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Purpose

The purpose of this study was to evaluate endocrine therapy and chemotherapy for first-line, maintenance, and second-line treatment of hormone receptor-positive HER-2-negative metastatic breast cancer (HR+HER-2-MBC) and the relationship between different treatment options and survival.



Patients and methods

The patients included in this study were all diagnosed with metastatic breast cancer (MBC) at Shandong Cancer Hospital from January 2013 to June 2017. Of the 951 patients with MBC, 307 patients with HR+HER-2-MBC were included in the analysis. The progression-free survival (PFS) and overall survival (OS) of the various treatment modes were evaluated using Kaplan–Meier analysis and the log-rank test. Because of the imbalance in data, we used the synthetic minority oversampling technique (SMOTE) algorithm to oversample the data to increase the balanced amount of data.



Results

This retrospective study included 307 patients with HR+HER-2-MBC; 246 patients (80.13%) and 61 patients (19.87%) were treated with first-line chemotherapy and first-line endocrine therapy, respectively. First-line endocrine therapy was better than first-line chemotherapy in terms of PFS and OS. After adjusting for known prognostic factors, patients receiving first-line chemotherapy had poorer PFS and OS outcomes than patients receiving first-line endocrine therapy. In terms of maintenance treatment, the endocrine therapy-endocrine therapy maintenance mode achieved the best prognosis, followed by the chemotherapy-endocrine therapy maintenance mode and chemotherapy-chemotherapy maintenance mode, and the no-maintenance mode has resulted in the worst prognosis. In terms of first-line/second-line treatment, the endocrine therapy/endocrine therapy mode achieved the best prognosis, while the chemotherapy/chemotherapy mode resulted in the worst prognosis. The chemotherapy/endocrine therapy mode achieved a better prognosis than the endocrine therapy/chemotherapy mode. There were no significant differences in the KI-67 index (<15%/15-30%/≥30%) among the patients receiving first-line treatment modes, maintenance treatment modes, and first-line/second-line treatment modes. There was no statistical evidence in this study to support that the KI-67 index affected survival. However, in the first-line/second-line model, after SMOTE, we could see that KI-67 ≥ 30% had a poor prognosis.



Conclusions

Different treatment modes for HR+HER-2-MBC were analyzed. Endocrine therapy achieved better PFS and OS outcomes than chemotherapy. Endocrine therapy should be the first choice for first-line, maintenance, and second-line treatment of HR+HER-2-MBC.
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1 Introduction

Breast cancer exceeded lung cancer as the most commonly diagnosed cancer among women in 2020 (1). It is estimated that approximately 20-30% of breast cancer patients have metastases at the time of diagnosis (2, 3). Despite the progress achieved in breast cancer management, 20-30% of early-stage breast cancer patients experience recurrence and distant metastasis (4, 5). Thus, advanced breast cancer poses a serious threat to women’s health, and the treatment goals are to improve quality of life and prolong survival (6).

Based on molecular biomarkers and immunohistochemistry (IHC) analyses, breast cancer can be classified into four major subtypes: luminal A, luminal B, HER-2-overexpression, and triple-negative subtypes (7, 8). The luminal A and luminal B subtypes are collectively referred to as Hormone-Receptor Positive HER-2 Negative (HR+HER-2-) (9). HR+ tumors account for approximately 70% of all breast cancers (10). Molecular typing is an important basis for the adjustment of treatment regimens.

For the treatment of HR+HER-2-metastatic breast cancer (HR+HER-2-MBC), international guidelines and expert consensus statements over the past 10 years have recommended endocrine therapy as the first choice in the absence of visceral crisis or endocrine resistance (11–13). However, there has been no prospective study analyzing the difference in efficacy between first-line chemotherapy and first-line endocrine therapy in HR+HER-2-MBC patients. Only a few retrospective studies have shown that chemotherapy is still the most common first-line palliative care for HR+HER-2-MBC (14–17). Studies have shown that endocrine therapy and chemotherapy have similar progression-free survival (PFS) and overall survival (OS) outcomes (18–20). However, there has been no research analyzing the first-line, maintenance, or second-line treatment options for HR+HER-2-MBC.

Clinical specialists are inconsistent in the choice of chemotherapy versus endocrine therapy for the first-line treatment of HR+HER-2-MBC. The decision between chemotherapy and endocrine therapy needs to be made for maintenance therapy and second-line therapy after first-line treatment failure. The above problems suggest the need for optimization of the entire treatment strategy for HR+HER-2-MBC; however, it is difficult to provide clear answers through well-designed clinical trials.

We conducted a retrospective investigation to analyze the clinician selection patterns of first-line, maintenance, and second-line treatment for HR+HER-2-MBC in a real-world setting, as well as the relationship between different patterns and the long-term survival of patients.



2 Patients and methods


2.1 Patients and data collection

Female patients with MBC diagnosed at Shandong Cancer Hospital and Institute from January 2013 to June 2017 were included in the study.

The purpose of this study was to compare the efficacy of endocrine therapy versus chemotherapy for the treatment of HR+HER-2-MBC as first-line treatment, maintenance treatment, and second-line treatment. The primary endpoint of this study was PFS (first-line/maintenance/second-line treatment), and the secondary endpoints were OS (first-line/maintenance/second-line treatment) and the clinical application status of various treatment modes.

This study mainly analyzed and evaluated the efficacy of endocrine therapy versus chemotherapy for HR+HER-2-MBC in a real-world setting from three perspectives: 1. First-line treatment was either first-line chemotherapy (referred to as the first-line chemotherapy mode) or first-line endocrine therapy (referred to as the first-line endocrine therapy mode). 2. Maintenance treatment after first-line treatment was divided into four different modes. The chemotherapy-endocrine therapy maintenance mode included maintenance endocrine therapy after first-line chemotherapy. The chemotherapy-chemotherapy maintenance mode included maintenance chemotherapy after first-line chemotherapy. The no-maintenance mode refers to no maintenance treatment after first-line chemotherapy. The endocrine therapy-endocrine therapy maintenance mode included endocrine therapy until progression occurred. 3. The first-line/second-line treatment mode was defined as chemotherapy/chemotherapy, chemotherapy/endocrine therapy, endocrine therapy/endocrine therapy, or endocrine therapy/chemotherapy mode. Chemotherapy was used for both first-line and second-line treatment in the chemotherapy/chemotherapy mode. Endocrine therapy was used as first-line and second-line treatment in the late stage (the endocrine therapy/endocrine therapy mode). Chemotherapy was used for first-line treatment and endocrine therapy for second-line treatment in the chemotherapy/endocrine therapy mode. First-line endocrine therapy and second-line chemotherapy were used in the endocrine therapy/chemotherapy mode.

The MBC patients in this study included those with de novo stage IV breast cancer and those with recurrent metastatic breast cancer (stage IV). ER positivity and PR positivity were defined as 1% of cells showing positive nuclear staining, and HER-2 negativity was defined as an immunohistochemical score of 0, 1+ or 2+ but a negative fluorescent in situ hybridization (FISH) result. The Ki-67 index status was stratified into three categories: low (<15%), intermediate (15–30%), and high (≥30%). Distant metastasis was divided into non-visceral metastasis (including skin, lymph node, and bone metastasis), single visceral metastasis, and multiple visceral metastases (including lung, liver, pericardium, stomach, and other organs) and brain metastasis. Comorbidities included hypertension, coronary heart disease, diabetes, skin disease, cerebral infarction, cervical spondylosis, and other tumors (not affecting the treatment of MBC). PFS was defined as the time from the initiation of initial palliative treatment to progression or death due to the disease. OS was defined as the period from the initiation of initial palliative care to the date of death or the study end date (2021–6). All surviving patients completed and followed up for the last time on the study end date. Tumor progression was evaluated in accordance with the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. If imaging or other examination methods could not be used to evaluate the condition (which mostly only occurred in cases of bone metastasis), the initiation of new treatment was defined as progression. In the absence of clear evidence of disease progression (such as bone metastasis), patients who initially chose palliative chemotherapy were switched to endocrine therapy (which was categorized as endocrine maintenance therapy). In the absence of clear evidence of disease progression (such as bone metastasis), patients who received first-line chemotherapy (mostly combination drugs) after achieving stable disease were switched to single-agent chemotherapy or another chemotherapy (which was categorized as chemotherapy maintenance treatment).

Information on baseline patient characteristics, treatment patterns, and disease progression were extracted from patient charts, diagnostic tests, laboratory findings, and clinical notes. Patient demographics (including sex and age), primary tumor information, disease-free interval (DFI), ER status, PR status, HER2 status, Ki-67 index, metastatic location, number of metastatic sites, progression, and treatment data were retrospectively collected by trained data managers. After deidentification, cleaning, and standardization, the data were subjected to professional statistical analysis.

The inclusion criteria were as follows (1): female sex (2); cytologically or histologically confirmed MBC (3); HR+ disease defined as ER-positive and/or PR-positive (4); HER-2- disease according to an immunohistochemical score of 0, 1+ or 2+ but a negative fluorescence in FISH result (5); at least 4 hospital admissions records; and (6) received first-line therapy between January 2013 and June 2017. Patients who did not receive treatment or had other primary malignancies during observation were excluded.



2.2 Statistical analysis

Key patient cohorts were stratified by different first-line/second-line treatment modes (chemotherapy/chemotherapy, chemotherapy/endocrine therapy, endocrine therapy/endocrine therapy, or endocrine therapy/chemotherapy mode). Categorical variables were compared using X² tests, and one-way analysis of variance (ANOVA) was used for normally distributed continuous variables, The Wilcoxon rank-sum test was used for skewed continuous data. In this study, the Kaplan–Meier method was used to produce survival curves, and the log-rank method was used to assess the differences between groups. In addition, through Cox proportional hazard model analysis, the prognostic (PFS and OS) differences of patients treated with different treatment modes were analyzed to determine relevant prognostic factors. The prognostic factors included in the model were age, comorbidities, lymph node metastasis, adjuvant endocrine therapy, DFI, symptoms, Ki-67 index, distant metastasis location, and systemic treatment modes. Statistical analysis was performed using SPSS version 25.0 and RStudio (version 1.0.143) with R (version 4.0.0). All reported P values are two-sided, and P values <0.05 were considered statistically significant.



2.3 Smote algorithm generates data

There are a number of clinical outcomes have unbalanced proportions, which do not satisfy the balanced endpoint assumption of most Machine-Learning Predictions models (21). In response to this problem, four sampling methods are studied, including down-sampling, upsampling, random oversampling (ROSE) and synthetic minority oversampling technique (SMOTE) (22, 23). The down sampling method down samples most cases during model training, and the upsampling method down samples a few cases. Both approaches are simple, but since the data points created are effectively duplicated and cannot help the prognostic model gain more information, either information is lost or a non-generic decision area is created. SMOTE is an improved sampling method that computes a new synthetic sampling based on the Euclidean distance of the variables. So the synthetic case will have similar attribute values to the existing case, not just a copy like oversampling. Thus, the representation of the minority class in the resulting dataset is increased while reflecting the structure of the original case. Research shows that SMOTE is robust to changes in imbalance ratio under different classifiers (22, 24). In this study, the SMOTE method was adopted to address the problem of group imbalance.




3 Results


3.1 General characteristics of the patients with HR+HER-2-MBC

The median follow-up period was 43 months (range 7-64.5 months). All HR+HER-2-MBC patients received at least first-line therapy, consisting of at least two cycles, and the clinical efficacy was evaluated (mainly through imaging evaluation, including computed tomography [CT] and magnetic resonance imaging [MRI]). The median age of the patients was 44 years, and only 8.8% of patients were older than 60 years. Approximately 17.6% of patients had high blood pressure, diabetes, or other heart diseases. Seventy-one percent of patients received more than 4 cycles of adjuvant chemotherapy, 64.1% of patients received adjuvant endocrine therapy, and more than half of the patients had a DFI >24 months.

A total of 281 patients completed first-line and second-line treatment and thus were included in the analysis of first-line and second-line treatment modes. The median age of these patients was less than 50 years, and there were few comorbidities. A total of 56.22% of the patients received the chemotherapy/chemotherapy mode, 10.68% of the patients received the endocrine therapy/endocrine therapy mode, 23.49% of the patients received the chemotherapy/endocrine therapy mode, and 9.6% of the patients received the endocrine therapy/chemotherapy mode. There was no statistically significant difference in age, tumor size, pathological type, lymph node metastasis, BMI, Ki-67 index or DFI between the groups of patients treated with different systemic treatment modes. The patients in the four treatment mode groups had significant differences in Karnofsky’s performance status (KPS), clinical symptoms, adjuvant endocrine therapy, and distant metastasis (Table 1).


Table 1 | Characteristics of HR+HER-2-MBC patients with different first-line/second-line treatment modes.



There was no difference in the distribution of low (<15%)/intermediate (15–30%)/high (≥30%) KI-67 index between the first-line treatment mode patients and the same results were obtained for the maintenance treatment mode and first-line/second-line mode patients (Table 2).


Table 2 | Distribution of the expression of Ki-67 in different treatment modes.





3.2 Overview of systemic treatment modes for HR+HER-2-MBC patients

Of the 951 patients with MBC, we included 307 HR+HER-2-MBC patients for analysis. A total of 256 patients had HR-HER-2-MBC, 80 patients had HR+HER-2+MBC, and 132 patients had HR-HER-2+MBC; 176 patients without follow-up data were excluded. Of the 307 patients with HR+HER-2-MBC who were included, 246 (80.13%) were treated with first-line chemotherapy, and 61 (19.87%) were treated with first-line endocrine therapy (Figure 1).




Figure 1 | Study flow chart. MBC, Metastatic Breast Cancer. HR+, Hormone-receptor positive. HR-, Hormone-receptor negative. HER-2-, HER-2 negative. HER-2+ HER-2 is positive.



Among the 246 patients who received chemotherapy as first-line treatment, 121 achieved stable disease and entered the maintenance treatment stage. Among them, the chemotherapy-endocrine therapy maintenance mode was used in 104 patients (85.95%), and the chemotherapy-chemotherapy maintenance mode was used in 17 patients (9.34%). Another 125 patients did not receive maintenance treatment, for example, because interruption of treatment after first-line chemotherapy was effective or because they were switched to second-line treatment after repeat disease progression.

Among the 281 HR+HER-2-MBC patients who received at least second-line treatment, 158 patients (56.23%) received the chemotherapy/chemotherapy mode, and 30 patients (10.68%) received the endocrine therapy/endocrine therapy mode. Sixty-six patients (23.49%) received the chemotherapy/endocrine therapy mode. Twenty-seven patients (9.6%) received the endocrine therapy/chemotherapy mode (Table 1).



3.3 The relationship between different systemic treatment modes and survival in patients with HR+HER-2-MBC


3.3.1 Survival analysis of the two first-line treatment modes


3.3.1.1 Univariate analysis

All included HR+HER-2-MBC patients were included in the univariate analysis of the first-line therapy mode to determine differences in PFS and OS. The results showed that the median PFS of patients who received the first-line endocrine therapy mode was 20 months (95% confidence interval [CI], 14-30), and the median PFS of patients who received the first-line chemotherapy mode was 10 months (95% CI: 8-12) (P<0.0001) (Figure 2A). The median OS of patients who received the first-line endocrine therapy mode was 65 months (95% CI: 56-92), while the median OS of patients who received the first-line chemotherapy mode was 48 months (95% CI: 43-55) (P=0.0016) (Figure 2B).




Figure 2 | Progression-free survival (PFS) and overall survival (OS) of two different first-line treatment modes for hormone receptor-positive HER-2-negative metastatic breast cancer (HR+HER-2-MBC) patients. (A) Kaplan–Meier curve of PFS in first-line treatment modes. (B) Kaplan–Meier curve of OS in first-line treatment modes.





3.3.1.2 Multivariate analysis

After adjusting for known prognostic factors, including age, comorbidities, lymph node metastasis, adjuvant endocrine therapy, DFI, symptoms, Ki-67 index, distant metastasis location, and systemic treatment modes., patients who received first-line chemotherapy had poorer PFS and OS than patients who received first-line endocrine therapy. Compared with patients who received the first-line endocrine therapy mode, patients who received the first-line chemotherapy mode had a PFS hazard ratio (HR) of 1.86 (95% CI: 1.33-2.59, P<0.001) and an OS HR of 1.75 (95% CI: 1.20-2.87, P=0.004) (Figure 3).




Figure 3 | Forest plot of the two different first-line treatment modes. Correcting confounding factors that may affect prognosis in addition to treatment. Age, age≥60 years. Comorbidities, Comorbidities included hypertension, coronary heart disease, diabetes, skin disease, cerebral infarction, cervical spondylosis, and other tumors (not affecting the treatment of MBC). Lymph node metastasis, lymph node metastasis ≥1. Symptom, Positive clinical symptoms. In adjuvant endocrine therapy, the patient has undergone adjuvant endocrine therapy, including standardized and nonstandard adjuvant endocrine therapy. First-line chemotherapy mode, compared with the first-line endocrine therapy mode. DFI, Disease-Free Interval. Distant metastasis, distant metastasis includes non-visceral metastasis (skin, lymph node, bone metastasis, etc.) and single/multiple visceral metastases (including lung, liver, stomach, kidney metastasis, etc.).






3.3.2 Survival analysis of the four maintenance treatment modes


3.3.2.1 Univariate analysis

The median PFS of the chemotherapy-endocrine therapy maintenance mode group was 22.50 months (95% CI: 19.5-28). The median PFS of the chemotherapy-chemotherapy maintenance mode group was 10 months (95% CI: 8.5-16). The median PFS of the no-maintenance mode group was 4.75 months (95% CI: 4-6). The median PFS of the endocrine therapy-endocrine therapy maintenance mode group was 20 months (95% CI: 14-30) (P<0.0001) (Figure 4A).




Figure 4 | PFS and OS of HR+HER-2-MBC patients were treated with four different maintenance treatment modes. (A) Kaplan–Meier curve of PFS in maintenance treatment modes. (B) Kaplan–Meier curve of OS in maintenance treatment modes.



The median OS of the chemotherapy-endocrine therapy maintenance mode group was 58 months (95% CI: 51-66). The median OS of the chemotherapy-chemotherapy maintenance mode group was 51 months (95% CI: 33-68). The median OS of the no-maintenance mode group was 36 months (95% CI: 33-48). The median OS of the endocrine therapy-endocrine therapy maintenance mode group was 65 months (95% CI: 56-92) (P=0.00013) (Figure 4B).



3.3.2.2 Multivariate analysis

Compared with patients in the chemotherapy-endocrine therapy maintenance mode group, patients in the endocrine therapy-endocrine therapy maintenance mode group had a PFS HR of 0.91 (95% CI: 0.63-1.32, P=0.634) and an OS HR of 0.69 (95% CI: 0.45-1.05, P=0.08). The chemotherapy-chemotherapy maintenance mode group and the no-maintenance mode group were associated with a poor prognosis (Figure 5).




Figure 5 | Forest plot of the four different maintenance treatment modes. Maintenance treatment modes and maintenance treatment modes included the chemotherapy-endocrine therapy maintenance mode, chemotherapy-chemotherapy maintenance mode, the no-maintenance mode, and endocrine therapy-endocrine therapy maintenance mode. In this analysis, the other three modes are compared with the chemotherapy-endocrine therapy maintenance mode.






3.3.3 Survival analysis of the four first-line/second-line treatment modes


3.3.3.1 Univariate analysis

The median PFS (PFS=PFS1+PFS2) of the chemotherapy/chemotherapy mode group was 20 months (95% CI: 16-24). The median PFS of the endocrine therapy/endocrine therapy mode group was 34.5 months (95% CI: 26.5-60). The median PFS of the chemotherapy/endocrine therapy mode group was 28.5 months (95% CI: 22-33). The median PFS of the endocrine therapy/chemotherapy mode group was 25 months (95% CI: 17-53) (P=0.025) (Figure 6A).




Figure 6 | PFS and OS of the four different first-line/second-line treatment modes. (A) Kaplan–Meier curve of PFS in the four different first-line/second-line treatment modes. (B) Kaplan–Meier curve of OS in the four different first-line/second-line treatment modes.



The median OS of the chemotherapy/chemotherapy mode group was 43 months (95% CI: 37-51). The median OS of the endocrine therapy/endocrine therapy mode group was 73 months (95% CI: 46-99). The median OS of the chemotherapy/endocrine therapy mode group was 60 months (95% CI: 50-69). The median OS of the endocrine therapy/chemotherapy mode group was 58 months (95% CI: 48-84) (P=0.0025) (Figure 6B).



3.3.3.2 Multivariate analysis

Compared with patients receiving the chemotherapy/chemotherapy mode, patients receiving the endocrine therapy/endocrine therapy mode had a PFS HR of 0.31 (95% CI: 0.19-0.53, P<0.001) and an OS HR of 0.44 (95% CI: 0.25-0.77, P=0.004). Endocrine therapy significantly reduced the risk of survival independent of other prognostic factors. DFI> 60 months significantly reduced the survival risk. Obvious clinical symptoms and multiple visceral metastases were all related to a poor prognosis. After SMOTE, we found that lymph node metastases, clinical symptoms, visceral metastases, and Ki-67 index ≥ 30% were associated with poorer prognosis (Figure 7).




Figure 7 | Forest plot of the four different first-line/second-line treatment modes. The first-line/second-line treatment mode, includes the chemotherapy/chemotherapy mode, endocrine therapy/endocrine therapy mode, chemotherapy/endocrine therapy mode, and endocrine therapy/chemotherapy mode. In this analysis, the other three modes were compared with the chemotherapy/chemotherapy mode.







3.4 The relationship between the expression of Ki-67 and the prognosis of HR+HER-2-MBC

The Ki-67 index was stratified into three categories: low (<15%), intermediate (15–30%), and high (≥30%). The median PFS1 was 12 months (95% CI: 6.93-17.07) for patients with a KI-67 index<15%, 10 months (95% CI: 5.89-14.11) for patients with a Ki-67 index 15-30%, and 10 months (95% CI: 7.31-12.69) for patients with a KI-67 index≥30% (P=0.245), with no significant differences observed among the groups (Figure 8A). The median PFS1+PFS2 was 26 months (95% CI: 21.61-31.39) for patients with a KI-67 index<15%, 25 months (95% CI: 19.46-30.54) for patients with a Ki-67 index 15-30%, and 23 months (95% CI: 17.84-28.16) for patients with a KI-67 index≥30% (P=0.625), with no significant differences observed among the groups (Figure 8B). The median OS was 51 months (95% CI: 47.24-54.77) for patients with a KI-67 index<15%, 41 months (95% CI: 28.68-53.32) for patients with a Ki-67 index of 15-30%, and 60 months (95% CI: 52.97-67.03) for patients with a KI-67 index≥30% (P=0.722), also with no significant differences observed among the groups (Figure 8C).




Figure 8 | PFS1, PFS1+PFS2, and OS of different states according to the KI-67 index. (A) Kaplan–Meier curve of PFS1 in different states according to the KI-67 index. (B) Kaplan–Meier curve of PFS1+PFS2 in different states according to the KI-67 index. (C) Kaplan–Meier curve of OS in different states according to the KI-67 index.






4 Discussion

Compared with other types of breast cancer, HR+HER-2-MBC progresses slower and is relatively insensitive to chemotherapy. However, HR+HER-2-MBC patients have a unique treatment option—endocrine therapy (25). Treatment plan formulation needs to consider various factors to determine whether chemotherapy or endocrine therapy is more appropriate. These factors include patient age, molecular pathological characteristics, tumor burden, speed of disease development, physical symptoms, previous treatment(s), DFI, and comorbidities. Endocrine therapy and chemotherapy can be used as a systemic treatment at various stages, including first-line treatment, maintenance treatment after effective first-line treatment, and second-line treatment after first-line treatment failure.

Although international guidelines have recommended endocrine therapy as the first choice for HR+HER-2-MBC for the past 10 years and provide clear limitations regarding its use for first-line chemotherapy (11, 12, 26, 27), in clinical practice, most doctors disregard these recommendations and prefer to choose chemotherapy. In addition, both chemotherapy and endocrine therapy for maintenance treatment after chemotherapy are effective, although there are clinical variations. Determining how to optimize the choice of treatment to maximize survival and improve quality of life is a topic worthy of further consideration.

A retrospective study of HR+HER-2-MBC by Gupta et al. found that 53% of patients received advanced first-line chemotherapy, and 47% received advanced first-line endocrine therapy (15). Caswell-Jin et al. showed that 43% of patients received first-line chemotherapy, and 67% received first-line endocrine therapy (16). We evaluated the systemic treatment options for HR+HER-2-MBC at a single hospital over the past 6 years and found that more than four-fifths of the patients received chemotherapy as first-line therapy, while less than 20% of the patients received endocrine therapy as first-line therapy. According to the available guidelines during the study period, most patients should have received endocrine therapy, not chemotherapy. This retrospective study was performed before the development of the oncology department at our hospital, which implies that before the Department of Breast Oncology became an independent department, medical oncologists were reluctant to accept the recommendation of endocrine therapy for patients with HR+HER-2-MBC.

Lobbezoo et al. reported median PFS values for first-line chemotherapy and first-line endocrine therapy of 5.3 months (95% CI: 4.2-6.2) and 13.3 months (95% CI: 11.3-15.5), respectively, and median OS values of 16.1 and 36.9 months, respectively. After adjusting for prognostic factors, first-line chemotherapy was associated with poorer PFS and OS outcomes (18). Other studies have also shown that first-line endocrine therapy yields significantly better PFS and OS outcomes than first-line chemotherapy (19, 20, 28). These results are similar to the results obtained in our study. However, the PFS and OS results of the overall population in our study were better than those reported in other studies, which may be related to the younger age and fewer comorbidities of this population of Chinese patients with breast cancer. Compared with breast cancer patients in Western countries such as Europe and the United States, the age of onset of breast cancer in China is at least 10 years younger, with a median age of approximately 45 years. In addition, other features such as lymph node metastases are common in early-stage Chinese patients, along with a high histological grade and a low percentage of HR positivity observed among these patients (29, 30).

Our study also analyzed the maintenance treatment options after first-line chemotherapy. A total of 121 patients (49.19%) had stable disease after first-line chemotherapy and entered the maintenance treatment stage. Of these, 104 patients (85.95%) received chemotherapy-endocrine therapy maintenance treatment. However, 17 patients (9.34%) received chemotherapy-chemotherapy maintenance treatment. Both the median PFS time and median OS time were significantly different between these two groups. As for maintenance treatment, endocrine therapy was found to be confer better outcomes than chemotherapy. We also found that the endocrine therapy-endocrine therapy maintenance mode produced the greatest survival benefit. No maintenance treatment had poor efficacy. The no-maintenance mode group included patients who experienced treatment interruption after first-line chemotherapy and started second-line treatment after repeat progression, patients who were switched directly to second-line treatment after first-line chemotherapy failure, and patients who discontinued treatment after first-line chemotherapy failure. The relationship between the maintenance treatment mode and prognosis has not yet been reported in the literature.

Finally, we analyzed the impact of the four different combinations of systemic first-line and second-line treatment modes on survival. The results showed that the endocrine therapy/endocrine therapy mode achieved superior PFS and OS outcomes compared to the chemotherapy/chemotherapy mode, chemotherapy/endocrine therapy mode, and endocrine therapy/chemotherapy mode, and this difference was statistically significant. Interestingly, the chemotherapy/endocrine therapy mode achieved better PFS and OS outcomes than the endocrine therapy/chemotherapy mode. The reason for this result may be that patients with primary endocrine resistance are more likely to receive second-line chemotherapy. Among all the first-line/second-line treatment modes analyze, the endocrine therapy/endocrine therapy mode had the best effect independent of other possible prognostic factors. Although the chemotherapy/chemotherapy mode group included a portion of the population who received endocrine therapy maintenance treatment after first-line chemotherapy, this group exhibited the poorest outcomes.

A study from Italy showed that fulvestrant (500 mg) was effective in patients receiving treatment both upon disease progression and as maintenance therapy. The median OS time of the whole population was 26.8 months, ranging from 32.4 months for patients receiving first-line treatment to 22.0 and 13.7 months for those receiving second-line and subsequent-line treatment, respectively. Good outcomes are associated with endocrine sensitivity (31). Our study also showed that endocrine therapy is superior to chemotherapy as first-line, second-line, and maintenance therapy. Regarding the types of endocrine therapy, AI and fulvestrant are the main ones. Interestingly, since fulvestrant is an injection, it is not as widely used in the maintenance phase.

These results indicate that endocrine therapy plays an important role in the treatment of HR+MBC, regardless of whether it is administered as first-line treatment, maintenance therapy, or second-line treatment. Oncologists should take this into consideration when designing treatment plans to prolong the survival of patients and improve their quality of life.

The cut-off value of the KI-67 index has not yet been uniformly defined (32). In this study, the KI-67 index was divided into three categories according to expert consensus over the years during the study period: low (<15%), intermediate (15–30%), and high (≥30%) (33–37). According to this classification, the distribution of the KI-67 indexes did not differ among the patients receiving different systemic treatment modalities. There was no difference in the effect of the KI-67 index on survival, which may be due to the large distribution gap between patients who chose chemotherapy and endocrine therapy and the high proportion of patients receiving chemotherapy. However, after SMOTE, we found that KI-67 index ≥ 30% had a poor prognosis. Further analysis found that 80.58% of patients with KI-67 index ≥30% chose first-line chemotherapy. In the original data analysis, we did not see an effect of KI-67 on survival. However, after SMOTE, adverse effects of KI-67 on PFS were seen. It is known that the sample size contributed to this bias. However, only in the first-line/second-line treatment mode, the effect of KI-67 index on PFS1+PFS2 was statistically different. A high KI-67 index also had a bad effect on OS, but it was not statistically significant. The expression of various molecules in breast cancer is highly heterogeneous, especially the KI-67 index. The KI-67 index after neoadjuvant chemotherapy may be lower than that before treatment (34). In this study, the KI-67 index was based on the results of pathological biopsy before advanced treatment. Treatment can affect the expression of KI-67 index, and the effect of treatment on survival is more important than KI-67 index. Studies have shown that the expression of Ki-67 is closely related to tumor cell proliferation and growth and is often assessed as a proliferation marker (38). A high KI-67 index is often associated with a good response to chemotherapy (39). Most of the patients in this study chose chemotherapy. After SMOTE balances the difference in sample size, the impact of KI-67 index on prognosis is prominent.

This was a retrospective analysis of real-world data with some limitations. First, not all data provided by doctors were transferred into the medical records. In addition, despite efforts to adjust the results based on clinically meaningful and relevant patient characteristics, some confounding factors may not have been considered in the adjustment of baseline characteristics. Only a good randomized controlled trial can avoid discrepancies caused by unrecognized factors. In addition, selection bias may exist, and a small number of patients from the outpatient clinic may have been overlooked.

Since the advent of CDK4/6 inhibitors in 2016, an increasing number of studies have proven that the effects of an aromatase inhibitor (AI) + CDK4/6 inhibitors are significantly better than those of AI monotherapy, significantly prolonging PFS (13, 40). Studies have shown that compared with fulvestrant alone, fulvestrant combined with CDK4/6 inhibitors has significant benefits for PFS (41–43). As these new treatments change the outcome of HR+HER-2-MBC, they are expected to also change the systemic treatment model. As of the follow-up endpoint of June 2021, CDK4/6 inhibitors are still not covered by medical insurance in China, which means that patients must pay out-of-pocket for these medications, and most patients cannot afford such a large medical expense, so the accessibility of CDK4/6 inhibitors in China must be improved. In addition, some patients who receive CDK4/6 inhibitors cannot tolerate their serious adverse reactions, such as diarrhea, and bone marrow suppression. This study aims to provide optimal treatment options for these patients.



5 Conclusion

In conclusion, the real-world data presented herein provide a good overview of the treatment of HR+HER-2-MBC. Endocrine therapy plays an important role in the entire treatment process of HR+HER-2-MBC patients. The continuous advent of new drugs will continue to change clinical decision-making. Whether chemotherapy or endocrine therapy is optimal and the choice of different chemotherapeutic drugs, endocrine drugs, and targeted drugs are all worthy of consideration and further exploration. Therefore, continuing to collect real-world data is essential for evaluating the treatment of MBC and optimizing treatment strategies.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee of Shandong Cancer Hospital and Institute, Jinan, Shandong, People’s Republic of China. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

SF and BB designed the study and revised the article. QYL performed the study, processed the data analysis and interpretation, and drafted the manuscript. JQ, QRL, and YM collected data and processed the data analysis. LS supervised the research and provided financial support for the project. All authors contributed to the article and approved the submitted version.



Funding

This work is supported by Shandong Cancer Hospital and Institute. No commercial funding was received.



Conflict of Interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Liang, Y, Zhang, H, Song, X, and Yang, Q. Metastatic heterogeneity of breast cancer: Molecular mechanism and potential therapeutic targets. Semin Cancer Biol (2020) 60:14–27. doi: 10.1016/j.semcancer.2019.08.012

3. Pagani, O, Senkus, E, Wood, W, Colleoni, M, Cufer, T, Kyriakides, S, et al. International guidelines for management of metastatic breast cancer: can metastatic breast cancer be cured? J Natl Cancer Inst (2010) 102(7):456–63. doi: 10.1093/jnci/djq029

4. Wang, R, Zhu, Y, Liu, X, Liao, X, He, J, and Niu, L. The clinicopathological features and survival outcomes of patients with different metastatic sites in stage IV breast cancer. BMC Cancer (2019) 19(1):1091. doi: 10.1186/s12885-019-6311-z

5. Cozzolino, M, Cocco, S, Piezzo, M, Celia, G, Costantini, S, Abate, V, et al. A psychosocial genomics pilot study in oncology for verifying clinical, inflammatory and psychological effects of mind-body transformations-therapy (MBT-T) in breast cancer patients: Preliminary results. J Clin Med (2021) 10(1):136. doi: 10.3390/jcm10010136

6. Harbeck, N, and Gnant, M. Breast cancer. Lancet (2017) 389(10074):1134–50. doi: 10.1016/S0140-6736(16)31891-8

7. Li, Z, and Kang, Y. Emerging therapeutic targets in metastatic progression: A focus on breast cancer. Pharmacol Ther (2016) 161:79–96. doi: 10.1016/j.pharmthera.2016.03.003

8.Cancer Genome Atlas Network. Comprehensive molecular portraits of human breast tumours. (2012) 490(7418):61–70. doi: 10.1038/nature11412

9. Bertucci, F, Finetti, P, Rougemont, J, Charafe-Jauffret, E, Cervera, N, Tarpin, C, et al. Gene expression profiling identifies molecular subtypes of inflammatory breast cancer. Cancer Res (2005) 65(6):2170–8. doi: 10.1158/0008-5472.CAN-04-4115

10. Sledge, GW, Toi, M, Neven, P, Sohn, J, Inoue, K, Pivot, X, et al. MONARCH 2: Abemaciclib in combination with fulvestrant in women with HR+/HER2- advanced breast cancer who had progressed while receiving endocrine therapy. J Clin Oncol (2017) 35(25):2875–84. doi: 10.1200/JCO.2017.73.7585

11. Cardoso, F, Costa, A, Senkus, E, Aapro, M, André, F, Barrios, CH, et al. 3rd ESO-ESMO international consensus guidelines for advanced breast cancer (ABC 3). Ann Oncol (2017) 28(1):16–33. doi: 10.1093/annonc/mdw544

12. Rugo, HS, Rumble, RB, Macrae, E, Barton, DL, Connolly, HK, Dickler, MN, et al. Endocrine therapy for hormone receptor-positive metastatic breast cancer: American society of clinical oncology guideline. J Clin Oncol (2016) 34(25):3069–103. doi: 10.1200/JCO.2016.67.1487

13. Finn, RS, Martin, M, Rugo, HS, Jones, S, Im, S-A, Gelmon, K, et al. Palbociclib and letrozole in advanced breast cancer. N Engl J Med (2016) 375(20):1925–36. doi: 10.1056/NEJMoa1607303

14. Swallow, E, Zhang, J, Thomason, D, Tan, R-D, Kageleiry, A, and Signorovitch, J. Real-world patterns of endocrine therapy for metastatic hormone-receptor-positive (HR+)/human epidermal growth factor receptor-2-negative (HER2-) breast cancer patients in the united states: 2002-2012. Curr Med Res Opin (2014) 30(8):1537–45. doi: 10.1185/03007995.2014.908829

15. Gupta, S, Zhang, J, and Jerusalem, G. The association of chemotherapy versus hormonal therapy and health outcomes among patients with hormone receptor-positive, HER2-negative metastatic breast cancer: experience from the patient perspective. Expert Rev pharmacoecon outcomes Res (2014) 14(6):929–40. doi: 10.1586/14737167.2014.949243

16. Caswell-Jin, JL, Callahan, A, Purington, N, Han, SS, Itakura, H, John, EM, et al. Treatment and monitoring variability in US metastatic breast cancer care. JCO Clin Cancer inf (2021) 5:600–14. doi: 10.1200/CCI.21.00031

17. Tang, DH, Li, N, Du, EX, Peeples, M, Chu, L, Xie, J, et al. First-line treatment disruption among post-menopausal women with HR+/HER2- metastatic breast cancer: a retrospective US claims study. Curr Med Res Opin (2017) 33(12):2137–43. doi: 10.1080/03007995.2017.1390447

18. Lobbezoo, DJA, van Kampen, RJW, Voogd, AC, Dercksen, MW, van den Berkmortel, F, Smilde, TJ, et al. In real life, one-quarter of patients with hormone receptor-positive metastatic breast cancer receive chemotherapy as initial palliative therapy: a study of the southeast Netherlands breast cancer consortium. Ann Oncol (2016) 27(2):256–62. doi: 10.1093/annonc/mdv544

19. Jacquet, E, Lardy-Cléaud, A, Pistilli, B, Franck, S, Cottu, P, Delaloge, S, et al. Endocrine therapy or chemotherapy as first-line therapy in hormone receptor-positive HER2-negative metastatic breast cancer patients. Eur J Cancer (2018) 95:93–101. doi: 10.1016/j.ejca.2018.03.013

20. Song, Y, Hao, Y, Macalalad, AR, Lin, PL, Signorovitch, JE, and Wu, EQ. Clinical outcomes with first-line endocrine therapy or chemotherapy in postmenopausal HR+/HER2- metastatic breast cancer. Breast Cancer (Auckl) (2015) 9:67–72. doi: 10.4137/BCBCR.S30771

21. Allemani, C, Weir, HK, Carreira, H, Harewood, R, Spika, D, Wang, X-S, et al. Global surveillance of cancer survival 1995-2009: analysis of individual data for 25,676,887 patients from 279 population-based registries in 67 countries (CONCORD-2). Lancet (9972) 2015:385. doi: 10.1016/S0140-6736(14)62038-9

22. Hao, M, Wang, Y, and Bryant, SH. An efficient algorithm coupled with synthetic minority over-sampling technique to classify imbalanced PubChem BioAssay data. Anal Chim Acta (2014) 806:117–27. doi: 10.1016/j.aca.2013.10.050

23. Zhang, Y, Oikonomou, A, Wong, A, Haider, MA, and Khalvati, F. Radiomics-based prognosis analysis for non-small cell lung cancer. Sci Rep (2017) 7:46349. doi: 10.1038/srep46349

24. Koivu, A, Sairanen, M, Airola, A, and Pahikkala, T. Synthetic minority oversampling of vital statistics data with generative adversarial networks. J Am Med Inform Assoc (2020) 27(11):1667–74. doi: 10.1093/jamia/ocaa127

25.American Association for Cancer Research. Pictilisib stalls advanced ER+/PR+ breast cancer. Cancer Discovery (2015) 5(2):Of5. doi: 10.1158/2159-8290.CD-NB2014-185

26. Vyas, A, Aroke, H, and Kogut, S. Guideline-concordant treatment among elderly women with HER2-positive metastatic breast cancer in the united states. J Natl Compr Canc Netw (2020) 18(4):405–13. doi: 10.6004/jnccn.2019.7373

27. Gradishar, WJ, Anderson, BO, Abraham, J, Aft, R, Agnese, D, Allison, KH, et al. Breast cancer, version 3.2020, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw (2020) 18(4):452–78. doi: 10.6004/jnccn.2020.0016

28. Kim, HK, Lee, S-H, Kim, YJ, Park, SE, Lee, HS, Lim, SW, et al. Does guideline non-adherence result in worse clinical outcomes for hormone receptor-positive and HER2-negative metastatic breast cancer in premenopausal women?: result of an institution database from south Korea. BMC Cancer (2019) 19(1):84. doi: 10.1186/s12885-018-5258-9

29. Li, J-Y, Jing, R, Wei, H, Wang, M, Xiaowei, Q, Liu, H, et al. Germline mutations in 40 cancer susceptibility genes among Chinese patients with high hereditary risk breast cancer. Int J Cancer (2019) 144(2):281–9. doi: 10.1002/ijc.31601

30. Cao, W, Wang, X, and Li, J-C. Hereditary breast cancer in the han Chinese population. J Epidemiol (2013) 23(2):75–84. doi: 10.2188/jea.JE20120043

31. Palumbo, R, Sottotetti, F, Quaquarini, E, Gambaro, A, Ferzi, A, Tagliaferri, B, et al. Patterns of treatment and outcome with 500-mg fulvestrant in postmenopausal women with hormone receptor-positive/HER2-negative metastatic breast cancer: a real-life multicenter Italian experience. Ther Adv Med Oncol (2019) 11:1758835919833864. doi: 10.1177/1758835919833864

32. Yoshioka, T, Hosoda, M, Yamamoto, M, Taguchi, K, Hatanaka, KC, Takakuwa, E, et al. Prognostic significance of pathologic complete response and Ki67 expression after neoadjuvant chemotherapy in breast cancer. Breast Cancer (2015) 22(2):185–91. doi: 10.1007/s12282-013-0474-2

33. Penault-Llorca, F, and Radosevic-Robin, N. Ki67 assessment in breast cancer: an update. Pathol (2017) 49(2):166–71. doi: 10.1016/j.pathol.2016.11.006

34. Matsubara, N, Mukai, H, Fujii, S, and Wada, N. Different prognostic significance of ki-67 change between pre- and post-neoadjuvant chemotherapy in various subtypes of breast cancer. Breast Cancer Res Treat (2013) 137(1):203–12. doi: 10.1007/s10549-012-2344-6

35. Gandini, S, Guerrieri-Gonzaga, A, Pruneri, G, Serrano, D, Cazzaniga, M, Lazzeroni, M, et al. Association of molecular subtypes with ki-67 changes in untreated breast cancer patients undergoing pre-surgical trials. Ann Oncol (2014) 25(3):618–23. doi: 10.1093/annonc/mdt528

36. Sato, K, Miyashita, M, Ishida, T, Suzuki, A, Tada, H, Watanabe, G, et al. Prognostic significance of the progesterone receptor status in Ki67-high and -low luminal b-like HER2-negative breast cancers. Breast Cancer (2016) 23(2):310–7. doi: 10.1007/s12282-014-0575-6

37. Ehinger, A, Malmström, P, Bendahl, P-O, Elston, CW, Falck, A-K, Forsare, C, et al. Histological grade provides significant prognostic information in addition to breast cancer subtypes defined according to St gallen 2013. Acta Oncol (2017) 56(1):68–74. doi: 10.1080/0284186X.2016.1237778

38. Brown, JR, DiGiovanna, MP, Killelea, B, Lannin, DR, and Rimm, DL. Quantitative assessment ki-67 score for prediction of response to neoadjuvant chemotherapy in breast cancer. Lab Invest (2014) 94(1):98–106. doi: 10.1038/labinvest.2013.128

39. Davey, MG, Hynes, SO, Kerin, MJ, Miller, N, and Lowery, AJ. Ki-67 as a prognostic biomarker in invasive breast cancer. Cancers (Basel) (2021) 13(17):4455. doi: 10.3390/cancers13174455

40. Goetz, MP, Toi, M, Campone, M, Sohn, J, Paluch-Shimon, S, Huober, J, et al. MONARCH 3: Abemaciclib as initial therapy for advanced breast cancer. J Clin Oncol (2017) 35(32):3638–46. doi: 10.1200/JCO.2017.75.6155

41. Turner, NC, Slamon, DJ, Ro, J, Bondarenko, I, Im, S-A, Masuda, N, et al. Overall survival with palbociclib and fulvestrant in advanced breast cancer. N Engl J Med (2018) 379(20):1926–36. doi: 10.1056/NEJMoa1810527

42. Cristofanilli, M, Turner, NC, Bondarenko, I, Ro, J, Im, S-A, Masuda, N, et al. Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of hormone-receptor-positive, HER2-negative metastatic breast cancer that progressed on previous endocrine therapy (PALOMA-3): final analysis of the multicentre, double-blind, phase 3 randomised controlled trial. Lancet Oncol (2016) 17(4):425–39. doi: 10.1016/S1470-2045(15)00613-0

43. Gao, JJ, Cheng, J, Bloomquist, E, Sanchez, J, Wedam, SB, Singh, H, et al. CDK4/6 inhibitor treatment for patients with hormone receptor-positive, HER2-negative, advanced or metastatic breast cancer: a US food and drug administration pooled analysis. Lancet Oncol (2020) 21(2):250–60. doi: 10.1016/S1470-2045(19)30804-6



Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Qiu, Lu, Ma, Fang, Bu and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2022.873570_cover.jpg
, frontiers ‘ Frontiers in Oncology

Comparison of endocrine
therapy and chemotherapy as
different systemic treatment
modes for metastatic luminal
HER2-negative breast cancer
patients — A retrospective study





OEBPS/Images/fonc-12-873570-g004.jpg
Survival probability

0.10

0.80

°
2
g

0.40

0.20

Progression-free survival
——— Chemotherapy-endocrine maintenance mode
Chematherapy-chemotherapy maintenance mode.
No maintenance mode
Endocrine-endocrine maintenance mode.
P=0.0001
. 1 i L .
o 50 s 100 125
Time.
SMOTE Progression-free survival
Chemotherapy-endocrine maintenance mode
L Chemotherapy-chemotherapy mpintenance mode
No maintenance mode
Endocrine-endocrine maintenance mode
= . 1 i L - 1
o 25 50 75 100 125

Time

0.60

Survival probatily

0.40

0.00

1.00

Survival probability

0.20

Overall survaval

——— Chemotherapy-endocrine maintenance mode.
L Chemotherapy-chemotherapy maintenance mode
No maintenance mode
Endocrine-endocrine maintenance mode
= 1 L 1 1 L 1 L 1 L
o 25 50 75 100 125 150 175 200 225
Time

SMOTE Overall survaval

Chemotherapy-endocrine maintenance mode
Chemotherapy-chemotherapy maintenance mode
No maintenance mode

Endocrine-endocrine maintenance mode

s0 100

Time





OEBPS/Images/fonc-12-873570-g007.jpg
éomorbidity
No

Yes
II\.lymph node metastasis
o

Yes
Symptoms
No

Yes
ﬁdjuvant endocrine therapy
o

Metastasis

No metastasis

Single visceral metastasis
Multiple visceral metastases
Brain metastases

KlI-67

<15%

15%~30%

230%

First=line/second=line treatment mode

Chemotherapy/chemotherapy

Endocrine therapy/endocrine therapy

Chemotherapy/endocrine therapy
Endocrine therapy/chemotherapy
Comorbidity*Symptoms

260
Comorbidity
No

Yes
hymph node metastasis
[

Yes
Symptoms
No

Yes
ﬁdjuvant endocrine therapy
o

Metastasis

No metastasis

Single visceral metastasis
Multiple visceral metastases
Brlain metastases

<15%

15%~30%

230%

First=line/second=line treatment mode

Chemotherapy/chemotherapy

Endocrine therapy/endocrine therapy
Chemotherapy/endocrine therapy Endocrine :

therapy/chemotherapy
Comorbidity*Symptoms

Progression—free survival

Hazard ratio

3L ) I p...
1.011[0.62, 1.65] 0972
1.16 [0.71, 1.90] 0.562
1.20[0.88, 1.63] 0.241
1.321[0.94, 1.85) 0.108
1.15[0.84, 1.55] 0.384
0.80[0.57,1.13] 0211
0.54[0.38,0.78] —— 0.001
1.76 [1.31, 2.35) B <0.001
1.65[0.97,2.82] 0.065
1.21[0.62, 2.36] 0577
0.94[0.64, 1.37] 0732
0.96[0.71,1.29] 0.784
031[0.19,053] o <0.001
0.66 [0.48,0.91] —— 0.011
0.67 [0.42, 1.06] 0.085
0.69[0.37.1.26 —o——] 0227

1 2
Hazard ratio
Overall survival
. HR(90 G . p..
1.11[0.64, 1.92] 0.719
0.77[0.43,1.37] 0.368
1.04[0.74,1.45] 0.824
1.38[0.97, 1.96] 0.074
1.21[0.87,1.69] 0.255
0.86[0.59, 1.25] 043
0.491[0.33,0.75] Fo— 0.001
1.28[0.93, 1.76] 0.132
1.82[1.05, 3.16] —e— | 0.032
164[0.82,3.31] 0.164
1.05[0.70, 1.59] 0813
0.88[0.64,1.21] 0.442
044[025,0771  Fo— 0.004
0.79[0.56, 1.12] 0.179

650.39, 1.08] 0.097

0.85[0.42, 1.71 ————— 0.65
1 2 32

SMOTE Progression—free survival

0.97 [0.60, 1.56]
0.84 [0.57, 1.25]
149[1.21,1.84]
1.38[1.08, 1.76]
0.88[0.72, 1.08]

0.82[0.66, 1.02]
0,59 [0.44, 0.79]

61[1.28,2.02]
44[0.98, 2.13]

1
1
1.00[0.52, 1.92]

0.27[0.19, 0.37]
0.67 [0.52, 0.87]
0.7 [0.58, 1.02]
0.86 [0.51.1.45

0.970.57, 1.66]
0.66[041, 1.06]
1.22[0.96, 1.55]
148[1.14,1.93]
091[0.72, 1.15]

0.70 [0.55, 0.90]
043 [0:30, 0.61]

136 [1.04, 1.77]
1.44[0.95, 2.20]
154[0.77, 3.05]

128[0.97, 1.68]
1.260.97, 1.63]

0.29[0.20,042]
0.71[0.53, 0.96]
0.65[047. 0.90]
0.95[052.1.73

o
-

Hazard ratio

1 2
Hazard ratio

25

31

0.097
0.003
0431

0.005
<0.001

0.023
0219

0.082
0.082

<0.001
0.024
0.009
0.855

0.885

0.396

<0.001

0.009

0.219

0.072
<0.001

<0.001
0.066
0.995

0.115
0.001

<0.001
0.002
0.069
0.574





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Comparison of endocrine therapy and chemotherapy as different systemic treatment modes for metastatic luminal HER2-negative breast cancer patients —A retrospective study

      

        		

          Purpose

        



        		

          Patients and methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 Patients and data collection

          



          		

            2.2 Statistical analysis

          



          		

            2.3 Smote algorithm generates data

          



        



        



        		

          3 Results

        

          		

            3.1 General characteristics of the patients with HR+HER-2-MBC

          



          		

            3.2 Overview of systemic treatment modes for HR+HER-2-MBC patients

          



          		

            3.3 The relationship between different systemic treatment modes and survival in patients with HR+HER-2-MBC

          

            		

              3.3.1 Survival analysis of the two first-line treatment modes

            

              		

                3.3.1.1 Univariate analysis

              



              		

                3.3.1.2 Multivariate analysis

              



            



            



            		

              3.3.2 Survival analysis of the four maintenance treatment modes

            

              		

                3.3.2.1 Univariate analysis

              



              		

                3.3.2.2 Multivariate analysis

              



            



            



            		

              3.3.3 Survival analysis of the four first-line/second-line treatment modes

            

              		

                3.3.3.1 Univariate analysis

              



              		

                3.3.3.2 Multivariate analysis

              



            



            



          



          



          		

            3.4 The relationship between the expression of Ki-67 and the prognosis of HR+HER-2-MBC

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Conflict of Interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-12-873570-g006.jpg
0.80

0.60

0.40

0.20

0.00

0.80

0.40

0.20

0.00

Progression-free survival

Chemotherapy/chemotherapy maintenance mode
Endocrine/endocrine mode

Chemotherapy/endocrine mode
Endocrine/chemotherapy mode

0.80

Overall sruvival

Chemotherapy/chemotherapy maintenance mode.
Endocrine/endocrine mode
“hemotherapy/endocrine mode
Endocrine/chemotherapy mode

L 0.40 |-
L P-0.0025

020 [~

"‘—._' '| 0.00 | L L L L L L L L L
L 1 1 1 1 o 25 50 75 100 125 150 175 200 225
0 25 50 75 100 125 Time
Time 100

F SMOTE Progression—free survival SMOET Overall survival

080 |-

Chemotherapy/chemotherapy maintenance mode. Chemotherapy/chemotherapy maintenance mode
Endocrine/endocrine mode Endocrine/endocrine mode
r Chemotherapy/endocrine mode - Chemotherapy/endocrine mode
ndocrine/chemotherapy mode =55 Endocrine/chemotherapy mode
z
L z
= = 0.40 [~
- 020 |-
P=0.0001
L L L L 1 1 Q00K =1 . L L L L L 1 1 1 1
o 2s 50 75 100 125 o 25 50 75 100 125 150 175 200 225
Time






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-873570-g002.jpg
1.00

0.80

0.60

Suvival probability

0.40

020

0.00

0.80

0.60

Suvival probabiliy

0.40

0.20

0.00

Progression-free survival

First-line endocrine mode
First-line chemotherapy mode

50 75 100 125
Time

P<0.0001

SMOTE Progression-free survival

ine endocrine mode
ne chemotherapy mode

50 75 100 125

Time

0.80

0.60

0.40

0.20

0.00

1.00

0.80

ity

0.60

Suvival probabil

0.40

0.20

0.00

p=0.0016

Overal survival

First-line endocrine mode
First-line chemotherapy mode

SMOTE Suvival probability

First-line endocrine mode
First-line chemotherapy mode






OEBPS/Images/table2.jpg
KI-67
First-line treatment modes
First-line endocrine mode

First-line chemotherapy

Maintenance treatment modes
Chemotherapy-endocrine maintenance mode
Chemotherapy-chemotherapy Maintenance mode
No maintenance mode

Endocrine-endocrine maintenance mode

First-line/second-line treatment modes
Chemotherapy/chemotherapy
Endocrine/endocrine
Chemotherapy/endocrine

Endocrine/chemotherapy

<15%

23(20.5%)
89(79.5%)

35(31.3%)
8(7.1%)
46(41.1%)
23(20.5%)

62(60.8%)

13(12.7%)

19(18.6%)
4(7.8%)

15-30%

11(19.3%)
46(80.7%)

20

2
24
11

(35.1%)
(3.5%)
(42.1%)
(19.3%)
28(52.8%)
6(11.3%)
14(26.4%)
5(9.4%)

230%

27(19.6%)
111(80.4%)

49(35.5%)
7(5.1%)
55(39.9%)
27(19.6%)

68(54.0%)
11(8.7%)
33(26.2%)
14(11.1%)

P-value
P=0.975

P=0.973

P=0.715





OEBPS/Images/fonc-12-873570-g003.jpg
éomorbidity
No

Yes
Ir\]ymph node metastasis
o

Yes
Symptoms
No

Yes
ﬁdjuvant endocrine therapy
0

Metastasis

No metastasis

Single visceral metastasis
Multiple visceral metastases
Brain metastases

KI-67

<15%

230%
First=line treatment mode
Endocrine therapy

ChemotheraP

Comorbidity*Symptoms

260
Comorbidity
No

Yes
I,\.lymph node metastasis
o

Yes
Symptoms
No

Yes
lN\djuvant endocrine therapy
o

Yes

DFI

<24

25~60

>60

Metastasis

No metastasis

Single visceral metastasis
Multiple visceral metastases
Brain metastases

<15%

230%

First=line treatment mode
Endocrine therapy
Chemotherapy
Comorbidity*Symptoms

Progression—free survival

1.20[0.78, 1.87]

1,07 [0.69, 1.66]

114 [0.86, 1.51]

132[0.98,1.78]

102[0.77,1.33]

0.7 [0.56, 1.05]
055040, 0.77]

1.36[0.82, 2.24]

0.77 045, 1.32]

1.08[0.78, 1.49]

1.3710.98, 1.91]

118 [0.86, 1.62]

1.75[1.20, 257]
0.85 [0.44. 1.66

Hazard ratio

Overall Survival

Hazard ratio

0.377
0.069
0.912

0.102
<0.001

<0.001
0.014
0.356

08
0.659

<0.001
0.103

0.65
0.069
0.302

0.491
<0.001

0.004
0.637

1.04[0.73,1.48]

0.89{0.64, 1.24]

147[0.93,1.45]

145[0.90, 1.47]

1,06 [0.85, 1.33]

1.42[0.96, 2.10]

1161079, 1.70]

1.2810.98, 1.66]

152[1.15, 2.02]

1.04[0.80, 1.36]

1.73[1.35,2.22]
0,52 [0.31. 0.89

SMOTE Progression—free survival

Hazard ratio

F——
P
F———
0 1 2 32
Hazard ratio
SMOTE Overall Survival

0.817

049

0.176

0.279

0.602

0.002
0.006
0.158

0.295
0.312

<0.001
0.288

0.764

0.108
<0.001

0.117

b———e—————— <0.001

0.297

0.612
0.058

<0.001
0.017

5.3





OEBPS/Images/fonc-12-873570-g005.jpg
Progression—free survival

SMOTE Progression—free survival

Variable .. HR(S o) . e P RO ] p...
A&]e
<
260 1.42[0.91, 2.20] h—eo——+ 0.119 1.59[1.03, 2.45] —e— 0.037
ﬁomorbidity
o
Yes 0.901[0.58, 1.39] —o—] 0.627 0.7810.53, 1.15] o— 0.213
Ih.lymph node metastasis
0
Yes 1.091[0.82, 1.45] Fo—] 0.552 0.95[0.77,1.16) ke 0.602
ﬁymptoms
0
Yes ) 1.13[0.83, 1.55] F-o— 0.423 1.20[0.95, 1.52] f~o— 0.134
f\l\djuvant endocrine therapy
o
Berl 1.011[0.76, 1.33)] —— 0.969 1.01[0.82, 1.24] ! 0.929
<24
25~60 0.92 l0.67, 1.2 l_.}—_o‘—I 0.628 0.93 [0.74, 1.18 ’_I.—_T{ 0.562
>60 0.71]0.51,0.99 0.041 0.76 [0.58, 1.00 0.049
Metastasis
glp n|1eta_stasis| tastasi 1.70[1.30, 2.24 ——] 0.001 1.84[1.47,2.29 0.001
ingle visceral metastasis .70[1.30, 2. <0. 841147, 2. —o— <0.
Multiple visceral metastases 1.88[1.15, 3.09 b 0.012 1.89[1.31,2.71 p—o— 0.001
Brain metastases 1.26 [0.66, 2.41 ] 0.485 1.230.65, 2.35 P 0.523
1-67
Tg?/%SO"/ 1.2410.87,1.76 H—o— 0.234 1.35[1.06, 1.71 ——] 0.014
0% 1.09 [oﬁssi 1143] o 0531 116 [0.93, 1.46 )L—{ 0.194
Maintenance treatment modes
Chemotherapy-endocrine therapy maintenance mode
Chemotherapy-chemotherapy maintenance mode 1.76 b—o—
No-maintenance mode 394
Endocrine therapy-endocrine therapy maintenance mode  0.91
Comorbidity*Symptoms 0.76

0
Hazard ratio Hazard ratio
Overall survival SMOTE Overall survival
Variable . MR G . p.  ___HR(% /o) P
e

<60
260 1.43[0.87,2.37] P 0.161 1.580.96, 2.60] 0.07
ﬁomorbldlty

o
Yes ) 0.70[0.41, 1.21] — — 0.206 0.621[0.38, 1.01] 0.055
Lymph node metastasis
No
Yes 1.05[0.75, 1.45] 0.781 0.93[0.72,1.19] 0.548
Symptoms
No
Yes ) 1.30[0.92, 1.82] Hp—eo— 0.138 1.19[0.91, 1.57] 0.212
Adjuvant endocrine therapy
No
Be;l 1.24[0.90, 1.72] —— 0.189 1.19[0.93, 1.53] 0.17
<24
25~60 0.92[0.64, 1.33] 0.663 0.96[0.73,1.27] 0.772
>60 0.52[0.34,0.78] —— 0.002 0.45[0.31,0.65] <0.001
Metastasis
No metastasis
Single visceral metastasis 1.33[0.98, 1.81] f—o— 0.066 1.39[1.07,1.80] —— 0.013
Multiple visceral metastases 2.02[1.18, 3.46] B 0.011 2.12[1.38, 3.26] E——— 0.001
Brain metastases 1.49[0.74,3.03] R 0.266 1.67[0.83, 3.35] 0.153
KI-67
<15%
15%~30% 1.0410.70, 1.54] B 0.844 0.770.57,1.03] 0.082
230% 0.90[0.66, 1.23] 0.508 0.871[0.67,1.13] 0.302
Maintenance treatment modes
Chemotherapy-endocrine therapy maintenance mode
Chemotherapy-chemotherapy maintenance mode 1.05[0.55, 2.02] 0.881 0.87[0.61,1.24] 0.426
No-maintenance mode 1.471.07,2.02) 0.018 1.52[1.12, 2.06] —o— 0.007
Endocrine therapy-endocrine therapy maintenance mode 0.69 [0.45, 1.05] —— 0.08 0.57[0.40, 0.81] 0.001
Comorbidity*Symptoms 0.96[0.49.1.8 0.896 1.14[0.62, 2.10 0.677

0 1 2 32 0 1 2 34
Hazard ratio Hazard ratio





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-873570-g008.jpg
PeegressionTiee servival

—ETEi
e
—T 1






OEBPS/Images/fonc-12-873570-g001.jpg
5080 patients with breast cancer

-2981 patients without metastatic
malignancy

-580 patients with other tumors

-142 male patients

-No details for 426

951 patients with
recurrent/metastatic breast cancer

-256 HR-HER-2-
-80 HR+HER-2+
-132 HR- HER-2+

483 patients
with HR+HER-2-MBC

-176 patients received
no follow-up treatment

307 HR+HER-2-MBC patients
were included in the analysis

246 patients 61 patients First-line
received chemotherapy received endocrinology palliative care

22 patients
received no

13 patients

received no Second-line

second-line | palliative care
palliative care

158 patients 66 patients
received received
chemotherapy || endocrinology

27 patients 21 patients
received received
chemotherapy || endocrinology

second-line
palliative care






OEBPS/Images/table1.jpg
Characteristics ALL
N=281

Age at initiation of treatment

Median (minimum; 44 (23-

maximum) 72)

<60 258
(91.8)

260 23(8.2)

Comorbidity

Yes 77 (27.4)

No 204
(72.6)

BMI

<28 224
(79.7)

>28 57 (20.3)

KPS

<80 108
(38.4)

>80 173
(61.6)

Primary tumor stage

<5cm 157
(88.2)

>5cm 21 (11.8)

Primary lymph node stage

Node negative 58 (26.1)

Node positive 164
(73.9)

Pathological type

Invasive ductal 226

carcinoma (82.8)

Invasive lobular 19 (7.0)

carcinoma

Others 28 (10.3)

Her-2 expression intensity

0 145
(52.5)

1+/2+! 131
(47.5)

KI-67

<15% 102
(36.3)

15-30% 53 (18.9)

>30% 126
(44.8)

Symptom

Yes 167
(59.4)

No 114
(40.6)

Adjuvant chemotherapy

>4 cycles 196
(69.8)

<4 cycles 75 (26.7)

unspecified 10 (3.6)

Adjuvant endocrine therapy

Yes 180
(64.1)

No 101
(35.9)

Disease-free intermission

<24 103
(36.7)

<60 101
(35.9)

>60 77 (27.4)

Initial metastatic sites

No visceral metastasis 155
(55.2)

Single visceral 96 (34.2)

metastases

Multiple visceral 18 (6.4)

metastases

Brain metastases 12 (4.3)

chemotherapy/
chemotherapy mode
N=158n (%)

44 (23-72)
143 (90.5)

15 (9.5)

6 (29.1)
112 (70.9)

128 (81.0)

0 (19.0)

72 (45.6)

6 (54.4)

4 (87.1)

1(129)

9 (25.0)
87 (75.0)

124 (80.5)
2(7.8)

18 (11.7)

4 (53.8)

72 (46.2)

2 (39.2)

8 (17.7)
68 (43.0)

110 (69.6)

8 (30.4)

101 (63.9)

51 (323)
6 (3.8)

0 (57.0)

68 (43.0)

61 (38.6)
55 (34.8)
42 (26.6)
8 (49.4)
58 (36.7)
14 (8.9)

8(5.1)

endocrine/ chemotherapy/ endocrine/
endocrine mode endocrine mode chemotherapy mode
N=30n (%) N=66n (%) N=27n (%)
42 (29-69) 445 (30-70) 42 (26-63)
28 (93.3) 62 (93.9) 25 (92.6)
2(67) 4(6.1) 2(74)
11 (36.7) 16 (24.2) 4(148)
19 (63.3) 50 (75.8) 23 (85.2)
25 (83.3) 53 (80.3) 18 (66.7)
5(16.7) 66 (19.7) 9 (33.3)
6 (20.0) 22 (33.3) 8 (29.6)
24 (80.0) 44 (66.7) 19 (70.4)
3 (92.0) 42 (8755) 18 (90.0)
2 (8.0) 6 (12.5) 2 (10.0)
9(33.3) 15 (26.8) 5(217)
18 (66.7) 41 (732) 18 (78.3)
24 (82.8) 55 (84.6) 23 (92.0)
3(10.3) 3 (46) 1(4.0)
2(69) 7 (10.8) 1(4.0)
15 (51.7) 34 (53.1) 12 (44.4)
14 (48.3) 30 (46.9) 15 (55.6)
3 (43.3) 19 (28.8) 8 (29.6)
6 (20.0) 14 (212) 5 (18.5)
11 (36.7) 33 (50.0) 14 (51.9)
11 (36.7) 36 (54.5) 10 (37.0)
19 (63.3) 30 (45.5) 17 (63.0)
2 (73.3) 53 (80.3) 20 (74.1)
8(26.7) 12 (182) 4(148)
0(0.0) 1(15) 3(1L1)
23 (76.7) 48 (72.7) 19 (70.4)
7(23.3) 18 (27.3) 8 (29.6)
14 (46.7) 20 (30.3) 8 (29.6)
10 (33.3) 24 (36.4) 12 (44.4)
6 (20.0) 22 (33.3) 7 (259)
26 (86.7) 35 (53.0) 16 (59.3)
3(10.0) 27 (40.9) 8 (29.6)
0 (0.0) 3 (4.5) 1(3.7)
1(3.3) 1(15) 2(74)

P-
value

0.890

0914

0.261

0.353

0.025

0.969

0.790

0.836

0.842

0.715

<0.001

0.053

0.043

0.644

0015

Characteristics of patients with Hormone-Receptor positive HER-2 negative Metastatic Breast Cancer (HR+HER-2-MBC), according to first-line/second-line treatment mode, and 281
patients entered first-line/second-line treatment mode. 1.Her-2 expression intensity 1+/2+FISH negative.





