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Purpose

To determine the relationship between time to radiotherapy (TTR) and survival outcomes in breast cancer (BC) patients treated with neoadjuvant treatments (NATs).



Methods

Continuous non-metastatic BC patients receiving NAT and adjuvant radiotherapy (RT) from 2009 to 2016 were retrospectively reviewed. A multivariable Cox model with restricted cubic splines (RCSs) was used to determine the panoramic relationship between TTR and survival outcomes. Multivariable analysis was used to control for confounding factors between the groups of TTR.



Results

A total of 315 patients were included. The RCS modeling demonstrated a non-linear relationship between TTR and survival outcomes. The lowest risk for distant metastasis-free survival (DMFS) and recurrence-free survival (RFS) was observed at the TTR of 12 weeks, and the lowest risk of BC-specific survival (BCSS) at 10 weeks. TTR was accordingly transformed into categorical variables as ≤10, 11–20, and >20 weeks. Multivariable analysis revealed that the TTR of ≤10 weeks was an independent prognostic factor for worse DMFS (HR = 2.294, 95% CI 1.079–4.881) and RFS (HR = 2.126, 95% CI 1.038–4.356) compared with the TTR of 10–20 weeks, while the is no difference in DMFS, RFS, and BCSS between TTR >20 weeks and TTR of 10–20 weeks.



Conclusion

There exists a non-linear relationship between TTR after surgery and survival outcomes in patients treated with NAT. Early initiation of RT following surgery does not seem to be associated with a better therapeutic outcome. A relatively flexible recommendation of TTR could be adopted in clinical practice.
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Introduction

Several randomized trials have shown similar survival outcomes with the use of neoadjuvant treatment (NAT) compared with adjuvant chemotherapy; thus, NAT has been increasingly accepted in patients with invasive breast cancer (BC) indicated for adjuvant chemotherapy (1). The majority of patients also have indications for adjuvant radiotherapy (RT) following NAT. However, the optimal time to RT (TTR) after surgery remains controversial in clinical practice and trials (2).

Compared with those who received upfront surgery, patients indicated for NAT often have advanced-stage disease and therefore, a timely initiation of adjuvant RT would be more important, considering the high burden of subclinical diseases. However, it has been found that the immunosuppression status exists after the double whammy of NAT and radical surgery (3, 4). The optimal timing of RT delivery must be integrated with patients’ general condition as well as multidisciplinary treatment to provide the best therapeutic efficacy without further compromising the impaired immune status (5). The recently published KATHERINE study (NCT01772472) and CREATE-X trial (UMIN000000843) have proven the efficacy of additional adjuvant systemic treatment in patients with residual invasive BC after NAT; however, a substantial difference existed in restriction on the timing of RT between these two trials (6, 7). The initiation of RT was required to be within 60 days after surgery in the KATHERINE study, while the competition of RT was allowed as late as 120 days after surgery or the completion of adjuvant capecitabine in the CREATE-X trial. Both restrictions are more empirical than evidence based, which also limits their reference value in guiding clinical practice. Confusion persists for clinicians in determining the optimal TTR for patients following NAT.

For ethical reasons, it is impossible to carry out randomized controlled trials. Hence, we conducted this study to evaluate the panoramic relationship between TTR and survival outcomes in patients treated with NAT using a multivariable Cox model with restricted cubic splines (RCSs), with the purpose to provide evidence for determining optimal TTR in clinical practice.



Methods and Materials


Patients

The medical records of consecutive non-metastatic BC patients treated with NAT and definitive surgery, followed by RT, from January 2009 to December 2016 in our institution were retrospectively reviewed. All patients underwent the ultrasonography-guided diagnostic core biopsy of primary tumor before NAT; fine needle aspiration was used to determine the nodal status in case of a positive ultrasound finding. The study was approved by the Medicine Review Board of our institution, and a waiver of consent was obtained.

The status of the estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), and histological grade was obtained from a diagnostic core biopsy. ER and PR statuses were assessed by immunohistochemical analysis (IHC). The percentage of cells staining ER or PR positive >1% was considered hormone receptor (HR) positive. The status of HER2 was defined as positive by an expression level intensity of 3+ on IHC or a gene amplification ratio greater than 2.2 by fluorescence in situ hybridization. Molecular subtypes were identified by the ER, PR, and HER2 statuses according to the St Gallen International Expert Consensus (8). The assignment of points for Neo-Bioscore staging was determined for each patient according to the previously published study by Mittendorf et al. to have additional prognostic information (9). Response to NAT was evaluated with reference to the Miller–Payne grading system (10) and revised new response evaluation criteria in solid tumor (RECIST, version 1.1) (11).



Treatments

The systemic treatment strategies were determined at a multidisciplinary team meeting as we have previously described (12). NAT was administered mainly using a combination of anthracycline and taxane regimes. Adjuvant chemotherapy was usually given to patients with residual invasive tumors in breast or lymph nodes. Adjuvant endocrine therapy was given to patients with HR-positive tumors and often after the completion of RT. Targeted therapy was recommended for patients with HER2-positive disease.

Dose prescription to whole breast/chest wall and regional nodes (supraclavicular, infraclavicular with or without internal mammary nodes) was 50 Gy in 25 fractions. A sequential tumor bed boost of 10–16 Gy in 5–8 fractions was delivered to patients treated with breast-conserving surgery (BCS). The decision of regional nodal irradiation (RNI) was at the discretion of the radiation oncologist, usually based on clinical positive lymph nodes, unfavorable response to NAT, or unfavorable biomarkers. Radiation technique to the breast, tumor bed, chest wall, and regional nodes was consistent as previously reported (13, 14). The volume delineation and definition were determined according to the Radiation Therapy Oncology Group guidelines (15).



Restricted Cubic Splines and Stratification of the Cohort by Time to Radiotherapy

TTR was defined as the time interval between the date of definitive breast surgery to the initiation of RT. Locoregional recurrence (LRR) was defined as any first recurrence within the ipsilateral chest wall, breast, or regional nodes. All recurrences at distant sites were recorded as distant metastasis (DM). Recurrence-free survival (RFS) was calculated from the initiation date of RT to the first date of LRR, DM, contralateral BC, or BC death, whichever occurred first. BC-specific survival (BCSS) was calculated from the initiation date of RT to deaths from BC.

To model the relationship between TTR and survival outcomes, we developed a multivariable Cox model with RCSs (16–19). The Cox model built was adjusted for comorbidity (including diabetes, hypertension, cardiovascular diseases, endocrine disorder, chronic renal insufficiency, chronic respiratory disease, and autoimmune disease), clinical T (cT) stage, clinical N (cN) stage, histological grade, HR status, HER2 status, Ki67 (as continuous), response to NAT, the type of primary surgery, the administration of adjuvant chemotherapy, targeted therapy, and the delivery of internal mammary node (IMN) RT. The spline was defined using four knots at the 5th, 35th, 65th, and 90th percentiles. The thresholds were determined as timepoints with the smallest and largest hazard ratios (HRs). Because the non-linear P-value for LRR-free survival (LRRFS) was 0.112, no RCS modeling of TTR and LRRFS was further built. Based on the thresholds derived from RCS modeling, TTR was transformed into categorical variables as ≤10, 11–20, and >20 weeks. The interval of 11–20 weeks was considered the reference variable in further analyses using the Cox regression model and propensity score matching (PSM).



Statistical Analysis

One-to-one PSM was performed to eliminate the selection bias of TTR after surgery (≤ 10, 11–20, and > 20 weeks). Patients were matched on comorbidity, ypT stage, ypN stage, histological grade, HR status, and HER2 status. The caliper width used was equal to 0.2 of the standard deviation of the logit of the propensity score (20). The differences in survival outcomes between TTR groups were further confirmed in the matched cohorts, which were detailed in the supplemental materials.

Differences between groups of TTR were assessed by the chi-square test or Fisher exact test for categorical variables and Kruskal–Wallis H test for continuous variables. Survival curves were estimated using the Kaplan–Meier method and compared by the log-rank test. Univariable analyses of potential risk factors for survival outcomes were conducted using a Cox regression model. After adjusting for potential confounding factors (factors related to TTR and prognostic factors identified in univariable analyses and well-established parameters), the independent impact of TTR was tested using a Cox regression model for multivariate analysis. HR and 95% confidence limits (CIs) were presented. All tests were two sided; a P-value of less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS software version 25.0 (IBM Corporation, Armonk, New York, USA), R version 3.6.3 (R Foundation), and GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA).




Results


Patients and Treatments

In total, 315 patients were included in this study. The median TTR was 12 (range: 4–44) weeks. There were 60.1% of patients who started RT between 8 and 16 weeks after surgery (Figure 1). Median TTR was 16 (range: 5–41) weeks and 10 (range: 4–31) weeks in patients with or without adjuvant chemotherapy, respectively. Among 178 patients with no adjuvant chemotherapy, there were 32.6% (N=58), 58.3% (N=104), and 9.1% (N=16) of patients who began RT within 8 weeks, 8–16 weeks, and >16 weeks from surgery, respectively. For 120 patients receiving adjuvant chemotherapy before RT, the median interval between chemotherapy and the initiation of RT was 5 (range: 1–23) weeks and 92.7% of patients started RT within 12 weeks after the last chemotherapy. Among 21 patients with non-pCR and receiving adjuvant capecitabine, the median TTR was 13 (range: 5–40) weeks. The main reasons for RT delay include shoulder dysfunction, delayed wound healing, chemotherapy-related toxicity, delayed clinic visits, and a waiting list for RT.




Figure 1 | Distribution of patients according to the time to initiation of radiotherapy following surgery.



In total, 289 out of 315 patients completed a full course of NAC as planned. All patients were with negative margin. Among 115 patients with HER2-positive tumors, 89 (77.4%) received the (neo)adjuvant trastuzumab. All patients with HR-positive tumors were treated with endocrine therapy. The proportion of comorbidity, ypT stage, ypN stage, histological grade, NAT regimens, the receipt of adjuvant chemotherapy, and adjuvant chemotherapy regimens vary significantly among the three groups of TTR (all P-values <0.05). Significantly fewer patients with TTR ≤10 weeks were treated with adjuvant chemotherapy compared with patients with a TTR of 10–20 weeks and those with a TTR >20 weeks (19.4% vs. 53.1% vs. 78.3%, P-value < 0.01). The patients and treatment characteristics of the whole cohort are detailed in Table 1. In the matched cohorts, the prognostic factors of the clinical stage, pathological stage, and tumor markers of the HR status, HER2 status, and histological grade were balanced between the group of TTR ≤10 weeks (N=95) and group of TTR of 10–20 weeks (N=95) and between the group of TTR >20 weeks (N=36) and the group of TTR of 10–20 weeks (N=36) (Table S1).


Table 1 | Patients and treatment characteristics by time to radiotherapy (TTR) among patients treated with neoadjuvant treatments (NATs).





RCS Modeling

The graphical visualization of RCS modeling for DMFS, RFS, and BCSS is shown in Figure 2. The risk function of RCS modeling demonstrated a non-linear relationship between TTR and survival outcomes. At the starting point of TTR (4 weeks after surgery), the risk of DM, any recurrence, and BCSS were all at a high level and then continuously declined with increasing TTR. Beyond the time point of 10 weeks, the risk of BCSS switched to increase and reached the top at the time point of 20 weeks and then decreased again slowly with the extension of TTR. For DMFS and RFS, the log HR curves remained flat with the extension of TTR after the time point of 12 weeks.




Figure 2 | Restricted cubic spline modeling of the relationship between the time to initiation of adjuvant radiotherapy and survival outcomes of distant metastasis-free survival (DMFS), recurrence-free survival (RFS), and breast cancer–specific survival (BCSS). The log of the hazard ratios (HRs) derived from a multivariate Cox regression model is shown on the y-axis. The 95% Cis of the adjusted HRs are represented by the shaded area. (A) DMFS; (B) RFS; and (C) BCSS.





Pattern of Recurrences

The pattern of failure stratified by the groups of TTR is detailed in Table 2. During follow-up, there were 18 and 66 patients who developed LRR and DM as first recurrence events, respectively. There was a significant difference in the rate of DM among the three TTR groups, with 28.2% in TTR ≤10 weeks, 15.9% in the TTR of 10 –20 weeks, and 32.6% in TTR >20 weeks (P-value = 0.013). In the matched cohort, the rate of DM was also significantly higher in TTR ≤10 weeks compared with the TTR of 10–20 weeks (14.7% vs. 26.3%, P-value = 0.044).


Table 2 | Pattern of failures by TTR among patients treated with NATs.





Survival Outcomes

The median follow-up was 54 (interquartile range: 38–75) months. Five-year LRRFS, DMFS, RFS, and BCSS were 93.9%, 75.4%, 75.3%, and 88.1%, respectively. Compared with TTR ≤10 weeks or TTR >20 weeks, the TTR of 10–20 weeks had better 5-year DMFS (67.2% or 73.4%, vs. 83.1%, P-value <0.01; Figure 3B) and 5-year RFS (66.6% or 73.4%, vs. 82.2%, P-value <0.01; Figure 3C). In the matched cohort, the TTR of 10–20 weeks was significantly associated with an improved 5-year rate of DMFS (85.7% vs 69.5%, P-value = 0.019) and RFS (84% vs 68.6%, P-value = 0.015) compared with TTR ≤10 weeks (Figures 3F, G). The comparisons of survival outcomes between TTR groups in the whole cohort and the matched cohorts are shown in Figure 3.




Figure 3 | Survival curves according to the time to initiation of adjuvant radiotherapy estimated by the Kaplan–Meier method and compared using the log-rank test in the whole cohort. (A) locoregional RFS; (B) distant metastasis-free survival; (C) recurrence-free survival; and (D) overall survival and in matched cohorts. Comparison of survival outcomes between the TTR groups of 11–20 weeks and >20 weeks: (E) locoregional RFS; (F) DMFS; (G) RFS; and (H) BCSS. Comparison of survival outcomes between the TTR groups of 11–20 weeks and ≤10 weeks: (I) locoregional recurrence-free survival; (J) DMFS; (K) RFS; and (L) BCSS.



On univariable Cox regression analysis, the TTR of 10–20 weeks was consistently associated with significantly favorable DMFS and RFS (P-values <0.05). A significantly worse BCSS was found in TTR ≤10 weeks compared with the TTR of 10–20 weeks (HR = 2.168, 95% CI 1.073–4.383, P-value = 0.03). The univariable analyses of potential risk factors for survival outcomes are detailed in Table S2.

In multivariable analysis, TTR ≤10 weeks remained as an independent unfavorable prognostic factor for DMFS (HR = 2.294, 95% CI 1.079–4.881, P-value = 0.03) and RFS (HR = 2.126, 95% CI 1.038–4.356, P-value = 0.04) compared with the TTR of 10–20 weeks. However, no significant difference in the risk of survival outcomes was detected between the TTR of 10–20 weeks and TTR >20 weeks after adjusting for potential confounding factors. In addition, the factors of cT, cN, ypN, HR status, and the administration of adjuvant chemotherapy were also found to independently predict survival outcomes (P-values < 0.05). The multivariable models in the whole cohort and the matched cohorts are detailed in Table 3 and Table S3, respectively.


Table 3 | Adjusted hazard ratio (HR) of survival outcomes by TTR in the multivariable Cox proportional hazards model.



Impact on survival outcomes among subgroups stratified by clinical stage, ypN stage, molecular subtypes, and the type of primary surgery (Table 4) was further analyzed. After adjusting for all confounders, in patients with clinical stage III, TTR ≤ 10 weeks was associated with significantly worse DMFS (HR = 3.177, 95% CI 1.247–8.094, P-value = 0.015) and RFS (HR = 3.416, 95% CI 1.316–8.868, P-value = 0.012) compared with the TTR of 10–20 weeks. Similar results were found in the subgroup of mastectomy. The risk of BCSS was significantly worse in TTR ≤10 weeks compared with the TTR of 10–20 weeks (HR = 234.379, 95% CI 6.863–8004.374, P-value=0.002) among patients with triple-negative BC (TNBC).


Table 4 | Adjusted HR of survival outcomes by TTR in the multivariable Cox proportional hazards model, stratified by the clinical stage, ypN stage, molecular subtypes, and the type of primary surgery.






Discussion

In this study, we explored a dynamic relationship between TTR after surgery and survival outcomes in patients who received NAT. For the first time, a multivariable Cox model using RCS was applied and a non-linear relationship between TTR and survival outcomes of DMFS, RFS, and BCSS was revealed. The lowest risk for DMFS and RFS was observed at 12 weeks after surgery and the lowest risk of BCSS at TTR of 10 weeks. The multivariable analysis confirmed that TTR ≤10 weeks independently predicted significantly compromised DMFS and RFS compared with the TTR of 10–20 weeks, while no difference in survival outcomes between the TTR of 10–20 weeks and TTR >20 weeks were observed.

In our study population, the majority of patients started RT within 12 weeks after the last cycle of adjuvant chemotherapy or within 16 weeks after surgery when no adjuvant chemotherapy is given, which is consistent with previous reports (21–23). In a recent retrospective study of the impact of TTR on survival, among 95 patients treated with NAC without adjuvant chemotherapy, Xie et al. (21) reported that 25 (26.3%), 54 (56.8%), and 16 (16.8%) started RT at <8 weeks, 8–16 weeks, and > 16 weeks from surgery, respectively. Compared with early BC patients treated with breast conservation with no indication of adjuvant chemotherapy, TTR is, in general, longer and more heterogenous in the NAT population. In a large sample study of the impact of RT delay in early-stage patients with no adjuvant chemotherapy, only 24.9% of 186,650 patients started RT >8 weeks after surgery (22).

Before our study, a series of studies have tried to clarify the impact of TTR on survival outcomes and came to different conclusions. In a retrospective study of 6,428 patients treated with BCS and RT without adjuvant chemotherapy, Olivotto et al. (24) found that TTR >20 weeks was associated with inferior LRRFS, DMFS, and BCSS compared with TTR <20 weeks. Nevertheless, no impact of TTR on LRR was observed in a retrospective study of 248 patients receiving NAT and mastectomy using the cut-off points of 8, 12, and 16 weeks (25). Another retrospective study found that early initiating RT after surgery (<42 days) was, on the contrary, associated with worse DMFS in patients treated with BCS and adjuvant chemotherapy (26). In a recent study with the largest sample up to date, Zheleva et al. (27) pointed out that the influence of delayed RT depends on breast primary surgery. In the BCS cohort, delaying RT beyond 365 days after surgery was associated with significantly decreased OS versus timely RT (HR 1.37, 95% CI 1.19–1.58), while such an unfavorable effect was not observed in patients receiving mastectomy. In these previous studies, TTR was either treated as a category variable using predefined cutoff values based on clinical experience or as a continuous variable with the assumption that the relationship between TTR and survival outcomes was linear. These data-processing methods might cause information loss or misinterpretation. To minimize the confounding impact of the data-processing methods of TTR, we applied the multivariable Cox model using RCS, which could explore the panoramic relationship between consecutive changes in TTR and survival outcomes without losing information. Our results showed that the relationship between TTR and survival outcomes was non-linear and dynamically changing. The best therapeutic outcome was observed in patients who started RT 10–12 weeks after surgery. The initiation of RT within 10 weeks after surgery or delaying RT after 20 weeks adversely affected the survival outcomes. This non-linear pattern of relationship between TTR and survival outcomes found in our study might partly explain the inconsistent findings of the impact of TTR after surgery on survival outcomes in previous studies.

Our study is not the first one that reports the negative relationship between short TTR and survival outcomes. Xie et al. (21) found that TTRs of <8 weeks or >16 weeks were associated with increased risks of BC specific mortality and all-cause mortality compared with the TTR of 8–16 weeks. In another study of patients treated with BCS, TTR >55 days was associated with a higher 10-year DFS (HR = 0.60, 95% CI: 0.38–0.94) and DMFS (HR = 0.64, 95% CI: 0.45–0.92) than TTR < 42 days (26). Caponio et al. (28) reported decreased DFS and DMFS when RT was started early using the tertiles of ≤60, 61–120, and >120 days. In a prospective study of 1,070 patients treated with BCS and without adjuvant systemic therapy, better DMFS (HR = 0.3, 95% CI: 0.1–0.8; P-value = 0.017) and BCSS (HR = 0.2, 95% CI: 0.04–0.7; P-value = 0.012) were found for the TTR of 57–112 compared with TTR <45 days (29). In clinical practice, patients with unfavorable prognostic factors may be more likely to be recommended to start RT earlier. To minimize the influence of possible confounding factors, multivariable analysis was conducted with adjusting factors related to TTR and prognostic factors identified in our univariable analyses or well established in previous studies. It was confirmed that TTR ≤10 weeks remains an independent predictor for worse DMFS and RFS. The independent prognostic value of TTR ≤10 weeks was further identified in the matched cohort using multivariable analysis. TTR after surgery is influenced by various factors including response to NAT, the indication of extended adjuvant therapy based on molecular subtypes, and the collaboration of multidisciplinary treatment groups including the waiting list for RT (30–32). To date, the optimal time of RT after surgery has not been clarified. Nevertheless, our results in combination with previous reports cautioned that RT timing after surgery needs careful recommendation instead of a simplified early start. A reasonable and relatively flexible strategy of TTR after surgery could be recommended in clinical practice as well as a reference for prospective study design.

Several reasons might explain the negative impact on survival associated with early initiation of RT. Ionizing irradiation (IR) is a double-bladed sword that could also stimulate invasion and metastasis through the upregulation of key molecules, inducing vascular damage or remodulating the tumor microenvironment (33–35). There is also concern that large fields and fractionated RT could impair host immunologic effects (36). Patients who initiated RT shortly after surgery are more likely to suffer from poor wound healing and incomplete recovery from bone marrow suppression induced by NAT. Our subgroup analyses found that the unfavorable impact of TTR ≤10 weeks was more prominent in patients with clinical stage III and TNBC or receiving mastectomy, which are heavily treated populations. Early initiation of RT in our study is associated with a lower rate of 5-year DMFS and RFS rather than LRRFS echoes our hypothesis. Further preclinical and prospective clinical data are essential to explore the interplay of these factors.

As with all retrospective studies, it is impossible to exclude the heterogeneity of patients’ inclusion. To minimize the confounding impact of selection bias, multivariable analysis using the Cox regression model and PSM analysis was conducted and confirmed the adverse impact of short TTR (<10 weeks) on survival outcomes identified from the RCS modeling. The median follow-up in our study is not sufficient for operable BC even though the general risk of the study population is high. A longer follow-up with the immune microenvironment analysis and a validation study with a prospective database are needed.



Conclusion

There exists a non-linear relationship between TTR after surgery and survival outcomes in patients treated with NAT with or without adjuvant chemotherapy. Early initiation of RT following surgery does not seem to be associated with a better therapeutic outcome. A relatively flexible recommendation of TTR could be adopted in clinical practice.
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All patients TTR (weeks) P-value
<10 11-20 >20

N (%) N (%) N (%) N (%)
Whole cohort N =315 N=124 N =145 N =46
Locoregional recurrence 18 (5.7) 11(8.9) 5(3.4) 2(4.3) 0.137
Chest wall 7.2 3(2.4) 3(2.1) 122
Supraclavicular LN 4(1.3) 2(1.6) 2(1.4) 0(0)
Axillary LN 2(0.6) 1(0.8) 0(0) 122
Internal mammary LN 1(0.3) 1(0.8 0(0) 0(0)
Multisite: 4(0.13) 432 00 0(0)
Distant metastasis 73 (23.2) 35 (28.2) 23 (15.9) 15 (32.6) 0.013
As first events 66 (20.9) 32 (25.8) 20 (13.8) 14 (30.4) 0.013
Matched cohort 1 N = 190 N =95 N=95
Locoregional recurrence 10 (6.3 7(7.3) 3(@3.1) 0.213
Distant metastasis 39 (20.5) 25 (26.3) 14 (14.7) 0.044
DM as first event 35 (18.4) 23 (12.6) 12 (12.6) 0.04
Matched cohort 1 N=72 N =36 N=36
Locoregional recurrence 3(4.2) 2(5.5) 127 0.555
Distant metastasis 20 (27.8) 7 (19.4) 13 (36.1) 0.131
DM as first event 20 (27.8) 7 (19.4) 13 (36.1) 0.131

LN, lymph nodes; DM, distant metastasis.
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Variables in the model include cT, cN, ypT, ypN, histological grade, HR, HER2, response to NAC, the type of primary surgery, the administration of adjuvant chemotherapy, targeted
therapy, and the delivery of IMN RT.
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Characteristics All patients (N=315) TTR (weeks) P-value

<10 (N=124) 11-20 (N=145) >20 (N=46)

N (%) N (%) N (%) N (%)
Age (years)
Median (range) 51 (23-87) 49 (23-79) 53 (25-87) 49.5(28-75) 0.08
Menopausal status
Pre/perimenopausal 157 (49.8) 68 (54.8) 65 (44.8) 24 (52.2) 0.25
Menopausal 158 (50.2) 56 (45.2) 80 (55.2) 22 (47.8)
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No 244 (77 .5) 100 (80.6) 103 (71) 41 (89.1) 0.02
Yes 71(22.5) 24 (19.4) 42 (29) 5(10.9)
cT stage
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2 186 (59) 72 (58.1) 83 (57.2) 31 (67.4)
3 46 (14.6) 21 (16.9) 19 (13.1) 6(13)
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cN stage
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ypT stage
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1 157 (49.8) 75 (60.5) 59 (40.7) 23 (50)
HR status
Negative 132 (41.9) 61 (49.2) 54 (37.2) 17.@37) 0.08
Positive 183 (68.1) 63 (50.8) 91 (62.8) 29 (63)
HER2 status
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Positive 115 (36.5) 45 (36.3) 54 (37.2) 16 (34.8)
Ki67 (%)
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Molecular subtype
Luminal 131 (41.6) 48 (38.7) 62 (42.8) 21(45.7) 0.838
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HER2 positive 115 (36.5) 45 (36.3) 54 (37.2) 16 (34.8)
Neo-Bioscore score
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1-3 168 (63.3) 59 (47.6) 86 (569.3) 23 (50) 0.14
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Mastectomy 271 (86) 101 (81.5) 127 (87.6) 43 (93.5) 0.10
BCS 44 (14) 23 (18.5) 18 (12.4) 3(6.5)
NAT regimens
Taxanes 44 (14) 15 (12.1) 24 (16.6) 5(10.9) <001
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sD 21(6.7) 8(6.5) 9(6.2) 4(8.7)
PD 13 (4.1) 6 (4.8) 428 3(6.5)
Adjuvant chemotherapy
No 178 (56.5) 100 (80.6) 68 (46.9) 10 (21.7) <0.01
Yes 137 (43.5) 24 (19.4) 77 (63.1) 36 (78.3)
Adjuvant chemotherapy regimens
Taxanes 59 (18.7) 2(1.6) 41 (28.3) 16 (34.8) <0.01
Anthracycline 11 (3.5) 0(0) 9(6.2) 2(4.3)
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No 18 (6.7) 5(4) 12(8.3) 122 0.18
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