

[image: Impact of the 21-gene expression assay on treatment decisions and clinical outcomes in breast cancer with one to three positive lymph nodes]
Impact of the 21-gene expression assay on treatment decisions and clinical outcomes in breast cancer with one to three positive lymph nodes





ORIGINAL RESEARCH

published: 16 February 2023

doi: 10.3389/fendo.2023.1103949

[image: image2]


Impact of the 21-gene expression assay on treatment decisions and clinical outcomes in breast cancer with one to three positive lymph nodes


Guan-Qiao Li 1†, Shang-Jin Xie 2†, San-Gang Wu 3* and Zhen-Yu He 4*


1 Department of Breast Surgery, Hainan General Hospital (Hainan Affiliated Hospital of Hainan Medical University), Haikou, China, 2 Department of General Surgery, Xiang’an Hospital of Xiamen University, Xiamen, China, 3 Department of Radiation Oncology, Xiamen Cancer Center, Xiamen Key Laboratory of Radiation Oncology, The First Affiliated Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen, China, 4 Department of Radiation Oncology, Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center of Cancer Medicine, Guangzhou, China




Edited by: 

Rosamaria Lappano, University of Calabria, Italy

Reviewed by: 

Can Zhou, The First Affiliated Hospital of Xi’an Jiaotong University, China

Cong Jiang, Harbin Medical University, China

*Correspondence: 

San-Gang Wu
 unowu12345@hotmail.com

Zhen-Yu He
 hezhy@sysucc.org.cn














†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Molecular and Structural Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 21 November 2022

Accepted: 01 February 2023

Published: 16 February 2023

Citation:
Li G-Q, Xie S-J, Wu S-G and He Z-Y (2023) Impact of the 21-gene expression assay on treatment decisions and clinical outcomes in breast cancer with one to three positive lymph nodes. Front. Endocrinol. 14:1103949. doi: 10.3389/fendo.2023.1103949




Background

To assess the practice patterns of the recurrence score (RS) based on the 21-gene expression assay on adjuvant chemotherapy recommendations and survival outcomes in estrogen receptor-positive (ER+)/HER2- breast cancer (BC) with one to three positive lymph nodes (N1).



Methods

We included patients with T1-2N1M0 and ER+/HER2- BC diagnosed between 2010 and 2015 in the Surveillance, Epidemiology, and End Results Oncotype DX Database. Breast cancer-specific survival (BCSS) and overall survival (OS) were assessed.



Results

We included 35,137 patients in this study. There were 21.2% of patients who had RS testing in 2010, which was significantly increased to 36.8% in 2015 (P < 0.001). Performance of the 21-gene testing was associated with older age, lower tumor grade, T1 stage, lower number of positive lymph nodes, and progesterone receptor-positive disease (all P < 0.05). In those without 21-gene testing, age was the main factor significantly related to the receipt of chemotherapy, whereas RS was the main factor significantly related to chemotherapy receipt in those with 21-gene testing. The probability of chemotherapy receipt in those without 21-gene testing was 64.1% and was decreased to 30.8% in those with 21-gene testing. On multivariate prognostic analysis, the performance of 21-gene testing was associated with better BCSS (P < 0.001) and OS (P < 0.001) compared with those without 21-gene testing. Similar results were found after propensity score matching.



Conclusions

The 21-gene expression assay is frequently and increasingly used for chemotherapy decision-making in ER+/HER2- BC with N1 disease. Performance of the 21-gene testing is associated with improved survival outcomes. Our study supports the routine use of 21-gene testing in the clinical practice of this population.
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Background

Breast cancer (BC) is the most common malignancy diagnosed among women, with approximately 2.2 million new cases annually (1). With the improvement of diagnosis and screening technology, there were 64.2% of the patients who had a node-negative (N0) disease at BC diagnosis, but 35.8% of the patients still had a node-positive (N+) disease. Among those with N+ diseases, 84.5%, 10.4%, and 5.1% had N1, N2, and N3 diseases, respectively (2). More than 70% of BC patients are hormone receptor (HR)-positive (2). For HR-positive early BC with metastasis (N1) of one to three lymph nodes (LNs), endocrine therapy after surgery is the standard treatment strategy, but the role of chemotherapy in this population remains controversial (3, 4). However, approximately 15% of patients with N+ and HR+/HER2- BC receiving endocrine therapy develop tumor recurrence within 5 years of initiating treatment, indicating a requirement for developing novel treatment strategies in this patient subset (5). With increasing knowledge regarding the molecular heterogeneity of BC, the recurrence score (RS) based on the 21-gene expression assay has revolutionized the chemotherapy decision-making in N0 and estrogen receptor-positive (ER+) BC patients (6). The value of RS in N0 and ER+/HER2- early-stage BC has been validated for the first time in a landmark study, indicating that those with RS ≥31 would benefit from additional adjuvant chemotherapy but those with RS <18 would not (7). However, the RS testing in the N+ BC patients has been limited but is steadily increasing, particularly following the recent findings from the data of RxPONDER (8).

For patients with N1 BC, whether treatment decisions can be made according to the results of the 21-gene RS, the current treatment guidelines from the American Society of Clinical Oncology (ASCO) and the National Comprehensive Cancer Network (NCCN) have contradictory opinions (4, 9). However, several previous studies have found that the 21-gene RS could also predict the survival of N1 patients and have an impact on treatment decisions (8, 10–13). In Canada, the 21-gene RS has been publicly funded for patients with N0 and ER+/HER2- BC for several years, whereas the coverage of RS testing for N+ patients has been very limited (14). Given emerging data on the role of RS and the recent discrepant treatment in these patients, this study aimed to clarify the practice patterns and the potential benefit of 21-gene testing in BC patients with ER+/HER2− and one to three LNs.



Materials and methods


Patients

We identified patients who were diagnosed with BC from the Surveillance, Epidemiology, and End Results (SEER) Oncotype DX Database (2004–2016) with or without SES/Rurality (15), which includes 21-gene RS data for invasive BC patients diagnosed from 2004 to 2015. Patients included in this database had follow-up through the end of 2016. We limited this analysis to pathologic stage T1-2N1M0 and ER+/HER2- BC with the availability of RS diagnosed between 2010 and 2015 because the data regarding HER2 status were only included from the year 2010. We excluded those with missing surgery and radiotherapy information and those with missing tumor grade, progesterone receptor (PR) status, and insurance status. This study did not require institutional review board approval because the data in the SEER program were deidentified.



Variables

The following variables were included in the analysis: age, race, tumor grade, histology, tumor (T) stage, PR status, number of positive LNs, surgical procedure, and the receipt of radiotherapy, chemotherapy, and RS testing. Patients who underwent 21-gene testing were further stratified into low (RS <18), intermediate (RS 18–30), and high (RS >30) groups (6). We used the above pre-TAILORx RS categories because the patients included in this study were treated before the publication of the TAILORx study (16). The primary outcome measures were breast cancer-specific survival (BCSS) and overall survival (OS).



Statistical analysis

Patients’ baseline characteristics were compared according to the receipt of the 21-gene testing using chi-square tests. Multiple logistic regression models were used to determine the predictive factors related to the use of RS testing and chemotherapy. A multicollinearity test was used to assess the data collected. The Kaplan–Meier method was used to assess differences in BCSS and OS and compared by the log-rank test. Multivariable Cox proportional hazards models were performed to determine independent prognostic factors impacting BCSS and OS. A 1:1 propensity score matching (PSM) was used to balance the potential confounders. Statistical analyses were conducted using the SPSS version 25.0. A P value less than 0.05 was considered statistically significant.




Results


Patients’ baseline characteristics

We included 35,137 patients in this study (Figure 1 and Table 1). Of these patients, 69.6% (n = 24,466) were non-Hispanic white, 87.5% (n = 30,733) were invasive ductal carcinoma, and 89.5% (n = 31458) were PR positive. There were 23,222 (66.1%), 8,234 (23.4%), and 3,681 (10.5%) patients who had one-, two-, and three-LN metastases, respectively. Regarding treatment, 50.5% (n = 17,762), 55.7% (n = 19,572), and 54.4% (n = 19,118) patients received mastectomy, radiotherapy, and chemotherapy, respectively.




Figure 1 | The patient selection flowchart of this study.




Table 1 | Patient baseline characteristics before and after propensity score matching.



There were 29.2% (n = 10,247) of patients who had RS testing. Of these patients, the median RS was 15 (range, 0–67). In those with RS testing, there were 6,265 (61.1%), 3,405 (33.2%), and 577 (5.6%) patients who had low, intermediate, and high RSs, respectively. The proportion of RS testing over time is listed in Figure 2. There were 21.2% of patients who had RS testing in 2010, which was significantly increased to 36.8% in 2015 (P < 0.001). Moreover, patients aged 50–64 years; are non-Hispanic white; had a lower tumor grade, T1 stage, one positive LN, PR positive; receiving BCS (P < 0.001); and receiving RT were more likely to have RS testing (all P < 0.001) (Table 1). Moreover, patients receiving RS testing were less likely to receive chemotherapy compared with those that did not receive RS testing (30.8% vs. 64.1%, P < 0.001).




Figure 2 | The proportion of 21-gene testing over time.





Predictive factors associated with 21-gene testing

Multicollinearity was checked for all predictors by tolerance analysis. All of the predictors’ tolerance was above the cutoff of 0.10 (ranging between 0.918 and 0.980), suggesting that there was no risk of multicollinearity. The predictive factors associated with 21-gene testing were then identified using binomial logistic regression. The results showed that older age, non-Hispanic white, invasive ductal carcinoma subtype, lower tumor grade, T1 stage, lower number of positive LNs, and PR positive disease were the independent predictive factors associated with the receipt of 21-gene testing (all P < 0.05) (Table 2). Those with three positive LNs had the lowest chance of RS testing, with an odds ratio (OR) of 0.307 compared with those with one positive LN (95% CI 0.277–0.339, P < 0.001). There were 34.8%, 20.6%, and 12.7% of patients with one, two, and three positive LNs who had RS testing, respectively (P < 0.001).


Table 2 | Predictors of 21-gene testing.





Predictive factors associated with the receipt of chemotherapy

In our study, the proportion of patients who did not undergo 21-gene testing who received chemotherapy was 64.1% and the proportion of patients who received 21-gene testing was 30.8%. Two multivariate logistic regression models were used to determine the predictive factors related to the use of chemotherapy (Table 3). The first model included patients without 21-gene testing, and the results showed that younger age, non-Hispanic white, other histological subtypes, higher tumor grade, T2 stage, a higher number of positive LNs, and PR negative diseases were the independent predictive factors associated with the use of chemotherapy (all P < 0.05). Patients aged <50 years had the highest chance of chemotherapy receipt, with an OR of 11.285 compared with those aged ≥65 years (95% confidence interval [CI] 11.359–12.294, P < 0.001). Patients aged 50–64 years were also more likely to receive chemotherapy compared with those aged ≥65 years (OR 6.038, 95% CI 5.653–6.450, P < 0.001). There were 86.2%, 76.5%, and 35.6% of patients aged <50, 50–64, and ≥65 years receiving chemotherapy, respectively (P < 0.001).


Table 3 | Predictors of chemotherapy receipt in those with and without 21-gene testing.



The second model included patients with 21-gene testing; the results showed that younger age, higher tumor grade, T2 stage, a higher number of positive LNs, PR negative, and higher RS were the independent predictive factors associated with the use of chemotherapy (all P < 0.05). Patients with high RS had the highest chance of chemotherapy receipt, with an OR of 13.846 compared with those with low RS (95% CI 10.992–17.441, P < 0.001). Patients with intermediate RS were also more likely to receive chemotherapy compared with those with low RS (OR 3.821, 95% CI 3.454–4.228, P < 0.001). There were 18.0% (n = 1,130), 46.3% (n = 1,576), and 78.5% (n = 453) of patients with low, intermediate, and high RS receiving chemotherapy, respectively (P < 0.001) (Figure 3).




Figure 3 | The percentage of receipt of chemotherapy according to different recurrence score categories.





Prognostic effect of 21-gene testing on survival outcomes

The median follow-up of this study was 32 months (range, 0–71 months). A total of 1,938 deaths occurred, including 811 patients who died from BC. Overall, the survival outcomes were excellent in the entire cohort. The 3-year BCSS and OS were 95.0% and 97.8%, respectively. The multivariate prognostic analysis showed that patients who received 21-gene testing had better BCSS (hazard ratio [HR] 0.506, 95% CI 0.406–0.632, P < 0.001) and OS (HR 0.602, 95% CI 0.457–0.793, P < 0.001) than those without 21-gene testing (Tables 4, 5). The 3-year BCSS was 99.2% and 97.4% in those with and without 21-gene testing, respectively (P < 0.001) (Figure 4A). The 3-year OS was 97.3% and 93.6% in those with and without 21-gene testing, respectively (P < 0.001) (Figure 5A).


Table 4 | Multivariate prognostic analysis for breast cancer-specific survival before and after propensity score matching.




Table 5 | Multivariate prognostic analysis for overall survival before and after propensity score matching.






Figure 4 | Kaplan–Meier curves of association of 21-gene testing with breast cancer-specific survival before (A) and after (B) propensity score matching.






Figure 5 | Kaplan–Meier curves of association of 21-gene testing with overall survival before (A) and after (B) propensity score matching.



To reduce potential selection bias, a PSM was conducted to balance the patients’ clinicopathological and therapeutic characteristics including the following variables: age, race, tumor grade, histology, T stage, number of positive LNs, PR status, surgical procedure, radiotherapy, and chemotherapy. A total of 7,878 pairs of patients were completely matched. Patients who received 21-gene testing also had better BCSS (HR 0.602, 95% CI 0.457–0.793, P < 0.001) and OS (HR 0.539, 95% CI 0.455–0.640, P < 0.001) compared with those without 21-gene testing (Tables 4, 5). Survival curves are listed in Figures 4B, 5B.



Prognostic effect of 21-gene results on survival outcomes

In those with 21-gene testing (n = 10,247), the multivariate prognostic analysis indicated that the RS was the independent prognostic factor associated with survival outcomes. Those with high RS had significantly lower BCSS (HR 4.158, 95% CI 2.147–8.082, P < 0.001) and OS (HR 2.079, 95% CI 1.353–3.195, P = 0.001) compared with those with low RS. In addition, patients with intermediate RS also had significantly lower BCSS (HR 2.586, 95% CI 1.604–4.169, P < 0.001) and OS (HR 1.411, 95% CI 1.085–1.836, P = 0.010) compared with those with low RS (Table 6). The survival curves according to the RS cohorts are listed in Figure 6.


Table 6 | Multivariate prognostic analysis for breast cancer-specific survival and overall survival in those with 21-gene testing.






Figure 6 | Kaplan–Meier curves of association of recurrence score categories with breast cancer-specific survival (A) and overall survival (B).






Discussion

In the current study, a large cohort from the SEER Oncotype DX Database was used to investigate the practice patterns and the potential benefit of 21-gene testing in BC patients with ER+/HER2− and one to three positive LNs. Our results showed that adjuvant chemotherapy recommendations for this population mainly relied on genomic profiling assays in the current era. Moreover, the performance of 21-gene testing was associated with improved survival outcomes. Our findings support the routine use of RS testing in this population.

With the rapid progress in the understanding of BC biology, the current treatment of BC is mainly based on the results of genomic profiling assays. As the most widely used genomic profiling assay, 21-gene RS is the most important factor influencing the treatment strategy of N0 early-stage BC. The NCCN guidelines recommend the use of the 21-gene expression assay in the decision-making of both N0 and N+ (one to three LNs) ER+ BC (4). In contrast, the ASCO guidelines state that the clinician should not use the 21-gene expression assay to guide adjuvant chemotherapy decisions in N+ and ER+/HER2− BC patients (9). In a National Cancer Database study including 72,897 patients with N+ BC diagnosed between 2010 and 2013, the receipt of 21-gene testing was 15% in 2013 and 24% in 2013 (17). In our study, there were 21.2% of patients who had 21-gene testing in 2010, which was significantly increased to 36.8% in 2015 (P < 0.001). However, the recommendation of 21-gene testing was also lower than those with N0 disease, with 21.8% having 21-gene testing in the years 2004–2011, and nearly half of patients had 21-gene testing in 2013–2015 in real-world studies (18, 19). This may reflect the practice pattern of most clinicians prescribing chemotherapy to most patients with one to three LNs even with estrogen sensitivity.

The distribution of RS in N0 BC was 48.8%–53.7%, 38.9%–40.7%, and 7.4%–10.4% in patients who had low, intermediate, and high RS, respectively (20, 21). In our study, there were 61.1%, 33.2%, and 5.6% of patients who had low, intermediate, and high RS, respectively. Similar findings were observed in the other studies that included patients from Japan (22), Canada (23), and Israel (24), which suggested that the RS also had a similar distribution in most populations. However, a study from China showed that there were 21.4%, 53.1%, and 25.5% of patients who had low, intermediate, and high RS in those with N1 disease, respectively (11). Only 98 patients who had N1 diseases limited the study to the general population. In our previous study, we found similar distribution, chemotherapy use, and prognostic prediction of the 21-gene RS between Chinese and white American BC patients (25). For Chinese female patients, approximately one-quarter suffered from N1 disease at the time of BC diagnosis (26). Therefore, 21-gene testing could also play an important role in treatment decision-making for the Chinese population with a rapidly growing incidence rate of BC (27).

A review including a series of the study showed that the use of 21-gene testing had an 18%–69% reduction in chemotherapy recommendation in patients with N+ BC (28). In a study by Stemmer et al., they found that 21-gene testing was significantly associated with lower odds of receiving chemotherapy (OR 0.16, P < 0.001) (24). They also found that in those with 21-gene testing, 7.1%, 37.0%, and 100% of patients with low, intermediate, and high RS received chemotherapy, respectively. In our study, the proportion of chemotherapy use in patients without 21-gene testing was 64.1% and 30.8% in those receiving 21-gene testing. In our study, 18.0%, 46.3%, and 78.5% of low-, intermediate-, and high-RS patients received chemotherapy. Our findings demonstrated that the recommended rate for adjuvant chemotherapy was significantly lower in patients undergoing 21-gene testing. For those with N0 disease, the rates of chemotherapy use were 1.4%, 23.7%, and 87.2% in low-, intermediate-, and high-RS patients, respectively (20). There were large differences in the probability of each subgroup receiving chemotherapy after 21-gene testing for patients with N1 and N0 stages, especially for patients with low and intermediate RSs. The above results suggest that although genetic testing technology can better predict the value of being chemotherapy-free in N0 patients, it is still doubtful whether N1 patients can safely avoid chemotherapy.

In our study, there were 29.2% of patients who had 21-gene testing and patients with favorable prognostic factors were more likely to receive 21-gene testing. Moreover, those with three positive LNs had the lowest chance of 21-gene testing. There were 34.8%, 20.6%, and 12.7% of patients with one-, two-, and three-LN metastases who had 21-gene testing, respectively. Similar results were found from the study by Roberts et al., which included 30,410 patients with N+ BC, and the receipt of 21-gene testing was low in patients with high-risk factors (29). Our findings, along with the above study, showed that clinicians may choose not to perform 21-gene testing in more advanced patients with historical indications for chemotherapy.

In the current NCCN guideline, the recommendation of treatment for one to three positive LNs with ER+/HER+- is based on the results of 21-gene testing. In those without 21-gene testing, chemotherapy and endocrine therapy or endocrine therapy alone are recommended, whereas endocrine therapy is recommended in those with RS <26 and chemotherapy and endocrine therapy is recommended for those with RS ≥26 (5). Specifically, age was used as a main predictive factor for chemotherapy recommendation in our study in patients without 21-gene testing; there were 86.2%, 76.5%, and 35.6% of patients aged <50, 50–64, and ≥65 years receiving chemotherapy, respectively (P < 0.001). In those with 21-gene testing, RS was the main predictive factor for chemotherapy in patients; there were 8.0%, 46.3%, and 78.5% of patients with low, intermediate, and high RS receiving chemotherapy, respectively. Several studies showed that in those with one to three positive LNs, the overall change rate of treatment was 49%–55.1%, 27%–59.3%, and 0%–18% in those with low, intermediate, and high RSs, respectively (22, 30). Although the overall change rate of treatment was unavailable in the retrospective analysis, our results showed that there were 61.4% of patients who received chemotherapy in the no 21-gene testing cohort, which was significantly higher than in the patients with 21-gene testing (30.8%) (P < 0.001). This is remarkable in that the decision to omit chemotherapy in those with one to three positive LNs according to the 21-gene testing is similar to those with N0 disease. Therefore, tumor biology with genomic assays has been widely used in treatment-decision making of BC, which has beyond the traditional clinical and pathological characteristics in the selection of adjuvant treatment.

In patients with N0 disease, numerous studies have confirmed that RS has an important correlation with patient survival (31, 32). For patients with one to three positive LNs, studies have shown that RS can also affect various survival endpoints, including locoregional control, distant metastasis, and OS (10–13). In our study, we also found that patients with higher RS had worse survival outcomes. Our finding suggests that the RS provides additional prognostic assessment information of tumor biology beyond traditional clinicopathological factors for patients with one to three positive LNs. Given the results of our study and the previous findings, the 21-gene expression assay should be part of routine tests for BC patients with ER+/HER2− and one to three positive LNs.

For clinically high-risk patients, performing 21-gene testing can help clinicians identify subgroups of patients with favorable prognoses who can be safely spared from adjuvant chemotherapy.

To our knowledge, no studies have focused on the effect of 21-gene testing on the survival of T1-2N1 patients. In a previous study by Pomponio et al., they included patients with N0 and tumor size ≤1 cm and found that patients receiving 21-gene testing had better survival compared with those without 21-gene testing (33). Overall, the survival outcomes in our cohort were excellent regardless of the 21-gene testing. The 3-year BC related-death rates were 0.8% and 2.6% in those with and without 21-gene testing, respectively (P < 0.001). Our multivariate analyses showed that the use of RS testing was associated with better survival outcomes after adjustment of known prognostic variables. Similar results were found using PSM. A previous study included patients with N0 disease, which found that 21-gene testing is cost-effective for patients with intermediate- and high-RS cohorts, but not for the low-RS cohort (34). In patients with one to three positive LNs, the use of the 21-gene expression assay could be also a cost-effective strategy in this population (23).

Several limitations should be acknowledged in our study. First, the data of our study were from a retrospective database, which was inherently biased. Second, we were unable to observe clinician influence on patient treatment decisions, only practice patterns. Third, since outcome data regarding locoregional recurrence and distant metastasis are not available in the SEER database, and the median follow-up was only 32 months, the impact of adjuvant chemotherapy on survival outcomes according to different RS categories was not assessed. However, the primary strength of this study was that we used a population-based cohort to investigate the role of 21-gene RS testing in patients with one to three positive LNs. Our study could contribute to the understanding of the role of 21-gene RS testing in chemotherapy decision-making and prognostic prediction in this population.



Conclusions

In conclusion, our study suggests that the 21-gene expression assay is frequently and increasingly used for treatment decision-making in ER+/HER2- BC patients with one to three positive LNs and its use is related to lower rates of adjuvant chemotherapy. Performance of 21-gene testing in BC with one to three positive LNs is associated with better survival outcomes. Our study supports the routine use of 21-gene testing in the clinical practice of this population.
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