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Abstract
Purpose  The 21-gene recurrence score (RS) assay is increasingly utilized to predict the risk of recurrence in early stage 
estrogen receptor (ER)-positive breast cancer. We hypothesize that tumor grade and progesterone receptor (PR) status predict 
RS categorization.
Methods  We identified women between the ages of 18 and 74 years with stage I or II, ER-positive, invasive carcinoma of 
the breast from the Surveillance Epidemiology End-Results database from 2010 to 2013. Multivariable logistic regression 
was performed to determine factors associated with high-risk RS.
Results  We identified 42,530 patients that met inclusion criteria. Multivariable logistic regression demonstrated that grade 
I tumors [OR (odds ratio) 0.33, 95% CI (confidence interval) 0.31–0.37] and PR positive (PR+) status (OR 0.16, 95% CI 
0.15–0.17) were significantly less likely to be associated with high-risk RS. Of patients with grade I PR+ tumors, 1% was in 
the high-risk group by the traditional cutoffs and 4% was in the high-risk group by the TAILORx cutoffs. The percentage of 
patients with high-risk RS remained low for grade I PR+ tumors regardless of age, race, tumor size, and lymph node status.
Conclusions  We found that grade I PR+ tumors are associated a < 5% probability of having high-risk RS regardless of other 
patient demographic or pathologic factors. This suggests that the histologic factors of grade and PR status should be taken 
into consideration before ordering the 21-gene recurrence score assay.
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Introduction

The 21-gene recurrence score (RS) assay (Oncotype Dx, 
Genomic Health, Redwood City, CA) provides a method of 
risk stratification for patients who have stage I or II, estro-
gen-receptor (ER)-positive, and human epidermal growth 
factor receptor 2 (HER2)-negative breast cancer. The assay 
evaluates the expression level of 21 genes in tumor cells 
and yields a RS from 0 to 100. The RS can estimate the 
risk of locoregional and distant recurrence over 10 years 
and predicts the benefit of adjuvant chemotherapy in reduc-
ing recurrence risk in both lymph node-negative and lymph 
node-positive patients [1–6]. Traditionally, patients have 
been stratified by RS into low-risk (RS < 18), intermediate-
risk (RS 18–31), and high-risk (RS > 31) groups based on 
retrospective validation of this assay from multiple prospec-
tive trials evaluating the benefit of adjuvant chemotherapy 
[2]. The risk stratification cutoffs were modified to mini-
mize under treatment of patients in an ongoing prospective 
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trial, Trial Assigning IndividuaLized Options for Treatment 
(TAILORx). In this trial, low risk corresponds to a RS < 11, 
intermediate risk to a RS 11–25, and high risk to a RS > 25. 
The TAILORx study has provided early prospective data 
demonstrating the safety of omitting adjuvant chemotherapy 
in patients categorized as low-risk based on RS [3].

Since its approval for commercial use in 2004, the use 
of the RS assay has increased [7]. National studies using 
the National Cancer Database (NCDB), the Surveillance, 
Epidemiology, and End Results (SEER) program database, 
and SEER linked with Medicare show utility rates of 25 
to 36% among women with early stage, hormone-receptor-
positive breast cancer [7–9]. Several groups have correlated 
common clinicopathologic data with RS [10–13]. Early vali-
dation studies showed that high tumor grade significantly 
correlated with high-risk RS and risk of distant recurrence 
[1–3]. Institutional studies have demonstrated that proges-
terone (PR) negative status is associated with high RS and 
increased risk of recurrence over 10 years [14–16]. In addi-
tion, the PR status may be related to ER function and the 
response of the tumor to hormonal therapy [16, 17]. Multiple 
groups have developed nomograms or models which have 
correlated pathologic information such as tumor grade, ER 
status, PR status, and Ki-67 with RS [10, 11, 18, 19]. These 
single institution studies are limited by the small size of the 
patient groups. With increasing rates of RS testing, identi-
fying clinicopathologic features that can predict the prob-
ability of low- or high-risk RS can substantially improve 
the cost-effectiveness of the assay by precluding the need 
for RS testing.

Our objective was to determine if common clinicopatho-
logic data could predict RS using the SEER database. We 
hypothesized that routinely reported pathological findings 
such as tumor grade and hormone receptor status can be 
used to identify early stage breast cancer patients for whom 
RS testing may have little benefit and can be avoided.

Methods

Data

We utilized an augmented version of the National Cancer 
Institute’s SEER database. SEER is composed of 18 geo-
graphically based registries providing data on cancer surveil-
lance reflecting 28% of the United States population. The 
SEER registries collect patient characteristics including age 
at diagnosis, race, type of surgical procedure performed, use 
of chemotherapy, use of radiation, vital status, and cause of 
death (per death certificate), along with tumor characteristics 
including primary site, laterality, histologic subtype, stage, 
size, lymph node status, grade, ER status, PR status, HER2 
status, and diagnostic confirmation. By request, we received 

linked RS data that were available beginning in 2004. HER2 
status has been available in SEER since 2010.

Patients

We restricted our cohort to women aged 18–74 years diag-
nosed with stage I or II, grade I to III, ER-positive breast 
cancer with RS available from January 2010 to December 
2013. The breast cancer diagnoses were identified using 
the World Health Organization’s International Classifica-
tion of Diseases, 3rd revision (Supplementary Table 1). We 
excluded negative or unknown ER status, unknown PR sta-
tus, unknown lymph node status, grade IV tumors, and stage 
IV disease. Although the SEER database contains an entry 
for grade IV tumors, these patients were excluded as this 
classification in SEER does not correlate with the standard 
clinical grading system. The data that we used were deiden-
tified; therefore, this study was exempt from review by the 
institutional review board of the University of Minnesota.

Statistical analysis

Patients were stratified into low-, intermediate-, and high-
risk groups by both the traditional and the TAILORx RS 
cutoffs. We performed multivariable logistic regression to 
evaluate for factors associated with high-risk RS based on 
TAILORx cutoffs. The model included patient age, race, 
year of diagnosis, lymph node status, PR status, tumor size, 
and grade. Patients with grade I and PR positive tumors were 
then further stratified by lymph node status, age, race, and 
tumor size to evaluate the relationship of risk stratification. 
All statistical analysis was completed using SAS software, 
version 9.3 (SAS Institute, Cary, NC).

Results

Tumor and patient characteristics

We identified 42,530 patients with stage I or II, grade I 
to III, ER-positive, HER2-negative invasive breast cancer 
between 2010 and 2013 (Table 1). Most of the patients were 
in the 55–64 age group (n = 13,979; 33%) and were non-His-
panic whites (n = 31,463; 74%). Most tumors were < 2 cm 
(n = 29,676; 70%), PR positive (n = 38,890; 91%), grade II 
(n = 23,270; 55%), and lymph node negative (n = 36,139; 
85%). The most common histologic subtype in this cohort 
was invasive ductal carcinoma (n = 32,030; 75%), followed 
by mixed ductal/lobular carcinoma (n = 4,723; 11%), and 
invasive lobular carcinoma (n = 4,671; 11%).

Overall, based on traditional RS cutoffs, 7% (n = 2882) 
were high risk, 35% (n = 14,844) were intermediate risk, 
and 58% (n = 24,804) were low risk. Based on TAILORx 
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RS cutoffs, 26% (n = 11,232) were high risk, 60% 
(n = 25,374) were intermediate risk, and 14% (n = 5924) 
were low risk (Table 1).

Factors associated with high‑risk RS

The TAILORx RS cutoffs are being evaluated in the cur-
rent ongoing prospective clinical trial [3] and will likely 
be the cutoffs adopted into clinical practice. We therefore 
conducted a multivariable logistic regression model to 
identify the clinicopathologic factors associated with high-
risk RS stratification based on the TAILORx cutoffs alone. 
We found that grade I (OR 0.33; 95% CI 0.30–0.37; com-
pared to grade II) and PR+ (OR 0.16; 95% CI 0.15–0.17) 
tumors had the lowest odds of being stratified as high 
risk (Table 2). When controlling for other factors, Grade 
III tumors had the highest odds of a high-risk RS (OR 
5.68; 95% CI 5.31–6.07; compared to grade II). Positive 
lymph node status (OR 0.86; 95% CI 0.79–0.94) and Span-
ish–hispanic–latino race (OR 0.88; 95% CI 0.79–0.98) 
were associated with decreased probability of high-risk 
RS (OR 0.86; 95% CI 0.79–0.94). Ages 45–54 (OR 1.82; 
95% CI 1.13–1.43; compared to 18–44), ages 55–64 (OR 
1.09; 95% CI 1.01–1.18; compared to 18–44), diagnosis 
in 2010 (OR 1.14; 95% CI 1.04–1.24; compared to 2013), 
diagnosis in 2011 (OR 1.13; 95% CI 1.04–1.23; compared 
to 2013), and tumor size 2–5 cm (OR 1.32; 95% CI of 
1.24–1.41; compared to < 2 cm) were all associated with 
modest increased chance of high-risk RS.

RS stratification among grade I and PR‑positive 
tumors

A total of 11,412 out of 42,530 patients were diagnosed 
with grade I PR+ breast cancer. Table 3 shows the distribu-
tion of RS in grade I PR+ patients, as stratified by the tra-
ditional and TAILORx cutoffs. With the traditional cutoffs, 
1% (n = 62) of patients had high-risk RS; 25% (n = 2854) 
had intermediate-risk RS, and 74% (n = 8496) had low-risk 
RS. Using the TAILORx cutoffs, 3% (n = 334) of patients 
had high-risk RS; 36% (n = 4147) had intermediate-risk 
RS, and 61% (n = 6931) had low-risk RS.

Amongst patients with grade I PR− tumors, 17% 
were still categorized as high risk by TAILORx cutoffs 
(Table 4a). Amongst patients with grade I PR+ tumors, we 
further delineated the proportion of patients who received 
high-risk RS by categories of age, race, tumor size, and 
lymph node status (Table 4b). Regardless of demographic 
and pathologic characteristics, ≤ 5% of patients with grade 
I PR+ tumors were categorized as high risk.

Table 1   Baseline characteristics of estrogen receptor-positive, HER2-
negative, stage I or II breast cancer patients from the SEER database 
from 2010 to 2013 (N = 42,530)

HER2 human epidermal growth factor receptor 2, SEER surveillance, 
epidemiology, and end results, TAILORx Trial Assigning IndividuaL-
ized Options for Treatment

Clinicopathologic characteristic n (%)

Year of diagnosis
 2010 8944 (21)
 2011 10,218 (24)
 2012 11,371 (27)
 2013 11,997 (28)

Age (years)
 18–44 4156 (10)
 45–54 11,448 (27)
 55–64 13,979 (33)
 65–74 12,947 (30)

Race/ethnicity
 Non-Hispanic White 31,463 (74)
 Non-Hispanic Black 3329 (8)
 Non-Hispanic Asian 3531 (8)
 Spanish–Hispanic–Latino 3858 (9)
 Other 408 (1)

Tumor size (cm)
 < 2 29,676 (70)
 2–5 12,271 (29)
 > 5 583 (1)

Progesterone receptor status
 Negative 3640 (9)
 Positive 38,890 (91)

Tumor grade
 I 12,303 (29)
 II 23,270 (55)
 III 6957 (16)

Tumor histology
 Ductal 32,030 (75)
 Lobular 4671 (11)
 Mixed ductal/lobular 4723 (11)
 Tubular 207 (0.5)
 Papillary 169 (0.4)
 Medullary 18 (–)
 Mucinous 712 (2)

Lymph node status
 Negative 36,139 (85)
 Positive 6391 (15)

Traditional Recurrence Score Group
 High (> 31) 2882 (7)
 Intermediate (18–31) 14,844 (35)
 Low (< 18) 24,804 (58)

TAILORx Recurrence Score Group
 High (> 25) 11,232 (26)
 Intermediate (11–25) 25,374 (60)
 Low (< 11) 5924 (14)
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Discussion

In this population-based study, we demonstrated that < 5% 
of patients with the combination of low tumor grade and 
PR positivity have a high-risk RS on the 21-gene RS assay. 
The lower odds of high-risk stratification persists regard-
less of other patient demographic or pathologic factors as 
well as method of RS stratification whether by Traditional 
or TAILORx cutoffs. This suggests that patients with stage 
I or II breast cancer with tumors that are grade I PR+ pro-
portionally less likely of being categorized as either low 
or intermediate risk based on RS. For these patients, the 
addition of adjuvant chemotherapy would have minimal or 
equivocal benefit [2].

The findings of this study are consistent with other stud-
ies in which grade has been correlated with RS. After reex-
amination of the tissue samples from the National Surgical 
Adjuvant Breast and Bowel Project B-20 trial, Paik et al. 
demonstrated that only 5% of well-differentiated tumors had 

Table 2   Multivariable logistic regression model for high-risk recur-
rence score, based on TAILORx cutoffs

Bold denotes statistical significance
PR progesterone receptor, TAILORx Trial Assigning IndividuaLized 
Options for Treatment

OR 95% CI

Age
 18–44 Ref
 45–54 1.30 1.16 1.45
 55–64 1.09 1.01 1.18
 65–74 1.07 0.99 1.16

Race/ethnicity
 Non-Hispanic White Ref
 Non-Hispanic Black 1.09 0.97 1.21
 Non-Hispanic Asian 0.99 0.89 1.11
 Spanish–Hispanic–Latino 0.88 0.79 0.98
 Other 1.09 0.79 1.49

Year of diagnosis
 2010 1.14 1.04 1.24
 2011 1.13 1.04 1.23
 2012 0.99 0.91 1.08
 2013 Ref

PR status
 Negative Ref
 Positive 0.16 0.15 0.17

Lymph node status
 Negative Ref
 Positive 0.86 0.79 0.94

Tumor size (cm)
 < 2 Ref
 2–5 1.32 1.24 1.41
 > 5 0.98 0.75 1.28

Tumor grade
 I 0.33 0.30 0.37
 II Ref
 III 5.68 5.31 6.07

Table 3   Distribution of recurrence score by TAILORx and traditional 
cutoffs among patients with grade I PR+ tumors (n = 11,412)

TAILORx Trial Assigning IndividuaLized Options for Treatment

Recurrence Score Group

n (%) n (%) n (%)

Traditional cutoffs
 High (> 31) Intermediate (18–30) Low (< 18)
 62 (1) 2854 (25) 8496 (74)

TAILORx cutoffs
 High (> 25) Intermediate (11–25) Low (< 11)
 334 (3) 4147 (36) 6931 (61)

Table 4   Proportion of patients with high-risk recurrence score, based 
on TAILORx and traditional cutoffs

TAILORx Trial Assigning IndividuaLized Options for Treatment, PR 
progesterone receptor, RS recurrence score

N High-risk RS by 
TAILORx cutoffs

High-risk RS 
by traditional 
cutoffs

n (%) n (%)

(a) Patients with grade I tumors only (n = 12,303)
Progesterone status
 Negative 891 155 (17) 46 (5)
 Positive 11,412 334 (3) 62 (1)

(b) Patients with grade I and PR-positive tumors only (n = 11,412)
Age (years)
 18–44 1056 28 (3) 5 (1)
 45–54 3410 78 (3) 14 (1)
 55–64 3739 108 (3) 25 (1)
 65–74 3207 120 (4) 18 (1)

Race/ethnicity
 Non-Hispanic White 8750 259 (3) 47 (1)
 Non-Hispanic Black 762 16 (2) 4 (1)
 Non-Hispanic Asian 858 26 (3) 5 (1)
 Spanish–Hispanic–

Latino
962 29 (3) 6 (1)

 Othera 80 4 (5) –
Tumor size (cm)
 < 2 8904 267 (3) 48 (1)
 2–5 2378 62 (2) 13 (1)
 > 5 130 5 (4) 1 (1)

Lymph node status
 Negative 9755 294 (3) 54 (1)
 Positive 1657 40 (2) 8 (1)



675Breast Cancer Research and Treatment (2018) 172:671–677	

1 3

high-risk RS by the traditional cutoffs, while approximately 
80% of these were low risk and 12–16% were intermediate 
risk [2]. Using NCDB data, Orucevic et al. examined clin-
icopathologic factors associated with low- or high-risk RS 
and found that grade I tumors were 49 times more likely to 
be associated with low-risk RS and that only 0.6% of these 
patients had high-risk RS [11]. Similarly, single institutional 
studies from Patin et al. and Chaudhary et al. showed that 
low tumor grade correlated with low RS using the tradi-
tional cutoffs [19, 14]. Our finding that low grade status was 
independently associated with a low likelihood of high-risk 
RS is consistent with previous finding and the difference in 
the biology of low- versus high-grade tumors. Nottingham 
grade is significantly associated with breast cancer-specific 
survival and disease-free survival, where patients with grade 
I tumors have the best prognosis [20]. The Nottingham 
grading system is derived from evaluation of mitotic index, 
nuclear pleomorphism, and differentiation. Microarrays of 
gene expression have demonstrated a difference in various 
cell differentiations, cell cycle progress, and proliferation 
genes between grade I and grade III tumors [21]. Chang 
et al. further demonstrated that the mitotic count component 
of the Nottingham grading system is associated with RS; 
tumors with high mitotic scores were more likely to have 
intermediate or high-risk RS. No patient with mitotic score 
of 1 had high-risk RS in this study [22]. Our study found that 
1–3% of patients with grade I PR+ tumors had a high-risk 
RS. This may be related to the heterogeneity of the tumor 
subtypes included in this study, although 75% of the tumors 
were invasive ductal carcinoma. Additionally, Acs et al. have 
shown that increased presence of stroma and inflammatory 
cells in breast cancer samples are significantly correlated 
with intermediate or high RS [23]. The clinical significance 
of a high-risk RS in grade I PR+ tumors is uncertain, as we 
were unable to determine the overall survival in this study.

Our findings that PR positivity is inversely correlated 
with high-risk RS is also consistent with the current litera-
ture. Single institutional studies from Chaudhary et al. and 
Onoda et al. found that patients with PR- tumors tend to 
have high-risk RS [14, 15]. Furthermore, ER+ PR− tumors 
have been shown to have more aggressive clinical pheno-
type, with greater chance of positive lymph nodes and larger 
tumor size [24, 25]. In addition, this subset of tumors has 
greater genomic instability and greater proliferative rate 
[25]. The molecular crosstalk between PR and its regula-
tor, ER, may also explain the difference in phenotype of 
PR− tumors; the loss of PR may reflect decreased respon-
siveness to ER− directed therapy or the presence of hyperac-
tive growth factor pathways that downregulate PR [16, 25].

Other models to predict RS from histopathological fac-
tors have been proposed. Orucevic et al. derived nomo-
grams involving age, tumor size, grade, PR status, lym-
phovascular invasion, and histologic subtype to predict 

the probability of low- and high-risk RS [11]. Based on 
single institution results, other groups have derived and 
validated models which use only ER and/or PR status and 
tumor grade [10, 12–14]. Kim et al. derived an online RS 
calculator based on ER status, PR status, Ki-67, HER2 
status, and grade, that have been validated at 5 institu-
tions [18]. Using the same histologic features of the tumor, 
Klein et al. have demonstrated the utility and correlation of 
the Magee equations, a set of equations based on immuno-
histologic characters of tumors, to predict RS [26]. While 
several analyses have found the 21-gene assay to be cost-
effective [27–29], determining patient or tumor factors 
that can predict high-risk RS or low-risk RS stratification 
can identify patients where RS testing can be safely omit-
ted and improve cost-effectiveness. One analysis using 
the Magee equations showed that if tumors with low or 
high-risk RS were not sent for the 21-gene assay, the esti-
mated cost savings could be up to $2 million [30]. Our 
results suggest that for stage I and II, ER + breast cancer 
patients, grade I PR+ tumors are rarely stratified as high-
risk. Further analyses will help to determine if avoiding 
the 21-gene RS assay in this population of patients would 
be cost-effective.

We acknowledge several limitations of our study. SEER 
is a national database consisting of patients from numer-
ous local registries, and tumor grade information relies 
on the histopathological evaluation of each participat-
ing institution. Consequently, there is no central or con-
sistent validation of pathology and grade. Studies have 
shown the greatest amount of inter-observer variability 
and pathologic discordance in tumors categorized as grade 
II (moderately differentiated), compared to grade I (well-
differentiated), or to grade III (poorly differentiated) [1, 
31, 32]. Nonetheless, complete agreement has been shown 
to be 75–84% in grade I tumors [31]. The SEER database 
also does not specify the degree of PR positivity, which 
may differentially impact the likelihood of high-risk RS. 
As HER2 status has only been available in SEER since 
2010, insufficient time has passed to analyze breast can-
cer-specific survival. Lastly, since the design of this study 
is retrospective, inherent selection bias with preferential 
ordering of the 21-gene assay may exist in this subset. For 
example, in the multivariate analysis, in addition to grade 
I tumors, positive lymph node status was associated with a 
lower likelihood of a high RS. This may be attributable to 
selection bias of obtaining a RS in patients with positive 
nodal status but with otherwise low-risk clinicopathologi-
cal features, as chemotherapy would otherwise have been 
recommended without the 21-gene assay if the patient also 
had other high-risk features. Despite these limitations, we 
believe that our analysis is robust due to large patient size 
and reflects the current literature regarding clinicopatho-
logic features and RS testing.
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Conclusion

Our study demonstrates that in early stage breast cancer, 
grade I PR+ tumors are independently predictive of having 
high-risk RS, regardless of patient demographics and other 
tumor characteristics by both traditional and TAILORx cut-
offs for RS. Histologic characteristics such as tumor grade 
and PR status should be taken into consideration prior to 
obtaining 21-gene RS assay on early stage ER+ breast can-
cer patients. Avoiding unnecessary spending on RS testing 
could mean a significant reduction in the economic burden 
of breast cancer treatment. However, further studies will be 
needed to delineate the clinical significance of high-risk RS 
in the setting of low-grade tumors and the cost effectiveness 
of genomic testing.
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