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Background: To assess the impact of the 21-gene recurrence score (RS) on chemotherapy decision making 
and survival outcomes for breast cancer patients with >4 positive lymph nodes.
Methods: Patients with non-metastatic estrogen receptor-positive breast cancer with >4 positive lymph 
nodes diagnosed between 2004 and 2013 were identified using the Surveillance, Epidemiology, and End 
Results database. The relationships between the 21-gene RS value and survival outcomes, chemotherapy 
decision-making, and chemotherapy benefit were analyzed.
Results: A total of 410 patients were identified, including 191 (46.6%), 164 (40.0%), and 55 (13.4%) in the 
low-, intermediate-, and high-risk RS groups, respectively. The 21-gene RS assay results were independently 
related to chemotherapy receipt. A total of 59.0%, 68.0%, and 78.0% of patients received chemotherapy in 
the low-, intermediate-, and high-risk RS groups, respectively. The 21-gene RS was an independent indicator 
of breast cancer specific survival (BCSS) and overall survival (OS). Intermediate-risk [BCSS: hazards ratio 
(HR), 2.832, 95% confidence interval (CI): 1.160–6.910, P=0.022; OS: HR, 3.704, 95% CI: 1.750–7.836, 
P=0.001] and high-risk RS (BCSS: HR, 6.440, 95% CI: 2.597–15.974, P<0.001; OS: HR, 5.053, 95% CI: 
2.199–11.608, P<0.001) cohorts had significantly lower survival outcomes compared to low-risk RS cohort. 
The 5-year BCSS were 92.7%, 88.3%, and 70.7% in patients in the low-, intermediate-, and high-risk RS 
cohorts, respectively (P<0.001), and the 5-year OS were 92.1%, 80.6%, and 66.6%, respectively (P<0.001).
Conclusions: The 21-gene RS is an independent predictor of chemotherapy receipt and survival outcomes 
for breast cancer patients with > 4 positive lymph nodes.
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Introduction

Oncotype (Genomics Health, Inc., Redwood City, CA, 
USA) is a widely used gene-expression profiling method 
that measures quantitatively the expression of 21 genes 
in breast cancer using a reverse transcriptase polymerase 
chain reaction platform (RT-PCR) (1-3). Oncotype uses 
a continuous recurrence score (RS) to provide prognostic 
and predictive information for patients with node 
negative (N0) and estrogen receptor-positive (ER+), early 
stage breast cancer (1,2). Several international cancer 
organizations including American Society of Clinical 
Oncology, European Society for Medical Oncology 
(ESMO), St. Gallen International Expert Consensus, and 
National Comprehensive Cancer Network (NCCN) have 
recommended the 21-gene RS as a biomarker to identify 
the risk for distant metastasis and to determine the effect of 
chemotherapy in patients with N0, N1mi (≤2 mm lymph 
node metastasis), and N1 disease (less than 4 positive lymph 
nodes) (4-7).

Axillary lymph node status is an important indicator to 
guide the treatment of breast cancer. Patients with nodal 
positive (N+) disease have lower survival compared with 
those with N0 disease. However, a previous study from the 
Genomic Health laboratory included 610,350 breast tumor 
specimens, and the results showed that the distribution 
of 21-gene RS was similar for patients of N0, N1mi, and 
N+ disease (8). Therefore, the same biological spectrum 
might exist in patients with N0 and N+ disease. However, 
it remains unclear whether nodal metastasis is simply a sign 
of tumor progression over time or the metastatic capacity of 
the primary tumor is predetermined by tumor biology.

In patients with N1 disease, the observed differences in 
breast cancer specific survival (BCSS) with chemotherapy 
in low-risk RS cohort were less than 1% at both 5 and 
9 years, which support the use of endocrine therapy 
alone in N1 cohort (9). Many oncologists have begun 
to incorporate 21-gene RS testing into their clinical 
practice for node-positive (N+) patients (10). Therefore, 
chemotherapy-decisions in ER+ breast cancer could be 
based on the RS results rather than on the patient’s lymph 
node status. It is well known that not all nodal positive 
patients have the same survival benefit from adjuvant 
chemotherapy (11,12). In the current clinical practice, 
adjuvant systemic chemotherapy is recommended, in 
addition to endocrine therapy, to the patients with  
>4 positive lymph nodes (N2–3) disease (5,7). However, 
there are no definite markers for predicting the benefits 

of chemotherapy for patients with N2–3 disease, and the 
21-gene testing is not a routine recommendation for the 
patient subset in the ESMO, St. Gallen International 
Expert Consensus, and NCCN guidelines (5-7,13). The 
current chemotherapy regimens used in breast cancer 
has various toxicities including common acute toxicity, 
leukaemogenicity, anthracycline cardiotoxicity, and 
persistent neurotoxicity (14). Thus, the aim of the present 
study was to investigate whether 21-gene RS testing could 
also provide clinically meaningful information regarding 
chemotherapy decision making and survival outcomes in 
women with N2–3 breast cancer.

Methods

Patients

This retrospective cohort study identified breast cancer 
patients who were registered in the Surveil lance, 
Epidemiology, and End Results (SEER) database. The 
SEER database of the National Cancer Institute includes 
de-identified information for approximately 28% of 
all newly diagnosed patients with cancer in the United  
States (15). We identified patients if they met the 
following inclusion criteria: (I) pathologically diagnosed as 
having female breast cancer between 2004 and 2013; (II)  
>4 positive lymph nodes; and (III) ER positivity and 
available 21-gene RS results. We excluded those with 
distant metastasis, unavailable race/ethnicity, grade, tumor 
stage, and progesterone receptor (PR) status. Patients 
receiving unknown surgical procedures were also excluded. 
The approval process of Institutional Review Board was 
waived because of the de-identified information of the 
patients included in the SEER.

Measures

We extracted the following clinicopathological and 
treatment variables from the SEER dataset: age, race/
ethnicity, histological subtypes, grade, tumor (T) stage, N 
status, PR status, 21-gene RS groups, surgical procedure, 
chemotherapy, and radiotherapy. The results of 21-gene RS 
testing were divided into the following three risk groups: 
low-risk (RS less than 18), intermediate-risk (RS 18 to 30), 
and high-risk (RS 31 and above) (3). The human epidermal 
growth factor receptor-2 (HER2) status was not included 
in the statistical analysis because the information of HER2 
status was not routinely registered in SEER program before 
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2010. The definition of TNM stage was according to the 
sixth edition of the American Joint Committee on Cancer 
(AJCC) breast cancer staging system. The primary survival 
outcomes were BCSS and overall survival (OS). BCSS was 
estimated as time from initial diagnosis to date of breast 
cancer-specific death or last follow-up. OS was calculated as 
events including all cause of deaths.

Statistical analysis

The chi-squared test was used to compare variables among 
the three RS cohorts. The independent predictors related to 
chemotherapy receipt were assessed using binomial logistic 
regression, and their results were shown as odds ratios (ORs) 
with corresponding 95% confidence intervals (CIs). Survival 
curves were calculated using the Kaplan-Meier method and 
compared using log-rank tests. The independent prognostic 
factors related to survival outcomes were analyzed using 
multivariate Cox proportional hazards models, and their 
results were listed with hazards ratios (HRs) and 95% 
CIs. Receiver operating characteristics (ROC) curve was 
also plotted, and the area under the curve (AUC) was 
calculated to assess the effect of 21-gene RS in predicting 
the chemotherapy receipt and survival outcomes. Statistical 
analysis was conducted using IBM SPSS version 22.0 (IBM 
Corp., Armonk, NY, USA), and P values less than 0.05 were 
considered statistically significant.

Results

Patient characteristics

We  i n c l u d e d  4 1 0  p a t i e n t s  i n  t h i s  s t u d y.  T h e 
clinicopathological and treatment characteristics of 
the patients are listed in Table 1. Most of patients were 
Non-Hispanic White (n=290, 70.7%), with moderately 
differentiated disease (n=229, 55.9%), invasive ductal 
carcinoma subtype (n=262, 63.9%), stage T1–2 (n=344, 
83.9%), and N2 stage (n=321, 78.3%). In addition, 89.0% 
of the patients had PR positive disease. Approximately 
two-thirds of the patients received mastectomy (62.2%), 
radiotherapy (66.3%), and chemotherapy (65.1%). The 
median RS was 18 with a range of 0–81, and 191 (46.6%), 
164 (40.0%), and 55 (13.4%) patients were classified 
into the low-, intermediate-, and high-risk RS groups, 
respectively. There are a total of 302 patients with HER2 
status available, of which 94.0% (n=284) suffered from 
HER2 negative disease.

Table 1 Patient baseline clinicopathological and treatment 
characteristics

Variables n (%)

Age (mean ± SD) (years) 60.4±12.6

Race/ethnicity

Non-Hispanic White 290 (70.7)

Non-Hispanic Black 42 (10.2)

Hispanic (all races) 53 (12.9)

Other 25 (6.1)

Grade

Well differentiated 78 (19.0)

Moderately differentiated 229 (55.9)

Poorly/undifferentiated 103 (25.1)

Histological subtype

Invasive ductal carcinoma 262 (63.9)

Invasive lobular carcinoma 90 (22.0)

Other 58 (14.1)

Tumor stage

T1 121 (29.5)

T2 223 (54.4)

T3 55 (13.4)

T4 11 (2.7)

Nodal stage

N2 321 (78.3)

N3 89 (21.7)

PR status

Negative 45 (11.0)

Positive 365 (89.0)

21-gene recurrence score

Low 191 (46.6)

Intermediate 164 (40.0)

High 55 (13.4)

Surgical procedure

Breast-conserving surgery 155 (37.8)

Mastectomy 255 (62.2)

Radiotherapy

No/unknown 138 (33.7)

Yes 272 (66.3)

Chemotherapy

No/unknown 143 (34.9)

Yes 267 (65.1)

N, nodal; PR, progesterone receptor; SD, standard deviation; T, 
tumor.
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Table 2 Multivariable logistic regression model for chemotherapy 
receipt

Variables OR 95% CI P

Age (years) (mean ± SD) 0.911 0.891–0.932 <0.001

Race/ethnicity

Non-Hispanic White 1

Non-Hispanic Black 0.873 0.359–2.125 0.765

Hispanic (all races) 0.488 0.238–1.000 0.050

Other 0.68 0.246–1.884 0.459

Grade

Well differentiated 1

Moderately differentiated 1.432 0.747–2.746 0.279

Poorly/undifferentiated 0.903 0.402–2.030 0.805

Histological subtype

Invasive ductal carcinoma 1

Invasive lobular carcinoma 0.801 0.428–1.498 0.487

Other 1.253 0.602–2.610 0.547

Tumor stage

T1 1

T2 0.615 0.348–1.087 0.095

T3 0.653 0.283–1.507 0.317

T4 0.514 0.106–2.486 0.408

Nodal stage

N2 1

N3 1.813 1.012–3.247 0.045

PR status

Negative 1

Positive 0.639 0.270–1.512 0.308

21-gene recurrence score

Low 1

Intermediate 1.309 0.790–2.170 0.296

High 3.567 1.570–8.102 0.002

Surgical procedure

Breast-conserving surgery 1

Mastectomy 0.493 0.299–0.812 0.005

Radiotherapy

No/unknown 1

Yes 2.212 1.343–3.645 0.002

CI, confidence interval; N, nodal; OR, odds ratio; PR, 
progesterone receptor; T, tumor.

Predictors related to chemotherapy receipt

We used binomial logistic analysis to analyze the 
independent predictors associated with chemotherapy 
receipt (Table 2). The results indicated that the 21-gene 
RS value was independently associated with the receipt 
of chemotherapy. Patients in the high-risk RS cohort was 
more likely to receive chemotherapy than those in the 
low-risk RS cohort (OR, 3.567, 95% CI: 1.570–8.102, 
P=0.002), while there was similar chance of chemotherapy 
receipt between intermediate- and low-risk RS groups 
(OR, 1.309, 95% CI: 0.790–2.170, P=0.296). Figure 1 lists 
the percentages of the receipt of chemotherapy by 21-gene 
RS stratification. A total of 59.0%, 68.0%, and 78.0% of 
patients received chemotherapy in the low-, intermediate-, 
and high-risk RS groups, respectively. Moreover, younger 
patients, and those with stage N3 disease who had 
undergone BCS and radiotherapy, were also more likely to 
receive chemotherapy. The 21-gene RS was also served as 
an effective predict indicator of chemotherapy receipt in 
this patient subset as shown by ROC analysis (Figure 2).

Outcomes and prognostic analysis

A total of 37 breast cancer-related deaths were observed, with 
a median follow-up of 47 months (range, 3–140 months). The 
5-year BCSS was 92.7%, 88.3%, and 70.7% in patients with 
low-, intermediate-, and high-risk RS groups, respectively 
(P<0.001) (Figure 3A), and the 5-year OS was 92.1%, 80.6%, 
and 66.6%, respectively (P<0.001) (Figure 3B).

We further analyzed the effect of 21-gene RS value 
on outcomes using multivariate Cox analysis (Table 3). As 
adjusted by age, tumor grade, histology, T stage, N stage, 
PR stage, race/ethnicity, and treatment, the 21-gene RS 
value was an independent indicator related to survival 
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Figure 1 The percentage of chemotherapy receipt by 21-gene 
recurrence score stratification.
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Figure 2 ROC analyses for prediction the chemotherapy receipt. ROC, receiver operating characteristics.

outcomes. Patients with high-risk RS had the worst BCSS 
(HR, 6.440, 95% CI: 2.597–15.974, P<0.001) and OS (HR, 
5.053, 95% CI: 2.199–11.608, P<0.001) compared with 
those in the low-risk RS group. Moreover, the intermediate-
risk RS group also presented with lower BCSS (HR, 2.832, 
95% CI: 1.160–6.910, P=0.022) and OS (HR, 3.704, 95% 
CI: 1.750–7.836, P=0.001) compared with those in the low-
risk group. Age and tumor grade were also independent 
prognostic factors associated with survival outcomes. The 
21-gene RS was also served as an effective prognostic factor 
in this patient subset as shown by ROC analysis (Figure 4).

Chemotherapy receipt and outcomes by 21-gene RS 
stratification

Finally, we analyzed the effect of chemotherapy on survival 
outcomes by 21-gene RS stratification using multivariate cox 
analysis as adjusted by age, tumor grade, histology, T stage, 
N stage, PR stage, race/ethnicity, and treatment (Table 4).  
The results indicated that the receipt of chemotherapy was 
not related to better BCSS and OS in the low- and high-
risk RS groups. However, the receipt of chemotherapy 
was associated with better OS in the intermediate-risk RS 
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Table 3 Multivariate prognostic analyses in the entire cohort

Variables
BCSS OS

HR 95% CI P HR 95% CI P

Age (years) 1.034 1.006–1.063 0.018 1.041 1.015–1.068 0.002

Race/ethnicity

Non-Hispanic White 1 1

Non-Hispanic Black 0.864 0.303–2.463 0.785 1.575 0.697–3.557 0.275

Hispanic (all races) 0.514 0.115–2.290 0.382 0.813 0.276–2.399 0.708

Other 1.116 0.246–5.057 0.887 1.098 0.321–3.749 0.882

Grade

Well differentiated 1 1

Moderately differentiated 1.613 0.489–5.325 0.432 2.637 0.905–7.685 0.076

Poorly/undifferentiated 2.926 0.837–10.231 0.093 3.485 1.161–10.461 0.026

Histological subtype

Invasive ductal carcinoma 1 1

Invasive lobular carcinoma 1.420 0.526–3.830 0.489 1.954 0.910–4.199 0.086

Other 1.121 0.424–2.963 0.818 1.003 0.432–2.331 0.994

Tumor stage

T1 1 1

T2 1.064 0.459–2.466 0.885 1.067 0.553–2.059 0.847

T3 1.786 0.562–5.673 0.326 1.509 0.562–4.051 0.414

T4 2.441 0.542–10.988 0.246 1.633 0.410–6.512 0.487

Nodal stage

N2 1 1

N3 1.434 0.678–3.037 0.346 1.185 0.638–2.202 0.590

PR status

Negative 1 1

Positive 0.879 0.358–2.162 0.779 1.042 0.490–2.219 0.915

21-gene recurrence score

Low 1 1

Intermediate 2.832 1.160–6.910 0.022 3.704 1.750–7.836 0.001

High 6.440 2.597–15.974 <0.001 5.053 2.199–11.608 <0.001

Surgical procedure

Breast-conserving surgery 1 1

Mastectomy 1.055 0.504–2.209 0.888 1.291 0.700–2.382 0.414

Radiotherapy

No/unknown 1 1

Yes 0.981 0.470–2.048 0.960 0.819 0.460–1.461 0.499

Chemotherapy

No/unknown 1 1

Yes 0.648 0.292–1.441 0.288 0.559 0.307–1.016 0.056

BCSS, breast cancer specific survival; CI, confidence interval; HR, hazards ratio; N, nodal; OS, overall survival; PR, progesterone receptor; 
T, tumor.
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Figure 4 ROC analyses for prediction the breast cancer specific survival (A) and overall survival (B). ROC, receiver operating characteristics.

cohort (HR, 0.378, 95% CI: 0.170–0.481, P=0.017), but 
not to BCSS (HR, 0.576, 95% CI: 0.143–2.327, P=0.439). 
The 5-year OS was 88.5% and 62.7% in patients with and 
without chemotherapy, respectively (P=0.006).

Discussion

In this study, we used data from SEER program to assess 
the role of 21-gene RS testing in women with N2–3 breast 
cancer. Our study showed that the 21-gene RS value was 
an independent indicator to predict chemotherapy receipt 
and survival outcome in this patient subset, which suggests 
that this genetic test may also be useful for the clinical 

management of this population.
Our previous study showed that the distribution of low-

, intermediate-, and high-risk RS in T1–2N0 ER positive 
invasive breast cancer was 56.7%, 35.7%, and 7.6%, 
respectively (16), which was consistent with the results for 
patients with N1 disease (17). Although a study from the 
Genomic Health laboratory found a similar distribution 
of 21-gene RS results among patients between N0 and 
N+ diseases, the stratified analysis by nodal stage was not 
further performed (8). Similar to a previous study from the 
National Cancer Database and SEER (low-risk RS, 45.3–
52.0%; intermediate-risk RS, 31.7–41.1%; high-risk RS, 
13.7–16.3%) (17,18), we showed a higher chance of being 
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placed in the high-risk RS cohort in patients with stage 
N2–3 disease.

Previous studies on the prognostic value of 21-gene RS 
have mainly focused on patients with N0 and N1 diseases 
(2,19-21). Few studies focused on patients with stage N2–3 
disease (22,23). A previous study from the NSABP B-20-trial 
showed a lower disease-free survival rate in the higher RS 
cohort (22). In addition, secondary analysis from the PACS-
01 parent trial also showed that the 21-gene RS value was 
associated with the risk of distant recurrence in patients with 
stage N2–3 disease (23). However, a study by Cockburn et al.  
using data from the Gene Expression Omnibus showed that 
the 21-gene RS value could significantly predict outcome 
for patients with N0 and ER+ disease, but was unable to 
predict the risk of recurrence for patients with N+ and ER+ 
disease (24). Our results also showed lower BCSS and OS 
in patients with the intermediate- and high-risk RS cohorts 
than in the low-risk RS cohort. In addition, the effect of 
the 21-gene RS value to predict outcomes was superior to 
traditional prognostic factors, including tumor stage, nodal 
stage, PR status, and tumor grade. Our study has potential 
clinical implications for patients with stage N2–3 disease 
to refine the risk of distant metastasis and mortality. The 
genetic test could be useful to tailor the extent of clinical 
management in this patient subset and to identify those 
patients who could be candidates for further novel adjuvant 
therapies.

The current AJCC breast cancer staging system has 
incorporated 21-gene RS testing into the pathological 
prognostic stage in stage N0 breast cancer (25). A 

recent study from SEER showed that RS could also be 
incorporated into the pathological prognostic stage of 
patients with stage N1 disease (26). In our study, we 
adjusted the potential prognostic indicators of breast 
cancer, including T stage, N stage, grade, histology, and PR 
status, to validate the prognostic potential of the 21-gene 
RS. Thus, our study has optimized the method to predict 
outcomes in patients with stage N2–3 disease. These 
findings underscored the additional prognostic contribution 
of the 21-gene RS assay in the context of the traditional 
clinicopathological prognostic indicators in breast cancer.

Adjuvant chemotherapy has been the standard treatment 
in patients with stage N2–3 disease (7). In the present 
study, the 21-gene RS value was an independent predictor 
related to chemotherapy receipt. Patients with a higher RS 
were more likely to receive chemotherapy. Our findings 
showed that the 21-gene RS assay could also contribute to 
clinical management decisions in this population. However, 
the percentage of chemotherapy recommendation in the 
low- and intermediate-risk RS cohorts in our study was 
significantly higher than that in patients with stage N0–1 
disease (2,19-21). Nearly 60% of the low-risk RS patients 
in our study were still treated with chemotherapy, whereas 
endocrine therapy is always recommended for low-risk RS 
patients with N0 disease. Interestingly, in the analysis of the 
effect of chemotherapy on survival outcomes by 21-gene 
RS stratification, chemotherapy receipt was associated with 
better OS in patients with intermediate-risk RS, but was 
not associated with better survival outcomes in patients with 
low- and high-risk RS groups. These findings were quite 

Table 4 Multivariate prognostic analyses of chemotherapy receipt on survival outcomes by 21-gene recurrence score stratification

Variables
BCSS OS

HR 95% CI P HR 95% CI P

Low-risk

No 1 1

Yes 0.320 0.026–3.971 0.375 0.605 0.052–7.089 0.689

Intermediate-risk

No 1 1

Yes 0.576 0.143–2.327 0.439 0.378 0.170–0.481 0.017

High-risk

No 1 1

Yes 0.516 0.125–2.139 0.362 0.543 0.159–1.850 0.329

BCSS, breast cancer specific survival; CI, confidence interval; HR, hazards ratio; OS, overall survival.
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different from the current results for patients with stage N0 
disease (1,2). The reason for this difference remains unclear. 
The small sample size of patients and shorter follow-
up period of this study meant that we could not draw a 
conclusion between 21-gene RS and chemotherapy benefit 
in this cohort. The ongoing randomized phase III SWOG 
S1007 trial may provide valuable insights into the clinical 
management in patients with N+ disease (27). However, 
only stage N1 patients with 21-gene RS ≤25 were included 
in the randomized trial. Therefore, more studies are needed 
to investigate individualized treatment strategies in the 
clinical management of patients with higher tumor burdens.

Our study has certain limitations. First, the relatively 
limited number of patients included of this study is a 
reflection of the lack of national consensus on the use of the 
21-gene RS test in this population. Second, the comorbidity 
of patients was also not recorded in SEER, which could 
potentially impact chemotherapy-decision marking. Third, 
the patterns of locoregional and distant recurrence were 
not collected in the SEER registries, making collection 
of the information regarding their outcomes impossible. 
Moreover, additional analyses including long-term follow-
up are needed.  Finally, there were underreporting of 
chemotherapy and radiotherapy use in the SEER database; 
therefore, such analyses were suboptimal. Approximately 
15% of the patients in the observation cohort might also 
be treated with chemotherapy/radiotherapy that possibly 
impacted their survival outcomes (28). Although this bias 
cannot be ruled out, it was highly specific in patients who 
had chemotherapy and radiotherapy recorded. The primary 
strength of this study is that we have added to the current 
knowledge of supporting evidence that the 21-gene RS 
results are also independently related to survival outcomes 
in breast cancer patients with N2–3 disease.

Conclusions

In conclusion, our results demonstrate that the 21-gene RS 
value is an independent predictor of chemotherapy receipt 
and survival outcomes in breast cancer patients with N2–3 
disease. Further prospective investigations are required 
to determine the selection of the optimal therapy for this 
patient subset according to the results of 21-gene RS 
testing.
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