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Abstract

PURPOSE—The 21-gene recurrence score (RS) is used to identify patients with hormone 

receptor–positive early-stage breast cancer who may benefit from the addition of chemotherapy to 

endocrine therapy. We hypothesized that many women with poor prognostic histopathologic grade 

3 disease may be offered chemotherapy irrespective of RS results, of whom a subset may not 

benefit from adjuvant chemotherapy.

PATIENTS AND METHODS—A total of 30,864 women in the National Cancer Database were 

diagnosed with pT1c to pT2, pN0 to pN1, grade 3 estrogen receptor–positive, human epidermal 

growth factor receptor 2–negative invasive breast carcinoma from 2010 to 2015. RS was stratified 

as low (less than 18), intermediate (18 to 30), and high (31 or more). Overall survival by RS was 

evaluated by Kaplan-Meier, log-rank, and multivariable proportional hazards, with adjustment for 

relevant clinical and demographic variables.

RESULTS—RS testing in grade 3 cancers increased between 2010 and 2015 (pN0, 53% to 72%; 

pN1, 16% to 36%). Among the 13,558 women with pN0 and the 2,840 with pN1 disease with RS 

testing, 27.1% and 30.0%, respectively, had low scores (less than 18). The 5-year overall survival 

rate for patients with a high RS, but not low RS, was significantly higher with chemotherapy (v no 

chemotherapy; absolute differences: high RS pN0 = 12.2% and pN1 = 25.5%, both P < .001; low 
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RS pN0 = 2.5%, P = .07; and pN1 = 1.0%, P = .27), findings that were reinforced in multivariable 

analyses risk adjusted by clinicopathologic characteristics.

CONCLUSION—Increased use of RS may help to better tailor treatment recommendations by 

stratifying patients with grade 3 disease into those who will and will not derive survival benefit 

and should be considered in all patients with estrogen receptor–positive/human epidermal growth 

factor receptor 2–negative T1c to T2, N0 to N1 disease.

INTRODUCTION

The 21-gene Oncotype DX Breast Recurrence Score (RS; Genomic Health, Redwood City, 

CA) is a validated, predictive biomarker that helps to identify patients with breast cancer 

who benefit from the addition of adjuvant chemotherapy to endocrine therapy for estrogen 

receptor (ER)–positive, human epidermal growth factor receptor 2 (HER2)–negative early-

stage breast cancer.1–11 The RS has been incorporated into clinical guidelines, including the 

National Comprehensive Cancer Network (version 1.2018; to be considered in patients with 

pN0 and pN1 status) and ASCO (to be considered in patients with pN0 status) guidelines.5,6 

The American Joint Committee on Cancer (AJCC) eighth edition cancer staging system also 

includes RS testing to downstage disease as part of the new pathologic prognostic staging 

system.7–9 Specifically, patients with pT1 to 2 node-negative, ER-positive, HER2-negative 

breast cancer of any grade and a low RS (less than 11) are reduced to prognostic stage group 

IA as a result of their favorable prognoses, which reflects the utility of a low RS to identify 

luminal A–type invasive breast cancers (ie, those with a low proliferation rate and high 

levels of ER and progesterone receptor [PR] expression) that do not benefit from 

chemotherapy.

The Trial Assigning Individualized Options for Treatment (TAILORx) (ClinicalTrials.gov 

identifier: NCT00310180) and Rx for Positive-Node, Endocrine-Responsive Breast Cancer 

(RxPONDER) (ClinicalTrials.gov identifier: NCT01272037) trials were designed to validate 

the RS prospectively and to determine the benefit of adjuvant chemotherapy for tumors with 

intermediate-range RS (ie, 11 to 25, not 18 to 30) in patients with pN0 and pN1 status, 

respectively.10,11 TAILORx results have shown that the majority of tumors with low and 

intermediate RS do not benefit from chemotherapy,12 and the results from RxPONDER are 

forthcoming.

Tumor grade is prognostic and independently associated with risk for recurrence; however, 

histopathologic high grade may not correlate well with the risk provided by the RS. In the 

PlanB trial (ClinicalTrials.gov identifier: NCT01049425), approximately 50% of grade 3 

tumors had an RS less than 31.13 The correlation of histologic grade with the predictive 

benefit of RS has not been assessed comprehensively. The proportion of grade 3 tumors in 

the TAILORx trial, although low, reflects the typical grade distribution, which accounts for 

17.8% of all included tumors across scores, and it was 22% in the original cohort for the 

development of the RS.1 As a result, the predictive benefit of RS and its potential for 

preventing overtreatment in grade 3 invasive breast carcinomas may be underappreciated. 

This study was undertaken to determine the national practices for ordering RS, treatment 
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choices, and survival outcomes in patients with grade 3 breast cancer in a large, national data 

set.

PATIENTS AND METHODS

Data Source and Cohort Selection

The registry-derived, hospital-based National Cancer Database (NCDB) curated by the 

American College of Surgeons and American Cancer Society incorporates more than 70% of 

newly diagnosed cancers in the United States.14 The NCDB routinely collects information 

on patient, tumor, demographic, and hospital characteristics in addition to information on 

any treatments administered within the first year of diagnosis. Patients newly diagnosed with 

invasive breast cancer (ie, third edition of the WHO International Classification of Diseases 

for Oncology morphologic codes 8500 and 8520 to 8524, with invasive behavior code 3, and 

breast topographic codes C50.0 to 50.9) from 2010 to 2015 were identified.15 The NCDB 

began incorporating HER2 (using the 2007 ASCO/College of American Pathologists 

grading guidelines) and multigene prediction assay data as of 2010.16–18 Women with 

invasive ductal, lobular, or mixed carcinoma histologies; Nottingham grade data; and 

hormone receptor–positive, HER2-negative, pT1c to 2, and pN0 to 1 resected cancers 

without neoadjuvant systemic therapy, as determined from collaborative staging, breast 

cancer–specific site factors, were included (Fig 1).19 Patients were excluded if they were 

younger than 20 years of age, had a prior diagnosis of cancer, were diagnosed at an index 

institution but treated entirely elsewhere, had evidence of distant metastasis, or did not 

receive surgery or hormonal therapy. Patients also were excluded if they lacked data about 

whether they received adjuvant chemotherapy or had RS testing. RS risk groups were 

categorized as low (less than 18), intermediate (18 to 30), and high (31 or higher) as 

originally defined by Paik et al.1 Variables were coded according to the Facility Oncology 

Registry Data Standards Manual revised for 2013.20

Variables of Interest

Our primary outcomes of interest were receipt of RS testing (yes/no; with no defined as 

multigene signature testing neither ordered nor performed) and overall survival (OS) using 

National Death Index data provided by the NCDB and defined as the time from date of 

diagnosis to death, with patients censored at the date of last follow-up available in the 

NCDB (December 31, 2015). Because of limited followup, the NCDB does not include 

survival information for patients diagnosed in the most recent year, which for this release 

was 2015. Our independent variables of interest for survival analyses were adjuvant 

chemotherapy receipt (yes/no) and RS score (low, intermediate, high). Adjuvant 

chemotherapy and radiotherapy receipt was defined as therapy documented postoperatively 

within 1 year of diagnosis. Control clinicopathologic variables were age, year of diagnosis, 

race/ethnicity, insurance status, Charlson-Deyo comorbidity index,21 histology, AJCC pT 

classification, PR status, geographic location, Commission on Cancer–designated hospital 

type, and additional treatments received beyond chemotherapy (ie, surgery type [breast 

conserving surgery/mastectomy], adjuvant radiotherapy [yes/no]).
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Statistical Analyses

RS testing by clinicopathologic characteristics for all patients was compared using χ2 tests 

and t tests, as appropriate. Multivariable logistic regression for receipt of RS testing was then 

performed, with stratification by pN status. To examine unadjusted differences in OS by 

chemotherapy receipt and RS, Kaplan-Meier method and log-rank test were used. The OS 

associated with adjuvant chemotherapy also was evaluated with multivariable Cox 

proportional hazards regression, after adjustment for all clinicopathologic variables of 

interest. Potential interaction effects of RS testing with adjuvant chemotherapy were 

explored using a previously described methodology.22 To evaluate the accuracy of RS testing 

and Nottingham/Bloom-Richardson grade encoding, patients treated for breast cancer from 

2010 to 2015 were queried from the cancer registry–submitted data from Brigham and 

Women’s Hospital and Dana-Farber Cancer Institute. The concordance between registry-

submitted encoded data and the corresponding Oncotype DX–reported RS and breast 

pathologist–assigned grade were evaluated for each patient. Statistical analyses were 

performed using Stata 14.2 software (StataCorp, College Station, TX), with a two-sided α-

level of 0.05 selected as significant. This study was approved by the Partners Healthcare 

institutional review board (2019P000950).

RESULTS

A total of 172,937 women with pT1c to 2 invasive breast carcinoma were included in our 

analysis. Of 126,827 patients with pN0 disease, 16.7% had grade 3 tumors (n = 21,144), and 

of the 46,110 patients with pN1 disease, 21.1% had grade 3 tumors (n = 9,720). 

Clinicopathologic characteristics are listed in Table 1.

Characteristics Associated With RS Testing for pN0 Disease

In patients with pN0 grade 3 tumors, 64.1% (n = 13,558) had RS testing compared with 

59.2% (n = 22,267) and 65.7% (n = 44,708) with grade 1 and 2 tumors, respectively (P 
< .001). There was increasing use of RS testing between 2010 to 2015 in grade 3 disease 

(from 53.2% to 72.3%; P < .001). In multivariable logistic analyses, receipt of RS testing for 

grade 3 disease was significantly associated with ages 50 to 59 years; a more recent (v 
earlier) diagnosis; lower comorbidity score; white race; private or Medicare insurance (v 
uninsured); and tumors that were pT1c, PR positive, or treated with standard local therapy (v 
nonstandard; Table 1).

Characteristics Associated With RS Testing for pN1 Disease

In patients with pN1 grade 3 tumors, 29.2% (n = 2,840) had RS testing compared with 

47.4% (n = 4,937) and 42.7% (n = 11,083) with grade 1 and 2 tumors, respectively (P 
< .001). We observed an increasing use of RS testing between 2010 and 2015 in pN1 grade 3 

disease (from 16.9% to 36.0%; P < .001). In multivariable logistic analyses, receipt of RS 

testing was significantly associated with ages 50 to 69 years; a more recent diagnosis; lower 

comorbidity score; non-Hispanic race/ethnicity; and tumors that were pT1c, PR positive, or 

treated with standard local therapy (Table 1).
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Associations of Chemotherapy and OS for pN0 Grade 3 Disease by RS

In multivariable logistic regression analyses, intermediate RS (odds ratio [OR], 15.23; 95% 

CI, 13.20 to 17.58; P < .001) and high RS (OR, 141.55; 95% CI, 118.58 to 168.97; P < .001) 

were associated with receipt of adjuvant chemotherapy compared with low RS (Table 2). 

Adjuvant chemotherapy receipt also was associated with younger patients; patients who 

were diagnosed earlier in the study period (v more recently); patients without comorbidity, 

pT2 tumors, invasive ductal carcinoma, and PR-negative status; and patients who received 

standard local therapy (v nonstandard; Table 2).

The median follow-up for patients with pN0 grade 3 disease was 41.1 months (interquartile 

range, 28.8–56.3 months), and 5.3% of patients died during the study period. In the group of 

patients without RS testing, 52.2% received chemotherapy in addition to endocrine therapy, 

which demonstrated an unadjusted absolute improvement in 5-year OS rate of 10.3% (P 
< .001; Table 3; Fig 2A). For patients with low RS, 9.1% received chemotherapy, which was 

not associated with a significantly increased 5-year unadjusted OS rate (P = .07; Table 3; Fig 

2A). In contrast, 54.9% of patients with intermediate RS and 89.4% of patients with high RS 

received chemotherapy, with both groups demonstrating associations with an improved 

unadjusted 5-year OS rate of 2.5% (P = .002) and 12.2% (P <.001), respectively (Table 3; 

Fig 2A).

The OS improvements associated with adjuvant chemotherapy in patients with pN0 grade 3 

disease also were assessed in multivariable Cox proportional hazards regression analyses 

(Table 4). In patients with grade 3 disease with high RS or who had no RS testing, adjuvant 

chemotherapy demonstrated significantly improved OS in multivariable analyses compared 

with those who did not receive chemotherapy (hazard ratio [HR], 0.63 [95% CI, 0.43 to 

0.90; P = .01] and 0.51 [95% CI, 0.40 to 0.64; P < .001], respectively), whereas low and 

intermediate RS were not associated with an OS benefit from adjuvant chemotherapy 

(reference no chemotherapy; HR, 0.50 [95% CI, 0.16 to 1.61; P = .25] and 0.71 [95% CI, 

0.49 to 0.90; P =.07], respectively). Increasing age at diagnosis, comorbidity index, pT 

classification, and nonstandard lumpectomy-only management all demonstrated worse OS, 

whereas Asian/ Pacific Islander and Hispanic race (reference white), management at an 

academic/research institution (reference community cancer program), invasive lobular 

carcinoma histology, and PR-positive status were associated with improved OS (Table 4).

Associations of Chemotherapy and OS for pN1 Grade 3 Disease by RS Testing

In multivariable logistic analyses, intermediate (OR, 6.62; 95% CI, 5.28 to 8.30; P < .001) 

and high (OR, 36.92; 95% CI, 26.73 to 50.99; P < .001) RS were associated with receiving 

adjuvant chemotherapy compared with low RS (Table 2). Treatment with adjuvant 

chemotherapy also was associated with patients who were younger, privately insured, 

without comorbidity, and PR negative and who had received standard local therapy (Table 

2).

The median follow-up of patients with pN1 grade 3 disease was 41.9 months (interquartile 

range, 29.0–56.7 months), and 8.0% of patients died during the study period. In the group of 

patients without RS testing, 82.8% received chemotherapy in addition to endocrine therapy, 
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which was associated with an absolute improvement in 5-year OS rate of 20.1% (P < .001; 

Table 3; Fig 2B). For patients with low RS, 25.9% received chemotherapy, and this was not 

associated with a significantly increased unadjusted 5-year OS (P = .27; Table 3; Fig 2B). In 

contrast, 64.4% of patients with intermediate RS and 88.3% with high RS received 

chemotherapy, with both groups demonstrating absolute improvements in 5-year OS rate of 

7.5% (P = .02) and 25.5% (P < 0.001), respectively (Table 3; Fig 2B).

The OS benefits of adjuvant chemotherapy in patients with pN1 grade 3 disease also were 

assessed in multivariable Cox proportional hazards regression analyses (Table 4). As in pN0 

disease, patients with pN1 grade 3 disease with high RS and no RS testing showed 

significantly improved OS with adjuvant chemotherapy (HR, 0.24 [95% CI, 0.13 to 0.47; P 
< .001] and 0.42 [95% CI, 0.33 to 0.53; P < .001], respectively), whereas low and 

intermediate RS did not (HR, 0.81 [95% CI, 0.33 to 1.98; P = .64] and 0.67 [95% CI, 0.35 to 

1.27; P = 0.22], respectively). In addition to increasing age at diagnosis, comorbidity index, 

AJCC pT classification, PR-negative status, and nonstandard lumpectomy-only management 

all demonstrated worse OS. OS also significantly varied by geographical location (Table 4).

Evaluation of Grade 3 and RS Coding Accuracy

We also examined our multi-institutional cohort to validate registry-submitted grade and RS 

encoding. Of 351 adults with invasive breast carcinoma who had RS testing between 2010 

and 2015, 74.7% (n = 259) were encoded and submitted for inclusion into cancer registries. 

Nottingham/ Bloom-Richardson grade was missing or incorrectly encoded in 6.6% of 

patients (n = 17), including 8.1% (n = 3) with grade 3 disease. The numerical RS was 

missing in 15.4% of registry-submitted patients (n = 40) and incorrectly encoded in 3.9% (n 

= 10). In particular, of the 37 grade 3 registry-submitted institutional patients with RS 

testing, 16.2% (n = 6) had missing scores in registry data, and only 3.2% (n = 1) were 

incorrectly encoded (as no RS instead of an actual RS of 22).

DISCUSSION

In this large national cohort, we evaluated the use of RS, use of adjuvant chemotherapy, and 

OS for women with breast cancer, with a focus on high tumor grade. We found that 30.0% of 

pN0 and 27.1% of pN1 grade 3 invasive breast cancers had a low RS, which was not 

associated with an OS benefit from chemotherapy. Of note, chemotherapy was associated 

with significant OS improvements in grade 3 invasive breast cancers with high RS, and 

although associated with improved OS in univariable analyses, intermediate RS was not 

predictive of significant chemotherapy OS benefit when risk adjusted for clinicopathologic 

characteristics. The incorporation of RS testing into the clinical decision making for grade 3 

invasive breast cancers may help to tailor treatment recommendations for these patients. To 

our knowledge, these findings represent the largest analysis to date of the potential impact of 

RS on the outcomes and management of grade 3 tumors and suggest that the assumption that 

all pT1c/2 pN0/1, ER-positive histopathologic grade 3 tumors are high risk and will 

consequently benefit from adjuvant chemotherapy may be unmerited.

Although we await the RxPONDER trial final results, the data presented here suggest that 

patients with a pT1c/2 N0/1 grade 3 tumor with high RS derive benefit from chemotherapy 
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(92% 5-year OS with chemotherapy v 67% to 79% without), whereas grade 3 tumors with 

low and intermediate RS do not. Our results further reinforce the utility of broad RS testing 

in grade 3 tumors and suggest that RS can help to distinguish the anticipated chemotherapy 

benefit among this heterogeneous group of tumors.

The rate of RS testing is less in pN1 disease than in pN0 disease (36% in 2015 v 72% in 

pN0) but is expanding in both groups because the importance of tumor biology is 

increasingly recognized. In our study, the increased use of RS testing in pN0 grade 3 disease 

(64.1%) and lower rate of chemotherapy (9.1%) in patients with low RS suggest that clinical 

practice is increasingly incorporating RS results into decision trees for pN0 grade 3 disease. 

However, our findings also suggest that a significant proportion of patients with pN1 grade 3 

disease who do not undergo RS testing may be overtreated and receive chemotherapy with 

no added OS benefit. We also find that nationally, significant variability exists in grade 3 RS 

testing patterns by hospital type and geographic location and even in patient insurance status 

and race/ethnicity, which suggests opportunities for more-detailed guidance from national 

guidelines for RS testing, particularly for grade 3 tumors.

We found that a high proportion of patients designated as having a high histologic grade had 

a low RS (less 18)— 27.1% with pN0 and 30.0% with pN1 disease—results that are notably 

higher than those reported in the PlanB trial (18% of grade 3 tumors).13 However, our 

findings are in keeping with those reported in the Microarray in Node-Negative (or 1–3 

Positive Lymph Node) Disease May Avoid Chemotherapy (MINDACT) trial, where patients 

were stratified by both anatomic and genomic risk using a 70-gene signature. In MINDACT, 

28.6% of tumors deemed to be of high clinical risk had low genomic risk and were unlikely 

to benefit from chemotherapy.23 In the published TAILORx trial data, intermediate RS (11 

to 25) tumors in postmenopausal women did not demonstrate clear benefit from 

chemotherapy; however, this trial was in patients with N0 disease with mostly small tumors, 

excluded those with an intermediate RS of 26 to 30, and only included a small proportion 

(17.8%) of patients with grade 3 disease, all of which are limiting comparisons within our 

study that included a substantial number of T2 tumors in N0 disease.12

Our analyses are constrained by several limitations of the NCDB. Of note, despite 

representing a majority of patients with cancer in the United States and forming the basis of 

AJCC staging guidelines, the lack of centralized clinical or pathologic review may limit the 

accuracy of encoded data.

However, in our multi-institutional cohort of registry-submitted patients, 92% with grade 3 

disease demonstrated accurate grade coding of whom only 3% had an incorrectly encoded 

RS, which suggests that key breast cancer–specific factors are encoded into national 

registries with encouraging accuracy. In addition, the NCDB only includes OS data, which 

precludes assessment of breast cancer–specific, progression-free, or recurrence-free survival, 

end points that may be of greater relevance in the clinical setting. Because of limited follow-

up, the NCDB does not incorporate survival data for patients diagnosed in the most recent 

year. As such, our median follow-up is only 41.3 months and the event rate only 6.2%; 

nevertheless, we incorporated a large sample size that powered the detection of clinically 

relevant differences in RS predictive value. Finally, the NCDB lacks detailed information 
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about type, dose, and duration of chemotherapeutic and hormonal treatments and, in 

particular, has limited granular data about the factors that influence clinical decision making 

about when to administer adjuvant chemotherapy.

For example, across all patients with grade 3 disease who were not administered 

chemotherapy, the NCDB only encoded a reason in 27% (21% because chemotherapy was 

contraindicated and 7% because chemotherapy was recommended but refused by the 

patient). To help to address the lack of data about patient contraindications, we included 

Charlson-Deyo comorbidity index data in our risk-adjusted analyses, and higher indices 

were associated with reduced chemotherapy use. The NCDB also lacks patient menopausal 

status and only began encoding HER2 status as of 2010. Furthermore, the NCDB does not 

have information on why RS was or was not sent, which introduces the potential for bias in 

whom is anticipated to benefit or not benefit from chemotherapy on the basis of additional 

patient and physician factors that were not captured in our data set.

In conclusion, our data show significant clinical value for RS testing in patients with grade 3 

breast cancer to predict which patients are likely to show early benefit or not from the 

addition of chemotherapy. Furthermore, our findings show significant variability in national 

patterns of RS testing and chemotherapy use for grade 3 disease, which suggests 

opportunities for more comprehensive national guidelines for RS testing in high-grade 

tumors. These results fill a gap as we await the final RxPONDER trial results and provide 

additional data to the reported results of the TAILORx trial to help clinicians to identify 

patients who may safely omit chemotherapy without compromising their outcomes.
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CONTEXT

Key Objective

Although grade 3 is considered a poor prognostic factor in estrogen receptor–positive, 

human epidermal growth factor receptor 2–negative breast cancer, the predictive benefit 

of multigene recurrence score (RS) testing in this subgroup remains unclear.

Knowledge Generated

Our analysis of the National Cancer Database that comprises more than 70% of all newly 

diagnosed cancers in the United States reveals that RS results in grade 3 T1c/T2 N0 and 

N1 breast cancer provide important discriminatory information with regard to 

chemotherapy benefit. In addition, our findings reveal significant variability in national 

patterns of RS testing and chemotherapy use for grade 3 tumors.

Relevance

Expanding national clinical guidelines with regard to the value of RS testing and 

increasing use of RS testing in grade 3 tumors may facilitate de-escalation of therapy in 

those with a low RS
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FIG 1. 
Flow diagram of inclusion and exclusion criteria. ER, estrogen receptor; HER2, human 

epidermal growth factor receptor 2; PR, progesterone receptor; RS, recurrence score.
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FIG 2. 
Overall survival (OS) in patients with grade 3 invasive breast cancer, stratified by recurrence 

score (RS). Adjuvant chemotherapy OS estimated by Kaplan-Meier method for patients with 

(A) pN0 and (B) pN1 grade 3 invasive breast cancer, stratified by RS and adjuvant 

chemotherapy, with an underlying number at risk table. Adjuvant chemotherapy (solid lines) 

was associated with significantly better median OS than no adjuvant chemotherapy (dashed 

lines) for intermediate, high, and no RS.
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