; (4) tumors were not clearly located and (or) involved two or more quadrants; (5) stage IV breast cancer at diagnosis; (6) patients who received neoadjuvant chemotherapy; (7) people with incomplete clinical or pathological information. According to the inclusion and exclusion criteria, 1,427 cases of breast cancer were finally enrolled, including 328 cases of TCNP and 1,099 cases of TBPQ. All patients have signed informed consent.



Statistical analysis

Disease-free survival (DFS) was the primary end point. Overall survival (OS) and breast cancer-specific survival (BCSS) were the secondary end points. DFS was defined as the time from date of diagnosis to local or regional recurrence, distant organ metastasis, contralateral breast cancer, death or last follow-up. OS was defined as the time from diagnosis to death or last follow-up. BCSS was defined as the time from diagnosis to the death caused by breast cancer. Chi-square test was used to compare the clinical and pathological factors between TCNP and TBPQ groups. A one-to-one propensity score matching (PSM) analysis was carried out to balance the differences in baseline covariates, and we set the match tolerance as 0.02. Kaplan–Meier curves were applied to measure the DFS, BCSS, and OS between TCNP and TBPQ, and the differences were determined by log-rank test. Cox proportional hazard models were used to estimate risk ratios for prognostic factors. Logistic regression was applied to present the relationship between tumor location and LN metastasis. Two-sided p < 0.05 was considered statistically significant. All statistical analysis was completed by SPSS 26.0.




Results


Clinicopathological features of TCNP and TBPQ

As mentioned in above, a total of 1,427 breast cancer patients were eventually enrolled in this study with a median follow-up time of 58 months. The results before PSM indicated that compared to the TBPQ group, patients in the TCNP group had significantly larger tumor size (43.9% vs. 40.0% for tumor size of 2–5 cm; 7.6% vs. 3.0% for tumor size of >5 cm, p < 0.001), higher BMI (overweight and obese group: 42.7% vs. 35.9%, p = 0.037), higher rate of SLN metastasis (32.6% vs. 25.8%, p = 0.016), more frequent LN metastasis (1–3: 21.6% vs. 19.9%; ≥4: 23.8% vs. 13.2%, p < 0.001) more intravascular tumor thrombus (31.4% vs. 17.7%, p < 0.001) and more patients with advanced stages (TNM stage II–III) (69.2% vs. 58.2%, p < 0.001). The results also showed that more TCNP patients underwent mastectomy (89.9% vs. 59.3%, p < 0.001) but less of them received radiotherapy (34.8% vs. 45.9%, p < 0.001) (Table 1). These results reminded us that TCNP has unique clinical features which differ from TBPQ.


TABLE 1 Clinicopathological characteristics of TCNP and TBPQ groups.
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After 1:1 matching, 326 patients in the TCNP group were matched as compared with 326 patients in the TBPQ group. There were no notable differences between the two groups after PSM (Table 1).



Survival analysis between TCNP and TBPQ

The Kaplan–Meier curves were used to assess the differences of DFS, BCSS and OS between two groups. Before PSM, the 5-year DFS rates of patients with TCNP were significantly lower than those of TBPQ population (78.3% vs. 90.7%, p < 0.001) (Figure 1A). Next, we discovered that the 5-years OS rates of patients in the TCNP group were significantly worse than those of patients in the TBPQ group (82.4% vs. 94.5%, p < 0.001) (Figure 1B). Such difference was also observed in BCSS between TCNP and TBPQ (83.3% vs. 95.4%, p < 0.001) (Figure 1C). Similarly, we still found the notable difference between the two groups after PSM. The survival analysis of the matched groups showed that TCNP exhibited worse outcomes for DFS (5-year DFS: 78.5% vs. 86.3%, p = 0.032) (Figure 2A), OS (5-year OS: 85.4% vs. 92.1%, p = 0.0215) (Figure 2B) and BCSS (5-year BCSS: 86.2% vs. 92.8%, p = 0.018) (Figure 2C).
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FIGURE 1
Kaplan–Meier survival curves of DFS (A), OS (B) and BCSS (C) between TCNP and TBPQ before PSM. DFS, disease-free survival; BCSS, breast cancer speciﬁc survival; OS, overall survival; PSM, propensity score matching.
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FIGURE 2
Kaplan–Meier survival curves of DFS (A), OS (B) and BCSS (C) between TCNP and TBPQ after PSM. DFS, disease-free survival; BCSS, breast cancer speciﬁc survival; OS, overall survival; PSM, propensity score matching.


Furthermore, the Cox proportional hazards regression model were used to identify risk factors of DFS, OS and BCSS. Univariable Cox regression analysis presented that TCNP or TBPQ location, tumor size, intravascular tumor thrombus, TNM stage, LN metastasis, ER, PR, molecular subtype, chemotherapy, radiotherapy and histology were all associated with DFS. The significant predictors of OS were TCNP or TBPQ location, tumor size, TNM stage, LN metastasis, ER, PR and molecular subtype. Similarly, TCNP or TBPQ location, tumor size, TNM stage, LN metastasis, ER, PR, molecular subtype and chemotherapy were responsible for BCSS (Table 2). To balance the effect of factors, we further included the covariates that were clinically worth exploring or had p < 0.05 in the univariate Cox analysis into the multivariate Cox analysis. The results suggested that TCNP or TBPQ location, tumor size and LN metastasis were independent predictors of DFS (all p < 0.05), while menopause, TCNP or TBPQ location, tumor size, LN metastasis and PR were significant independent predictors of OS (all p < 0.05). Also, we found menopause, TCNP or TBPQ location, tumor size and LN metastasis were visibly associated with BCSS (all p < 0.05). TCNP was finally validated to be an independent risk factor for breast cancer prognosis (DFS: hazard ratios = 1.505, 95% CI: 1.008–2.246, p = 0.045; OS: hazard ratios = 2.038, 95% CI: 1.188–3.497, p = 0.010; BCSS: hazard ratios = 2.090, 95% CI: 1.187–3.680, p = 0.011) (Table 3).


TABLE 2 Univariate Cox analysis of DFS, OS and BCSS between TCNP and TBPQ.
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TABLE 3 Multivariate Cox analyses of DFS, OS and BCSS between TCNP and TBPQ.
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Subgroup analysis

Now that TCNP was verified to be significantly negatively correlated with DFS, OS and BCSS of breast cancer, we were interested to further evaluated the potential prognostic value of TCNP in subgroups. Patients in TCNP or TBPQ were further stratified based on important clinical features. For patient with TNM stage II–III, we found that TCNP was a worse prognostic indicator for DFS (p = 0.001), OS (p < 0.001) and BCSS (p < 0.001) (Figure 3). Noticeable difference could also be seen in subgroups of breast molecular subtypes. For luminal B, HER2 enriched and triple-negative breast cancer, TCNP patients had decreased DFS, OS and BCSS as compared to TBPQ patients (all p < 0.05) (Figures 4D–L). Although prognostic value of TCNP for OS in luminal A patients had no significance (p = 0.166) (Figure 4B), TCNP still gave visible prognostic value for predicting poorer DFS (p < 0.001) and BCSS (p = 0.022) in luminal A subgroup (Figures 4A,C). Furthermore, we performed a detailed analysis on prognosis of lateral and medial breast cancers. There were 681 patients with tumors in the lateral quadrant and 418 patients with tumors in the medial quadrant. Compared to the medial group, the group of lateral location were older 62.1% vs. 52.9% for age ≥50 years, p = 0.003) and had more proportion of postmenopausal patients (57.0% vs. 47.1%, p = 0.001), larger tumor size (45.7% vs. 38.7% for tumor size of >2 cm, p = 0.048), more SLN (28.0% vs. 22.2%, p = 0.033) and LN metastases (≥4: 15.4% vs. 9.6%, p = 0.019). Besides, TNM stage was more advanced in lateral group (61.1% vs. 53.6% for TNM stage II–III, p = 0.014). Survival analysis demonstrated that no significant differences were seen for DFS, OS and BCSS between the two groups before and after PSM (all p > 0.05) (see Supplementary Material for details).
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FIGURE 3
Kaplan–Meier survival curves of DFS (A), OS (B) and BCSS (C) between TCNP and TBPQ in TNM stage II–III subgroup. DFS, disease-free survival; BCSS, breast cancer speciﬁc survival; OS, overall survival.
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FIGURE 4
Kaplan–Meier survival curves of DFS, OS and BCSS between TCNP and TBPQ in different breast cancer molecular subtypes. DFS (A), OS (B) or BCSS (C) between TCNP and TBPQ in luminal A breast cancer. DFS (D), OS (E) or BCSS (F) between TCNP and TBPQ in luminal B breast cancer. DFS (G), OS (H) or BCSS (I) between TCNP and TBPQ in HER2 enriched breast cancer. DFS (J), OS (K) or BCSS (L) between TCNP and TBPQ in triple-negative breast cancer. DFS, disease-free survival; BCSS, breast cancer speciﬁc survival; OS, overall survival.




TCNP and LN metastasis

In addition, we analyzed the correlation between unfavorable prognosis of TCNP patients and LN metastasis. Univariate logistic analysis was performed and significant (p < 0.05) variables (TCNP or TBPQ location, tumor size, histological grade, TNM stage, molecular subtype and histology) were further incorporated into the multivariate logistic regression analysis. TCNP was finally proved to be more susceptible to LN metastasis than TBPQ (OR = 1.820, 95% CI: 1.251–2.649, p = 0.002) (Table 4).


TABLE 4 Univariate and multivariate logistic regression analysis on LN metastasis.
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Discussion

Although several studies have shown that the location of the primary tumor has an important effect on prognosis, it has not been well adopted in clinic as a prognostic risk factor (23–28). Therefore it is critical to better understand the association between location of the primary tumor and its influence on the disease outcome of breast cancer in order to develop specific treatment in the future. TCNP is a relatively unique site, and has been rarely studied in the field, especially in Asian populations. In this retrospective study of 1,427 cases, we uncovered that among Chinese population, TCNP presents distinct clinicopathological features and worse prognosis than TBPQ.

First of all, our results showed that compared to patients in TBPQ group, patients from TCNP group were accompanied with larger tumor sizes (>2 cm), higher BMI, higher rates of LN metastasis, more advanced TNM stages (II-III) and more intravascular tumor thrombus. These unfavorable clinical characteristics of TCNP might contribute to its larger tumor burden and worse survival outcomes than TBPQ. On the one hand, TCNP patients had higher BMI and more adipose tissue especially in the breast might increase the difficulty for early detection of the mass when undergo the B-ultrasonic examination; on the other hand, during mammography, excessive x-ray penetration in the nipple-areola complex reduced the accuracy of the examination (29).

The prognostic value of primary tumor site is currently highly debated and remains unclear. Siotos et al. suggested that the site of the primary tumor might be an important feature affecting the prognosis of breast cancer in a whole cohort of 5,295 patients (10). Rummel et al. reported that although tumours in the central region were associated with less favourable outcome, these associations were not independent of location but rather driven by larger tumour size (30). Wu et al. found that in Chinese women with T1-2N0M0 breast cancer, the inner and lower quadrant was an independent risk factor for DFS and OS, while tumor in the central region had no prognostic value (31). Another study showed that in invasive ductal breast carcinoma, patients with tumors in the central and medial quadrants had significantly increased risk of recurrence, metastasis, and death compared to patients with tumors in other quadrants (32). However, in our study, the prognosis for lateral breast cancer was similar to that for medial breast cancer, which was consistent with the previous study by Jayasinghe et al. (33). Many factors, for example, LN metastasis, TCNP or TBPQ location, tumor size, TNM stage, ER, PR and molecular subtype were associated with DFS, OS and BCSS in univariate analysis. After multivariate analysis, TCNP was substantiated as an independent risk predictor over TBPQ for both DFS, OS and BCSS. The survival analysis revealed that among Chinese female patients, the DFS, BCSS and OS rates of TCNP were significantly lower than those of TBPQ. The findings of our research support another recent investigation which suggested that central breast cancer has poorer BCSS and OS than non-central breast cancer based on population from SEER database (34).

Further subgroup analysis demonstrated that TCNP was a poor prognostic indicator of DFS, OS and BCSS in Chinese patients with luminal B, HER2 enriched, triple-negative and TNM stage II–III breast cancer. As for luminal A subtype, TCNP still had power of predicting worse DFS and BCSS. These findings strongly supported that TCNP served as a robust indicator of poor prognosis among Chinese breast cancer patients.

The mechanism underlying poor prognosis for TCNP may be as follows. Firstly, tumors of TCNP are easily missed and delayed in diagnosis as mentioned above, which can affect treatment. Secondly, higher rate of ALN metastasis in TCNP is another leading cause for decreased survival. The number of ALN that metastases of breast cancer is of predictive clinical significance (35) and Involvement of ALN has been believed to be accountable for increasing breast cancer recurrence and mortality (36, 37). Those who initially presented with ALN metastases usually received worse survival after recurrence (38, 39). To date, a clear association between LN metastasis and lumps located near the nipple and areola has not been establish, yet many scholars hold a supportive attitude. A landmark study by Ansari et al. demonstrated that for every 1 cm decrease in the distance between the tumor and the nipple, the likelihood of LN positivity increases by 23% (40). A recent study by Yang et al. revealed that tumour-nipple distance was an independent predictor of ALN involvement. In LN-positive patients, the tumour-nipple distance was smaller (41). In this study, TCNP was found to have a higher proportion of LN metastasis than TBPQ. Through further univariate and multivariate logistic regression analysis, we finally elucidated that TCNP was an independent indicator for LN metastasis. Our result is in corroboration with the previous findings. Last but not least, the role of internal mammary lymph node (IMLN) in TCNP cannot be overlooked. IMLN is the second largest lymphatic drainage of breast cancer, after the ALN (42). It is generally believed that medial and central tumors more often drain to the IMLN than other quadrants and IMLN metastasis is always found concomitantly with ALN metastasis. A large sample retrospective study by Huang et al. indicated that the incidence of IMLN metastasis was 4.4%, 18.8%, 28.1%, and 41.5% for patients with negative ALN, 1–3 positive ALN, 4–6 positive ALN, seven or more positive ALN, respectively (43). The status of IMLN is also an important factor for determining the clinical stage, treatment strategy and prognosis of breast cancer patients. Veronesi et al. retrospectively analyzed 1,085 patients and showed that patients with ALN metastases only or with IMLN metastases only had similar prognosis, while patients with both axillary and internal mammary positive nodes had the worst prognosis (44). Although our study did not evaluate IMLN due to the deep anatomical location, small size of IMLN, low accuracy and sensitivity of the current used tracer and no consensus on the indications for IMLN biopsy and dissection, we successfully proved TCNP more prone to ALN metastases (even in subgroup of metastatic LN number ≥4). Therefore, we could logically assume that IMLN increases the adverse impact of TCNP on prognosis.

Our study has several important strengths. Firstly, this is a unique study that focused on the potential clinical value of TCNP for Chinese population. In China, the incidence rate of breast cancer has soared obviously in recent decades and our results represent real-world data that may be generalisable to routine clinical settings. Secondly, the relatively large sample size and long duration of follow up are other strengths of this analysis. Our results indicated that for TCNP patients, clinicians need to pay more attention to assessing the status of LN and improve preoperative evaluation comprehensively. Also, we suggest that it's necessary to consider whether the primary tumor site should be included in breast cancer staging guidelines.

This study has some limitations that should be noted. First, although the data is real and effective, this is a retrospective study from a single center and a selection bias cannot be entirely excluded. Second, evaluation of IMLN are not performed, therefore, we are unable to determine whether IMLN metastasize. More studies involving prospective and multicenter data collection are needed to confirm the clinical predicting value of tumor location in breast cancer patients of Asian/Chinese origin.

Summarily, the current study indicated that TCNP is an independent prognostic factor for Chinese breast cancer, which is correlated with impaired survival and more likely to have LN metastasis. Our findings fill the important gap in the literature by discovering TCNP's role in Chinese breast cancer population. We suggest that prompt diagnosis and effective treatment are needed for TCNP patients in clinical practice.
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Statistical significance was tested using chi-square test. TCNP, tumors located in central and nipple portions; TBPQ, tumors in the breast peripheral quadrant; PSM,
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Statistical significance was tested using the Cox proportional hazards regression model. DFS, disease-free survival; BCSS, breast cancer-specific survival; OS, overal
survival; HR, hazards ratios; CI, confidence interval; TCNP, tumors located in central and nipple portions; TBPQ, tumors in the breast peripheral quadrant; PSM,
propensity score matching; LN, lymph nodes; HER2, human epidermal growthfactor receptor 2; ER, estrogen receptor; PR, progesterone receptor; IDC, invasive
ductal carcinoma; ILC, invasive lobular carcinoma; CIS, carcinoma in situ.
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