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Purpose: Triple-negative breast cancer (TNBC) is a subtype with distinct heterogeneity, high invasiveness, and poorer prognosis. There is a controversy about adjuvant chemotherapy (ACT) at the T1aN0M0 stage. This study was carried out to assess the survival benefit of ACT for these patients.

Methods: We identified 1,099 patients with T1aN0M0 TNBC who were diagnosed between 2010 and 2016 from the Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariable analyses were conducted to determine factors related to survival. One-to-one (1:1) propensity score matching (PSM) was applied to construct a matched sample consisting of pairs of ACT and non-ACT subjects. Breast cancer–specific survival (BCSS) and overall survival (OS) of the two groups were evaluated by Kaplan–Meier plots and Cox proportional hazard regression models. Stratified analysis according to different variables was also performed.

Results: No obvious differences in demographic or clinical characteristics were found between patients who had ACT and those without ACT therapy in terms of race, marital status, laterality, or radiation therapy. A higher proportion of patients who were older, had a higher histological grade tumor, and who received breast-conserving surgery had adjuvant chemotherapy. The ACT group did not exhibit better survival in BCSS or OS before PSM. After PSM, the ACT and non-ACT groups consisted of 255 patients, respectively, and Kaplan–Meier curves and multivariate analysis both indicate that adjuvant chemotherapy was not associated with better survival in terms of BCSS or OS. Furthermore, we did not observe any survival advantage in any subgroup irrespective of age, race, marital status, histological grade, surgery type, or radiotherapy status.

Conclusions: The study results indicate that there is no strong association between ACT and better survival in T1aN0M0 TNBC. It implies that the chemotherapy decision should be made cautiously and further research into therapeutic strategies are needed in T1aN0M0 TNBC patients.
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INTRODUCTION

Triple-negative breast cancers (TNBC), which account for about 10–20% of breast cancer (1), are defined as tumors that lack the expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) (2). They are characterized by higher invasiveness, heterogeneity, and a relatively poorer outcome than other subtypes (2–4). The clinical outcome of TNBC is associated with age at diagnosis, race, tumor size, histological grade, lymph node status, and the BRCA1 mutation as reported in many studies (1, 5, 6). Unlike other subtypes of breast cancer that receive treatments, such as endocrine therapy or trastuzumab, the main and only current systemic treatment option for patients with TNBC is chemotherapy (2). In response to the enhanced cancer awareness and widespread application of mammography screening, the detection of early stage breast cancer has increased in recent years (7, 8), and small TNBC tumors are not an exception. The appropriate management and treatment of these TNBC patients has received significant attention in recent studies.

The prognosis for patients with small breast cancer tumors is favorable, according to some past reports. Overall survival (OS) for 8 years and relapse-free survival (RFS) for 6.9 years are both more than 90% (9–11). However, patients with HR-negative/HER2-negative tumors had the lowest 5-year distant RFS (DRFS) compared to other subtypes (12). Tumor size is not a strong indicator of prognosis owing to it being highly aggressive and the underlying biological characters being fundamentally different from other breast cancer subtypes (13). Consequently, a reasonable and effective treatment pattern for small-size TNBC tumors, including T1a tumors whose diameter is no more than 0.5 cm, is particularly important. The National Comprehensive Cancer Network (NCCN) and the St. Gallen panel suggest considering ACT for T1bN0M0 TNBC but do not recommend it to T1aN0M0 TNBC patients. Although the latest NCCN guidelines note that some patients with high-risk features, very young women with high-grade histology, for example, may be considered for chemotherapy. Given the lack of evidence, there is still controversy about whether or not to use ACT in patients with T1aN0M0 TNBC. Several retrospective studies state the relationship between disease-free survival (DFS) or OS advantage and chemotherapy in subcentimetric, node-negative TNBC (11, 14–16). Regretfully, the data related to T1a TNBC is limited.

To explore the impact of ACT on breast cancer-specific survival (BCSS) and OS of T1aN0M0 TNBC, this study reviewed T1aN0M0 TNBC cases registered in the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute (NCI). SEER is an authoritative source of information on cancer incidence and survival in the United States and currently collects and publishes cancer incidence and survival data from various locations and sources throughout the United States.



MATERIALS AND METHODS


Patients

SEER*Stat version 8.3.6 was used to obtain data from the SEER 18 registries research database, which are available for cases diagnosed from 2000 through the current data year. We reviewed 1,148 cases that were primarily sifted from the SEER database with the following conditions: female, year of diagnosis from 2010 to 2016, breast cancer as the first and only malignant cancer, unilateral origin of primary cancer, T1aN0M0 derived from AJCC 7th or 8th edition, and a triple-negative subgroup. Further information included age at diagnosis, race record (white, black, other), marital status at diagnosis, histological grades (I–IV), AJCC staging, laterality, RX Summ-Surg Prim Site (breast-conserving or mastectomy), record of radiation therapy, record of chemotherapy, cause of death classification, and survival in months. There were 35 patients without grade information, and 14 patients without surgery treatment or with an unknown type of surgery who were excluded. Eventually, 1,099 patients were enrolled in this study.

Patients were categorized into two groups according to their ACT treatment status. Patients with an unknown chemotherapy history were classified into the group without ACT. Patients with race of American Indian/AK Native, Asian/Pacific Islander were classified into one group as “others.” The group “not married” consisted of separated, widowed, single (never married), divorced, and unmarried or domestic partner. Breast-conserving surgery (BCS) means removing the gross primary tumor and some of the breast tissue, and other types belong to the mastectomy group. Radiation after surgery, intraoperative radiation, and intraoperative radiation with other radiation before/after surgery were regarded as having radiation therapy. BCSS was defined as the period from the date of diagnosis to the date of death due to breast cancer or the follow-up time if patients were alive, and OS was defined as the duration from the date of diagnosis to the date of death because of all causes (including breast cancer) or the follow-up time.



Statistical Analysis

Most statistical analysis was conducted utilizing the SPSS version 20.0 software package (IBM SPSS Statistics, Chicago, IL, USA). The baseline characteristics of the included patients were compared between the two groups classified as those receiving chemotherapy and those not receiving chemotherapy using a chi-squared test. A Cox proportional hazards model was utilized to calculate the HR ratio and 95% confidence intervals in the univariate and multivariate analyses and to identify prognostic factors. R program version 3.6.3 and survival package were used to generate the survival curves, and the log-rank test was performed to compare the unadjusted BCSS and OS rates of the two groups of patients. We performed propensity score matching (PSM) by using the psmatch2 module in Stata version 14.0 (Stata Corp., College Station, TX, USA). The command matched each patient with ACT to one patient without ACT using factors including age, race, marital status, histological grade, surgery type, and radiotherapy.




RESULTS


Baseline Characteristics of the Study Population

Altogether, there were 1,099 cases that met the criterion of this study (Figure 1). Among them, 278 patients received ACT, and 821 patients never underwent treatment or their ACT treatment was unknown. Median follow-up for these patients was 36 months. Patients with ACT tended to be younger than the group without ACT (<50 years old, 29.5 vs. 10.8%, p < 0.001). The higher the histological grade, the higher the percentage of patients who received ACT (grade I, 1.4 vs. 9.4%; grade II, 23.4 vs. 44.2%; grade III+IV, 75.2 vs. 46.4%, p < 0.001). In addition, a higher percentage of patients who received chemotherapy chose mastectomy (BCS, 60.4 vs. 68.0%; mastectomy, 39.6 vs. 32.0%, p = 0.022). No remarkable differences were observed between patients from the two groups in terms of race, marital status, laterality, or radiation therapy (Table 1). Considering the different distribution of several important prognostic indicators, we conducted a 1:1 (with ACT; without ACT) matched case-control analysis utilizing a PSM method, and 255 paired patients were finally identified (Table 1).
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FIGURE 1. The selection and grouping of patients for the study.



Table 1. Demographic and clinical characteristics of the study population.

[image: Table 1]



Prognostic Factors Analysis

The multivariate Cox proportional hazards regression model was applied to study the survival outcome–related factors. As shown in Table 2, before PSM, BCSS showed no statistically significant connection with age, race, marital status, histological grade, chemotherapy, type of surgery, or radiotherapy. The type of surgery was an independent prognostic factor after PSM. Patients with mastectomy seem to suffer a worse BCSS than patients who received BCS [hazard ratio (HR), 18.753; 95% confidence interval (CI), 1.195–294.292; p = 0.037].


Table 2. Multivariate Cox proportional hazard model for assessing outcome-related factors of breast cancer–specific survival.
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Multivariate analysis of OS indicates that patients who were unmarried (HR, 2.410; 95% CI, 1.291–4.498; p = 0.006) or did not have radiotherapy (HR, 0.357; 95% CI, 0.163–0.781; p = 0.010) might have worse survival before PSM evaluation. However, after analysis was adjusted with variables that were reported to be associated with breast cancer prognosis, no independent prognostic factors for OS were found (Table 3).


Table 3. Multivariate Cox proportional hazard model for assessing outcome-related factors of overall survival.
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Comparison of BCSS and OS Between Patients With Adjuvant Chemotherapy and Without Chemotherapy

We used a Kaplan–Meier plot and log-rank tests to describe and compare the survival curves of the two groups of patients with BCSS and OS (Figures 2A,B). As stated, patients with and without ACT had similar BCSS (p = 0.7514) and OS (p = 0.0687). The 3-year cumulative survival probability of BCSS for the group with ACT was 98.5% and was 98.7% in the no-ACT group. A similar outcome was observed in 5-year cumulative survival probability of BCSS (98.5 vs. 97.4%). As for OS, 3-year cumulative survival probabilities were 97.5% (with ACT) and 96.7% (without ACT). However, 5-year cumulative survival probability of OS in patients without ACT reduced to 92.2%, and that in the ACT group was 97.5%.


[image: Figure 2]
FIGURE 2. Survival curves of the two groups of patients with BCSS (A) and OS (B) before PSM and BCSS (C) and OS (D) after PSM. ACT, adjuvant chemotherapy; BCSS, breast cancer–specific survival; OS, overall survival. The log-rank test was performed to compare the BCSS and OS rates of the two group patients.


After PSM, we saw no superior prognostic value with the use of adjuvant chemotherapy with regard to BCSS or OS (p = 0.8957 for BCSS and p = 0.4344 for OS) (Figures 2C,D). A similar 5-year cumulative survival probability for BCSS was found for the two groups (ACT, 98.5% vs. no ACT, 98.1%). Patients with ACT were related to better OS than those without ACT with the 5-year cumulative survival probability of BCSS reaching 97.3 vs. 93.9%. But the discrepancy was without statistical significance.



Survival Prognostic Factors Associated With ACT

To distinguish the patient benefit from ACT, we stratified the patients according to their age, race, marital status, histological grade, surgical procedure, and radiotherapy after PSM. The univariate Cox proportional hazards regression model was used to compare the BCSS and OS between the two studied groups. As demonstrated in Table 4, no factors included in the analysis were associated with the survival of patients who received chemotherapy.


Table 4. Cox proportional hazard regression model of BCSS and OS comparing two studied groups, stratified by clinical variables after PSM.
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DISCUSSION

A retrospective study enrolling 51,246 cases of T1a, bN0M0 breast cancer demonstrated that the OS proportion at 5 and 10 years was 90.2 and 75.9%, the 5- and 10-year BCSS proportion was about 98 and 96% (17). However, there are high risks of recurrence or distant metastasis in some patients with T1a, b tumors (17, 18). A multicenter retrospective cohort study (19) found that T1a tumors had a worse prognosis than T1b or even T1c tumors when considering RFS or DRFS, implying that patients with T1a tumors usually lacked enough treatment. Patients with T1a tumors exhibited several unfavorable prognostic factors and unexpected differences from patients with T1b or T1c tumors, especially those with the HR-negative, HER2-overexpression and triple-negative subtypes. Although ACT or trastuzumab or endocrine therapy is not strongly advised for T1a tumor patients according to guidelines, it is true that small tumor size itself is not a sufficient prognosticator (20). Considering these factors, the treatment regimens containing ACT should be prescribed in accordance with the risk associated with the different subtypes and their respective biological characteristics.

With regard to TNBC tumors of small size, some studies have indicated that a fraction of patients might benefit from adjuvant chemotherapy (11, 16). Zaida Morante et al. evaluated a T1N0-TNBC-patient cohort diagnosed between 2000 and 2014 at a single institution and found a better outcome in patients treated with ACT (21). However, most experts oppose routine ACT for pT1a pN0 TNBC (22) because the evidence of an advantage for ACT in these patients is inadequate. There have been other previous retrospective studies that discuss the impact of chemotherapy on subcentimetric TNBC (14, 15). They focused on the T1a, b subgroup; regretfully, the cases of T1a TNBC are rare. In addition, T1aN0M0 TNBC cases have been excluded from previous clinical trials in normal conditions, and it is unrealistic and difficult to conduct a randomized clinical trial including these few patients with or without ACT.

Our aim was to investigate the effect of adjuvant chemotherapy on the survival of T1aN0M0 TNBC patients. We analyzed patients of the cohort utilizing population-based SEER data and found that the BCSS and OS is not significantly different between groups of patients with and without ACT. After having matched and considered confounding factors, including age, race, marital status, histological grade, surgery type, and radiotherapy, no striking difference in survival outcome was observed between the two groups of patients. Our result is in accordance with a previous study that found patients with subcentimetric tumors, including T1a and T1b, node-negative TNBC, receiving ACT did not derive a significant DFS or distance metastasis free survival (DMFS) benefit (15). Furthermore, in our study, the 3- and 5-year BCSS of the patients in the ACT group are both 98.5% after PSM with the value up to 98.9 and 98.1%, respectively, in the opposite group. The favorable survival is probably the reason that T1a N0 TNBC patients did not show a prominent benefit from adjuvant chemotherapy.

Our study discovered that T1aN0M0 TNBC patients with younger age or higher histological grade were more likely to receive ACT. A previous study demonstrates that older patients have a better prognosis but worse tolerance toward ACT than younger patients (23). And being younger is regarded as a classical poor prognostic factor that is related to loco-regional relapse, BCSS, and OS (24) with small breast cancer tumors (25). In addition, the histological grade of the tumor is also a recognized prognostic indicator connected with survival (26, 27). Therefore, young age and high histological grade seem to be the usual reference factors when considering ACT for T1a TNBC patients. Our research indicates that, after stratification analysis according to the traditional risk factors, no distinct prognostic factors for survival associated with ACT were found in T1aN0M0 TNBC patients. Some previous studies suggest that some known prognostic factors are not applicable for TNBC. For instance, Ki-67 and the grade did not show any prognostic value in TNBC according to a study by Schmidt et al. (27). Rakha et al. (28) finds that the patients' age, tumor size, and androgen receptor expression were not of significant value in determining the prognosis in a N0TNBC group. Through a series of analyses, we draw the conclusion that T1aN0M0 TNBC patients treated with ACT have similar survival outcomes compared to those who did not receive ACT, and this result is not influenced by classical prognostic factors.

In matched groups, we find that type of surgery is an independent prognostic factor of BCSS. Patients with BCS have a better BCSS than patients who had a mastectomy. This conclusion was consistent with previous reports (29, 30). Compared with mastectomy, early stage TNBC patients who underwent BCS have a lower risk of loco-regional recurrence and of developing distant metastasis.

A characteristic of our study is that it is the first study evaluating adjuvant chemotherapy efficacy in T1aN0M0 TNBC patients using a large population data set. Moreover, we reduced the effect of confounding factors by enforcing PSM. There are, however, several limitations to the study. First, the median follow-up time of 36 months was not enough with the information about adjuvant chemotherapy and HER2 status in the SEER data available only from 2010 to 2016. Further outcomes of the cohort patients should be considered in the future. Second, the details of the adjuvant chemotherapy regimens and the duration of the patients' disease were unknown so that we cannot determine the different survival outcomes of different treatments. Finally, further analysis cannot be carried out because of a lack of certain prognostic indicators, such as Ki-67, BRCA mutations, and androgen receptor expression.

Collectively, our study indicates no strong association between adjuvant chemotherapy and better survival in T1aN0M0 TNBC. In addition, young age, race, marital status, histological grade, and radiation do not seemingly predict a survival benefit in these cohorts. We provide a clue for the treatment strategies of ACT in T1aN0M0 TNBC patients. However, therapeutic strategies for T1aN0M0 TNBC patients need more attention and further research.
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