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Background

Due to radioresistance, some HER2+ patients may gain limited benefit from radiotherapy (RT) after breast-conserving surgery (BCS). This study aimed to develop an individualized nomogram to identify early-stage HER2+ patients who could omit RT after BCS.

 
  Methods

 The data of HER2+ patients with T0-2N0M0 breast cancer after BCS between 2010 and 2015 were extracted from Surveillance, Epidemiology, and End Results (SEER). Based on the independent prognostic factors determined by the Cox analysis in patients without RT after propensity score matching (PSM), the nomogram and risk stratification model were constructed, and then the prognosis of patients with and without RT was compared in each stratified group.

 
  Results

 A total of 10799 early-stage HER2+ patients after BCS were included. Baseline characteristics were similar between groups after PSM. Multivariate Cox analysis indicated that RT could improve overall survival (OS) (HR: 0.45, P<0.001) and breast cancer-specific survival (BCSS) (HR: 0.53, P<0.001). Age, marital status, tumor location, tumor size, and chemotherapy were identified by multivariate Cox analysis in patients without RT and were incorporated into a well-validated nomogram. The risk stratification model based on the nomogram indicated that RT was associated with improved OS (HR 0.40, P< 0.001) and BCSS (HR 0.39, P< 0.001) in the high-risk group but not in the low-risk group [OS: HR 1.04, P = 0.94; BCSS: HR 1.06, P = 0.93].

 
  Conclusion

 RT could significantly improve the OS and BCSS of HER2+ early-stage breast cancer patients after BCS on the whole. For high-risk patients, RT is an essential component of cancer therapy. However, the omission of radiotherapy may be considered for low-risk HER2+ early-stage patients. Further validation and improvement of the nomogram by prospective study or randomized controlled trials are warranted.
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   1 Introduction

 Whether sparing radiotherapy (RT) following breast-conserving surgery (BCS) and which population could be omitted from RT remain highly controversial issues (1). For early-stage breast cancer patients who undergo BCS, postoperative RT is of critical importance. Relevant randomized clinical trials have demonstrated that it could reduce breast tumor local-regional recurrence (LRR) risk and improve overall survival (OS), for example, long-term results of the PRIME-II trial found a 4.1% local recurrence rate in patients who received RT (vs. 1.3% in no RT patients) (2–5). Notwithstanding, not all patients gain equal survival benefits due to RT-associated adverse effects and treatment resistance (6, 7). Although proven to be both effective and well-tolerated, the potential toxic effects associated with RT, including adverse breast appearance, dermatitis, breast pain, cardiopulmonary toxicity, and the risk of secondary malignancy, remain concerns (3, 8, 9). The benefits from RT should be weighed against the adverse effects for some breast cancer patients. Heretofore, the CALGB 9343 trial and the PRIME II trial have demonstrated that omitting RT in low-risk elderly patients with low-grade, hormone receptor-positive tumors can be feasible, and recommendations concerning RT omission in those from the NCCN were published in 2017, 2022 and NICE guidelines were published in 2018 (5, 10–13). However, the majority of available studies were only performed on selected elderly patients with receptor-positive tumors, definitive research based on breast cancer patients with other tumor characteristics is still lacking, and more predictive markers are needed for the clinic (1, 6, 14).

 HER2 + subtype breast cancer, including non-luminal (HER2 + and ER and PgR-) and luminal (HER2+ and ER or PgR-, or both) breast cancer, exhibits a higher risk of recurrence and a poor prognosis (15). However, trastuzumab has significantly improved the prognosis of HER2+ patients (16, 17). Recently, Cui Y et al. found that HER2+ subtype tumors were significantly enriched in RT resistance (7). This result is consistent with that of a recent randomized trial showing that HER2+ tumors are most radioresistant among all subtypes and thus may gain a limited survival benefit from RT (18). Earlier studies (19–21) also suggested that low-HER2 expression tumors were more likely to respond to RT, which implied that some HER2+ patients who underwent BCS could only attain limited survival benefits compared with patients with other breast cancer subtypes. However, few studies have explicitly explored the effect of RT after BCS in early-stage HER2+ patients because HER2+ patients were excluded from many related studies.

 We thus performed a retrospective study aimed to determine whether HER2+ patients after BCS with primary T0–T2N0M0 breast cancer can benefit from RT based on data from the Surveillance, Epidemiology, and End Results (SEER) program. An individualized nomogram including multiple risk factors was established to predict the 3- and 5-year survival of patients without RT, and a risk stratification model was used to further identify a low-risk HER2+ population in whom RT could safely be omitted.

 
  2 Materials and methods

  2.1 Patient data selection

 This retrospective study extracted data from the SEER program via SEER*Stat software [version 8.3.6 (http://seer.cancer./seer stat)]. Patients were included in this study according to the following criteria: 1) female patients; 2) histological confirmation of breast cancer; 3) HER2+; 4) breast cancer patients after BCS (surgery code in SEER database); 5) T0-T2 N0 M0 (American Joint Committee on Cancer (AJCC) seventh edition TNM staging system; and 6) primary breast cancer as the only or the first subsequent tumor from 2010-2015. The detailed inclusion and exclusion criteria are illustrated in  Figure 1 . We excluded patients preoperatively and intraoperatively treated with RT. Subsequently, we removed patients with unknown or unspecified variable information to reduce information bias.

  

 Figure 1 | Flow chart of the inclusion and exclusion criteria in the SEER database. BCS, breast-conserving surgery; RT, radiotherapy; PSM, propensity score matching; BCSS, breast cancer-specific survival. 

 

 The variables in this study included demographic characteristics, disease characteristics, treatment characteristics, and survival status, as shown in  Table 1 . Continuous variables, including age at diagnosis and tumor size, were transformed into categorical variables. Using the “number of regional lymph nodes examined” code provided by the SEER program, we used the AJCC definition of a standard axillary lymph node dissection (ALND) (22) as a reference and categorized patients with one to six lymph nodes examined as the sentinel lymph node biopsy (SLNB) group, no node examination or only aspiration of regional nodes as the non-SLNB group, and more than six nodes examined as the ALND group.

  Table 1 | Demographic and disease characteristics of 10799 patients with T0-T2N0M0 HER2+ breast cancer from 2010 to 2015. 

 

 
  2.2 Outcome definition

 OS referred to the time from the date of diagnosis to death from any cause. We used the cause-specific death classification in the SEER database as BCSS, which referred to the time from the date of diagnosis to the date of death due to breast cancer. Non-BCSS referred to the time from the date of diagnosis to the date of death attributed to causes other than breast cancer based on the other cause of death classification in the SEER database.

 
  2.3 Statistical analysis

 The correlation between RT and patient characteristics was analyzed using the Pearson chi-square test for categorical variables and the Student t-test for continuous variables. Propensity score matching (PSM) was performed at a 1:1 ratio to adjust baseline characteristics between groups (23). Competing risk analysis was used to evaluate non-BCSS before and after PSM (24). The Kaplan–Meier plots and log-rank tests were applied to determine and compare OS and BCSS.

 A nomogram for predicting 3- and 5-year BCSS was constructed based on patients without RT after PSM. Independent prognostic factors were determined by the univariate and multivariate Cox proportional hazards regression models. All variables with P-value <0.1 in univariate Cox analysis were included in multivariate Cox analysis. Variables with a P < 0.05 were included in the final Model. The discrimination of the nomogram was assessed by the concordance index (C-index), and a bootstrap internal validation procedure was performed with 1000 bootstrap resamples to assess the accuracy of the prediction model. Calibration curves were plotted to estimate the consistency between the actual and predicted survival. Based on the nomogram scores, we used the tertiles to determine the optimal cutoff points.

 Analyses were performed by Stata/MP version 13.0, SPSS statistical software version 26.0, and R software version 3.6.2. The statistical tests were 2-sided, and P ≤0.05 was considered statistically significant.

 
 
  3 Results

  3.1 Characteristics of the eligible patients

 A total of 10799 eligible patients, including 7554 patients (69.95%) who received RT and 3245 patients (30.05%) who did not receive RT, were included in the study based on the inclusion and exclusion criteria ( Figure 1 ). The demographic and clinicopathological characteristics of all involved patients are summarized in  Table 1 . The comparison of patients with and without RT presented substantial differences in age at diagnosis, marital status, tumor location, tumor size, histology, PR status, stage, T category, chemotherapy, and axillary surgery. Regarding the without RT group, patients were mainly distributed in the age band of 40-65, and they tended to have breast cancer in the outer quadrant, relatively small tumor sizes, positive hormone receptor status, and early-stage breast cancer. Compared to the RT group, the frequency of chemotherapy was lower in the non-RT group (71.9% vs. 57.2%, P <0.001). After PSM analysis to reduce selection bias, the baseline characteristics were similar between groups ( Supplemental Table 1 ), and the distribution of propensity scores for matched and unmatched patients is shown in  Supplemental Figures 1  and  2 .

 
  3.2 Analysis of survival benefits from RT

 The median follow-up time of 10799 patients was 29 months (IQR, 13-49). During the follow-up period, 408 patients died, 161 of whom died due to breast cancer. Among patients without RT, 233 patients died, of whom only 89 (38.2%) died due to breast cancer. Among patients with RT, 175 patients died, of whom 72 (41.1%) died due to breast cancer. According to the Kaplan-Meier curves ( Figures 2A, B ), patients with RT had better OS (RT vs. no RT: unadjusted hazard ratio (HR) 0.28; 95% CI, 0.23–0.34; P< 0.001) and BCSS (RT vs. RT: unadjusted HR 0.30; 95% CI, 0.223–0.41; P < 0.001) than patients without RT. In the 5500 patients after PSM, the OS was different in the two groups (no RT vs RT: 86.6%, 95% CI 83.9-89.3%;91.5%,95% CI 89.5-93.5, P <0.001). Breast cancer-free survival was 94.6% (95% CI 92.4-96.8) in women allocated to no RT and 96.6% (95.2-98.0) in those assigned to RT. Multivariate Cox analysis indicated that RT was still a protective factor (RT vs. no RT: adjusted HR of OS 0.45; 95% CI, 0.35-0.58; P < 0.001; adjusted HR of BCSS 0.530; 95% CI, 0.35–0.80; P=0.002), as shown in  Supplemental Table 2  and  Figures 2C, D .

  

 Figure 2 | Kaplan–Meier survival curves of the effect of RT on OS [(A) before PSM; (C) after PSM] and BCSS [(B) before PSM, (D) after PSM]. RT, radiotherapy; OS, overall survival; BCSS, breast cancer-specific survival; PSM, propensity score matching. 

 

 
  3.3 Competitive risk analysis of BCSS and non-BCSS

 These results of competing risk analysis were shown in  Supplemental Tables 3 ,  4  and  Figure 3A . After 71 months of follow-up, the 5-year cumulative incidences of BCSS and non-BCSS in patients were both lower than that in patients without RT [(BCSS:2.4% vs. 4.8%; HR,0.30,95%CI,0.22-0.42; P<0.001); (non-BCSS: 2.9% vs. 9.1%%; HR,0.27;95%CI,0.27-0.35; P<0.001)]. The result after PSM is shown in  Supplemental Tables 3 ,  5  and  Figure 3B . The difference in the 5-year BCSS rates between the two groups narrowed (no RT vs. RT, 3.6% vs. 3.0%) after controlling for confounders but was still significant (HR:0.53;95%CI,0.35-0.80, P=0.003). Nevertheless, the 5-year non-BCSS risk still obviously differed (no RT vs RT, 8.2% vs. 4.1%; HR,0.43;95%CI,0.31-0.60, P<0.001).

  

 Figure 3 | Cumulative incidence plot depicting BCSS and non-BCSS based on RT before (A) and after (B) PSM. RT, radiotherapy; BCSS, breast cancer-specific survival; non-BCSS, non-breast cancer-specific survival. 

 

 
  3.4 Construction of the nomogram and validation in patients without RT

 Univariate and multivariate Cox proportional hazards regression models were performed to determine the independent risk factors associated with BCSS in patients without RT after PSM. Age at diagnosis, marital status, tumor location, and tumor size were identified as independent prognostic factors related to BCSS in multivariate analysis (P<0.05) ( Table 2 ). Chemotherapy, identified as an important prognosis factor (25), was included in the nomogram along with the above 4 factors to predict the 3- and 5-year BCSS of patients without RT ( Figure 4 ). According to the point scale in the nomogram, scores were assigned for each variable ( Supplemental Table 6 ). The external validation was carried out in patients who received RT after PSM.

  Table 2 | Univariate and multivariate Cox models for BCSS in HER2+ breast cancer patients without RT after PSM (n=2750). 

 

  

 Figure 4 | Nomogram for predicting 3- and 5-year BCSS in HER2+ patients with early-stage breast cancer after BCS. In the nomogram, each risk covariate is assigned a score according to the clinicopathological features of an individual patient on the points scale. By summing these scores, the total score can be obtained. Higher scores indicate a higher risk. 

 

 The internal and external validation of the model was carried out by the bootstrap sample validation method and exhibited sufficient accuracy. The C-index of the nomogram was 0.77 (95% CI, 0.71-0.83) in the internal validation and 0.76(95% CI,0.69-0.83) in the external validation, implying that the model had good discriminative ability ( Supplemental Table 7 ). The calibration curves for 3- and 5-year BCSS indicated good probability consistencies between the predicted and observed outcomes ( Supplemental Figure 3 ).

 
  3.5 Survival analysis of risk stratification group

 A risk stratification model based on the nomogram ( Figure 4 ) for predicting BCSS in patients without RT after PSM was built, and total nomogram scores were calculated. Afterward, the cutoffs of the risk stratification model were defined as 126 and 177, which correspond to the tertiles of the nomogram score in patients without RT after PSM. Following the same scoring method, the total score of patients with RT after PSM was simultaneously calculated. Subsequently, according to the risk stratification model, patients after PSM were stratified into three risk groups: low-risk group (total nomogram score <126; 1811/5500, 32.9%), intermediate-risk group (total nomogram score>=126 and <177; 1806/5500, 32.8%), and high-risk group (total nomogram score>=177; 1883/5500, 34.2%). The Kaplan–Meier plot ( Figures 5A–F ) and log-rank test for the risk stratification model showed that RT was significantly associated with improved OS (HR 0.40; 95% CI, 0.29-0.56; P< 0.001) and BCSS (HR 0.39; 95% CI, 0.23-0.66; P< 0.001) in patients in the high-risk group but not in those in the low-risk group [OS: HR 1.04; 95% CI, 0.45–2.40; P = 0.94; BCSS: HR 1.06; 95% CI, 0.29–3.96; P = 0.93]. In the intermediate-risk group, RT improved BCSS [HR 0.84; 95% CI, 0.38–1.87; P =0.67] but did not improve OS [HR 0.47; 95% CI, 0.29-0.76; P= 0.002].

  

 Figure 5 | Survival benefit from RT in the risk stratification groups. (A) BCSS in the low-risk group, (B) OS in the low-risk group, (C) BCSS in the intermediate-risk group, (D) OS in the intermediate-risk group, (E) BCSS in the high-risk group, and (F) OS in the high-risk group. 

 

 
 
  4 Discussion

 Considerable studies (2–4, 6, 10) have demonstrated that RT after BCS is a well-established treatment, resulting in a decreased LRR rate and mortality risk. Nevertheless, HER2+ breast cancer is heterogeneous, and not all patients respond equally to RT (7, 18, 19). Much previous evidence supports the role of HER2 in RT resistance, and HER2+/CD44+/CD24−/low cells, Fak activation in vitro and in vivo, and STAT3-survivin signaling may be associated with RT resistance in HER2+ breast cancer patients (26–28). Therefore, for patients less likely or unlikely to respond to RT, omitting RT would prevent adverse effects from occurring with no therapeutic yield. In the current study, the results of multivariate Cox analysis after PSM indicated that RT could significantly improve the OS and BCSS of HER2+ patients after BCS. However, according to further stratification analysis, we found that RT was beneficial for high-risk patients to improve OS and BCSS, while patients in the remaining groups seemed to derive no survival benefit from RT, especially those in the low-risk group. The side effects of radiotherapy (due to scattered irradiation of nearby vital organs) may wipe out any benefit, which means that it should be possible to define a subgroup for whom RT after BCS can feasibly be omitted.

 Although LRR is often used to evaluate the efficacy of RT after BCS, our nomogram mainly focused on BCSS, and OS was also predicted in the stratification model. First, although the SEER database did not provide information about LRR, BCSS was sufficiently reliable and effective to evaluate the treatment effect of RT and could indirectly reflect LRR. Two meta-analyses (2, 4) from the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) indicated that for patients who received RT, one breast cancer death was avoided by year 15 for every four recurrences avoided by year 10, and the 15-year overall mortality should be reduced. Furthermore, BCSS may more objectively and intuitively reflect the absolute survival benefit of RT. In the competing analysis, we found that the 5-year cumulative incidence of non-BCSS in patients who received RT was lower than those without RT (HR,0.43;95%CI,0.31-0.60, P<0.001). This finding may indicate that OS in patients who received RT was prolonged mainly due to the selection effect of RT, which means that patients who are healthier and who tolerate adverse effects well are more likely to be offered RT than those who are more likely to have comorbid diseases. A similar result was observed by Johnson ME et al, even though they focused on RT after mastectomy (29).

 In our risk stratification model constructed with the nomogram, the low-risk group, which was characterized by younger age (40–65), marital status, outer quadrant tumors, and small tumor size, did not benefit from RT. Age is highly correlated with the prognosis of breast cancer. Patients aged <40 years at diagnosis are generally considered to have a higher mortality rate due to more aggressive tumor biology, such as larger tumor size and higher grade (30). In patients aged >= 40 years, in contrast, they are more likely to display lower-risk tumors, but those with a relatively younger age are associated with better somatic function and are more likely to receive adequate treatment, resulting in a better OS and BCSS, compared with elderly patients (31, 32). Similar to the finding of a previous study, married cancer patients had a more favorable prognosis than unmarried patients. The reasons underlying this association are not fully understood, and some researchers believe it may be related to better social, financial, and emotional support and early-stage diagnosis in married cancer patients (33). Additionally, in accordance with the results, we found that patients with tumors in the outer quadrant had a significantly better prognosis than those with tumors in the inner quadrant or center location. This may be because the outer quadrant is a favorable location for large-volume excision to gain adequate surgical margins, especially for small tumors (34). Therefore, the low-risk group was safe enough and may gain limited benefit from RT.

 In the present study, patients in the high-risk group were older age (>=65), had tumors in the inner or center location, and had larger tumor sizes, in whom RT conferred a survival benefit. Although elderly patients were more likely to have well-differentiated tumors, comorbid diseases and undertreatment associated with the domination of adherence to therapy regimens may lead to a worse prognosis (11, 32, 35). Similar to that in previous reports, our results showed that elderly patients (>=65) had a higher rate of non-BCSS (>=65 vs. <65, 66.9% vs. 54.7%) and a lower rate of acceptance of chemotherapy (>=65 vs. <65, 47.4% vs. 74.8%) among patients who did not receive RT after adjusting for confounders. In contrast to the low-risk group, for tumors in the inner quadrant or the center location, the limitation of excising a large amount of tissue, affects appearance, and more aggressive cancer characteristics may cause a higher risk of residual tumor cells (34, 36). Overall, we recommend routine RT after BCS for high-risk patients. Furthermore, for HER2+ elderly breast cancer patients included in the high-risk group, RT could improve significantly the OS and BCSS. Therefore, on the one hand, the management of comorbid diseases and treatment compliance should be strengthened to ensure tolerance and effectiveness of treatment (11). On the other hand, radiotherapy techniques with lower side effects should be sought on the premise of ensuring oncological outcomes. Current studies have shown that partial breast irradiation and targeted intraoperative radiotherapy might reduce the side effects of RT without affecting the survival of breast cancer patients compared with whole breast radiotherapy after BCS (37–39).

 There was also a significant proportion of patients in the intermediate-risk group. RT could not prolong their BCSS, while the OS was improved. For this result, the possibility of a selection effect cannot be ruled out. Additionally, given the retrospective nature of this study, other unknown factors might have contributed to the results. Consequently, the decision to receive RT for these patients should not be made hastily, and follow-up prospective trials are urgently needed to assist clinical decision-making.

 A better selection of patients at very low risk could be combined with the detection of radio-resistance of HER2+ subtype breast cancer cells. In the context of RT resistance, clinicians have more evidence to discuss the omission of RT for low-risk groups. And for HER2+ patients with high-risk characteristics, studies that were associated with whether the radiation boost or the transformation of RT technology could be reversed were still limited. A recent report based on dual blockade of CD47 and HER2 shows that the efficacy of RT can be enhanced by targeted therapy (21).

 Our findings may provide a new perspective for the individualized treatment on HER2+ breast cancer patients after BCS. The study had several strengths: a large population, an assessment of non-BCSS based on Fine-Gray competing risk analysis, and PSM for adjusting confounders. More importantly, this is the first study, to our knowledge, to purely describe the population-level survival benefit from RT of HER2+ patients, and strict stratification analysis for nomogram construction with good internal validation was performed. Zhong Y et al. recently proposed that omitting RT for HER2+ patients older than 70 years who did not undergo axillary surgery is safe. Regrettably, they only focused on elderly patients, and no further estimation of the influence of non-BCSS (40).

 Despite these promising results, limitations remain in our study. First, the absence of detailed information on anti-HER2 treatment, hormone therapy, and RT dose in the SEER database from 2010 to 2015. Although PSM was used to adjust for potential confounders, there were inevitably some unknown factors that still interfered with the study results. Nevertheless, we feel that, from monotherapy to dual anti-HER2 therapy and tyrosine kinase inhibitor (TKI), the number and quality of anti-HER2 therapies in slightly more than a decade have profoundly improved, which, as well as combinations with effective chemotherapy, significantly lowered the risk of LRR and effectively improved the survival of HER2+ early-stage patients (17). Therefore, the HER2+ population exempted from RT in this study is more likely to be the current and future candidate population not recommended for postoperative RT. A further limitation of our study was a relatively short median follow-up (31 months in low-risk group patients), although Kaplan-Meier analysis could be corrected by censored survival data. This may affect the survival estimates of early-stage young breast cancer patients. Therefore, long-term follow-up randomized controlled trials are needed for further verification.

 In summary, we hope that our findings lay the foundation for future prospective clinical trials, which could identify more important prognostic factors and take improved contemporary systemic therapies into account to provide better-individualized recommendations for RT in HER2 patients after BCS.

 
  5 Conclusion

 RT could significantly improve the OS and BCSS of HER2+ early-stage breast cancer patients after BCS on the whole. For high-risk patients, RT is an essential component of cancer therapy. However, the omission of radiotherapy may be considered for low-risk HER2+ early-stage patients. Further validation and improvement of the nomogram by prospective study or randomized controlled trials are warranted.
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Variables Univariate ¢ multivariate

HR (95%Cl) HR (95%Cl)
Age, years <0.001 <0.001
<=40 1.00 [Reference] 1.00 [Reference]
40-65 0.56(0.13-2.43) 0.44 0.55(0.13-2.41) 0.429
>=65 2.25(0.54-9.31) 0.264 1.85(0.44-7.88) 0.403
Marital
unmarried 1.000 [Reference] 1.00 [Reference]
married 0.430(0.26-0.73) 0.002 0.50(0.30-0.85) 0.01
Tumor Location 0.016 0.005
Outer quadrant 1.00 [Reference] 1.00 [Reference]
Inner quadrant 1.44(0.80-2.60) 0.221 1.38(0.77-2.49) 0.284
Center 2.12 (0.74-6.06) 0.162 2.41(0.84-6.95) 0.103
Others® 0.45(0.21-0.96) 0.038 0.43(0.20-0.91) 0.027
Tumor size, cm 0.021 0.004
<=0.5 1.00 [Reference] 1.00 [Reference]
0.5-1.0 1.83(0.38-8.80) 0.452 1.87 (0.39-9.02) 0.437
1.0-2.0 2.40(0.57-10.16) 0.236 2.73(0.64-11.74) 0.176
2.0+ 4.50(1.07-18.91) 0.040 5.51(1.29-23.56) 0.021

Stage, AJCC 7th

1A+0 1.00[Reference
A 2.17(1.30-3.62) 0.003
T category
Tis+T1 1.00 [Reference]
T2 2.17(1.30-3.62) 0.003
Chemotherapy
No/Unknown 100 [Reference] 1.00 [Reference] 0.095
Yes 0.54(0.33-0.91) 0.019 0.63(0.37-1.08)
Axillary Surgery 0.077
None 1.00 [Reference]
SLNB 0.38 (0.16-0.88) 0.024
ALND 0.40 (0.11-1.42) 0.155

95% CI, 95% confidence interval; AIA, American Indian/Alaska Native; API, Asian or Pacific Islander; ILC, invasive lobular carcinoma; HER2, human epidermal growth factor receptor
2; HR, Hormone receptor; —, negative; +, positive; ER, estrogen receptor; PR, progesterone receptor; IDC, invasive ductal carcinoma; SLNB, sentinel lymph node biopsy; ALND, axillary
lymph node dissection.

* Only P values < 0.1 are listed.

*“others” includes “tumor location, NOS” and “overlapping lesion of the breast such as 3, 6, 9, 12 o’clock” as recorded in the SEER database.

PP <0.01 was considered statistically significant.

P < 0.05 was considered statistically significant.

4dChemotherapy was defined as a risk factor according to a previous study.
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Variables All patients no Radiotherapy Radiotherapy

n=10799 (n=3245) n (%) (n=7554) n (%)

Age, years <0.001
<=40 510(4.7) 150(4.6) 360 (4.8)
40-65 6564(60.8) 1825(56.2) 4739(62.7)
>=65 3725(34.5) 1270(39.1) 2455(32.5)

Race 0.143
‘White 8440(78.2) 2525(77.8) 5915(78.3)
Blake 1250(11.6) 357(11.0) 895(11.8)
AIA 58(0.5) 19(0.6) 39(0.5)
APIL 1049(9.7) 344(10.6) 705(9.3)

Marital <0.001
Unmarried 4195(38.8) 1437(44.3) 2758(36.5)
Married 6604(61.2) 1808(55.7) 4796(63.5)

Laterality 0.433
Right 5242(48.5) 1556(48.0) 3686(48.8)
Left 5557(51.5) 1689(52.0) 3868(51.2)

Tumor location 0.011
Outer quadrant 4835(44.8) 1381(42.6) 3454(45.7)
Inner quadrant 2263(21.0) 683 (21.0) 1580 (20.9)
Center location 398 (3.7) 126 (3.9) 272 (3.6)
Others * 3303 (30.6) 1055 (32.5) 2248 (29.8)

Tumor size, cm <0.001
<=0.5 1350 (12.5) 303 (9.3) 1047 (13.9)
0.5-1.0 2028 (18.8) 554 (17.1) 1474(19.5)
1.0-2.0 4361 (40.4) 1387 (42.7) 2974(39.4)
20+ 3060 (28.3) 1001 (30.8) 2059(27.3)

Histology, ICD-03 0.029
IDC 9473(87.7) 2804(86.5) 6665(88.2)
ILC 307(2.8) 96(3.0) 211(2.8)
IDC+ILC 275(2.5) 82(2.5) 193(2.6)
Others ® 744(6.9) 259(8.0) 485(6.4)

Grade 0.558
Well; T 826(7.6) 244 (7.5) 582(7.7)
Moderately, 1T 4288(39.7) 1267(39.0) 3021(40.0)
Poorly, III/IV 5685(52.6) 1734(53.4) 3951(52.3)

Subtype 0.086
HER2+/HR+ 8080(74.8) 2392(73.7) 5688(75.3)
HER2+/HR- 2719(25.2) 853(26.3) 1866(24.7)

ER 0.073
Negative 2891(26.8) 907(28.0) 1984(26.3)
Positive 7908(73.2) 2338(72.0) 5570(73.7)

PR 0.043
Negative 4675(43.3) 1453(44.8) 3222(42.7)
Positive 6124(56.7) 1792(55.2) 4332(57.3)

Stage, AJCC 7th <0.001
TA+0 7742(71.7) 2244(69.2) 5498(72.8)
IIA 3057(28.3) 1001(30.8) 2056(27.2)

T category
Tis+T1mic 316(2.9) 61(1.9) 255(3.4)
T1 7426(68.8) 2183(67.3) 5243(69.4)
T2 3057(28.3) 1001(30.8) 2056(27.2)

Chemotherapy <0.001
No/unknown 3511(32.5) 1390(42.8) 2121(28.1)
Yes 7288(67.5) 1855(57.2) 5433(71.9)

Axillary surgery <0.001
None 659(6.1) 369(11.4) 290(3.8)
SLNB 9363(86.7) 2631(81.1) 6732(89.1)
ALND 777(7.2) 245 (7.6) 532(7.0)

AIA, American Indian/Alaska Native; API, Asian or Pacific Islander; ILC, invasive lobular carcinoma; HER2, human epidermal growth

factor receptor 2; HR, Hormone receptor; —, negative; +, positive; ER, estrogen receptor; PR, progesterone receptor; IDC, invasive ductal carcinoma; SLNB, sentinel lymph node biopsy;
ALND, axillary lymph node dissection.

others” includes “tumor location, NOS” and “overlapping lesion of the breast such as 3, 6, 9, 12 o’clock” as recorded in the SEER database.

others” means histological types other than the above four types.

P <0.05 was considered statistically significant.

dChemotherapy was defined as a risk factor according to a previous study.
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