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Purpose

The aim of this study was to develop a widely accepted prognostic nomogram and establish a risk-adapted PMRT strategy based on locoregional recurrence for pT1-2N1M0 breast cancer.



Methods and Materials

A total of 3,033 patients with pT1-2N1M0 breast cancer treated at 6 participating institutions between 2000 and 2016 were retrospectively reviewed. A nomogram was developed to predicted locoregional recurrence-free survival (LRFS). A propensity score-matched (PSM) analyses was performed in risk-adapted model.



Results

With the median follow-up of 65.0 months, the 5-year overall survival (OS), disease free survival (DFS) and LRFS were 93.0, 84.8, and 93.6%, respectively. There was no significant difference between patients who received PMRT or not for the entire group. A nomogram was developed and validated to estimate the probability of 5-year LRFS based on five independent factors including age, primary tumor site, positive lymph nodes number, pathological T stage, and molecular subtype that were selected by a multivariate analysis of patients who did not receive PMRT in the primary cohort. According to the total nomogram risk scores, the entire patients were classified into low- (40.0%), moderate- (42.4%), and high-risk group (17.6%). The 5-year outcomes were significantly different among these three groups (P<0.001). In low-risk group, patients who received PMRT or not both achieved a favorable OS, DFS, and LRFS. In moderate-risk group, no differences in OS, DFS, and LRFS were observed between PMRT and no PMRT patients. In high-risk group, compared with no PMRT, PMRT resulted in significantly different OS (86.8 vs 83.9%, P = 0.050), DFS (77.2 vs 70.9%, P = 0.049), and LRFS (90.8 vs. 81.6%, P = 0.003). After PSM adjustment, there were no significant differences in OS, DFS, and LRFS in low-risk and moderate-risk groups. However, in the high-risk group, PMRT still resulted in significantly better OS, DFS and improved LRFS.



Conclusions

The proposed nomogram provides an individualized risk estimate of LRFS in patients with pT1-2N1M0 breast cancer. Risk-adapted PMRT for high-risk patients is a viable effective strategy.
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Introduction

In the past 3 decades, breast cancer has been recognized as a heterogeneous clinicopathological course. Primary tumor size (T stage) and number of axillary lymph nodes metastasis (N stage) are the most important factors affecting the locoregional recurrence and survival rate (1). Postmastectomy radiotherapy (PMRT) has been demonstrated to bring significant clinical benefits for high-risk patients in locoregional recurrence after mastectomy and systemic treatments (2–5). Relevant guidelines or consensus recommend that PMRT should be delivered for patients with tumor size more than 5 cm or with 4 or more axillary positive lymph nodes (stage T3-4 or N2-3), - infiltration of the skin, and/or the pectoral muscle, inflammatory carcinoma and positive margins. Patients with 1–3 positive axillary lymph nodes of early stage breast cancer (stage T1-2N1) have locoregional recurrence rate (LRR) of approximately 10–20% after mastectomy. Multiple retrospective analyses or subgroup analyses have highlighted the clinical benefit of PMRT for N1 patients (6–13). The results of Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) meta-analysis showed that PMRT after mastectomy and axillary node dissection reduced both LRR and breast cancer mortality in patients with N1 stage breast cancer even when systemic therapy was administered (14). But due to the lack of randomized controlled and large-sample studies, the optimal therapy for N1 patients is still equivocal. It is not clear whether these patients need radiotherapy. Whether patients with T1-2N1 breast cancer should be treated with PMRT is also controversial, and there were no direct evidences to support the application of PMRT in T1-2N1 patients.

The 2018 ATTM meeting also presented that PMRT might be safely omitted in some early stage with good prognostic features breast cancer patients who received PST, and attempts were made to identify such patients. As recommendations were not uniform, doubts persist about which candidates can safely omit PMRT. The ATTM suggested that biomarker assessments might improve understanding of breast cancer biology and behavior (15).

In this study, we develop a widely accepted prognostic nomogram for the estimation of LRR for pT1-2N1M0 breast cancer. Then we stratified the patients into different risk categories based on the total nomogram risk scores, compare the efficacy of PMRT in different risk stratification, and finally optimize a risk-adapted therapeutic strategy.



Methods and Materials


Patient Eligibility

A total of 3,033 female patients with previously untreated infiltrating breast cancer with T1,2 disease and 1 to 3 positive lymph nodes who were treated with mastectomy followed by adjuvant systemic therapy at 6 participating institutions between 2000 and 2016 were retrospectively reviewed. To develop a nomogram prognostic model, all patients were divided into 2 cohorts. The primary cohort comprised 2031 patients from 4 institutions, and the validation cohort consisted of an independent series of 1,002 patients from the rest 2 institutions. All patients had complete clinical information and underwent standard staging procedures. Other eligibility requirements included typical histological and immunophenotypic features of breast cancer (World Health Organization (WHO) classification), pT1-2N1M0 disease (American Joint Committee on Cancer (AJCC) staging system), and complete follow-up information. Patients who had bilateral breast cancer or other malignances before or meanwhile or less than 1 year follow up time were excluded. This project was approved by the ethics committee at the Beijing Hospital/National Center of Gerontology and conducted in accordance with the Helsinki declaration of the World Medical Association (the 5th revision in October 2000).

One of the variables adequately evaluated was the phenotype of immunohistochemical (IHC) receptor [including estrogen receptor (ER), progesterone receptor (PR), Human epidermal growth factor receptor 2 (Her2), and Antigen identified by monoclonal antibody Ki-67 (Ki-67)], which allowed us to categorize patients into 4 molecular subtypes (St. Gallen consensus 2013) as Luminal A (ER+ or PR+, HER2-), Luminal B (ER+ or PR+, HER2+), Her2 enriched (ER-, PR-, HER2+), and Triple negative (ER-, PR-, HER2-).



Treatment

There were 851 (28.1%) patients received PMRT, and 2182 (71.9%) without PMRT. Target of PMRT included chest wall with infraclavicular (axillary level III) and supraclavicular fields at a median dose of 50Gy (range, 46–50.4Gy; dose per fraction, 1.8–2Gy). Internal mammary nodes were irradiated when the tumor located in inner and central region.

All patients received breast cancer mastectomy with negative surgical margin. There are 95.8% patients with sufficient lymph node dissection that was defined as at least 10 lymph nodes removed. The median axillary lymph node numbers of dissection were 20. All patients received CT, among which 553 (18.2%) received cyclophosphamide-doxorubicin-fluorouracil (CAF) or adriamycin-contained regimens, whereas 2,480 (81.8%) received taxanes–based regimens. The number of CT cycles ranged from 6 to 8. There were 2,150 patients received at least 5 years of endocrine treatment, which accounted for 92.0% of all hormone receptor-positive patients. Among them, 973 (45.3%) patients were treated with aromatase inhibitors (AI). There were 617 (20.3%) patients had known HER2 positive status and among which 171 (27.7%) were treated with trastuzumab. The median lasting time of all targeted treatments was 12 months.



Statistical Analyses

The primary endpoint of this study was locoregional recurrence-free survival (LRFS) as calculated from the start of initial surgical treatment until the time of locoregional recurrence, or until the last follow-up. LRR was defined as tumor recurrence in the ipsilateral chest wall, and supraclavicular, axillary or internal mammary lymph nodes. Secondary endpoints were disease-free survival (DFS) and overall survival (OS).

Survival curves were estimated with the Kaplan–Meier method and compared with a log-rank test stratified according to the prognostic factors. Cox proportional hazards regression model was performed to identify independent risk factors for LRFS in the primary cohort. The nomogram was formulated based on the Cox model parameter estimates. There were several steps to validate the efficacy of the nomogram. First, an internal validation was undertaken with a concordance index (C-index) being estimated by analyzing the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. Next, a calibration plot was constructed by comparing the decile of predicted probabilities and actual probabilities using 1,000 bootstrap resamples. Finally, in external validation, the nomogram was used to assess each patient in the validation cohort, and the regression analysis was then used to derive the C-index and the calibration curve. Propensity score–matched (PSM) analysis was conducted to mirror randomized study design and generate comparable study arms; 1:1 patient matching without replacement was used to pair each patient receiving PMRT with another without PMRT whose propensity score was within the designated caliper size (in low-risk group, the ratio is 1:2). After PSM, baseline covariates and survival rates were compared between treatment groups. OS, DFS, LRFS were assessed with the Kaplan-Meier method, and compared using the log-rank test.

Cox proportional hazards regression was performed with IBM SPSS Statistics, version 25.0. Nomogram construction and validation were performed with Iasonos’ guide. Nomogram and bootstrap resampling were performed using the Hmisc, rms, survivalROC package in R, version 3.5.3 (http://www.r-project.org/). PSM was performed with Stata 15. Other analyses were performed with IBM SPSS Statistics 25.0. A 2-sided P values of less than 0.05 were considered significant.




Results


Patient Characteristics

Of all patients, the median age was 50.00 years (range, 21–84). Molecular subtype was presented as Luminal A (64.7%), Luminal B (12.4%), Her2 enriched (7.9%), and Triple negative (14.9%) types in all patients. The patients’ characteristics are presented in Table 1. Similar clinical characteristics were observed in the primary and the validation cohorts.


Table 1 | Clinical characteristics of patients with pT1N1M0 breast cancer.





Construction and Internal Validation of the Nomogram

We identified clinical features that have previously been demonstrated to be associated with survival, and used univariate analysis to explore the prognostic features of patients who did not receive PMRT in primary cohort. The prognostic factors that predicted poor LRFS included age ≤45 years, premenopausal status, inner and central primary disease site, T2 stage, 2–3 positive lymph nodes, positive lymph nodes percentage >10%, ER (-), PR (-), Ki-67 ≥30%, and Her2 enriched or Triple negative molecular subtype (Table 2).


Table 2 | Univariate analysis of the association between clinicopathological features and locoregional recurrence-free survival (LRFS) for patients with pT1N1M0 breast cancer in the primary cohort.



Multivariate analysis demonstrated that age (≤45 years vs. >45 years), primary tumor site (lateral region vs. inner and central region), molecular subtype (Luminal A vs. Luminal B vs. Her2 enriched vs. Triple negative), pathological T stage (T1 vs. T2) and positive lymph nodes number (1 vs. 2 vs. 3) were independent factors for LRFS (Table 3).


Table 3 | Multivariate analysis of the association between clinicopathological features and locoregional recurrence-free survival (LRFS) for patients with pT1N1M0 breast cancer in the primary cohort.



A nomogram to predict 5-year LRFS was developed using the prognostic factors from the multivariate analysis (Figure 1). The predictive accuracy for 5-year LRFS was measured by the C-index was 0.735 in the internal validation (Figure 2A). The calibration plot for the probability of 5-year LRFS showed a good correlation between the actual observed outcome and the prediction by the nomogram (Figure 2B).




Figure 1 | Nomogram predicting 5-year locoregional recurrence-free survival (LRFS) for patients with pT1-2N1M0 breast cancer. The nomogram assigns a point to each variable value according to its contributions. The sum of these numbers is located on the total points axis and can be translated to predicted probability of LRFS for a patient.






Figure 2 | Internal validation of the nomogram to predict LRFS likelihoods in the primary cohort patients. The area under the receiver operating characteristic (ROC) curve (AUC) was 0.735 (A). The calibration curve for the prediction of 5-year LRFS (B). External validation of the nomogram to predict LRFS likelihoods in the validation cohort patients. The area under the receiver operating characteristic (ROC) curve (AUC) was 0.703 (C). The calibration curve for the prediction of 5-year LRFS (D).





External Validation of Nomogram for Locoregional Recurrence-Free Survival

The nomogram was validated to assess each patient who did not receive PMRT in the validation cohort. The C-index of the nomogram for the prediction of the 5-year LRFS was 0.703 in the external validation step (Figure 2C), which demonstrated that it is a model with a good level of discriminative ability. The calibration curve revealed that the nomogram was well calibrated; the 5-year LRFS showed an optimal agreement between the actual observation and the nomogram prediction (Figure 2D).



Locoregional Recurrence Risk Stratification and Survival

At a median follow up time of 65.00 months (95% CI: 62.96–67.04 months), the 5-year OS, DFS and LRFS were 93.0, 84.8, and 93.6%, respectively (Figure 3A). There were 215 patients had locoregional recurrence events, including 107 (49.8%) in ipsilateral chest wall, 42 (19.5%) in axilla lymph nodes, 120 (55.8%) in supraclavicular lymph nodes, and 36 (16.7%) in internal mammary lymph nodes. According to the total nomogram risk scores of the patients to estimate the probability of 5-year LRFS, the cohort was stratified into three groups (≤100, low-risk, 40.0%; 101–199, moderate-risk, 42.4%; ≥200, high-risk, 17.6%) representing distinct prognosis. The 5-year outcomes were significantly different among the three groups, with 5-year OS, DFS, and LRFS rates of 95.5, 89.8, and 96.9% for the low-risk group, 93.8, 84.7, and 93.5% for the moderate-risk group and 85.2% (P<0.001, Figure 3B), 73.8% (P<0.001, Figure 3C), and 85.8% (P<0.001, Figure 3D) for the high-risk group.




Figure 3 | OS and DFS and LRFS for all patients. (A) pT1-2N1M0 breast cancer, (B) OS, and (C) DFS, and (D) LRFS for patients with pT1-2N1M0 breast cancer stratified into the low- and moderate- and high-risk groups.





PMRT Showed Limited Benefit in Low- and Moderate-Risk Group, but Improved Survivals in High-Risk Group

First, we evaluated the efficacy of PMRT vs. without PMRT. In the unadjusted population, patients treated with PMRT tended to have more risk factors than those without PMRT (Table 1). But they both achieved a good outcome. For all patients, no effective difference was found between with PMRT and without PMRT (5-year OS, 93.3 vs. 92.2%, P = 0.256; 5-year DFS, 82.3 vs. 85.8%, P = 0.088; 5-year LRFS, 94.3 vs. 93.2%, P = 0.360).

In low-risk group, patients who received PMRT or not both achieved a favorable OS (94.4 vs. 95.8%, P = 0.632, Figure 4A), DFS (86.1 vs. 90.7%, P = 0.394, Figure 4C), and LRFS (96.7 vs. 97.0%, P = 0.787, Figure 4E). Similarly, in moderate-risk group, no differences were found in OS (94.3 vs. 93.7%, P = 0.137, Figure 5A), DFS (83.4 vs. 85.2%, P = 0.332, Figure 5C), and LRFS (95.3 vs. 92.8%, P = 0.308, Figure 5E) between PMRT or no PMRT patients. In high-risk group, compared with no PMRT, differences were observed in OS (86.8 vs. 83.9%, P = 0.050, Figure 6A), DFS (77.2 vs. 70.9%, P = 0.049, Figure 6C), and LRFS (90.8 vs. 81.6%, P = 0.003, Figure 6E) of PMRT patients.




Figure 4 | Comparison of OS and DFS and LRFS between with PMRT and without PMRT for low-risk pT1-2N1M0 patients. For patients with PMRT or without PMRT, OS before (A) and after (B) match stratification; DFS before (C) and after (D) match stratification; LRFS before (E) and after (F) match stratification.






Figure 5 | Comparison of OS and DFS and LRFS between with PMRT and without PMRT for moderate-risk pT1-2N1M0 patients. For patients with PMRT or without PMRT, OS before (A) and after (B) match stratification; DFS before (C) and after (D) match stratification; LRFS before (E) and after (F) match stratification.






Figure 6 | Comparison of OS and DFS and LRFS between with PMRT and without PMRT for high-risk pT1-2N1M0 patients. For patients with PMRT or without PMRT, OS before (A) and after (B) match stratification; DFS before (C) and after (D) match stratification; LRFS before (E) and after (F) match stratification.



After adjustment by PSM, the clinicopathological characteristics of patients in each cohort were balanced between treatment groups (Table 4–6). There were no significant differences in OS, DFS, and LRFS in low-risk group (Figures 4B, D, F) and moderate-risk group (Figures 5B, D, F). In the high-risk group, PMRT still resulted in significantly better OS (89.7 vs. 83.4%, P = 0.022, Figure 6B), DFS (77.1 vs. 71.3%, P = 0.048, Figure 6D), and LRFS (91.3 vs. 80.8%, P = 0.002, Figure 6F).


Table 4 | Clinical characteristics of low-risk patients with pT1-2N1M0 breast cancer before and after PSM 1:2 stratification by treatment.




Table 5 | Clinical characteristics of moderate-risk patients with pT1-2N1M0 breast cancer before and after PSM 1:1 stratification by treatment.




Table 6 | Clinical characteristics of high-risk patients with pT1-2N1M0 breast cancer before and after PSM 1:1 stratification by treatment.






Discussion

PMRT in T1-2N1 breast cancer is an important clinical study subject that has not been solved due to lack of randomized controlled trails. Our study is a multicenter retrospective study with large sample size, trying to explore the value of PMRT for pT1-2N1M0 breast cancer in the modern era. Our study showed that the overall LRR of pT1-2N1M0 breast cancer after mastectomy is low and the survival rate is high. This is consistent with the international advanced level. In multivariate analysis, age, primary tumor site, pT stage, number of positive lymph nodes, and molecular subtype were identified as independent risk factors for locoregional recurrence. We developed a nomogram to estimate the probability of 5-year LRFS based on these five variables. Stratified analysis based on the nomogram total risk scores showed that the high-risk group exhibited a high LRR, while the low-risk group had a locoregional recurrence risk <10%. PMRT significantly improved LRFS of patients in the high-risk group. To our knowledge, this is the first study to develop a pT1-2N1M0 breast cancer-specific nomogram based on a large cohort of patients. The nomogram has been validated as a reliable tool to predict survival in these patients, independent of treatment strategy.

We selected cases treated with systemic therapy since 2000, and data showed that the standards of screening, diagnosis, and treatment for breast cancer continue to improve over time. All patients received standard modified radical mastectomy. More than 80% patients received paclitaxel chemotherapy. Almost all ER or PR receptor-positive patients received endocrine therapy, among them, nearly half were treated with AI. In views of the economic factors, 1/3 of HER2-positive patients chose targeted therapy. Then, we divided the entire patients into two groups according to the different institutions. We constructed a prognostic model in four institutions, and observed that the established model still had good predictive efficacy in other two institutions. This led us to further stratify all patients into different risk groups on the nomogram scores.

Emerging evidences have shown that LRR of patients without lymph node metastasis (N0 stage) after mastectomy was less than 10%, and PMRT did not improve LRR. For patients with more than 4 positive lymph nodes, PMRT not only reduced the LRR, but also improved the OS. Meanwhile, the meta-analysis showed that PMRT significantly reduced 5 years LRR (from 16.5 to 3.8%) in breast cancer patients with 1-3 positive lymph nodes (N1 stage), and improved the 5, 10, and 20 years survival rates by 5.6, 9.9, and 7.9% (14). However, whether all T1-2N1M0 patients need PMRT remains controversial. Firstly, previous results were derived from early studies in which most patients received adriamycin or non-adriamycin chemotherapy without targeted therapy, and randomized trials in the 1980s and early 1990s reported LRRs of 12 to 30%. With the development of systemic therapy in recent years, taxol and targeted therapy further reduced the 10 years LRR to 10–13% in patients not received PMRT (16–18). Although the LRR is significantly lower than before, it is still possible that PMRT may be benefit for patients with this degree of LRR risk. A previous analysis of MDACC demonstrated that PMRT reduced the 10-year LRR risk from 13 to 3% (P = 0.003) (19). However, the long-term survival benefit brought by radiotherapy may be reduced. Secondly, there is heterogeneity in pT1-2N1M0 stage breast cancer patients, and the LRR of some low-risk patients is less than 10%. These patients may not need radiotherapy because the long-term survival benefit is very low. Modern changes in management have affected the benefits of PMRT, the reported LRR have further decreased (20–23). According to the latest data of MDACC and MSKCC, the risk of failure of patients treated after 2000 has decreased to about 4%. More recently, a study from MDACC retrospectively analyzed LRR in 1027 T1-2N1 patients during an early era (1978–1997) and a later era (2000–2007) (24). These eras were divided due to the routine use of standard surgery, taxane chemotherapy, and aromatase inhibitors. Results are similar to our study. In the later era, there are 25% of the 522 patients with significant higher-risk features received PMRT. PMRT did not appear to benefit these patients, with 5-year LRR of 2.8% for non-PMRT and 4.2% for PMRT (HR 1.41, P = 0.48).

With such low LRR in the modern era, PMRT may not benefit all patients with 1–3 positive lymph nodes. Rather than adopting a universal recommendation of PMRT for all N1 patients, many institutional philosophy has been to selectively recommend PMRT for subcategories of patients who have higher-risk features over the past decade. Clinicopathological factors are important factors affecting the LRR of breast cancer. The results of this study showed that we also used these risk factors to select patients for radiotherapy. Current treatment of breast cancer also uses biologic features into clinical decision making (25–29). Previous studies have shown that molecular subtype (MST) can predict recurrence and survival in breast cancer. HER2 enriched and triple negative subtypes has been shown to correlate with the poorest outcomes (30–36). However, there are limited reports on MST association with LRR in the N1 group. A study from MSKCC investigated the association of MST with LRR and PMRT effect among T1-2N1 patients (37). Results showed a trend toward an increase in LRR in the HER2 and basal subtypes (5.4 and 8.8%, respectively).

In this study, for the first time, we combined clinicopathological factors with molecular typing to establish a stratified model of prognostic risk, suggesting that the use of appropriate molecular markers may help better screen out patients at high risk of recurrence and avoid overtreatment. Age, site of primary lesion, molecular type, pT stage and positive lymph nodes number were independent factors affecting LRFS. Low-risk, moderate-risk, and high-risk patients had significantly different outcomes. PMRT reduced the LRR of patients in the high-risk group, and statistically significant improved the DFS rate and OS rate (38). However, related to the small number of patients and short follow-up time, whether PMRT can really improve the long-term survival of high-risk patients rely on additional validation with expanded sample size and long-term follow-up, and the results are expected to provide help for phase III clinical research design.

There are some limitations in this retrospective study. Because of the non-random assignment of treatments, high-risk patients were more likely to be selected to receive PMRT. Thus, the survival results may be affected by selection biases. To reduce the influence of this limitation, we used PSM to account for prognostic factors. The numbers of patients in each treatment group were sufficient to compare survival differences after PSM adjustment.

In conclusion, LRR after mastectomy of pT1-2N1M0 breast cancer is low, but we have developed and externally validated a nomogram that can predict 5-year LRFS with a high degree of accuracy based on a large cohort of patients. Risk-adapted PMRT for high-risk patients is a viable effective strategy based on the total nomogram risk scores. Because MST does predict survival outcomes, it should to be a useful tool to identify patients who would benefit from PMRT in this subgroup. Future prospective studies are required to refine.
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