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Objective

The purpose of the current study was to determine the relationship between ribonucleotide reductase M1 (RRM1), topoisomerase II alpha (TOP2A), Thymidylate synthase (TYMS), class III beta-tubulin (TUBB3) and phosphatase and tensin homolog (PTEN) expressions and relapse-free survival (RFS) in early-stage invasive breast cancer (IBC) patients with hormone receptor positive (HR+), as well as to develop a nomogram model for forecasting RFS.





Methods

Early-stage IBC patients with HR+ who were diagnosed and treated at the First Affiliated Hospital of Xi’an Jiaotong University from June 2017 to December 2020 were enrolled in this study. The survival analysis was performed by utilizing the Kaplan-Meier method, and the risk factors linked to patient RFS were determined by performing Cox regression analysis. The nomogram for predicting RFS in early-stage IBC patients with HR+ was stablished and validated based on the results of the Cox regression analysis.





Results

In total, 126 early-stage IBC patients with HR+ were included in the current study. Among these patients, 23 cases experienced relapse after surgery, with a median RFS of 29 months. Significant relationships were observed between TYMS, RRM1, TUBB3, TOP2 and PTEN, Ki67 and human epidermal growth factor receptor 2 (HER2) and patient RFS. Cox regression analysis revealed that chemotherapy and higher expression levels of TOP2A, HER2 and Ki67 were independent predictors of RFS in early-stage IBC patients with HR+. The nomogram we constructed using the above independent risk factors exhibited good ability for predicting RFS in early-stage IBC patients with HR+.





Conclusion

Chemotherapy, TOP2A, HER2, and Ki67 expression were independent predictors of RFS in early-stage IBC patients with HR+. The nomogram we developed using these predictors is a reliable tool for predicting RFS in this patient population.
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1 Introduction

Globally, breast cancer (BC) has become the most common malignancy and a significant public health burden (1). The incidence of BC accounts for approximately 12.5% of new cancer cases, and more than 6 million women worldwide die from BC each year (https://www.wcrf.org/cancer-trends/worldwide-cancer-data/). The incidence of BC has gradually increased due to an aging population and some screening methods, but the survival rate of BC has also improved significantly in the past few decades. A recent study has shown that patients with early BC recurrence have a worse prognosis than those with late recurrence (2). Hormone receptor (HR)-negative (HR-) BC patients have a higher risk of recurrence in the first two years after initial diagnosis, but their risk of recurrence has declined rapidly thereafter, lower than HR-positive (HR+) patients (3, 4). Patients with HR+ BC have an annual risk of recurrence that stays unchanged for a long time, and recurrence may occur within ten years after the initial diagnosis (3). The prognosis of early recurrence is worse than that of late recurrence (5).

It has been reported that the detection of multiple gene expressions, including ribonucleotide reductase M1 (RRM1), topoisomerase II alpha (TOP2A), class III beta-tubulin (TUBB3), Thymidylate synthase (TYMS), can guide individualized chemotherapy to improve therapeutic efficacy and reduce side effects in BC patients (6).Additionally, gene expressions of RRM1, TOP2A, TYMS and TUBB3 have been linked to objective treatment response in BC patients (7). TYMS is a key target gene of 5-fluorouracil in BC patients (8), and increased TYMS expression is associated with a poor prognosis (9). RRM1 expression significantly correlates with sensitivity to gemcitabine and is related to estrogen receptor (ER) status, lymph node metastasis and pathological classification (10). TUBB3 serves as a biomarker for resistance of docetaxel and paclitaxel, while TOP2A expression level obviously is related to anthracyclines efficacy (11). TUBB3 and TOP2A also serve as critical prognostic factors for predicting overall survival (12). It is reported that high TUBB3 expression is associated with low response for taxanes chemotherapy and tumor grade, whereas low TUBB3 and TOP2A expression is associated with improved clinical outcomes (12–14). Individuals with both high human epidermal growth factor receptor 2 (HER2) and TOP2A protein expression present a poor prognosis in T1N0 BC patients and can benefit from anthracycline-based regimens (14). Loss of phosphatase and tensin homolog (PTEN) activity is associated with multiple primary and metastatic malignancies, including BC (15). PTEN serves as a crucial indicator for detecting the occurrence, development, invasion and metastasis of BC, and the loss of PTEN expression may result in lymph node metastasis of BC (16). Therefore, it can serve as an objective indicator toassess the biological behavior of BC.

However, it is still unclear whether RRM1, TOP2A, TYMS, TUBB3 and PTEN can be utilized to prognosticate relapse-free survival (RFS) in early-stage invasive BC (IBC) patients with HR+. Therefore, the aim of this research was to examine the relationship between the aforementioned genes and RFS in IBC patients. Ultimately, a nomogram model was created to predict RFS in early-stage IBC patients with HR+.




2 Methods



2.1 Study population

In total, 126 IBC patients with HR+ who were diagnosed and treated in the First Affiliated Hospital of Xi’an Jiaotong University between June 2017 and December 2020 were enrolled in this research. The inclusion criteria are as follows: 1) received surgery; 2) operative pathological diagnosis indicated early-stage IBC with HR+ (stage I/II); 3) the availability of gene expression data for Ki67, TYMS, RRM1, TUBB3, TOP2A, HER2 and PTEN; 4) complete clinicopathological data. The exclusion criteria are as follows: 1) surgery was not performed; 2) inability to obtain gene expression data; 3) incomplete clinicopathological data. This study adhered to the Declaration of Helsinki, and was approved and supervised by the Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University (No. XJTU1AF2022LSK-335).




2.2 Data collection and processing

The expression levels of the genes (Ki67, TYMS, RRM1, TUBB3, TOP2A, HER2 and PTEN) in IBC patients were tested by Surexam Co., Ltd (Guangzhou, China). The clinicopathological data, treatment-related data, along with the gene expression data of the patients, were collected for further analysis. Data processing was carried out undoing Microsoft Excel and SPSS26.0 software. The receiver operating characteristic (ROC) curve was used to determine the optimal cut-off value of the continuous data. Following this, the continuous variables were transformed into binary variables based on the cut-off values.




2.3 Construction and validation of the nomogram prediction model

Cox regression analysis was utilized to calculate Hazard ratios (HRs) and 95% confident intervals (CIs) for the variables. According to the results of univariate Cox regression analysis, factors with P<0.05 in the were selected for further multivariate Cox regression analysis to identify independent factors related to the RFS of IBC patients with HR+. Concordance-index (C-index), area under the curve (AUC) of the ROC and Bootstrap calibration curve were conducted to assess the discrimination and calibration of the nomogram.




2.4 Statistical analysis

SPSS 26.0 software was used for data analysis. The difference between the two groups was analyzed by Chi-square test. Survival analysis was conducted by using Kaplan-Meier method, and the Log-rank test was used to analyze the survival difference between two groups. The factors related to the RFS of the patients were determined by Cox regression analysis. Development and validation of the nomogram for forecasting RFS were conducted by RStudio software. P<0.05 was considered to be statistically significant.





3 Results



3.1 Characteristics of early-stage IBC patients with HR+

126 patients were enrolled in this research according to the inclusion and exclusion criteria. The medium follow-up time was 27 months. Among these patients, 23 cases relapsed after surgery, with a median RFS of 29 months. From the Table 1, we observed that patient age (P=0.009), tumor grade (P=0.032), tumor diameter (P=0.020), sentinel lymph node (P=0.014), Ki67 expression (P<0.001), chemotherapy (P<0.001), and the expression levels of TYMS (P=0.020), RRM1 (P=0.010), TOP2A (P<0.001), HER2 (P=0.004) and PTEN (P<0.001) were associated with the relapse of early-stage IBC patients with HR+.


Table 1 | Baseline data of early-stage IBC patients with HR+.






3.2 Cox regression analysis for identifying the factors related to the RFS of early-stage IBC patients with HR+

To determine the factor that might affect patient relapse after surgery, we conducted univariate Cox regression analysis. The results showed that patient age (HR: 0.354, 95%CI: 0.137-0.914, P=0.032), Ki67 expression (HR: 4.684, 95%CI: 1.989-11.033, P<0.001), chemotherapy (HR:3.023, 95%CI: 1.299-7.033, P=0.010), the expressions of TYMS (HR: 2.507, 95%CI: 1.049-5.991, P=0.039), RRM1 (HR: 3.858, 95%CI: 1.658-8.979, P=0.002), TUBB3 (HR: 2.819, 95%CI: 1.041-7.629, P=0.041), TOP2A (HR:6.021, 95%CI: 2.342-15.480, P<0.001), HER2 (HR: 0.200, 95%CI: 0.080-0.501, P=0.001) and PTEN (HR: 0.270, 95%CI: 0.109-0.666, P=0.004) were significantly related to the RFS of the patients (Table 2). Moreover, survival analyses used by Kaplan-Meier method also showed that the above factors were correlated with the RFS of early-stage IBC patients with HR+ (Figure 1). Thus, these factors were enrolled in further multivariate Cox regression analysis. We observed that chemotherapy (HR: 3.601, 95%CI: 1.395-9.298, P=0.008) and the expression levels of Ki67 (HR: 3.143, 95%CI: 1.143-8.647, P=0.027), TOP2A (HR: 3.331, 95%CI: 1.053-10.531, P=0.041) and HER2 (HR: 7.501, 95%CI: 2.674-21.036, P<0.001) were the independent factors affecting the RFS of the patients (Table 3).


Table 2 | Univariate Cox regression analysis for relapse of early-stage IBC patients with HR+.






Figure 1 | RFS analysis of early-stage IBC patients with HR+. The correlations of RFS of HR+ early-stage IBC patients with age, Ki67 expression, chemotherapy, TYMS expression, RRM1 expression, TUBB3 expression, TOP2A expression, HER2 expression and PTEN expression were analyzed by using Kaplan-Meier method. RFS, relapse-free survival; IBC, invasive breast cancer; HR, hormonal receptor; TYMS, thymidylate synthase; RRM1, ribonucleotide reductase M1; TUBB3, class III beta-tubulin; TOP2A, topoisomerase II alpha; PTEN, phosphatase and tensin homolog; HER2, human epidermal growth factor receptor 2.




Table 3 | Multivariate Cox regression analysis for early-stage IBC patients with HR+.






3.3 Construction and validation of the nomogram for predicting the RFS of early-stage IBC patients with HR+

Based on Ki67 expression, chemotherapy, TOP2A expression and HER2 expression, we developed a nomogram for predicting RFS (Figure 2). The c-index of the nomogram was 0.833, indicating the nomogram had good discrimination. Besides, the Bootstrap calibration curve also indicated that the trend between true values and predicted values was consistent, suggesting that the nomogram had the accuracy for forecasting RFS of early-stage IBC patients with HR+ (Figure 3).




Figure 2 | The nomogram for predicting RFS of early-stage IBC patients with HR+. RFS, relapse-free survival; IBC, invasive breast cancer; HR, hormonal receptor; TOP2A, topoisomerase II alpha; HER2, human epidermal growth factor receptor 2.






Figure 3 | Bootstrap calibration curve of the nomogram for predicting RFS of early-stage IBC patients with HR+. The X-axis represents the predicted probability, and the Y-axis represents the actual probability. The gray line represents the ideal value, and the black line represents the predicted value. It is showed that the trend of the predicted value is consistent with the true value, indicating the good calibration effect of the nomogram. RFS, relapse-free survival; IBC, invasive breast cancer; HR, hormonal receptor.







4 Discussion

Although the risk of recurrence and death was decreased after adjuvant endocrine therapy, up to 20% of early BC patients will experience relapse with 10 years after surgery, including local and distant metastasis. Hence, it is imperative to investigate the risk factor for early-stage IBC patients and establish a relevant prediction model.

Previous studies have showed that RRM1, TOP2A, TYMS, TUBBS, and PTEN are prognostic markers and can reflect patients’ response to treatment in BC (6, 7, 16). In the current study, the predictive role of RRM1, TOP2A, TYMS, TUBB3 and PTEN in RFS of early-stage IBC with HR+, and other possible factors associated with RFS were investigated. Our findings indicated that chemotherapy, TOP2A, HER2 and Ki67 were independent predictors of RFS. The nomogram is a convenient tool for forecasting the outcome, which is widely used to quantify risk in various disease (17). Thus, based on the above independent risk factors (chemotherapy, TOP2A, HER2 and Ki67), we established a nomogram for predicting RFS. The c-index of the nomogram indicated a good discrimination, while the Bootstrap calibration curve indicated that the nomogram had accuracy for predicting RFS.

TOP2A is a gene that encodes enzyme topoisomerase IIα, which can break down DNA supercoils through reversible double-stranded DNA breaks during DNA replication and transcription. The enzyme topoisomerase IIα is considered to be the target of anthracyclines. Anthracycline drugs stabilize double-stranded DNA breakage by binding to enzyme topoisomerase IIα, ultimately leading to apoptosis. It has been reported that TOP2A amplification occurs in 2-9% of BC cases (18, 19). Moreover, in patients receiving anthracycline-based adjuvant therapy, TOP2A amplification has a significant impact on RFS and overall survival (18, 20). BC patients with TOP2A amplification showed a better response to adjuvant chemotherapy and a better prognosis (21), while patients with TOP2A deletion showed resistance to anthracyclines (19). There is also a significant association between TOP2A amplification and recurrence in BC patients, including ER+ BC (22, 23). In this research, we observed that TOP2A was an independent predictor for RFS, and the increased expression of TOP2A was related to the increased risk of recurrence in early-stage IBC patients with HR+, which was consistent with the findings of previous studies (12, 14, 22–24). Thus, it is indicated that TOP2A expression can provide prognostic information in HR+ early-stage IBC and may be used to identify patients with high risk of recurrence.

One of the characteristics of malignant tumors is a high proliferation rate (25). Therefore, a high proliferation rate is also an critical variable of tumor prognosis. As a classic proliferation marker, Ki67 has been found to be significantly related to the prognosis, including RFS, of BC patients (24, 26). High Ki67 level is associated with poor prognosis and chemotherapy response (24, 27–29). Similarly, our results showed that higher Ki67 expression was related to worse RFS and was an independent predictor for relapse of HR+ early-stage IBC patients. Besides, we found that patients with higher HER2 level had significantly improved RFS, and HER2 expression was independently relevant to the recurrence of the patients, which is consistent with the previous findings (30). These findings indicated that combined detection of these independent risk factors might provide the clinicians with a simple and convenient tool for predicting the probability of recurrence in early-stage IBC patients with HR+.

However, the limitations in this study cannot be ignored. First, as a single-center and retrospective research, the sample size was relatively small, and only internal validation of the nomogram was performed. Second, only the expression levels of the target genes and some common clinicopathological indexes were analyzed in this study, the laboratory indicators and other potential predictors of the patients were not included for analyzing. Third, although the population of this study was included by inclusion and exclusion criteria, the impact of individual factors on RFS cannot be avoided. Therefore, further studies should be conducted using a prospective, multi-center approach with a larger sample size to verify the findings of the current study. Additionally, external validation of the nomogram should be performed based on a multi-center study.




5 Conclusion

Our study revealed that chemotherapy, TOP2A, HER2 and Ki67 were independent predictors for RFS in HR+ early-stage IBC patients. The nomogram constructed in this research showed good discrimination and accuracy in predicting RFS of the patients. This provides a convenient tool to predict the recurrence probability in early-stage IBC patients with HR+.
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