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Background

The 21-gene recurrence score (RS)-guided decision-making for adjuvant treatment has been utilized as a standard of care for early ER+HER2- breast cancer. We investigated a prognostic value of the Breast Cancer Test (BCT) score, a multigene assay incorporating clinical risk, in estrogen receptor (ER)+HER2- breast cancer patients receiving RS-guided adjuvant treatments, specifically focusing on chemotherapy-untreated patients with low RS.





Methods

This multicenter cohort study included 759 patients who received RS-guided adjuvant treatment. The primary endpoint was recurrence-free survival (RFS), and the secondary endpoint was distant recurrence-free survival (DRFS).





Results

At a median follow up of 85 months, the 7-year RFS was 92.9% (95% CI, 90.9%-94.9%). Among the 592 chemotherapy-untreated patients with low RS, the RFS differed significantly according to the BCT score (P=.014); the 7-year RFS was 95.5% (95% CI, 93.4%-97.7%) in the BCT-low group, while it was 89.9% (95% CI, 84.9%-95.1%) in the BCT-high group. The BCT score was an independent prognostic factor for both RFS and DRFS. In addition, the RFS of the low-BCT score group was superior to that of the high-BCT group in women aged 50 years or younger, with an RS of 16 to 25.





Conclusions

Our study suggests the utility of the BCT score in stratifying the relapse risk among chemotherapy-untreated patients with a low RS, particularly in young women with an RS of 16–25 who are at risk for long-term recurrence.
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Introduction

In early estrogen receptor (ER)+human epidermal growth factor receptor-2 (HER2)- breast cancer, the use of a 21-gene expression assay to guide decision making for adjuvant treatments is widely accepted as part of the standard of care (1–4). This assay plays a crucial role in sparing chemotherapy for the majority of ER+HER2 − early breast cancer patients who exhibit a low genomic risk, as indicated by their 21-gene recurrence score (RS) (4, 5). Furthermore, it aids in accurately identifying those patients who could potentially benefit from chemotherapy (5, 6). However, it is noteworthy that chemotherapy could offer clinical benefits to premenopausal patients with a mid-range RS of 16-25 or those with a high clinical risk (3, 7).

Additionally, recent findings from the updated TAILOR-X trial, which included patients with node-negative, ER+HER2- breast cancer, have shown that the risk of late recurrence after 5 years surpasses that of early recurrence within the first 5 years (8). This line of evidence underscores the importance of gathering more real-world data on cohorts guided by 21-gene RS, particularly with longer follow-up periods.

The Breast Cancer Test (BCT) score is a multigene assay that incorporates clinical risk factors (9). Its primary purpose is to predict the risk of distant metastasis over a 10-year period in patients with hormone receptor (HR)+HER2- early breast cancer treated solely with anti-estrogen therapy (9, 10). The BCT score was computed based on the relative expression levels of six specific genes (UBE2C, TOP2A, RRM2, FOXM1, MKI67, and BTN3A2), as well as two clinical variables: nodal status and tumor size (9).

In our research, we aimed to investigate the additional value of the BCT score in a cohort of early stage, ER+HER2- breast cancer patients who were undergoing adjuvant treatments guided by a 21-gene expression assay. Specifically, our study focused on patients who did not receive chemotherapy and had low RS scores.





Materials and methods




Study population

This multi-center retrospective study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology reporting guidelines for observational studies. We identified women with ER+HER2- invasive breast cancer who underwent curative surgery for ER+HER2- invasive breast cancer and received 21-gene RS-guided adjuvant treatment. Between March 2010 and April 2018, these patients received treatment at five academic institutions in South Korea: Gangnam Severance Hospital, Yonsei University College of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, National Cancer Center, Asan Medical Center, University of Ulsan College of Medicine, and Korea University Guro Hospital (11). The participating hospitals began to gradually implement the 21-gene RS test for patients with T1-2/N0-1, who consented to the test as part of their decision-making process for adjuvant treatments following surgery. Consequently, these patients received adjuvant endocrine treatments with or without chemotherapy, considering factors such as age, tumor stage, and personal preferences, all supervised by the RS. We collected clinical and pathological data for these patients by thoroughly reviewing their medical records, and the median age was 47 years. Data were collected between July and December 2022, encompassing the period from surgery to the last follow-up or death. This study adhered to the STROBE reporting guideline (12).

In a previous study (11), we acquired 871 Formalin-Fixed Paraffin-Embedded (FFPE) tissue samples from patients who had received 21-gene RS-guided adjuvant treatment at these five institutes. Among them, 771 patients were eligible for comparison between the GenesWell BCT score and 21-gene RS after excluding cases with FFPE tumor tissues that did not meet the GenesWell BCT test criteria or those with insufficient tumor or clinical information. In the current study, we included 759 patients after excluding patients with stage IV disease (n=1) or those with unknown survival status (n=11). A flowchart illustrating the patient selection process is shown in a consort diagram (Supplementary Figure 1).

Our study protocol was approved by the institutional review board of each participating institute. Given the retrospective nature of this study, the requirement for written informed consent was waived by the institutional review board.





21-gene recurrence score (Oncotype DX®) and BCT tests

For the 21-gene RS, we sent samples to Genomic Health for Oncotype DX testing prior to the study following established procedures as previously described (1, 4, 13, 14). To determine the BCT score, we extracted RNA from FFPE tissues and subjected samples with sufficient residual RNA for qRT-PCR, as described in previous studies (9). The BCT score was calculated using two clinical variables (tumor size and nodal status) in conjunction with the relative expression of nine genes: five proliferation genes (UBE2C, TOP2A, RRM2, FOXM1, MKI67), one immune gene (BTN3A2), and three reference genes (CTBP1, CUL1, UBQLN1). This scoring system was developed to estimate the prognosis of patients with ER+HER2- breast cancer. Following the initial disclosure of the previous study (9), case collection for the BCT score was conducted in a randomized manner, blinding the results of RS. The current study reports survival outcomes in a cohort with both RS and BCT scores.





Categorization of risk groups

Patients were categorized into high-risk and low-risk BCT groups based on previously reported BCT scoring criteria (9). In summary, patients with a BCT score <4 were classified as low-risk, while those with a BCT score ≥4 were classified as high-risk. For the 21-gene RS test, patients were categorized into low-risk (RS <26) or high-risk (RS ≥26) groups using predefined cutoffs as established in the TAILOR-X and RxPONDER trials (3, 4, 6, 15). In an exploratory analysis of women aged 50 or younger, the low-risk group was further subdivided into low-range RS (0-15) and mid-range RS (16-25) (3). Thus, patients in this analysis were categorized into three groups: low-range RS (0-15), mid-range RS (16-25), and high RS (26-100). Clinical risk was determined using a modified version of the adjuvant! Online as in the MINDACT trial (1, 16).





Statistical analysis

The primary endpoint of our study was recurrence-free survival (RFS), defined as the time interval between surgery and the occurrence of any tumor recurrence or mortality. The secondary endpoint was distant recurrence-free survival (DRFS), defined as the interval between surgery and the occurrence of distant metastasis or mortality. Partial likelihood ratio (LR) tests based on Cox proportional hazards regression models were used to test the prognostic information of RS and BCT score. We analyzed RFS and DRFS using Kaplan-Meier plots with log-rank tests and conducted multivariate Cox models, adjusting for conventional clinical variables, including T stage, N stage, and histologic grade. The pre-defined significance level was set at a two-sided alpha (α) <0.05. All statistical analyses using R 3.3.3 (http://r-project.org).






Results




Study population

This study included 759 patients. The baseline characteristics of the patients are summarized in Supplementary Table 1. The median age of the included patients was 47 years (range: 23-79). A total of 636 patients had invasive ductal carcinoma. Of these, 65.1% had T1 tumors, and 80.0% had node-negative disease. Adjuvant chemotherapy was administered to 19.7% of patients, while adjuvant radiotherapy was administered to 553 patients (72.9%). Progesterone receptor (PR) negativity was observed in 296 patients (12.9%), and grade 3 tumors were present in 225 patients (9.8%). Eighty-two patients (10.8%) received ovarian-function suppression (OFS) as a component of endocrine therapy. Regarding the level of clinical risk, 254 patients (42.9%) were classified as having high clinical risk.

Among these patients, 645 (85.0%) belonged to the low-RS group, and 520 (68.5%) had a low BCT score. We initially investigated the agreement between these two biomarkers (Supplementary Figure 2). Agreement was noted in 546 (71.9%) patients, whereas disagreement was observed in 213 (28.1%) patients. Among the patients with a low BCT score, 91.5% (476/520) had a low RS. However, among the patients with a high BCT score, 29.4% (70/239) had a high RS.





Survival outcomes according to BCT score or RS

At a median follow-up of 85 months, 54 patients had tumor recurrence and 28 had distant recurrence. The 7-year RFS and 7-year DRFS were 92.9% (95% CI, 90.9%-94.9%) and 96.2% (95% CI, 94.7%-97.7%), respectively (Figures 1A, B). When comparing RFS based on BCT score and RS, we noted significant differences. Specifically, the 7-year RFS was 95.0% (95% CI, 92.9%-97.1%) for the low BCT score group, in contrast to 88.4% (95% CI, 84.3%-92.7%) for the high BCT score group (Figure 1C; P<.001). Additionally, the 7-year RFS rates for the low-RS and high-RS groups were 93.7% (95% CI, 91.7%-95.8%) and 88.1% (95% CI, 82.2%-94.4%), respectively (Figure 1D; P=.020).




Figure 1 | Survival outcomes (A) Recurrence-free survival for all patients (B) Distant recurrence-free survival for all patients (C) Recurrence-free survival by the BCT score (P<0.001, log-rank test) (D) Recurrence-free survival by the RS (P=.020, log-rank test).



To assess the prognostic power of each multigene assay for RFS and DRFS, we performed likelihood-ratio tests (Table 1). Both RS and BCT score as either continuous or categorical value provided statistically significant prognostic information in predicting RFS and DRFS, while ΔLR χ2 of the continuous BCT score was highest among these.


Table 1 | Likelihood-ratio tests for recurrence-free survival and distant recurrence-free survival in all patients.







Prognostic value of BCT score in the group with low RS

We then assessed the prognostic value of the BCT score in the two groups stratified by the RS. A high BCT score was significantly associated with an inferior RFS in the low RS group (n = 645). Specifically, the 7-year RFS was 95.2% (95% CI, 93.1%-97.4%) in the low BCT score group, compared to 89.6% (95% CI, 84.9%-94.6%) in the high BCT score group (Figure 2A; P=.004). Additionally, we observed that the 7-year DRFS for the low-BCT group was numerically higher than that for the high-BCT group, with rates of 97.5% (95% CI, 95.9%-99.2%) and 95.5% (95% CI, 92.2%-98.9%), respectively (Figure 2B; P=.10).




Figure 2 | Survival analysis in patients with low RS (N=645): (A) Kaplan-Meier survival curve for RFS according to the BCT score (P=.004, log-rank test). (B) Kaplan-Meier survival curve for DRFS according to the BCT score (P=.010, log-rank test). Survival analysis of patients with low RS who did not receive chemotherapy (N=592). (C) Kaplan-Meier survival curve for RFS according to BCT score (P=.004, log-rank test). (D) Kaplan-Meier survival curve for DRFS according to BCT score (P=.040, log-rank test).



Within the low-RS group, 8.2% (53/645) of the patients underwent chemotherapy based on other clinical and pathological risk factors. We selected patients with low RS who did not receive chemotherapy and summarized their clinicopathological features and treatment modalities in Table 2 (n=592). Of these patients, 440 (74.3%) had a low BCT score and 152 (25.7%) had a high BCT score.


Table 2 | Clinical and pathological characteristics according to BCT score in chemotherapy-untreated group with low RS.



When we compared the clinical characteristics based on the BCT score, it became apparent that the high-BCT group had larger tumors, a higher prevalence of node-positive disease, more receipt of OFS, and a higher frequency of mastectomy (Table 2). Consequently, those with high BCT scores exhibited a higher frequency of high clinical risk. However, there were no discernible differences in age, histology, grade, or PR status between the two groups.

In this subset of patients with a low RS who did not receive chemotherapy, we noted significant differences in RFS and DRFS based on the BCT score. The 7-year RFS for the low-BCT group was higher than that for the high-BCT group, with rates of 95.5% (95% CI, 93.4%-97.7%) and 89.9% (95% CI, 84.9%-95.1%), respectively (Figure 2C; P=.004). Similarly, the 7-year DRFS was 98.0% (95% CI, 96.6%-99.5%) in the low BCT score group and 95.0% (95% CI, 91.4%-98.7%) in the high BCT score group (Figure 2D; P=.040). However, when we compared RFS and DRFS according to clinical risk, no significant survival differences were observed (Supplementary Figure 3).

We further explored the prognostic value of BCT score adjusted for conventional clinical variables within this subgroup. In the multivariate analysis for RFS, a high BCT score was identified as a significant risk factor for reduced RFS (Table 3; hazard ratio [HR]=3.175; 95% confidence interval [CI], 1.483–6.797; P=.003). Furthermore, in the multivariable analysis adjusted for T stage, nodal status, and grade, the BCT score emerged as an independent prognostic factor for DRFS (Table 4; HR=4.067; 95% CI, 1.397-11.834; P=.010). Additionally, in both multivariable models for RFS and DRFS, the continuous BCT score was found to be a significant prognostic factor (Tables 3, 4).


Table 3 | Multivariable analysis for RFS within low-RS and chemotherapy untreated group (N=592).




Table 4 | Multivariable analysis for DRFS within low-RS and chemotherapy untreated group (N=592).







BCT score in subgroup of women aged 50 or younger with mid-range RS

Since the results of the intermediate RS group of the TAILOR-X trial were announced in 2018, the clinical benefit of chemotherapy was noted in the mid-range RS (16-25) for women aged ≤ 50 years (3). The agreement between the three RS categories and the binary BCT is provided in Supplementary Table 2. We evaluated the prognostic value of BCT within the subgroup of women aged ≤ 50 years with mid-range RS (16-25).

In our study, 209 patients were women aged 50 years or younger and had a mid-range RS (16-25). In this group, we observed that the RFS was significantly higher in the low BCT group (n=151) than in the high BCT group (n=58) (Figure 3A; P=.007). When excluding patients treated with chemotherapy (n=34), the RFS of the low BCT group remained superior to that of the high BCT group (Figure 3B; P=.020).




Figure 3 | Survival analysis in the subgroup of patients aged 50 or younger with mid-range RS of 16-25 (A) All patients (N=209); Kaplan-Meier survival curve for RFS according to the BCT score (P=.007, log-rank test). (B) Chemotherapy-untreated patients (N=175); Kaplan-Meier survival curve for RFS according to the BCT score (P=0.020, log-rank test).








Discussion

In our multicenter cohort of patients with early ER+HER2- breast cancer treated with RS-guided adjuvant treatment, we found that the BCT score has prognostic value. Specifically, within the low RS group that did not receive chemotherapy, the BCT score emerged as an effective tool for identifying patients at a higher risk of tumor recurrence or distant relapse. This added prognostic value of the BCT score is particularly prominent in women aged 50 years or younger, with a mid-range RS of 16-25. Our findings suggest that the BCT score can offer additional prognostic information beyond RS for early ER+HER2- breast cancer.

Overall, considering our cohort, which included 114 women (15.0%) with high RS (>26) or node-positive disease (20.0%), we observed favorable outcomes, with estimated 7-year RFS and 7-year DRFS rates of 92.9% and 96.2%, respectively. However, it is noteworthy that in the low-RS and chemotherapy-untreated groups, clinical stratification by BCT score resulted in a noticeable separation of survival curves. This divergence in survival curves began to manifest three years after surgery and became more pronounced around the five-year mark, indicating the potential for late recurrences in this group. Indeed, the 3-year RFS rates for the low- and high-BCT groups were 98.2% (95% CI, 96.9%-99.4%) and 96.7% (95% CI, 93.4%-99.6%), respectively, while the 5-year RFS rates were 97.2% (95.7%-98.8%) and 93.3% (89.4%-97.4%), respectively.

In another study using the BCT score, we reported that patients with a high BCT score had an increased risk of late relapse in a cohort with long-term follow-up, with a median follow-up of 17.4 years (17). Late recurrence is strongly associated with tumor size, nodal status (TN) of the primary tumor, and tumor grade (18–21). In this context, based on the TAILOR-X and B-14 trials, researchers developed a clinical tool that incorporates RS, tumor size, grade, and age (22).

In our study, late separation in survival based on the BCT score within the low-RS and chemotherapy-untreated groups was reasonable because this assay incorporates information related to TN. The BCT-high group had larger tumors, a higher prevalence of node-positive disease, and a higher clinical risk (Table 1). While the relatively higher tumor burden in the BCT-high group may partly contribute to increased recurrence, it cannot solely explain the inferior RFS, as the clinical risk stratification failed to differentiate survival curves in this group (Supplementary Figure 3).

Additionally, whether chemotherapy can reduce late recurrence in patients with ER+ breast cancer who have a relatively high tumor burden remains a subject of curiosity. RS was initially developed to identify biological properties that predict chemotherapy sensitivity in patients with ER+ breast cancer (5, 23). Therefore, the current practice of administering chemotherapy to individuals with high RS and omitting it for those with low RS has been established based on robust retrospective data and prospective trials (3–5, 7, 23). Interestingly, the recent updated findings of the TAILOR-X trial indicated that chemotherapy provided significant benefits in reducing distant recurrence among patients aged 50 years or younger with an RS of 16-20 and high clinical risk or an RS of 21-25 (8). More efforts are warranted to address late distant recurrence in premenopausal women with intermediate genomic risk, considering the TN of the primary tumor.

In contrast to several other multigene assays for determining the necessity of chemotherapy in ER+ breast cancer, the BCT score does not include ER-related genes (9). Unlike the BCT score, the vast majority of multigene assays, including the 21-gene expression assay and Mammaprint®, incorporate ER modules (5, 16, 23, 24). Consequently, ER and PR expression can affect the final score of the assay. This may explain why the BCT score is not as influenced by the estrogen-enriched hormonal milieu often present in young women, which can lead to increased gene expression related to the ER modules. In fact, in patients aged ≤ 50 years with an RS of 16-25, the BCT score provided prognostic information regardless of chemotherapy receipt (Figure 3). Further data are needed to ascertain the role of BCT score in guiding adjuvant treatment for premenopausal women.

Our study had several limitations. Our patients received RS-guided adjuvant treatment before the primary release of randomized controlled trial data, especially those with intermediate RS (11-25) in the TAILOR-X trial in 2018 (3). Therefore, treatment decision-making may differ from the current guidelines. Additionally, the RS cutoff varies based on patient age, menopausal status, and level of clinical risk (3, 7). Moreover, when patients receive results indicating both a low RS and high BCT score, our findings do not provide clear guidance regarding chemotherapy. Lastly, given the late recurrence observed in the updated 12-year data from TAILOR-X (8), longer follow-up is required. Nonetheless, our findings highlight the potential of the BCT score to provide prognostic information, especially for patients in the grey zone and young individuals.

In summary, we found that the BCT score was valuable for stratifying the risk of relapse in chemotherapy-untreated patients with a low RS. This indicates that the BCT score could provide additional clinical value in identifying patients with a long-term risk of relapse, particularly in young women with an RS of 16–25. Our findings imply that the BCT score may help further personalized treatment for these patients.
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