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ABSTRACT

Background. This study aimed to evaluate the prognostic

significance of the Oncotype DX recurrence score (RS) in

T1-2N1M0 estrogen receptor (ER)-positive, human epider-

mal growth factor receptor 2 (HER2)-negative breast

cancer based on the prognostic stage in the updated

American Joint Commission on Cancer, 8th edition.

Methods. The Surveillance, Epidemiology, and End

Results database was searched to identify ER-positive

invasive ductal breast cancer in T1-2N1M0 with RS results

diagnosed between 2004 and 2012. Patients with RS were

categorized into low-risk (RS\ 11), intermediate-risk (RS

11–25), and high-risk (RS[ 25) groups. The distributions

of clinical-pathological characteristics were compared

among the RS risk groups using Pearson’s Chi square.

Breast cancer-specific survival (BCSS) and overall survival

(OS) were estimated using the Kaplan–Meier method and

compared across RS groups using the log-rank statistic.

Cox models were fitted to assess the factors independently

associated with survival.

Results. The study enrolled 4059 cases categorized into

prognostic stages IA to IIB. The RS risk groups were

positively correlated with pathological prognostic stages

(P\ 0.001). The RS risk groups differed significantly in

terms of BCSS and OS (P \ 0.001). According to the

multivariate analysis, RS risk group was an independent

prognostic factor for BCSS and OS together with the

pathological prognostic stage. The subgroup analysis

showed similar survival rates across pathological prog-

nostic stages in the RS low-risk group but significant

differences in survival rates among pathological prognostic

stages in the RS intermediate-risk group. The survival rates

among the RS risk groups also differed significantly in

pathological prognostic stage IA.

Conclusions. Oncotype DX RS provided independent

prognostic significance to complement the prognostic

staging system.

The breast cancer staging system has always been based

on anatomic factors. However, advances in breast cancer

biology have resulted in identification and validation of

biologic markers to describe the prognosis and treatment

benefit.1 The prognostic stage system in the American Joint

Committee on Cancer (AJCC), 8th edition for breast cancer

is a milestone that incorporates contemporary biologic

factors such as estrogen receptor (ER), progesterone

receptor (PR), human epidermal growth factor receptor-2

(HER2), and histologic grade into the traditional anatomic

staging system. The updated edition was provided online in

November 2017.

Over the years, several multigene assays that provide

additional prognostic information have been commercially

available. The 21-gene expression assay (Oncotype DX)

was developed for hormone receptor (HR)-positive, HER2-

negative, and lymph node (LN)-negative breast cancer.

Studies have validated that the recurrence score (RS) of

Oncotype DX predicts the prognosis and benefits of adju-

vant chemotherapy independently of clinical-pathological

characteristics.2–7 In the AJCC 8th edition, Oncotype DX is

the only multigene assay that classifies the prognostic
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stage. Cases of T1-2N0M0 cancer that are ER-positive and

HER2-negative with an RS lower than 11 should be clas-

sified as pathological prognostic stage IA.

However, evidence supporting Oncotype DX applica-

tion in the LN-positive population is limited despite studies

with promising results.8–10 Therefore, it was unclear whe-

ther Oncotype DX could provide complementary

prognostic information to the prognostic staging system in

the AJCC 8th edition for LN-positive cases.

Thus, we conducted a retrospective study to evaluate the

prognostic significance of Oncotype DX in this subgroup of

patients stratified into the T1-2N1M0 ER-positive, HER2-

negative category based on the pathological prognostic

stage in the updated AJCC 8th edition using the Surveil-

lance, Epidemiology, and End Results (SEER) 18 database.

MATERIALS AND METHODS

Patient Population

This population-based study used data derived from the

National Cancer Institute’s limited use SEER 18 registry

databases released in November 2017. Cases in the SEER

database were linked to RS results from assays performed

by Genomic Health. All cases with RS had negative HER2

per Oncotype DX test via reverse transcription polymerase

chain reaction (RT-PCR). We identified female ER-posi-

tive invasive ductal carcinoma cases in T1-2N1M0 stage

with Oncotype RS results diagnosed between 2004 and

2012. Patients with RS were categorized into low-risk (RS

\ 11), intermediate-risk (RS 11–25), and high-risk (RS

[ 25) groups.

The study excluded patients with more than one primary

cancer, diagnosis at death or autopsy alone, unknown his-

tologic grade or PR status, no surgery performed or no

record of surgery, or less than 6 months of follow-up

evaluation. Anatomic tumor-node-metastasis (TNM) stage

was based on a derived AJCC 6th edition (2004–2009) or

7th edition (2010–2012). The pathological prognostic stage

for these cases was based on the updated AJCC 8th edition.

Poorly differentiated and anaplastic histologic grades were

considered grade 3 disease.

We obtained permission to access the files of SEER

program custom data with additional treatment fields such

as radiation therapy, chemotherapy, and Oncotype DX RS

results. Informed consent was not required because per-

sonal identifying information was not involved. This study

was reviewed and approved by the Institutional Review

Board of Obstetrics and Gynecology Hospital of Fudan

University.

Statistical Analysis

The distributions of clinical-pathological characteristics

among the RS risk groups were compared using Pearson’s

Chi square with Fisher’s exact test. The follow-up cutoff

was 31 December 2015. Breast cancer-specific survival

(BCSS) was computed from the time of breast cancer

diagnosis to the time of death from breast cancer or the last

follow-up evaluation with patients still alive at the last

censored follow-up. Overall survival (OS) was computed

from the time of diagnosis to the time of death from any

cause or the last follow-up evaluation with patients still

alive at the last censored follow-up.

Both BCSS and OS were estimated using the Kaplan-

Meier method and compared across RS groups using the

log-rank statistic. Adjusted hazard ratios (HRs) with 95%

confidence intervals (CIs) were calculated using the Cox

model to assess the factors independently associated with

survival. A two-sided P value lower than 0.05 was con-

sidered statistically significant. All the statistical analyses

were performed using the SPSS 22.0 software package

(SPSS, Chicago, IL, USA).

RESULTS

Clinical-Pathological Characteristics Among T1-2N1M0

ER-Positive, HER2-Negative Breast Cancer Patients

Receiving Oncotype DX Testing

The study enrolled 4059 patients who met the inclusion

criteria. Of these patients, 2898 (71.4%) had stage T1

cancer, 1854 (45.7%) had stage N1mic cancer, 743 (18.3%)

had grade 3 cancer, and 3746 (92.3%) had positive PR

status. The median patient age was 59 years.

In this study, 2573 patients (63.4%) were undergoing

breast-conserving surgery (BCS), and 1499 patients

(36.9%) were receiving chemotherapy. Altogether, 2781

patients (68.5%) had pathological prognostic stage IA

cancer, 829 patients (20.4%) had stage IB cancer, 360

patients (8.9%) had stage IIA cancer, and 89 patients

(2.2%) had stage IIB cancer. Of the 4059 patients, 794

(19.6%) were in the RS low-risk group, 2667 (65.7%) were

in the RS intermediate-risk group, and 598 (14.7%) were in

the RS high-risk group.

The higher RS risk groups tended to have younger

patients, larger tumors, a higher proportion of grade 3

disease, negative PR status and advanced anatomic TNM

stage, and more frequent use of chemotherapy (P\0.001).

The RS risk groups did not differ significantly in terms of

race, N stage, surgery, or radiation (Table 1).

The findings showed a positive correlation between the

RS risk groups and pathological prognostic stages (P \
0.001). The proportion of patients in the higher RS risk
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groups was increasing, and the proportion in the lower RS

risk groups was decreasing with the escalation of patho-

logical prognostic stage. The percentage of the RS low-risk

group decreased from 22.2% in pathological prognostic

stage IA to 3.4% in stage IIB, whereas the percentage of

the RS high-risk group increased from 8.3% in stage IA to

57.3% in stage IIB (Table 1).

TABLE 1 Clinical-

pathological characteristics of

the recurrence score (RS) risk

groups

Total population RS risk groups P Value

Low Intermediate High

N % n % n % n %

Age stage (years) \ 0.001

\ 60 2143 52.8 355 44.7 1447 54.3 341 57.0

C 60 1916 47.2 439 55.3 1220 45.7 257 43.0

Race 0.199

White 3435 84.6 680 85.6 2271 85.2 484 80.9

Black 296 7.3 53 6.7 185 6.9 58 9.7

Asian or Indian 316 7.8 58 7.3 204 7.6 54 9.0

Unknown 12 0.3 3 0.4 7 0.3 2 0.3

Histologic grade \ 0.001

1 1144 28.2 271 34.1 830 31.1 43 7.2

2 2172 53.5 461 58.1 1450 54.4 261 43.6

3 743 18.3 62 7.8 387 14.5 294 49.2

T stage \ 0.001

T1 2898 71.4 607 76.4 1959 73.5 332 55.5

T2 1161 28.6 187 23.6 708 26.5 266 44.5

N stage 0.161

N1mic 1854 45.7 346 43.6 1247 46.8 261 43.6

N1 2205 54.3 448 56.4 1420 53.2 337 56.4

Anatomic TNM stage \ 0.001

IB 1422 35.0 278 35.0 983 36.9 161 26.9

IIA 1476 36.4 329 41.4 976 36.6 171 28.6

IIB 1161 28.6 187 23.6 708 26.5 266 44.5

PR status \ 0.001

Negative 313 7.7 13 1.6 171 6.4 129 21.6

Positive 3746 92.3 781 98.4 2496 93.6 469 78.4

Surgery 0.090

BCS 2573 63.4 492 62.0 1721 64.5 360 60.2

Mastectomy 1486 36.6 302 38.0 946 35.5 238 39.8

Radiation 0.056

No or unknown 1730 42.6 343 43.2 1107 41.5 280 46.8

Yes 2329 57.4 451 56.8 1560 58.5 318 53.2

Chemotherapy \ 0.001

No or unknown 2560 63.1 643 81.0 1766 66.2 151 25.3

Yes 1499 36.9 151 19.0 901 33.8 447 74.7

Pathological prognostic

stage

\ 0.001

IA 2781 68.5 618 22.2 1932 69.5 231 8.3

IB 829 20.4 147 17.7 522 63.0 160 19.3

IIA 360 8.9 26 7.2 178 49.4 156 43.3

IIB 89 2.2 3 3.4 35 39.3 51 57.3

TNM tumor-node-metastasis, BCS breast-conserving surgery
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The Prognostic Significance of RS Based

on the Pathological Prognostic Stage

The median follow-up period was 57 months (range,

7–142 months). The RS risk groups differed significantly

in BCSS and OS (P \ 0.001) (Fig. 1). In the univariate

analysis, earlier pathological prognostic stage, lower RS

risk group, and reception of chemotherapy were associated

with favorable BCSS. Younger age, earlier pathological

prognostic stage, and lower RS risk group were associated

with favorable OS. According to Cox multivariate analysis,

RS risk group was an independent prognostic factor for

BCSS and OS together with pathological prognostic stage

(Table 2).

In the subgroup analysis, the survival outcomes were

similar (P = 0.890 for BCSS and P = 0.737 for OS) among

the different pathological prognostic stages within the RS

low-risk group (794 cases). In this subgroup, 618 patients

(77.8%) were in pathological prognostic stage IA, 147

cases (18.5%) in stage IB, 26 cases (3.3%) in stage IIA, and

3 cases (0.4%) in stage IIB. Survival rates differed sig-

nificantly among the pathological prognostic stages (P\
0.001 for BCCS vs P = 0.009 for OS) in the RS interme-

diate-risk group (2667 cases), with the survival rates

inversely correlated with the escalation of pathological

prognostic stages (Fig. 2). Similar trends were observed in

the RS high-risk group (598 cases), but without statistical

significance (P = 0.062 for BCCS and P = 0.075 for OS).

Altogether, 2781 patients (68.5%) were in pathological

prognostic stage IA, with 618 patients (22.2%) in the RS

low-risk group, 1932 patients (69.5%) in the RS interme-

diate-risk group, and 231 patients (8.3%) in the RS high-

risk group. The findings showed significant differences in

BCSS (P\0.001) and OS (P\0.001) among the RS risk

groups in pathological prognostic stage IA, with the sur-

vival rates inversely correlated with increasing RS risks

(Fig. 3). Similar trends could be observed but without

statistical significance in stage IB (829 cases: P = 0.088 for

BCSS and P = 0.132 for OS), stage IIA (360 cases: P =

0.167 for BCSS and P = 0.192 for OS), and stage IIB (89

cases: P = 0.385 for BCSS and P = 0.339 for OS).

DISCUSSION

A more precise cancer staging system can better parti-

tion patients into cohorts with similar survival outcomes,

which improves predictive outcome accuracy and guides

optimal treatments. In the era of personalized care, tumor

burden and biology are equally considered. The patholog-

ical prognostic stage system in the AJCC 8th edition for the

first time incorporated nearly all the important biologic

factors together with anatomic TNM factors. It would be

the most accurate predictor of outcome in cases of dis-

cordance between anatomic TNM stage and tumor biology.
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FIG. 1 Kaplan-Meier survival curves among recurrence score (RS) risk groups for T1-2N1M0 estrogen receptor (ER)-positive, human epidermal

growth factor receptor 2 (HER2)-negative breast cancers. a Breast cancer-specific survival (BCSS). b Overall survival (OS)
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Over the years, multigene assays have been developed

rapidly for the purpose of treatment guidance under precise

prediction. The 21-gene expression assay (Oncotype DX)

is the most widely used and has been incorporated into

major international guidelines.11–14

Oncotype DX also is applied in the pathological prog-

nostic stage system. In this staging system, cases with ER-

positive, HER2-negative T1-2N0M0 and an RS lower than

11 are classified as stage IA. However, to date, the sig-

nificance of Oncotype DX has not been fully evaluated in

terms of improving the pathological prognostic stage

classification for LN-positive cases. Our study served as a

pilot study in this respect.

In our study, 65% of the patients had their RS in the

intermediate-risk group, similar to the percentage in other

studies.6,10 In addition, aggressive clinical-pathological

characteristics were observed more frequently in the higher

RS risk groups (i.e., higher proportion of younger patients,

larger tumor, grade 3 disease, and PR-negative status). As a

result, the findings showed an increasing proportion of

patients in the RS high-risk group and a decreasing pro-

portion in the RS low-risk group with the escalation of

prognostic stages. Such a trend also was observed in pre-

vious studies irrespective of LN status.

The TAILORx trial for LN-negative cases found a sig-

nificant difference between the low and midrange RS

groups with regard to histologic grade, age, and PR

expression but not tumor size.6 In the WSG PlanB trial for

LN-positive cases, RS had a positive correlation with grade

and a negative correlation with PR status.10 It might be

expected that increasing clinical risk is in accord with

increasing genetic risk in most cases despite some

discordances.

Limited studies have evaluated the prognostic signifi-

cance of RS in LN-positive cancers, mostly in N1 stage

disease, considering the potential eligibility for the appli-

cation of Oncotype DX in cases with a low LN burden.

Among previous retrospective studies, SWOG 8814 con-

firmed the prognostic value of RS for tamoxifen-treated

LN-positive patients.8 TransATAC indicated that RS was

an independent predictor of distant recurrence for LN-

positive hormone receptor (HR)-positive patients treated

with anastrozole.9 The study of Stemmer et al.15 demon-

strated that only RS and tumor size were significantly

associated with distant recurrence risk.

Two studies evaluated RS in LN-positive patients based

on the SEER database and indicated that 5-year BCSS

differed significantly among RS groups and was excellent

for patients with an RS lower than 18.16,17 However, both

studies included all patients from stage N1 to stage N3, and

the median follow-up period of 30 months was relatively

short.

More recently, the WSG PlanB trial found similar

5-year disease-free survival (DFS) rates between pN0 and

pN1 subgroups (94.2% vs 94.4%), and RS was further

validated as a prognostic indicator.10,18 In the PACS-01

trial, RS remained a significant predictor of survival

because few distant recurrence events occurred in patients

with one to three LNs and a low RS (\ 18).19 Currently,

the Rxponder trial still is underway to evaluate the use of

the 21-gene assay for HR-positive, HER2-negative breast

cancer patients with one to three positive LNs.20

Our study differed significantly from previous studies in

several aspects. First, the RS cutoffs used in our study

referred to those used in the recent RCTs such as the

TAILORx5,6 and WSG PlanB trials,10,18 which differed

from those originally defined as low (RS \ 18), interme-

diate (RS 18–30), and high (RS [ 30) in many

TABLE 2 Multivariate

analysis of prognostic factors in

T1-2N1M0 estrogen receptor

(ER)-positive human epidermal

growth factor receptor 2

(HER2)-negative breast cancer

BCSS OS

P value HR 95% CI P value HR 95% CI

Age (years)

C 60 versus\ 60 – – – \ 0.001 2.108 1.552–2.864

RS group \ 0.001 \ 0.001

Intermediate vs low risk 0.036 3.516 1.082–11.423 0.044 1.680 1.015–2.779

High versus low risk \ 0.001 13.037 3.846–44.196 \ 0.001 3.825 2.200–6.650

Pathological prognostic

stage

0.001 0.005

IB versus IA 0.151 1.514 0.859–2.669 0.138 1.325 0.914–1.922

IIA versus IA 0.017 2.104 1.142–3.876 0.021 1.685 1.081–2.626

IIB versus IA \ 0.001 4.403 2.139–9.063 0.001 2.622 1.452–4.736

Chemotherapy

Yes versus no or unknown 0.822 0.947 0.591–1.518 – – –

BCSS breast cancer-specific survival, OS overall survival, HR hazard ratio, CI confidence interval
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retrospective and population-based studies.16,17,21 Previous

studies showed that the risk of distant recurrence 10 years

after diagnosis could be as low as 2–3% among patients

with an RS lower than 11 that was not likely to be affected

by adjuvant chemotherapy.2,4,6,21 In the pathological

prognostic stage system, the cutoff of RS lower than 11

was accepted as low risk in the staging of LN-negative

cases. As a result, it might be a reasonable choice to assign

RS lower than 11 and RS higher than 25 as the cutoffs.

Second, in the study of Roberts et al.,17 LN-positive

cases from N1 to N3 were included. However cases with

four or more positive lymph nodes were considered as high

risk of relapse and had a poor survival outcome. As a

result, multiple treatments such as chemotherapy and

radiation could generally not be omitted, and Oncotype DX

RS had limited value in guiding treatments.
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FIG. 2 Kaplan-Meier survival curves among pathological prognostic

stages stratified by recurrence score (RS) risk groups. a Breast cancer-

specific survival (BCSS) in the RS low-risk group. b Overall survival

(OS) in the RS low-risk group. c BCSS in the RS intermediate-risk

group. d OS in the RS intermediate-risk group
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Roberts et al.17 also indicated that RS was strongly

predictive of BCSS only among patients with stage N1

disease.17 Therefore, our study focused specifically on

stage N1 breast cancer just as recent RCTs like WSG

PlanB10,18 and Rxponder.20 Evaluation of RS significance

has more rationality and practical value for precise clas-

sification of tumor stage and optimal guidance of treatment

for disease with a low LN burden.

Finally, previous studies have evaluated the prognostic

significance of RS in LN-positive cases. However, N stage

is only one among the various clinical-pathological factors

related to breast cancer survival. The new pathological

prognostic stage system in the AJCC 8th edition incorpo-

rates all the characteristics into one comprehensive staging

system. This system is believed to be the most accurate

predictor of survival outcome. However, it combined

multigene assays results only in LN-negative cases. The

significance of RS was of value to complement this staging

system for LN-positive disease.

Our study was among the first studies to evaluate the

prognostic significance of RS based on the pathological

prognostic stage system in LN-positive cases for the pur-

pose of accurate outcome prediction and optimal treatment

guidance. Our findings showed that RS was an independent

prognostic factor for BCSS and OS together with the

pathological prognostic stage. This was the highlight of our

study.

In clinical practice, genomic testing is best used in

combination with clinical-pathological factors because

discordance exists sometimes between clinical and geno-

mic risk assignment. On the one hand, BCSS and OS

differed significantly in our study among the RS risk

groups in 2781 cases with pathological prognostic stage IA

cancer. A certain proportion of patients in the low clini-

cal risk group had a relatively poor survival outcome.

Genetic testing could help to distinguish the discordance

cases, leading to more accurate prediction and precise

treatment.

On the other hand, the survival outcomes were similar

among the various pathological prognostic stages in cases

with RS lower than 11, whereas the survivals were inver-

sely correlated with the escalation of pathological

prognostic stages in cases with higher RS risk. In our study,

the discordance rate in the RS low-risk group was nearly

23%. In the MINDACT trial, the rate was 32%, and women

with high clinical risk and low genomic risk had relatively

lower risk of recurrence.22

It might be postulated that the prognostic relevance of

multi-gene assay characteristics overrides that of clinical-

pathological factors in cases with low genomic risk such as

an RS lower than 11 in terms of treatment decisions and

survival outcomes among N1 patients. Moreover, this

already has been confirmed in LN-negative cases according

to the AJCC 8th edition, in which patients with T1-2N0M0,

ER positivity, HER2 negativity and an RS lower than 11

all were categorized as pathological prognostic stage IA. It
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FIG. 3 Kaplan-Meier survival curves among the recurrence score (RS) risk groups in pathological prognostic stage IA. a Breast cancer-specific

survival (BCSS). b Overall survival (OS)

RS in T1-2N1M0 Based on Prognostic Stage 1233



might be concluded that the low-risk RS was predictive for

selection of patients from various pathological prognostic

stages with one to three positive LNs who had a favorable

outcome to be classified at a lower stage, whereas among

cases with higher-risk RS, the pathological prognostic

stage still had an accurate prognosis prediction.

Oncotype DX RS has a significant impact on reducing

chemotherapy use for N1 and ER-positive breast cancer

patients.23 According to Torres et al.,24 treatment recom-

mendations changed for 36% of their patients, with the

most significant change observed in the RS low-risk group.

In this study, the higher RS-risk group had a higher pro-

portion of chemotherapy, but it was not an independent

prognostic factor for BCSS. We did not compare the sur-

vival outcomes stratified by chemotherapy treatment

among RS risk groups, although we did report the per-

centage of patients for whom chemotherapy was reported

as ‘‘yes’’ versus ‘‘no/unknown’’ in various subgroups. First,

the patients were not randomized to treatment, and the

treatment decision was heavily influenced by RS result.

Most patients were in an earlier prognostic stage (stage IA).

Second, a 30% relative under-ascertainment of

chemotherapy use in the SEER database was reported,

which potentially introduced bias and confounding factors

that could not be fully controlled.

Several limitations of our study should be recognized.

First, the retrospective design had an intrinsic bias despite a

large sample size. Second, the median follow-up period of

57 months might have been relatively too short for the

differences in survival outcome to be determined between

pathological prognostic stages IA and IB, although it was

adequate for comparison among the RS risk groups. Third,

chemotherapy use is known to be under-reported in SEER,

as discussed previously. Further studies should incorporate

treatment data into survival analyses among the RS risk

groups. Finally, the SEER database does not collect

information on distant recurrence, although it is the main

cause of breast cancer-specific death.

In conclusion, to date, our study was the largest to

explore the prognostic significance of RS specifically in T1-

2N1M0 ER-positive, HER2-negative breast cancers regis-

tered in the SEER database based on the pathological

prognostic stage in the updated AJCC 8th edition. Our

findings have added to increasing evidence that RS results

provide independent prognostic significance to comple-

ment the prognostic staging system, as was the case for

LN-negative cancer. It might be expected that T1-2N1M0

ER-positive, HER2-negative breast cancer with an RS

lower than 11 would be classified as a lower stage of dis-

ease. Further prospective research and a longer follow-up

period are warranted.
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