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Background

The prognostic or predictive value of commonly used multigene assays in young patients with hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2−) early breast cancer is unclear. In this study, we assessed the prognostic value of the GenesWell BCT assay according to age group.



Methods

We identified patients with pN0-1, HR+/HER2− breast cancer in a prospective cohort of women who underwent surgery between 2005 and 2017. The GenesWell BCT assay was performed on tissue samples from selected patients. Distant metastasis-free survival (DMFS) and disease-free survival (DFS) were compared between the risk groups assigned by the BCT score.



Results

A total of 712 patients were eligible for analysis. The median follow-up time was 7.47 years. The BCT score was prognostic in patients aged ≤50 years (n = 404) and those aged >50 years (n = 308). In both age groups, the 10-year DMFS and DFS rates for patients classified as high risk by the BCT score were significantly lower than those for patients classified as low risk. A multivariate analysis revealed that the BCT score was an independent prognostic factor for DFS in patients aged ≤50 years (hazard ratio, 1.28; 95% CI, 1.05–1.56; P = 0.015), as well as those aged >50 years.



Conclusion

The BCT score could be used to identify low-risk patients who will not benefit from adjuvant chemotherapy to treat HR+/HER2− early breast cancer regardless of age. A further prospective study to assess the prognostic and predictive value of the BCT score is required.
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Introduction

Young age at diagnosis is a negative prognostic factor for patients with early breast cancer, particularly those with hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2−) breast cancer (1–3). Accordingly, young age is often used as an indication for adjuvant chemotherapy, and some studies have reported that most (>80%) young patients with early breast cancer receive adjuvant chemotherapy (4, 5). However, HR+/HER2− breast cancer patients benefit less from chemotherapy than HER2+ or triple-negative breast cancer patients (6), and young age alone should not be a reason to expand chemotherapy indications in early breast cancer (7, 8) Therefore, it is important to identify patients who will not benefit from chemotherapy to avoid unnecessary chemotherapy in young patients with HR+/HER2− breast cancer.

Several multigene assays, such as MammaPrint (9) and Oncotype DX (10), have been developed to predict the risk of recurrence or response to adjuvant chemotherapy in early breast cancer. However, most of those assays were developed using data mainly from postmenopausal women in Western countries (11, 12), and recent prospective clinical trials (e.g., TAILORx for Oncotype DX and MINDACT for MammaPrint) also included only a small number of young breast cancer patients (13, 14). Few data are available regarding the prognostic or predictive value of the commonly used multigene assays in young breast cancer patients. Moreover, recent TAILORx results show that the Oncotype DX recurrence score (RS) has different treatment implications for patients aged ≤50 and those aged >50 years (14), and they further revealed that the clinical risk classification in combination with RS provided prognostic information for identifying young patients who could benefit from chemotherapy (15). Those findings raised concerns about the value of existing multigene assays for deciding whether to use adjuvant chemotherapy in young breast cancer patients.

Another concern is that the median and peak age of breast cancer patients in Asian populations, including South Korea, Japan, Singapore, and Taiwan, is younger than in Western countries (16, 17). Breast cancer in young Asian women has distinctive disease characteristics compared with that in Western countries (18, 19). Therefore, it is particularly important to elucidate the reliability of multigene assays in young Asian women with breast cancer.

The GenesWell Breast Cancer Test (BCT) is a prognostic assay that predicts the risk of recurrence in patients with HR+/HER2− early breast cancer (20). This assay was developed using data from Asian patients, including a higher percentage of young patients than was used for previous assays. A recent study comparing the BCT score and the Oncotype DX RS for risk classification found that the concordance between the two risk scores was low in women aged ≤50 years, suggesting the need to find more adequate tests in that population (21). In this study, we analyzed the distribution of BCT scores by age group and assessed its prognostic value in patients aged ≤50 years and >50 years.



Materials and Methods


Patients and Tumor Samples

A total of 3,289 patients with T1–3, N0–1, HR+/HER2− early breast cancer who underwent surgery at SMC between July 2005 and December 2017 or at KNUH between January 2009 and December 2017 were screened in a prospectively collected patient cohort, and their clinical information and survival data were collected. Clinical information included their age at operation, tumor size, pathologic nodal (pN) status, pathologic stage according to the 7th edition of the American Joint Committee on Cancer classification, histologic grade, nuclear grade, lymphovascular invasion (LVI), multiplicity, Ki-67 (%), estrogen receptor (ER)/progesterone receptor (PR)/HER2 status, and use of hormone therapy or chemotherapy. ER/PR/HER2 status was obtained from the pathological report. ER and PR results determined by immunohistochemistry (IHC) were considered positive when at least 1% of tumor cells showed nuclear staining, according to American Society of Clinical Oncology/College of American Pathologists guidelines (22). HER2 was considered positive if ≥10% of tumor cells showed 3+ staining by IHC or 2+ staining by IHC with amplification using fluorescent or silver in situ hybridization (23).

Patients lacking clinical information or survival data, and those with short follow-up duration (≤12 months) were excluded from the sample. We stratified the included patients by age group and nodal status (pN0 or pN1) and then selected patients from each age group (31–40, 41–50, 51–60, >60 years) so that the ratio of patients with pN0 and pN1 tumors in each age group was 2:1. All patients in their 20s or 70s were included. The quantity and quality of formalin-fixed, paraffin-embedded (FFPE) tumor samples from the selected patients were evaluated, and only patients with sufficient FFPE tumor samples were then used to test the GenesWell BCT assay. In case of multiplicity, paraffin block from the largest mass was used to assess the BCT score.



GenesWell BCT Assay

Total RNA was isolated from the FFPE samples, and the GenesWell BCT assay was performed as previously described (20). The BCT score was calculated from the relative expression values of six prognostic genes (UBE2C, TOP2A, RRM2, FOXM1, MKI67, and BTN3A2), normalized by three reference genes (CTBP1, CUL1, and UBQLN1), and two clinical variables (tumor size and pN status). Patients were categorized as high risk for recurrence or distant metastasis if the BCT score was ≥4, whereas patients with a BCT score <4 were categorized as low risk.



Propensity Score Matching (PSM)

We used PSM with a 1:1 ratio to match control and treatment groups and enable us to evaluate causal treatment effects by excluding the effects of confounding factors (24). This analysis was performed using a nearest-neighbor matching algorithm in the “MatchIt” package for R software. The propensity score of the cohort was calculated using clinicopathological factors that significantly affect survival (P < 0.05 in Cox proportional hazard analysis), and the caliper was set to 0.04.



Statistical Analysis

Patient characteristics between the groups were compared using independent t-tests for continuous variables and the chi-square or Fisher’s exact test for categorical variables. Disease-free survival (DFS) was defined as the time from the date of surgery to the date of any recurrence, including locoregional recurrence and distant metastasis of breast cancer, and distant metastasis-free survival (DMFS) was defined as the time between the date of surgery and the date of distant metastasis. The probability of DFS and DMFS were estimated using the Kaplan-Meier method, and the log-rank test was used to assess statistical differences in survival rates between groups. Univariate and multivariate analyses were performed using Cox regression and proportional hazard models to evaluate the association between the clinical variables or BCT score and patient outcomes. All hazard ratios are reported with 95% confidence intervals (CIs). All statistical tests were two-sided, and a P < 0.05 was regarded as statistically significant. All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA) and R 3.6.2 (http://www.R-project.org).




Results


Patient Characteristics

Of the 1,043 FFPE samples on which the GenesWell BCT assay was performed, 325 samples that returned invalid GenesWell BCT results and six samples from patients receiving hormone therapy <2 years were excluded. We thus used 712 patients with valid BCT scores in our analyses (Figure 1).




Figure 1 | Study flow diagram. SMC, Samsung Medical Center; KNUH, Kyungpook National University Hospital; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; FFPE, formalin-fixed, paraffin-embedded.



The patient characteristics are presented in Table 1. The median age of the 712 patients was 48.5 years (range 21–80), and 56.7% of patients (n = 404) were aged ≤50 years. Four hundred thirty-eight (61.5%) patients had pN0 tumors, and 434 (61.0%) patients had small tumors ≤2.0 cm. The median follow-up duration was 7.47 years (range 1.12–13.05). Sixty-six percent of patients were treated with hormone therapy plus chemotherapy, whereas 34.0% of patients received hormone therapy alone. When we compared the clinical characteristics of patients by age group, we found no significant differences in tumor size, pN, nuclear grade, histologic grade, or Ki-67 between age groups (Table 1). However, young women with breast cancer were more likely to have a higher rate of LVI (P = 0.019) and receive chemotherapy (P < 0.001) than older patients (Table 1). The incidence of distant metastasis and recurrence in all patients was 5.8 and 9.6%, respectively. Younger patients showed significantly lower 10-year DFS rates than older patients (P = 0.020). In contrast, 10-year DMFS did not differ significantly between the age groups (P = 0.200). The 10-year DFS rate of patients aged ≤30 years was 65.2%, whereas patents aged >30 years had a >80% of 10-year DFS rate.


Table 1 | Patient characteristics by age group.





Prognostic Validation of the BCT Score

The median BCT score of all patients was 3.89 (range 0–10.00), with 52.4% of patients categorized into the BCT low-risk group and 47.6% of patients classified as high risk (Figure 2A). The BCT high-risk group was significantly associated with unfavorable clinicopathological factors, including larger tumor size and advanced pN status (Supplementary Table 1).




Figure 2 | Distribution of BCT scores and risk groups by age group. The percentage of patients within each BCT risk group (blue for the BCT low-risk group and red for the BCT high-risk group) among (A) all patients (n = 712), (B) pN0 patients (n = 438), and (C) pN1 patients (n = 274) by age group. The median BCT score of each age group is also depicted.



The Kaplan-Meier survival curves show statistically significant differences in DMFS (P < 0.001) and DFS (P < 0.001) between the BCT low-risk and high-risk groups (Figure 3). The probability of 10-year DMFS for patients in the low-risk and high-risk groups was 96.9 and 86.2%, respectively. Recurrence rates at 10 years in patients categorized by the BCT as low risk and high risk were 8.8 and 19.1%, respectively.




Figure 3 | Kaplan-Meier estimates of 10-year distant metastasis-free survival and disease-free survival by BCT risk group in all patients. Patients were classified into the low-risk (blue) or high-risk (red) group according to their BCT scores.



We examined the association between the BCT score and patient survival using Cox’s proportional hazard model. In the univariate analysis for DMFS and DFS, the BCT high-risk group was significantly associated with an increased risk of distant metastasis and recurrence (P < 0.001) (Table 2). A high BCT score also correlated with an increased risk of recurrence (P < 0.001). The prognostic significance of the BCT risk group and BCT score was retained in the multivariate analysis. Being in the BCT high-risk group was an independent negative prognostic factor for DMFS (hazard ratio, 2.31; 95% CI, 1.04–5.13; P = 0.039) and DFS (hazard ratio, 2.25; 95% CI, 1.26–4.00; P = 0.006) (Table 2). The BCT score taken as a continuous variable was also independently associated with the risk of recurrence.


Table 2 | Univariate and multivariate analyses for DMFS and DFS in all patients.



We also assessed the prognostic value of the BCT score in subgroups of patients divided by treatment and pN status. The BCT score was prognostic for DMFS and DFS among patients treated with hormone therapy plus chemotherapy (Supplementary Figure 1). The BCT high-risk group had significantly shorter DMFS (P = 0.005) and DFS (P = 0.005) than the BCT low-risk group. The BCT score was also prognostic for DFS in patients treated with hormone therapy alone (P = 0.002), but it was not prognostic for DMFS in that group. The subgroup analysis by pN status revealed that the BCT score was more prognostic in patients with pN0 tumors than in those with pN1 tumors (Supplementary Figure 2). There was a significant difference in DMFS (P = 0.040) and DFS (P = 0.004) between the BCT low-risk and high-risk groups in patients with pN0 tumors. For patients with pN1 tumors, the BCT score was prognostic for DFS (P = 0.030) but not DMFS.



Prognostic Value of the BCT Score by Age Group

The distribution of BCT scores and risk classification by age group are shown in Figure 2. The percentage of young patients categorized into the BCT high-risk group was significantly higher than the percentage of older patients (P = 0.019). The median BCT score in younger patients was also significantly higher than that in older patients (P = 0.009). In particular, very young patients (aged ≤30 years) had a higher median BCT score (4.50) and a higher likelihood of being in the BCT high-risk group (68.5%) than those in other age groups (Figure 2A). Similar results were observed in patients with pN0 tumors and those with pN1 tumors (Figures 2B, C). However, the BCT risk classifications and median BCT score did not differ significantly between patients aged ≤50 years and >50 years (Supplementary Figure 3).

We assessed the prognostic value of the BCT score in patients aged ≤50 years and >50 years and found that the BCT score was prognostic in both age groups. Kaplan-Meier survival curves showed that the BCT high-risk group had a significantly shorter DMFS and DFS than the BCT low-risk group in both age groups (P < 0.001 for DMFS and P < 0.001 for DFS in patients aged >50 years; P = 0.020 for DMFS and P = 0.030 for DFS in patients aged ≤50 years) (Figure 4). A high BCT score was significantly associated with an increased risk of recurrence or distant metastasis in patients aged ≤50 years and >50 years (Table 3). Moreover, in both age groups, a high BCT score was an independent negative prognostic factor for recurrence (hazard ratio, 1.64; 95% CI, 1.10–2.46; P = 0.016 in patients aged >50 years and hazard ratio, 1.28; 95% CI, 1.05–1.56; P = 0.015 in patients aged ≤50 years) (Table 3).




Figure 4 | Kaplan-Meier estimates of 10-year distant metastasis-free survival and disease-free survival by BCT risk group in (A) patients aged ≤50 years (n = 404) and (B) patients aged >50 years (n = 308). Patients were classified into the low-risk (blue) or high-risk (red) group according to their BCT scores.




Table 3 | Univariate and multivariate analyses for DMFS and DFS in patients aged ≤50 years and >50 years.





Predictive Value of the BCT Score for Chemotherapy Benefit in the PSM Cohort

In the original cohort, clinicopathological characteristics differed significantly between treatment groups (hormone therapy alone vs. hormone therapy plus chemotherapy) within the BCT risk groups. Patients treated with hormone therapy plus chemotherapy had unfavorable clinicopathological status, including larger tumor size, higher histologic grade, and advanced pN status, compared with those treated with hormone therapy alone in both the BCT low-risk and high-risk groups (Supplementary Table 2). Therefore, it was not feasible to assess the predictive value of the BCT score for chemotherapy benefit in the original cohort (Supplementary Figure 4). Using the PSM method, we generated a matched cohort in which the clinical characteristics did not differ significantly between treatment groups (Supplementary Table 2). In the PSM cohort, the 10-year DFS for the BCT high-risk group (n = 90) improved significantly, from 77.8 to 95.5%, after the addition of chemotherapy to hormone therapy (hazard ratio, 0.20; 95% CI, 0.04–0.94; P = 0.020) (Figure 5). In contrast, 10-year DFS did not differ significantly between the two treatment groups in the BCT low-risk group (n = 180) (Figure 5).




Figure 5 | Kaplan-Meier estimates of 10-year distant metastasis-free survival and disease-free survival according to treatment group in the PSM cohort. (A) BCT low-risk (n = 180) and (B) BCT high-risk (n = 90) group. Patients were treated with either hormone therapy alone (HT) or hormone therapy plus chemotherapy (HT+CT). PSM, Propensity score matching.






Discussion

Following a previous study (20), this study further validated the prognostic ability of the BCT score to predict recurrences in patients with HR+/HER2− early breast cancer according to age group in an independent cohort. DMFS and DFS differed significantly between the BCT low-risk and high-risk groups, and being in the BCT high-risk group was an independent negative prognostic factor for both DMFS and DFS. Importantly, our subgroup analysis by age group demonstrated that the BCT score was prognostic in patients aged ≤50 years, whereas it had more prognostic value in patients aged >50 years. These results suggest that the BCT score is prognostic irrespective of age. However, although using the BCT score as a continuous variable or a risk group indicator retained its significance for DFS in the multivariate analysis, the BCT score was not independently associated with DMFS in patients aged ≤50 years or >50 years. This finding might be attributable to the very low rate of distant metastasis in this study (5.8%) compared with that found in a previous study (13.1%) (20) due to our short follow-up period or to the treatment effect of chemotherapy, particularly in the BCT high-risk group. Most patients (83.8%, 284/339) classified into the BCT high-risk group received adjuvant chemotherapy, which could have affected the patient outcomes. To validate the prognostic value of the BCT score for DMFS in each age group, a longer follow-up to this study or an additional study with more patients will be needed.

Multigene assays, such as MammaPrint and Oncotype DX, are commonly used to predict the prognosis of early breast cancer patients of all ages, but their prognostic or predictive value in young patients is unclear. Moreover, some assays, such as Prosigna and EndoPredict, are indicated or validated only for use in postmenopausal patients (11, 25–28); only a few studies have tested their prognostic significance in premenopausal patients. EndoPredict was shown to be prognostic in premenopausal patients who are node-positive and have received chemotherapy (29). A recent study also showed that continuous Prosigna ROR scores were prognostic in high-risk premenopausal patients, most of whom were lymph node–positive and received cyclophosphamide-based adjuvant chemotherapy (30). Given that young patients are more likely to receive chemotherapy than older patients, as confirmed in this study, it is notable that the BCT score can be used to avoid unnecessary chemotherapy in young patients who are likely to receive aggressive therapy by accurately identifying low-risk patients who will not benefit from chemotherapy.

When we compared the BCT score distribution and clinicopathological parameters according to age group, we found that younger patients had tumors with higher LVI and that a higher percentage of young patients was classified into the BCT high-risk group than older patients. In particular, very young patients (aged ≤30 years) composed the highest percentage of the BCT high-risk group and had shorter DFS than patients of other ages, indicating that very young patients with HR+/HER2− early breast cancer have a poorer prognosis than older patients. These results are in line with previous studies, which showed that the prognosis of patients aged <35 years with HR+ breast cancer is worse than that of patients aged 35–50 years (3) and that patients in their 20s who had HR+ breast cancer had significantly worse outcomes than those in 30s and 40s (2). A larger difference between DMFS and DFS in patients aged ≤30 years compared with older age groups was observed in this study. This difference might be due to a shorter follow-up period of the youngest subgroup than that of other age groups (median follow-up duration, 4.95 years vs. 6.82 to 7.97 years). Similar to a previous study (21), we found that the distribution of BCT scores between patients aged ≤50 years and those >50 years was similar, whereas patients with pN1 tumors formed a higher percentage of the BCT high-risk group than patients with pN0 tumors.

In the cohort matched using the PSM method, patients classified as high risk by their BCT scores showed a significant improvement in survival after adding chemotherapy to hormone therapy. In contrast, those at low risk according to their BCT scores received no significant survival benefit from adding chemotherapy. In line with a previous study (31), our results also suggest that the BCT score can predict whether patients with HR+/HER2− early breast cancer will benefit from adding chemotherapy to hormone therapy.

Despite its strengths, this study has some limitations. Many (~30%) FFPE tissue samples could not be evaluated by the GenesWell BCT assay because of significant degradation in the mRNA extracted from FFPE samples stored for longer than 10 years. RNA degradation increases with the storage time of FFPE tissues (32). Moreover, due to a very low rate of distant metastasis in patients included in this study, the BCT score was an independent prognostic factor for DFS, but not for DMFS. This study is a retrospective study; a prospective study to assess the prognostic and predictive of the BCT score is required. For this reason, a randomized prospective trial is being conducted to evaluate 10-year DMFS according to adjuvant chemotherapy in patients classified as clinical high and BCT low risk (ClinicalTrials.gov number NCT04278469).



Conclusions

This study demonstrated that the BCT score is prognostic in patients aged ≤50 years and those aged >50 years. The BCT score can be used to identify low-risk patients who will not benefit from adjuvant chemotherapy to treat early breast cancer, irrespective of age. A further prospective study to assess the prognostic and predictive value of the BCT score is required.
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