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Background

Although achieving pathological complete response (pCR) and near-pathological complete response (near-pCR) after neoadjuvant chemotherapy (NAC) in breast cancer predicts a better outcome, some patients still experience recurrence. The aim of our study was to investigate the predictive factors of recurrence in the pCR and near-pCR population.



Methods

We reviewed 1,209 breast cancer patients treated with NAC between January 2010 and April 2021 in the Cancer Hospital, Chinese Academy of Medical Sciences (CHCAMS). A total of 292 patients achieving pCR and near-pCR were included in our analysis. pCR was defined as ypT0N0/ypTisN0. Near-pCR was defined as ypT1mi/1a/1bN0 or ypT0/isN1mi. Clinical features and follow-up information were collected. Survival and predictive factors of recurrence were analyzed.



Results

Of the 292 patients, 173 were pCR and 119 were near-pCR. The median age was 46 years (range, 23–75 years). The predominant tumor subtypes were human epidermal growth factor receptor type 2 (HER2)-positive breast cancer (49.0%) and triple-negative breast cancer (TNBC) (30.8%). The median duration of follow-up was 53 months (range, 9–138 months). A total of 25 (8.6%) patients developed recurrence, with 9 (5.2%) in the pCR group and 16 (13.4%) in the near-pCR group. The vast majority of recurrence occurred within 36 months from onset of NAC. The 5-year recurrence-free survival (RFS) rate of patients achieving pCR was significantly higher than that of patients achieving near-pCR (94.6% vs. 85.6%, p = 0.008). However, the 5-year overall survival (OS) rate between the two cohorts had no statistical difference (94.3% vs. 89.6%, p = 0.304). Clinical N3 (cN3) before NAC was an independent risk factor of recurrence in patients who achieved pCR (p = 0.003) and near-pCR (p = 0.036). Tumor size before NAC, subtypes of breast cancer, and chemotherapy regimens showed no significant association with RFS both for patients who achieved pCR and for those who achieved near-pCR (p > 0.05).



Conclusions

cN3 before NAC was an independent risk factor of recurrence in patients who achieved pCR and near-pCR. It is worthwhile to closely monitor patients with cN3, especially in the first 3 years.
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Introduction

Neoadjuvant chemotherapy (NAC) was widely used in patients with human epidermal growth receptor 2 (HER2)-positive breast cancer and triple-negative breast cancer (TNBC) (1–3). HER2-positive breast cancer and TNBC are relatively sensitive to NAC, and pathological reaction to NAC can provide prognostic information and guide the selection of postoperative treatment (4–9). Due to the rapid development of antineoplastic drugs in recent decades, the rate of pathological complete response (pCR) after NAC has significantly increased (10). Studies have demonstrated that patients achieving pCR had significantly better disease-free survival (DFS) and overall survival (OS) than patients with residual disease (11, 12). The assessment of obtaining a real pCR is of great importance and has been gradually standardized nowadays. The generally accepted definition of pCR is that there is no residual invasive carcinoma in the breast and in all sampled lymph nodes (ypT0/isN0) (13–15). More recently, the concept of near-pCR was gradually being proposed and has attracted more and more attention. Substantial research elucidated that patients who achieved near-pCR also had outstanding DFS and OS (13, 14). A variety of definitions of near-pCR have been used in neoadjuvant clinical trials in breast cancer. The most common consensus was that the residual disease ≤1 cm (9, 16).

In spite of the outstanding outcomes of patients achieving pCR and near-pCR, some of them may still experience recurrence. In order to identify clinical and pathological predictive factors of cancer recurrence, we performed this retrospective analysis among breast cancer patients who achieved pCR and near-pCR in the Cancer Hospital, Chinese Academy of Medical Sciences (CHCAMS). In this study, we aimed to explore the predictive factors associated with recurrence for the patients achieving pCR and near-pCR, and investigate whether the risk for recurrence and death of patients achieving near-pCR was comparable with those achieving pCR.



Methods


Study population

We reviewed 1,209 breast cancer patients that were treated with NAC between January 2010 and April 2021 in CHCAMS. The inclusion criteria in this study were as follows: (1) patients who were pathologically diagnosed with invasive breast cancer based on WHO criteria; (2) patients who have early-stage or locally advanced breast cancer (4, 13); (3) patients receiving surgery after NAC; (4) patients with complete clinical information; and (5) patients with follow-up data. Exclusion criteria were as follows: (1) patients with distant metastasis before or during NAC; (2) patients without detailed pathology after surgery; and (3) patients who withdraw active follow-up data. A final cohort of 292 patients who achieved pCR and near-pCR was incorporated in this study. Clinical and pathological data of these patients were collected: age, menstruation, tumor size, regional lymph node, estrogen receptor (ER), progesterone receptor (PR), HER2, Ki67 index, chemotherapy, radiation, endocrine, and surgery regimens.



Pathological assessment

pCR was defined as no residual invasive carcinoma in the breast and negative axillary lymph nodes, including ypT0N0 and ypTisN0 (13–15). Near-pCR was defined as the residual tumor size ≤1 cm in the breast and negative axillary lymph nodes, or no residual invasive carcinoma in the breast yet existing micrometastasis in lymph node, including ypT1mi/a/bN0 and ypT0/isN1mi (9, 16). Pathologically, T and N were defined according to the AJCC Staging System of Breast Cancer, 8th edition (17).

The Miller–Payne grade system was used to evaluate breast cancer pathological responses to NAC (18). Grade 1: no significant reduction in tumor cells; Grade 2: a minor reduction in tumor cells (≤30%); Grade 3: reduction in tumor cells between 30% and 90%; Grade 4: disappearance of tumor cells > 90%; Grade 5: no invasive tumor cells identifiable, and DCIS may be present.

ER and PR status was assessed by immunohistochemistry (IHC) and categorized as positive when more than 1% of cancer cells were stained (19). HER2 positive was defined as 3+ by IHC or positive by fluorescence in situ hybridization (FISH) (20). Ki67 index was defined as the mean tumor cells with marker expression by IHC: low (<20%), intermediate (20%–49%), and high (≥50%) (21–23).

The molecular subtype classification was on the basis of IHC of ER, PR, HER2, and Ki67 (24). Luminal A: ER and PR positive (PR ≥ 20%), HER2 negative, and Ki67 low expression; Luminal B HER2-negative: ER and/or PR positive, HER2 negative; Luminal B HER2-positive: ER and/or PR positive, HER2 positive; HER2-positive (non-luminal): ER and PR negative, HER2 positive; Triple-negative: ER and PR negative, HER2 negative.

Recurrence-free survival (RFS) was calculated as the time from the onset of NAC to local or distant recurrence, or death due to any cause, whichever came first. OS was calculated as the time from the onset of NAC to death due to any cause.



Statistical analysis

All statistical analyses were conducted using SPSS 25.0 and R (version 3.5.1). The Kaplan–Meier method with the log-rank test was used for recurrence and survival analysis. The factors significant at the 20% level in the univariate analysis were considered for inclusion in the multivariate model. The Cox proportional hazards regression model was used to assess the association of clinical and pathological predictive factors with RFS. C-statistics was conducted to evaluate the predictive value of the factors. All tests were two tailed and a p-value less than 0.05 was considered to indicate a statistically significant difference.




Results


Patient characteristics

A total of 292 patients with pCR and near-pCR were included in this study. Their clinical and pathological characteristics are described in Table 1. The median age of patients was 46 years (range, 23–75 years); 62.3% were premenopausal. The median duration of follow-up for these patients was 53 months (range, 9–138 months). There were 173 patients achieving pCR and 119 achieving near-pCR. The predominant tumor subtypes were HER2 positive (49.0%) (including luminal B HER2+ and non-luminal HER2+) and TNBC (30.8%). Among the patients with HER2 positive, 63.6% received trastuzumab, while 24.4% received trastuzumab and pertuzumab. The majority of the tumors were T2+ (91.4%) and N+ (76.0%). Overall, 77.0% of the patients underwent mastectomy and 83.2% of the patients had axillary lymph node dissection.


Table 1 | Patient characteristics.





Disease recurrence

As shown in Table 2, a total of 25 (8.6%) patients developed recurrence. Twenty-one (84.0%) recurrences occurred within 36 months. Among patients achieving pCR, 9 (5.2%) patients developed cancer recurrence, with 2 patients presenting with both local recurrence and distant metastasis, while 7 patients presented with distant metastasis. The median time to recurrence was 14 months (range, 8–62 months) from the onset of NAC. Four (44.4%) patients presented liver metastasis and 2 (22.2%) patients presented brain metastasis as the first event.


Table 2 | Time and site of recurrence.



With regard to patients achieving near-pCR, 16 (13.4%) patients developed cancer recurrence, with 4 patients presenting with local recurrence only, 4 patients with both local recurrence and distant metastasis, while 8 patients presenting with distant metastasis only. The median time to recurrence was 18 months (range, 4–69 months). Three (18.8%) patients experienced lung metastasis and 6 (37.5%) patients presented bone metastasis as the first event.



RFS and OS

The 3-year RFS rates of patients achieving pCR and near-pCR were 95.6% and 85.6%, respectively. The 5-year RFS rates of patients achieving pCR and near-pCR were 94.6% and 85.6%, respectively. The risk of cancer recurrence was significantly higher in patients achieving near-pCR than that in patients achieving pCR (HR = 3.01, 95% CI: 1.34–7.01, p = 0.008, Figure 1A). A total of 15 (5.1%) patients died. The 3-year OS rates of the pCR group and the near-pCR group were 96.6% and 96.3%, respectively. The 5-year OS rates of the pCR and near-pCR groups were 94.3% and 89.6%, respectively. There was no statistical difference in OS between the two cohorts (HR = 1.69, 95% CI: 0.61–4.67, p = 0.304, Figure 1B).




Figure 1 | (A) Kaplan–Meier curve showing recurrence-free survival (RFS) according to the status after neoadjuvant chemotherapy (NAC): pathological complete response (pCR) vs. near-pathological complete response (near-pCR). (B) Kaplan–Meier curve showing overall survival (OS) according to the status after neoadjuvant chemotherapy (NAC): pathological complete response (pCR) vs. near-pathological complete response (near-pCR).





Predictive factors of RFS in patients achieving pCR

Table 3 shows the results of the analyses for factors associated with RFS of patients achieving pCR. Clinical lymph node status (cN) before NAC was a significant covariate in the univariate analysis for RFS in patients achieving pCR (p < 0.001). The 5-year RFS rates for cN0–2 and cN3 patients who achieved pCR were 98.0% and 82.7%, respectively. cN3 was an independent factor of higher risk for recurrence on the multivariate analysis (Figure 2, HR = 9.8, 95% CI: 2.1–44.5, p = 0.003). The C-statistics was 0.77 (95% CI: 0.63–0.91) of cN3 for RFS prediction. Age at diagnosis, tumor size at diagnosis, subtypes of breast cancer, and other factors showed no significant association with RFS of patients who achieved pCR (p > 0.05).


Table 3 | Analysis of predictive factors for RFS in patients who achieved pCR.






Figure 2 | Kaplan–Meier curve showing recurrence-free survival (RFS) of patients achieving pathological complete response (pCR) according to clinical lymph node status (cN).





Predictive factors of RFS in patients achieving near-pCR

Table 4 shows the results of the analyses for the factors associated with RFS of patients achieving near-pCR. cN before NAC was a significant covariate in the univariate analysis for RFS in patients achieving near-pCR (Figure 3, p = 0.036). The 5-year RFS rates for cN0–2 and cN3 patients who achieved near-pCR were 88.5% and 71.1%, respectively. The C-statistics was 0.63 (95% CI: 0.52–0.74) of cN3 for RFS prediction. There was no difference between ypT1miN0, ypT1aN0, and ypT1bN0 for RFS (p = 0.942). The Miller–Payne grade after NAC also showed no significant association with the RFS of patients who achieved near-pCR (p > 0.05). There were no other factors significant at the 20% level in the univariate analyses of RFS for patients achieving near-pCR; thus, we did not conduct multivariate analyses further.


Table 4 | Analyses of predictive factors for RFS in patients who achieved near-pCR.






Figure 3 | Kaplan–Meier curve showing recurrence-free survival (RFS) of patients achieving near-pCR according to clinical lymph node status (cN).






Discussion

In this retrospective study of 292 patients achieving pCR and near-pCR after NAC, the recurrence pattern of patients was described, and the vast majority of recurrence occurred within 36 months from onset of NAC. This study found that the risk for recurrence of patients achieving near-pCR after NAC was higher than those achieving pCR. Moreover, cN3 before NAC was identified as a robust predictive factor of RFS for patients achieving pCR and near-pCR.

The 5-year RFS rate of pCR was 94.6% in our study, which was consistent with previous studies (25–27). The sub-study of EORTC 10994/BIG 1-00 phase III trial including 283 patients found that clinical tumor size was the only predictor for distant recurrence-free interval (DRFI) after pCR (27). In the research from the Anderson group, the authors identified that clinical stage IIIB–C and inflammatory breast cancer, premenopausal status, and resection of fewer than 10 lymph nodes were associated with an increased risk of developing distant metastasis for patients achieving pCR (28). Since cN contributes to the clinical stage, our study was partly consistent with the Anderson research. The predictive value of cN3 was also confirmed by C-statistics (0.77, 95% CI: 0.63–0.91) and Cox proportional hazards regression (cN3 vs. cN0–2, HR = 9.8, 95% CI: 2.1–44.5, p = 0.003). Asaoka and colleagues’ research also found that lymph node metastasis before NAC was the only predictor of cancer recurrence on multivariate analyses for patients achieving pCR (29).

The 5-year RFS rate of near-pCR was 85.6%, which was 9% lower than that of patients achieving pCR, but the OS of the two cohorts had no significant difference. The Spring et al. meta-analysis (30), which included 27,895 patients from 52 publications, showed that patients with residual disease after NAC had a 5-year DFS rate of 67%, which was much lower compared with the near-pCR population (85.6%) in our study. This illustrated the fact that it was necessary to distinguish the near-pCR population from the residual disease. There has been controversy regarding the definition of near-pCR in the past few years (31). In Cheng’s study, near-pCR was defined as residual tumor volume <1 cm3 (16). While residual tumor size ≤ 1 cm was excluded in KATHERINE, a clinical trial focused on intensive postoperative treatment (9). However, Lee and colleagues defined near-pCR as tumor size ≤ 0.5 cm (32). In our study, near-pCR was defined as the residual tumor size ≤1 cm in the breast (ypT1mi/1a/1bN0), or no residual invasive carcinoma in the breast yet existing micrometastasis in lymph node (ypT0/isN1mi).

To our best knowledge, this study is the first one to report the potential predictive factors of RFS for patients achieving near-pCR. We found that cN3 was an independent factor of higher risk for recurrence in the near-pCR subgroup, which was consistent with the pCR subgroup. The 5-year RFS rates for cN0–2 and cN3 patients who achieved near-pCR were 88.5% and 71.1%, respectively (p = 0.036). According to AJCC 8th edition staging system of breast cancer, cN3 is defined as metastasis to ipsilateral infraclavicular/supraclavicular lymph node(s), or metastasis to ipsilateral internal mammary lymph node(s) and axillary lymph node(s). There is controversy regarding the treatment of the local supraclavicular and internal mammary lymph node(s). It is difficult to remove the supraclavicular lymph node(s) and internal mammary lymph node(s) during the surgery. Radiation therapy is usually applied to deal with the supraclavicular and internal mammary lymph node(s) involvement. However, it is difficult to evaluate whether the status of no evidence of disease (NED) is reached. In recent years, growing interest was focused on post-NAC treatment, and some trials noted that reinforcing the adjuvant treatment could improve prognosis for patients with residual disease. In the subset of CREATE-X, TNBC patients with residual invasive disease who received capecitabine had a 5-year DFS rate of 69.8%, 13.7% higher than the control group (HR = 0.58, 95% CI: 0.39–0.87) (8). In the KATHERINE clinical trial, the invasive DFS at 3 years of HER2-positive breast cancer patients with residual invasive disease who received T-DM1 was 88.3%, higher than patients receiving trastuzumab (HR = 0.5, p < 0.001) (9). However, numerous post-NAC clinical trials incorporated patients with a residual disease of at least 1.0 cm or node positive disease, excluding patients who achieved near-pCR. Our study showed that patients with near-pCR still had a certain risk of recurrence. Adjuvant therapy to minimize the risk of recurrence for patients with near-pCR is needed to be illuminated in further prospective research.

Our study also has several limitations. First, it was a retrospective study; therefore, selection bias was inevitable. Second, because the number of death events was small, we did not conduct analysis on the predictive factors of OS in patients achieving pCR and near-pCR.



Conclusions

Patients achieving pCR had excellent outcomes. The recurrence risk of patients achieving near-pCR after NAC was higher than that of patients achieving pCR. The vast majority of recurrence occurred within 3 years from onset of NAC. Patients with cN3 before NAC had a higher risk of developing local and distant metastasis, even achieving pCR or near-pCR after NAC. It is worthwhile to closely monitor patients with cN3, especially in the first 3 years.
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