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Abstract

Purpose—Recurrence score [RS] derived from a 21-gene RT-PCR assay stratifies patients with 

early-stage estrogen-receptor-positive, HER2-normal breast cancer into 3 groups based on 10-year 

distant metastasis risk: low, intermediate, and high. Published data are limited regarding the 

impact of RS on choice of adjuvant therapy for T1 breast cancer. We investigated the relationship 

between RS and choice of adjuvant therapy, prognosis, and benefit of chemotherapy in stage I 

breast cancer.

Methods—We reviewed the records of 1030 patients with estrogen-receptor-positive, HER2-

normal stage I breast cancer and RS available. RSs were correlated with clinicopathologic 

characteristics, treatment, and outcome.

Results—Patients with pT1a, pT1b, and pT1c disease did not differ in distribution of low, 

intermediate, and high RS (P=.673). Overall, fewer than of 10% of patients had high RS. 

Histologic grade 1, nuclear grade 1 and low Ki67 expression had only 1%, 0% and 6% of high RS, 

respectively. Among patients with intermediate RS, 41% with pT1b and 46% with pT1c disease 
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received CT. Among patients with intermediate RS, for pT1b disease, distant disease-free survival 

[DDFS] did not differ between HT alone and CT+HT (P=.752); for pT1c, DDFS was superior for 

CT+HT (P=.020). Histologic grade was the only independent prognostic factor of DDFS (P=.

0007, 1 vs 3, P=.035, 2 vs 3); RS did not predict DDFS (P=.083, high vs low; P=.066, 

intermediate vs low).

Conclusion—The added value of RS to known prognostic factors appears limited to patients 

with pT1b breast cancer. However, this study lacked long-term follow-up.
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Introduction

The 21-gene recurrence score (Oncotype DX) measures 21 genes by quantitative reverse 

transcriptase-polymerase chain reaction on formalin-fixed, paraffin-embedded tissues to 

determine a score that estimates the likelihood of distant metastasis at 10 years, and stratifies 

patients into 3 risk groups: low (RS <18), intermediate (RS 18–30), and high (RS >30) 1. It 

was first validated as an independent prognostic marker 1, and then validated as a predictor 

of response to tamoxifen in the National Surgical Adjuvant Breast and Bowel Project 

(NSABP) B-14 population, which consisted of patients with estrogen receptor (ER)-positive, 

node-negative early-stage breast cancer 2. In the NSABP B-20 cohort, which consisted of 

patients with ER-positive, node-negative disease treated with tamoxifen with or without 

chemotherapy, RS was assessed as a predictor of response to chemotherapy. High RS 

predicted benefit from addition of chemotherapy to hormonal therapy (HT); however, 

whether intermediate RS predicts benefit from addition of chemotherapy is unknown 3,4.

The 21-gene RS is commonly used to help clinicians predict the magnitude of benefit from 

chemotherapy for patients with early-stage breast cancer. The National Comprehensive 

Cancer Network recommend (Category 2A recommendation) considering the assay for 

patients with early-stage node-negative, ER-positive, and HER2 normal breast cancer. 

However, data are limited on the prognostic and predictive value of RS in patients with 

stage I breast cancer.

Studies have shown that in approximately 30% of cases, knowledge of RS changes the 

oncologist’s recommendation, in most cases from combined therapy to hormonal therapy 

alone 5–8. However, there are limited published data regarding the impact of RS on choice of 

adjuvant therapy for T1 breast cancers despite the fact that 62% of orders for the 21-gene 

assay are for patients with T1 disease 9.

The goals of this retrospective study, which we believe is the largest to date to evaluate the 

21-gene RS in patients with stage I breast cancer, were to determine the impact of RS on 

choice of adjuvant therapy in patients with stage I breast cancer and to determine whether 

intermediate RS predicts benefit from chemotherapy and whether RS is an independent 

prognostic factor for patients with stage I breast cancer.
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Methods

Patients

The Institutional Review Board of The University of Texas MD Anderson Cancer Center 

approved this study (PA13-0937) and waived the requirement for informed consent. We 

used the electronic health record system of MD Anderson Cancer Center and the database of 

the Department of Breast Medical Oncology at MD Anderson to address research questions. 

We conducted a retrospective analysis of the medical records of all patients with stage I 

breast cancer who had a 21-gene assay performed during the period from September 2004, 

when the assay was first performed at MD Anderson, through September 2013. All data 

were double-checked to ensure high accuracy in our chart review.

The following information was extracted from patient records: age at diagnosis, menopausal 

status, histologic subtype, pathologic tumor size and nodal status (pN0 or pNmi), ER and 

progesterone receptor (PR) expression level by immunohistochemistry (IHC), HER2 

expression level by IHC and fluorescence in situ hybridization, nuclear grade (including 

Black’s modified nuclear grade 1–3), histologic grade (Nottingham grade 1–3), proliferation 

index (Ki67 expression), and presence or absence of intramammary lymphovascular 

invasion. We also recorded the RS and the adjuvant treatment received.

We excluded patients with the following characteristics: male sex, bilateral disease, history 

of cancer in the past 5 years (except basal cell carcinoma or squamous cell carcinoma of the 

skin), neoadjuvant treatment (as we evaluated pathologic stage), ER-negative disease 

(defined as ER expression in < 10% of cells by IHC, by local institutional standards and 

some landscape studies), HER2-positive disease (amplification ratio of ≥ 2.2 by FISH or if 

FISH not available, IHC 3+), and RS missing.

Recurrence score

The 21-gene RS assay was performed by Genomic Health, Inc., on formalin-fixed, paraffin-

embedded tissue samples, and RS was reported on a scale from 0 to 100. Patients with RS 

less than 18 were classified as low risk, patients with RS from 18 to 30 were classified as 

intermediate risk, and patients with RS more than 30 were classified as high risk.

Study design and end points

The relationships between RS and selection of adjuvant therapy, benefit from chemotherapy, 

and survival were investigated in the overall study population and in the subsets of patients 

with pT1a disease (pathologic tumor size ≤ 5 mm), pT1b disease (pathologic tumor size > 5 

mm but ≤ 10 mm), or pT1c disease (pathologic tumor size > 10 mm but ≤ 20 mm). Similar 

to landscape studies of the 21-gene assay, the primary endpoint was distant disease-free 

survival (DDFS), in which distant metastasis or death, whichever happens first were counted 

as an event.

Statistical analysis

Descriptive statistics were used for continuous and categorical variables separately. Kruskal-

Wallis test and either chi-square test or Fisher exact test, as appropriate, were used for the 
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group comparison for continuous and categorical variables, respectively. Kaplan-Meier 

survival analysis and Cox regression analysis were used to assess the effect of categorical 

and continuous covariates, respectively, on DDFS. All computations were carried out in 

SAS 9.3 (SAS Institute Inc., Cary, NC) and Splus 8.2 (TIBCO Software Inc, Palo Alto, CA).

Results

Patient demographics and RSs

A total of 1030 patients met the eligibility criteria and were included in the study (Figure 1). 

Of these, 35 patients had pT1a, 286 had pT1b, and 709 had pT1c breast cancer. The only 

baseline demographic and clinical characteristics that differed significantly between patients 

with pT1a, pT1b, and pT1c disease were age at diagnosis, histologic grade, and 

intramammary lymphovascular invasion (Table 1).

Of the 1030 patients in the study, 571 (55.5%) had low RS, 370 (35.9%) had intermediate 

RS, and 89 (8.6%) had high RS. Interestingly, the distributions of low, intermediate, and 

high RS were not significantly different among pT1a, pT1b and pT1c subgroups (P=.673). 

In each of these 3 subgroups, fewer than 10% of the patients had high RS, and more than 

half of the patients had low RS (Figure 2B).

Relationship between RS and clinical prognostic factors

Only 7% of patients with high ER expression and 3% of patients with high PR expression 

(both defined as ≥ 70% cells stained by IHC) had high RS (Figure 2C–D). Only 1% of 

patients with histologic grade I and none with nuclear grade I tumors had high RS. 

Additionally, only 6% of patients with low Ki67 expression (≤ 10% of cells stained for 

Ki67) had high RS (Figure 2G). If these clinical factors were all correlated to RS, age at 

diagnosis and lymphovascular invasion did not correlate with RS (Figure 2A–H).

Prognostic value of RS

The median follow-up time for the cohort was 3.2 years (95% CI: 3 – 3.4 years). A total of 

56 distant metastases or death, whichever happens first, have been observed. In the overall 

study population and in the subset of patients with pT1c disease, RS was a predictor of 

DDFS (P<.0001 for both), with high RS being the worst (5-year DDFS of 76.4%, 95% 

confidence interval (CI): (59.2%, 87.1%) in stage I; 70.3%, 95% CI: (48.2%, 84.3%) in T1c 

subgroup), and low RS being the best (95.9%, 95% CI: (93.0%, 97.6%) in stage I; 95.6%, 

95% CI: (91.9%, 97.7%) in T1c subgroup). However, RS was not a predictor of DDFS in 

the patients with pT1b breast cancer (P=.577) (Figure 3B).

In a univariate analyses, the following were reported to be prognostic factors of DDFS: RS 

(P<.0001), histologic grade (P<.0001), nuclear grade (P<.0001), Ki67 expression (P=.0002), 

PR positivity by IHC (P=.002), ER expression level by IHC, (P=.017), and PR expression 

level by IHC (P=0.018).

However, in a multivariate Cox regression model including RS, only histologic grade 

remained an independent predictor of DDFS and RS trended toward significant (P=.083, 

high vs low; P=.066, intermediate vs low) (Table 2).
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Impact of RS on choice of adjuvant therapy and value of RS as a predictor of benefit from 
chemotherapy

Majority of patients received either HT-alone or CH-T adjuvant treatment. When only 

considering these two treatments we found the following. Only 1 patient with pT1a disease 

had a high RS. Of the 13 patients with pT1a disease and an intermediate RS, 12 (92%) 

received hormonal therapy alone. More than half of T1b and T1c patients with intermediate 

RS received HT alone (Table 3).

Among the 95 patients with pT1b disease and an intermediate RS, DDFS did not differ 

significantly between the 56 patients (58,9%) who received hormonal therapy alone and the 

39 patients (41,1%) who received both chemotherapy and hormonal therapy after having RS 

done (P=.752) (Figure 4A). The 2 populations were well balanced except for age (median, 

56 years for hormonal therapy alone vs 49 years for combined therapy, P=.002). However, 

among the 246 patients with pT1c disease and an intermediate RS, the 113 patients (45.9%) 

treated with both chemotherapy and hormonal therapy had worse DDFS than the 133 

patients (54.1%) treated with hormonal therapy alone (P=.020) (Figure 4B). In addition, 

although all patients in these 2 subgroups had an intermediate RS, the subgroups differed 

significantly with respect to clinical prognostic factors: compared to the patients treated with 

hormonal therapy alone, the patients treated with both chemotherapy and hormonal therapy 

were younger (P<.0001) and had higher histologic grade (P=.0002), higher nuclear grade 

(P=.001), and higher Ki67 expression (proliferation index) (P=.006).

Among the patients with pT1b disease and an intermediate RS, patients who received both 

chemotherapy and hormonal therapy tend to have higher RSs than patients who received 

hormonal therapy alone (median, 23.6 [range, 18–30] vs 21.4 [range, 18–27], P=.005). Same 

observation was highlighted for patients with pT1c disease and an intermediate RS (median, 

23.5 [range, 18–30] vs 21.3 [range, 18–30], P<.0001) (Figure 5A). T1c patients with Ki67 

superior to 15% and/or nuclear grade III tend to receive combined CH-T more than HT 

alone. For T1b patients, we were not able to observe such trend (Figure 5B–C).

Conclusion

In our retrospective chart review of patients with stage I disease, fewer than of 10% of the 

patients had a high RS, and more than half of the patients had a low RS. Overall, 

approximately, 6% of patients with low RS, 43% of patients with intermediate RS, and 88% 

of patients with high RS received chemotherapy. Intermediate RS did not predict benefit 

from chemotherapy in patients with pT1b disease. RS was not an independent prognostic 

factor of DDFS in our population.

The 21-gene RS was performed for 35 patients with pT1a disease. The very low percentage 

of pT1a disease with high RS and the anecdotal percentage of patients with pT1a breast 

cancer and intermediate RS receiving combined treatment indicate that the test does not 

seem appropriate for pT1a patients, even if our number of patients is quite small.

Among patients with pT1b breast cancer, 21-gene RS groups did not significantly differ in 

term of DDFS. For patients with pT1b disease and intermediate RS, no significant difference 
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in DDFS was observed between patients treated with hormonal therapy alone and those 

treated with both chemotherapy and hormonal therapy. However, the sample size and the 

number of events for this group were too small to permit conclusions regarding the 

performance of the assay in this group.

In contrast, among patients with pT1c breast cancer, treatment after RS, impacted the 

outcomes. Among patients with pT1c disease, the Kaplan-Meier DDFS curve for patients 

with intermediate RS treated with hormonal therapy alone was similar to the curve for 

patients with T1c disease and low RS. In contrast, the Kaplan-Meier curve for patients with 

pT1c tumor and intermediate RS treated with chemotherapy and hormonal therapy was more 

like the curve for patients with high RS treated with chemotherapy and hormonal therapy. 

However, these results could be data-driven due to significant differences in clinical 

prognostic factors between patients treated with hormonal therapy alone and those who 

received combined treatment. In fact, patients in the combined treatment group had worse 

clinical prognostic factors (younger age, higher histological and nuclear grade, and higher 

proliferation index) that could worsen their prognosis. Consequently, it is quite likely that 

chemotherapy did not contribute to the bad outcome in this group and that the poor 

prognostic factors explain the discrepancy between the treatment groups. The other 

explanation could be that chemotherapy is not effective in such population – pT1c tumors 

with intermediate RS - because of the relatively good prognosis of patients treated with 

hormonal therapy alone.

Because of our observations in patients with pT1b and pT1c disease and intermediate RS, 

we used the Martingale residual Cox model with DDFS as an end point to try to identify a 

new cut-off in the intermediate RS population to define groups with different outcomes; 

however, we were unable to find such a cut-off. However, we observed a trend in patients 

with pT1b and pT1c disease: patients with RS less than 25 were more likely to receive 

hormonal therapy alone than were patients with RS of 25 or greater (Figure 4A).

Discussion

Nowadays, the NCCN guidelines recommend that patients with T1c stage I ER-positive 

breast cancer receive chemotherapy followed by hormonal therapy sequentially [CH-T]) for 

T1c stage I BC. For patients with T1b stage I breast cancer, adding chemotherapy to 

hormonal therapy is an option, whereas for patients with T1a stage I breast cancer, hormonal 

therapy alone is recommended 10. However, RS could impact these guidelines. Scientific 

societies including the American Society of Clinical Oncology 11, the National 

Comprehensive Cancer Network (NCCN) 10, and the European Society for Medical 

Oncology 12, have recently included the 21-gene RT-PCR assay in their guidelines. The 

NCCN guidelines “[consider] the 21-gene RT-PCR assay as an option when evaluating 

patients with primary tumors characterized as 0.6 to 1.0 cm (T1b) with unfavorable features 

or >1 cm (T1c) and node-negative, ER-positive, and HER2-negative. In this circumstance, 

the RS may be determined to assist in estimating likelihood of recurrence and benefit from 

chemotherapy” 10.
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One strength of our study is that whereas most of the recent retrospective studies on the 

impact of the 21-gene RS evaluated only the impact on treatment recommendations 5–8, we 

sought to evaluate the impact of the 21-gene RS assay on both treatment and outcomes. 

Previous studies reported higher rates of high RS among patients with T1c disease, ranging 

from 26% to 32% 1,3,13,14. Clinicians ordering the 21-gene RS for stage I breast cancer may 

hope for a low RS indicating that patients can be spared chemotherapy and thus may be 

more likely to offer the test to breast cancer patients with favorable features. However, our 

proportion of patients with low RS is consistent with those in previous reports. In these 

hallmark studies, 63% to 75% of enrolled patients had stage I breast cancer, but only 18% to 

30% had T1a or T1b disease 1,3,13. Another strengths of our retrospective study are the large 

number of patients with T1b disease.

However, our study has several limitations. Our median follow-up time was only 3.2 years, 

which is too short for evaluation of distant recurrences or overall survival for patients with 

stage I breast cancer. The small number of events resulted in insufficient power in our RS 

subgroups, especially the pT1b subgroup. This fact should be considered in the 

interpretation of these results. Moreover, the lack of significant difference between patients 

treated with hormonal therapy alone and those treated with both chemotherapy and 

hormonal therapy in the low-RS (P=.677) and high-RS (P=.763) pT1b subgroups should be 

analyzed with extreme caution due to the small number of patients in each treatment arm. 

Since it was a retrospective analysis, there is no assurance that treatment allocation was 

based solely on the RS; in fact, the significantly higher rate of combined chemotherapy and 

hormonal therapy in the patients with less favorable prognostic factors suggests that such 

factors might have contributed significantly to the choice of therapy.

Current prospective TAILORx study (NCT00310180) randomize node-negative breast 

cancer patients with RS from 11 to 25 between HT alone or CH-T 15. The TAILORx study 

randomized more than 11,000 patients with node-negative breast cancer and more than 4 

years after completing recruitment has insufficient events to answer the question. In our 

retrospective study, 65 patients were enrolled in the TAILORx study: 12 T1b and 53 T1c 

patients. Only 17 patients were considered as intermediate RS.

The value of adding 21-gene RS to the usual clinical prognostic factors appears limited for 

patients with T1a stage I breast cancer because of the high rate of low RS and the high rate 

of administration of hormonal therapy alone. For patients with T1b breast cancer, given the 

lack of difference in survival between patients with intermediate RS treated with hormonal 

therapy alone and those treated with chemotherapy plus hormonal therapy, the role of the 

21-gene RS assay will not be known until the TAILORx study results are available.
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Clinical Practice Points

• The NCCN recommend (Category 2A recommendation) considering the 21-

gene RT-PCR assay for patients with early-stage node-negative, ER-positive, 

and HER2 normal breast cancer. However, data are limited on the prognostic 

and predictive value of RS in patients with stage I breast cancer.

• The purpose of the current analysis was to investigate the potential impact of RS 

on choice of adjuvant therapy and whether intermediate RS predicts benefit 

from chemotherapy and whether RS is an independent prognostic factor for 

patients with stage I breast cancer.

• The reported data indicate that fewer than of 10% of stage 1 patients had high 

RS. Among patients with intermediate RS, for pT1b disease, DDFS did not 

differ between HT alone and CT+HT however; for pT1c, DDFS was superior 

for CT+HT.

• These hypothesis-generating data strongly question about cost-benefit ratio of 

21-gene assay for T1b patients; however, our 3.5 years of median of follow-up 

do not allow us to be conclusive. We await final results of the prospective study.
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Figure 1. 
Consort diagram.
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Figure 2. 
Distribution of RS and standard prognostic factors:: (A), Age; (B), pathological tumor stage; 

(C), ER IHC expression; (D), PR IHC expression; (E), histological grade; (F), nuclear grade; 

(G), angiolymphatic invasion; (H), Ki67 proliferation index. The cut-offs used were based 

on the literature: ER, 70%16; PR, 10%, 70%16; Ki67, 10%, 20%17,18. Percentages were 

calculated for each RS groups. P-values are from chi-squared test or Fisher’s exact test.
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Figure 3. 
Kaplan-Meier plots for distant distant-free survival (DDFS) by RS in (A) overall, (B) pT1b 

and (C) pT1c patients. Red, low RS; blue, intermediate RS; black, high RS. The number of 

patients at risk and the number of events (in parentheses) are provided below each part of 

the figures.
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Figure 4. 
Kaplan-Meier plots for distant disease-free survival (DDFS) by adjuvant treatment received 

in patients with (A) pT1b disease with intermediate RS and (B) pT1c disease with 

intermediate RS. Blue, hormonal therapy alone; black, hormonal therapy plus 

chemotherapy. The number of patients at risk and the number of events (in parentheses) are 

provided below each part of the figures.
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Figure 5. 
Treatment administered based on (A) RS absolute number, (B) Ki67 proliferation index and 

(C) nuclear grade to patients with (1) pT1b disease with intermediate RS and (2) pT1c 

disease with intermediate RS.
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Table 2

Multivariate Cox regression analysis of predictors of distant disease-free survival.a

Covariate Subgroup Hazard Ratio (95% CI) P Value

Histologic grade 1 vs 3 0.115 (0.033–0.403) .0007

2 vs 3 0.509 (0.271–0.955) .035

1 vs 2 0.226 (0.068–0.751) .015

Recurrence Score High vs low 2.197 (0.901–5.356) .083

Intermediate vs low 1.880 (0.960–3.683) .066

High vs intermediate 1.169 (0.543–2.514) .690

a
Only significant results are presented (except for RS).
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