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Background

Sentinel lymph node (SLN) biopsy has been widely recognized as an excellent surgical and staging procedure for early-stage breast cancer, and its development has greatly improved the detection of micrometastases. However, the axillary treatment of micrometastasis has been the subject of much debate.



Methods

We identified 427,131 women diagnosed with breast cancer from 2010 to 2018 in the Surveillance, Epidemiology, and End Results (SEER) database. Patients whose nodal status was micrometastases (pTxN1miM0) were classified into two groups: the SLNB only group and SLNB with complete ALND group, and we used these classifications to carry out propensity-score matching (PSM) analysis. The primary and secondary endpoints were OS and BCSS, respectively. We then implemented the Kaplan-Meier method and Cox proportional hazard model and used Fine and Gray competitive risk regression to identify factors associated with the risk of all-cause mortality.



Results

After the PSM, 1,833 pairs were included in total. The SLNB with complete ALND showed no significant difference in OS (HR=1.04, 95% CI: 0.84-1.28, P=0.73) or BCSS (HR= 1.03, 95% CI: 0.79-1.35, P=0.82) compared to the SLNB only group, and axillary treatment was not associated with breast cancer-specific death (BCSD) (HR=1.13, 95% CI: 0.86-1.48, P=0.400) or other cause-specific death (OCSD) (HR=0.98, 95% CI:0.70-1.38, P=0.920). There was no statistically significant difference in the cumulative incidence of BCSD (Grey’s test, P=0.819) or OCSD (Grey’s test, P=0.788) for between the two groups either. For different molecular subtypes, patients in the SLNB only group showed no statistically significant differences from those in the SLNB with complete ALND group with Luminal A (HR=1.00, 95% CI:0.76-1.32, P=0.98) or Luminal B (HR=0.82, 95% CI:0.42-1.62, P=0.55) but similar OS to HER2-enriched (HR=1.58, 95% CI:0.81-3.07, P=0.19) or triple negative breast cancers (HR=1.18, 95% CI:0.76-1.81, P=0.46).



Conclusions

Our results suggest that in early breast cancer patients with micrometastasis, complete ALND does not seem to be required and that SLNB suffices to control locoregional and distant disease, with no significant adverse effects on survival compared to complete ALND.
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Introduction

Sentinel lymph nodel biopsy (SLNB) is now widely recognized as an excellent surgical and staging procedure for early-stage breast cancer (1–3), and for sentinel lymph node (SLN) metastases breast cancer patients, axillary lymph node dissection (ALND) has remained a complementary treatment for most patients (4). For patients with negative SLN results, the NSABP-B-32 trial suggested that ALND can be omitted and that SLNB can be safely performed with no impact on the overall and disease-free survival and locoregional disease control (5, 6). However, with multi-section and improvements in histopathological and molecular analysis, more and more SLN micrometastases are being detected, which is pathologically staged as stage N1mi and defined as tumor invasion in lymph nodes greater than 0.2mm and/or more than 200 cells but no greater than 2.0mm (7–9).

Numerous studies suggest that nodal micrometastasis is an independent risk factor for breast cancer mortality, however, and should not be considered the same as that in truly node-negative patients (3, 10). In addition, some researchers have suggested that patients with micrometastases without further ALND would not suffer from a high incidence of regional recurrence and questioned the need for ALND in breast cancer patients with SLN micrometastases (3, 9, 11–14). Therefore, researchers have begun to question the need for axillary treatment of certain SLN micrometastases.

Following the NSABP-B-32 trial, the IBCSG 23-01 trial recently provided evidence that SLNB alone, without complete ALND, could be extended to early-stage breast cancer patients presenting only micrometastasis in the sentinel lymph node (15), and the ACOSOG-Z011 trial demonstrated that ALND was probably not necessary for female breast cancer with SLN micrometastases (16–18). An analysis of studies using the National Cancer Data Base (NCDB) and a prospective, randomized clinical trial (AATRM 048/13/2000) also came to the same conclusion that SLNB with complete ALND did not appear to be associated with a significant improvement in survival in SLN micrometastases (19). Recently, the SERC (Sentinelle Envahi et Randomisation du Curage) and the SENOMIC (Sentinelle node Micrometastasis) trials were designed with the intention of confirming the safety of the ALND omission in the populations of patients who were under-represented in previously published trials (20, 21). However, the above cited trials were not designed to specifically evaluate patients presenting SN micro-metastasis specifically. For example, the ACOSOG-Z011 trial did not differentiate patients with micro-metastases from patients with macro-metastases (17), and the IBCSG-23-01 trial did not differentiate between ITC and micro-metastasis (15). Additionally, the AATRM 048/13/2000 trial was designed to only to evaluate patients with SN micro-metastases (19). Both the IBCSG-23-01 and the AATRM 048/13/2000 trials included low numbers of patients who underwent mastectomy: 86 (9.2%) patients and 18 patients, respectively (15, 19). What’s more, their current guidelines recommended that ALND should be completed when lymph node involvement is identified by SLNB (1, 22), while ALND is considered potentially to provide additional prognostic information for breast cancer patients after surgery and possibly to reduce axillary recurrence (23–25). Thus, the question remains whether further ALND is indicated in patients with SLN micro-metastases.

To further explore the prognostic value of SLN micrometastasis further and to identify whether omitting ALND has an impact on breast cancer-specific survival (BCSS) and overall survival (OS) in breast cancer patients with micrometastases, we followed a large cohort of female breast cancer patients with stage pTxN1miM0 from 2010 to 2018 using the population-based database Surveillance, Epidemiology, and End Results (SEER) registry program. We then applied statistical methods, such as the Kaplan-Meier method, Cox proportional hazards model, and competing risk analysis model, were preformed to further analyze the efficiency and prognostic factors of ALND for patients with SLN micrometastases.



Methods


Data resources

In this study, we extracted the breast cancer cases from the SEER database, totaling 18 population-based cancers, using the SEER*Stat program version 8.3.9 (https://seer.cancer.gov/seerstat/) (26). The National Cancer Institute’s SEER program collects information on cancer incidence, survival and patient demographics that represent approximately 28% of the US population (27). All procedures were performed in accordance with approved guidelines. As the SEER database is publicly accessible, informed patient consent was not required for this study. Therefore, the research was deemed exempt from review by the Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University.



Patient cohort

We used the SEER*Stat program was used to identify 427,131 patients who had received a breast cancer diagnosis from 2010 to 2018. To be enrolled in this research, patients must have had a pathologically-confirmed for lymph node biopsy status of pN1mi breast cancer at any point in the database in one of the 18 SEER-covered registries. The following variables were extracted: survival months, age at diagnosis, marital status, race, grade, laterality, CS tumor size, 7th edition AJCC classification (28), subtype, ER status, PR status, HER2 status, radiation recode, chemotherapy recode, surgery status, lymph node examination, cause of death, and vital status. The inclusion criteria were as follows: [1] female; [2] primary breast cancer; [3] no distant metastasis; and [4] axillary lymph node biopsy status of pN1mi. After the preliminary subject selection, patients were excluded using the following criteria: [1] laterality unspecified or unknown; [2] missing surgery records; [3] ER, PR, or HER2 status of borderline; and [4] incomplete variables records. The selection procedure is shown in Figure 1.




Figure 1 | Eligibility, inclusion, and exclusion criteria of the study population.



In total 13,848 patients with pTxN1miM0 were included in our cohort. To evaluate the effect of axillary lymph node dissection on prognosis, the study cohort was divided into two groups according to the SEER program surgery codes for breast cancer. If a patient underwent local tumor destruction, partial mastectomy, subcutaneous mastectomy, or total mastectomy, the patient was categorized into the SLNB only group. If a patient underwent modified radical mastectomy, radical mastectomy or extended radical mastectomy, the patient was classified into the SLNB with complete ALND group. We considered “no radiation and/or cancer-directed surgery” as no radiotherapy, and “no/unknown” chemotherapy recodes as no chemotherapy.



Endpoints

Patients were followed up with until November 2018, and the median follow-up time was 48 months (ranging from 0 to 107 months). The primary endpoint was overall survival, defined as the time from the date of diagnosis to death. Secondary outcome measurements were breast cancer-specific survival, breast cancer-specific death (BCSD) and other cause-specific death (OCSD). We defined both BCSS and BCSD were defined as the time interval between the date of diagnosis and death due to breast cancer and OCSD as the time from the date of diagnosis to the date of death from other causes.




Statistics analysis

The Pearson chi-square test or Fisher’s exact test were utilized as appropriate to examine the differences in patient demographics and clinical variables between groups. Propensity score matching (PSM) was performed to balance differences in the patients clinicopathological factors used between the two groups by 1:1 ratio matching. The R package “MatchIt” was utilized to run the PSM procedure. Survival curves were generated via Kaplan-Meier analysis, and log-rank tests were performed to determine statistical differences between groups by using the R packages “survival’’ and “survminer”. We followed this analysis with univariate and multivariate Cox regression analysis in order to investigate the prognostic factors that were independently associated with OS.

Then, to explore the effect of axillary lymph node dissection in different molecular subtypes, we further classified the enrolled population into four subgroups (Luminal A, Luminal B, HER2 enriched, and Triple negative) depending on molecular typing. Differences between patients in the SLNB only and SLNB with complete ALND groups were then examined with the Kaplan-Meier method.

We used competing risk model analysis to separate the causes of death into BCSD and OCSD subgroups to mitigate bias in the estimations (29). In our multivariate survival competitive risk analysis, we used the Fine and Gray competitive risk regression to identify factors associated with the risk of all-cause mortality using the R package “cmprsk”. All statistical analysis was carried out using SPSS version 22.0 (IBM Corporation) and R (version 4.1.3, http://www.R-project.org/). All stated P values are for two-sided tests, and P<0.05 was considered to indicate statistical significance.



Results


Baseline characteristics of patients

The baseline clinical characteristics of the included patients are shown in Table 1. Of the 13,848 women included in the current study, a total of 11,965 participants were in the SLNB only group, and 1,883 participants were in the SLNB with complete ALND group. Among these women, 9,983 (73.4%) were age 50 or older, 8,615 (62.2%) were married, 10,882 (78.6%) were white, and 6,903 (49.8%) had been diagnosed with left breast cancer. In total, 6,840 (49.4%) patients were moderately differentiated (grade II), 5,012 (36.2%) were at the T2 stage, 10,960 (79.2%) were Luminal A subtype, 1447 (10.4%) were Luminal B subtype, 440 (3.2%) were HER2 enriched subtype, 1001 (7.2%) were Triple negative subtype, 12,309 (88.9%) were ER positive (ER +), 11,106 (80.2%) were PR positive (PR +), and 1,887 (13.6%) were HER2 positive (HER2 +). A total of 8,070 (58.3%) cases received radiotherapy, and 6,906 (49.9%) cases received chemotherapy. By comparing patients in the SLNB only and SLNB with complete ALND groups, we found statistically significant differences (p < 0.05) in the age at diagnosis, marital status, race, grade, T stage, subtype, ER status, PR status, HER2 status, radiation, and chemotherapy treatment subgroups. We then employed PSM to avoid potential prognostic confounders that could affect the accuracy of the results. After PSM, only 3,766 patients were included, with 1,883 patients in the SLNB only group and 1,883 patients in the SLNB with complete ALND group. Here, we observed no differences in terms of the aforementioned covariates. Key methodological characteristics are shown in Table 1. To further explore the patients with a single or 2 (macroscopic) metastatic lymph nodes, we screened 1768 pairs of patients by matching in the original data. Key methodological characteristics are shown in Table S1.


Table 1 | Patient clinical and pathological characteristics.





Kaplan-meier survival analysis

A total of 406 (10.78%) patients died in this cohort study, and 60.59% (246/406) of them had a breast cancer-specific death. The OS after three, five, and eight years was 92.26%, 86.26%, and 78.34% in the SLNB only group, respectively, and 91.96%, 86.43%, and 76.08% in the SLNB with complete ALND group, respectively (Figure 2A). The BCSS after three, five, and eight years was 94.99%, 91.08%, and 86.98% in the SLNB only group, respectively, and 94.71%, 90.86%, and 86.05% in the SLNB with complete ALND group, respectively (Figure 2B). The hazard ratio (HR) demonstrates the risk of OS and BCSS. As shown in Figures 2A, B, the SLNB with complete ALND group showed had no significant difference in OS (HR=1.04, 95% CI: 0.84-1.28, P=0.73) or BCSS (HR= 1.03, 95% CI: 0.79-1.35, P=0.82) compared to the SLNB only group. As for the patients with a single or 2 (macroscopic) metastatic lymph nodes, the SLNB with complete ALND group showed had no significant difference in OS (HR=1.06, 95% CI: 0.86-1.31, P=0.80) or BCSS (HR= 1.03, 95% CI: 0.79-1.35, P=0.58) compared to the SLNB only group (Figures S1A, B).




Figure 2 | Kaplan-Meier survival analysis for pTxN1miM0 female breast cancer patients after PSM. (A) Overall survival curves in the SLNB only group and SLNB with complete ALND group. (B) Breast cancer-specific survival curves in the SLNB group and SLNB with complete ALND group.





Univariate and multivariate cox regression analysis

The results of our univariate Cox analysis showed that the axillary treatment was not associated with improved OS (P= 0.728) or BCSS (P= 0.820) (Table 2). In addition, laterality, HER2 status, and radiation were also not related to the OS or BCSS (all P>0.05). Furthermore, the univariate analysis also showed that age, marital status, grade, T stage, subtype, ER, and PR status were significantly associated with OS and BCSS (all P<0.05) (Table 2). Moreover, our univariate analysis showed that patients who did not receive chemotherapy were statistically significantly associated with shorter OS (HR=1.50, 95% CI: 1.23-1.82, P<0.001) but not with BCSS (HR=0.81, 95% CI: 0.61-1.07, P=0.130). As shown in Table S2, similar results were archived in the cohort of the patients with a single or 2 (macroscopic) metastatic lymph nodes.


Table 2 | Univariate cox regression model analysis.



After carrying out our univariate analysis, we constructed a multivariate Cox regression model forest graph in order to mine the independent prognostics factors for OS (Figure 3). The multivariate analysis results were consistent with the results of the univariate analysis, except for race and HER2 status. As shown in Figure 3, the axillary treatment was not statistically significantly associated with OS (HR=1.04, 95% CI: 0.84-1.29, P=0.693) for breast cancer patients, but the adoption of chemotherapy was related with better OS (HR=1.80, 95% CI: 1.43-2.27, P<0.001). In addition, our results indicated that clinicopathological features, such as age, marital status, grade, T stage, ER status, PR status, HER2 status, and chemotherapy were all independent prognostic factors for OS. In Figure S2, as for the patients with a single or 2 (macroscopic) metastatic lymph nodes, our results showed that the axillary treatment was not statistically significantly associated with OS (HR=0.95, 95% CI: 0.76-1.17, P=0.606).




Figure 3 | Multivariate Cox regression model forest graph.





Competing risk model analysis

To reduce the competing risks that could affect the occurrence of BCSD and primary events, we used a competing risk regression model. Compared to the SLNB only group, there was no statistical difference in the cumulative incidence of BCSD (Grey’s test, P=0.819) or OCSD (Grey’s test, P=0.788) for subjects in the SLNB with complete ALND group, as shown in the Figure 4. Similarly, there was no difference in the cumulative incidence of BCSD (Grey’s test, P=0.841) or OCSD (Grey’s test, P=0.579) for the patients with a single or 2 (macroscopic) metastatic lymph nodes (Figure S3).




Figure 4 | Cumulative incidence of breast-cancer-specific death (BCSD) and other causes of death in the SLNB group and SLNB with complete ALND group.





Multivariate competing risk analysis of survival

From our multivariate competing risks regression, we found that marital status and four variables (grade, T stage, ER status and HER2 status) were still independent predictive factors for BCSD (Table 3). Additionally, the results once again indicated that axillary treatment was not associated with BCSD (HR=1.13, 95% CI: 0.86-1.48, P=0.400) or OCSD (HR=0.98, 95% CI: 0.70-1.38, P=0.920). Furthermore, patients with Grade I, T0-1 stage, ER, or HER2 positive status, and those who were married tended to have significantly better BCSD than the corresponding group (P<0.05). As for the patients with a single or 2 (macroscopic) metastatic lymph nodes, the results similarly indicated that axillary treatment was not related to BCSD (HR=1.05, 95% CI: 0.80-1.38, P=0.720) or OCSD (HR=0.86, 95% CI: 0.62-1.21, P=0.400) (Table S3).


Table 3 | Multivariate competing risk regression model analysis.





Survival analysis of axillary treatment in four molecular subgroups

To investigate the survival prognosis of axillary lymph node treatment in different molecular subgroups further, we performed a Kaplan-Meier analysis. As shown in Figures 5A, B, patients in the SLNB with complete ALND group showed no statistical differences from those in the SLNB only group with Luminal A (HR=1.00, 95%CI:0.76-1.32, P=0.98) breast cancer or Luminal B (HR=0.82, 95% CI:0.42-1.62, P=0.55). In addition, and rather unexpectedly, patients in the SLNB only group had similar OS to those in the SLNB with complete ALND group who had HER2-enriched (HR=1.58, 95% CI: 0.81-3.07, P=0.19) or Triple negative (HR=1.18, 95% CI: 0.76-1.81, P=0.46) breast cancers (Figures 5C, D).




Figure 5 | Kaplan-Meier survival analysis for pTxN1miM0 female breast cancer patients in different subgroups. (A) Overall survival curves in Luminal A breast cancer between SLNB only group and SLNB with complete ALND group. (B) Overall survival curves in Luminal B breast cancer between SLNB only group and SLNB with complete ALND group. (C) Overall survival curves in HER2 enriched breast cancer between SLNB only group and SLNB with complete ALND group. (D) Overall survival curves in Triple negative breast cancer between SLNB only group and SLNB with complete ALND group.






Discussion

In this study, based on analysis of a large cohort of 13,848 candidates in the SEER database from 2010 to 2018 and incorporating a range of combined factors into a competing risk regression model, we found that the SLNB with complete ALND group did not show better prognoses than the SLNB only group for female breast cancer patients with SLNB micrometastases. To our knowledge, this is the first study based on a large population to explore the prognostic significance of further axillary lymph node dissection for sentinel lymph node micrometastases in female breast cancer directly through a competing risk model.

Clinicopathological characteristics such as age, TNM stage, tumor grade, and hormone receptor status have been considered reliable prognostic indicators that can be utilized to guide the clinical management of breast cancer patients (30). In our research, some differences in clinicopathological factors were found for almost all essential features in the initial cohort, which could lead to selection bias. Therefore, we implemented PSM analysis to balance these differences. After PSM, the differences that existed in the original cohort no longer emerged, thus allowing our results to objectively reflect the differences between the two groups more accurately. After the PSM procedure, the results of our Kaplan-Meier curve analysis showed that further axillary lymph node dissection did not provide longer OS or BCSS compared to sentinel lymph node biopsy only, and this finding is consistent with many previous papers on breast cancer patients with micrometastases (9, 31–34). According to the results of several clinical trials, further axillary dissection has been abandoned for breast-conserving patients with SLN micrometastases in some centers (31, 35), but it has not been fully analyzed in patients who have undergone mastectomy.

To remove any estimation bias and further investigate the significance of axillary dissection on BCSD and OCSD, we conducted Fine and Gray competing risk model and multivariate competing risk regression analysis. These results showed that there was no statistical difference in the cumulative incidence of BCSD or OCSD for subjects in the SLNB with complete ALND group compared to the SLNB only group. At present, the SLNB technique for lymph node staging has allowed many breast cancer patients to avoid the need for ALND when SLN is found to be negative, thus avoiding many post-operative complications and improving quality of life. Although many experts continue to believe that ALND is mandatory for SLN-positive patients, it is reasonable to question whether it is necessary for all SLN-positive patients to undergo the procedure.

In fact, the question of whether complete ALND is actually required for patients with micrometastasis is an important one because of the long-term prognostic risk of systemic recurrence and local failure associated with residual axillary disease in sentinel lymph node positive patients who elect not to have further axillary surgery, and Controversy still exists surrounding the best management of patients with SLN micrometastases, in terms of further axillary surgery or radiotherapy and/or systemic adjuvant treatment (3, 8, 36). Nevertheless, we were surprised to find that axillary treatment was not an independent factor affecting OS and BCSS, nor was radiotherapy, although many people supposed that ALND and axillary radiotherapy could be alternatives for patients with SLN micrometastases since they may reduce loco-regional recurrence (37).

Importantly, the relative reduction in the number of ALNDs performed over the last decade is supported by a large and growing evidence base (3, 17, 19). In addition, in view of the fact that micrometastases are likely to represent a lower risk of local and distant failure than macrometastases and that women could be spared the morbidity of ALND, at present further intervention for women with SLN micrometastases is primarily surgical treatment, rather than axillary radiotherapy (3, 36). Additionally, since SLN micrometastases are most commonly confirmed following complete pathological assessment, any further axillary surgery needs to take place on a second occasion. Hence, whether radiotherapy can be safely avoided in patients with micrometastases remains unclear, and further studies are still needed to answer this question (36, 38).

After stratifying the patients by characteristics, we found that having an age at diagnosis of 50 years or older, being unmarried, having ER-negative status, PR-negative status, or HER2-negative status, and not receiving systemic chemotherapy were all unfavorable independent factors for the prognosis of patients with micrometastases. Previous studies have also come to the same conclusion, and many studies have highlighted the importance of adjuvant systemic therapy for patients with micrometastases (7, 9, 39, 40). In this study we found that patients in the SLNB with complete ALND group tended to have received chemotherapy. This may be due to the fact that SLN micrometastases could simply represent an indication for systemic adjuvant therapy and patients with SLNB only tended to have a lower tumor burden, or that patients were not willing to tolerate the side effects of chemotherapy.

In the clinical work, breast cancers can be classified into four subtypes based on ER or PR expression and HER2 gene amplification, and the risk and treatment strategies are different for each of these molecular subtypes (41, 42). To investigate the impact of axillary treatment on survival in patients with micrometastases of different molecular subtypes, we performed the subtype analysis. Unfortunately, we found no statistically significant differences in OS between the SLNB only and SLNB with complete ALND groups for any molecular subtype.

Inevitably, this study also has certain limitations. First, as a retrospective study rather than a prospective cohort study, selection bias cannot be ignored and may limit the external effects of this study. Second, the detailed information on family history, comorbidities, endocrine therapy, targeted therapies for HER2, and patients’ underlying health status were unavailable. Finally, longer follow-up times are necessary to obtain more accurate prognostic significance assessments of further axillary dissection for patients with SLN micrometastases.



Conclusion

In summary, our study examined the prognostic significance of further axillary dissection for sentinel lymph node micrometastases in female breast cancer patients using a large amount of publicly available data. Our results indicate that in early breast cancer patients with micrometastases, complete ALND does not seem to be required and that SLNB suffices to control locoregional and distant disease, with no comparatively adverse effects on survival.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://seer.cancer.gov.



Author contributions

YZ and SP drafted the manuscript and analyze data, JS, LD and LS generated the figure, YL performed the background research. NH and YR edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by the National Natural Science Fund of China (No.82003183).



Acknowledgments

We are thankful to the Surveillance, Epidemiology, and End Results Program (National Cancer Institute) for the development of the SEER database. We wish to thank all our colleagues in the Departments of Breast Surgery, First Affiliate Hospital of Xi’an Jiaotong University. The authors also thank AiMi Academic Services (www.aimieditor.com) for the English language editing and review services.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.1012646/full#supplementary-material

Supplementary Figure 1 | Kaplan-Meier survival analysis for the cohort of the patients with a single or 2 (macroscopic) metastatic lymph nodes. (A) Overall survival curves in the SLNB only group and SLNB with complete ALND group. (B) Breast cancer-specific survival curves in the SLNB group and SLNB with complete ALND group.
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Supplementary Figure 3 | Cumulative incidence of breast-cancer-specific death (BCSD) and other causes of death in the SLNB group and SLNB with complete ALND group in the cohort of the patients with a single or 2 (macroscopic) metastatic lymph nodes.
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959 (50.9)
924 (49.1)
31.17 (24.42)

725 (38.5)
862 (45.8)
296 (15.7)

1355 (71.9)
242 (12.9)
92 (4.9)
194 (10.3)

1575 (83.6)
308 (16.4)

1366 (72.5)
517 (27.5)

334 (17.7)
1549 (82.3)

621 (33.0)
1262 (67.0)

1170 (62.1)
713 (37.9)

<0.001

<0.001

<0.001

0.002

<0.001

0313

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

(n = 3766)

5671 (13.84)

1265 (33.6)
2501 (66.4)

2197 (58.3)
1569 (41.7)

2907 (77.2)
477 (12.7)
382 (10.1)

515 (13.7)
1776 (47.1)
1475 (39.2)

1896 (50.3)
1870 (49.7)

30.52 (21.93)

1465 (38.9)
1740 (46.2)
561 (14.9)

2732 (72.6)
465 (12.3)
184 (4.9)

385 (10.2)

3166 (84.1)
600 (15.9)

2756 (73.2)
1010 (26.8)

649 (17.2)
3117 (82.8)

1217 (32.3)
2549 (67.7)

2352 (62.5)
1414 (37.5)

After PSM
SLNB
(n = 1883)

SLNB+ALND
(n = 1883)

56.64 (13.85) 56.77 (13.83)

652 (34.6) 613 (32.6)
1231 (65.4) 1270 (67.4)
1102 (58.5) 1095 (58.2)
781 (41.5) 788 (41.8)
1472 (7822) 1435 (76.2)
227 (12.0) 250 (13.3)
184 (9.8) 198 (10.5)
259 (13.8) 256 (13.6)
895 (47.5) 881 (46.8)
729 (38.7) 746 (39.6)
937 (49.8) 959 (50.9)
946 (50.2) 924 (49.1)

29.87 (19.11) 31.17 (24.42)

740 (39.3) 725 (38.5)
878 (46.6) 862 (45.8)
265 (14.1) 296 (15.7)
1377 (73.1) 1355 (71.9)
223 (11.9) 242 (12.9)
92 (4.9) 92 (4.9)
191 (10.1) 194 (10.3)
1591 (84.5) 1575 (83.6)
292 (15.5) 308 (16.4)
1390 (73.8) 1366 (72.5)
493 (46.2) 517 (27.5)
315 (16.7) 334 (17.7)
1568 (83.3) 1549 (82.3)
596 (31.7) 621 (33.0)
1287 (68.3) 1262 (67.0)
1182 (62.8) 1170 (62.1)
701 (37.2) 713 (37.9)

p value

0.778

0.178

0.817

0.351

0.851

0.473

0.068

0.365

0.807

0.476

0.377

0.412

0.384

0.686

SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; PSM, propensity-score matching; SD, standard deviation; ER, estrogen receptor; PR, progesterone receptor;
HER2, human epidermal growth factor receptor 2.





