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IMPORTANCE A high 21-gene recurrence score (RS) by breast cancer assay is prognostic for
distant recurrence of early breast cancer after local therapy and endocrine therapy alone,
and for chemotherapy benefit.

OBJECTIVE To describe clinical outcomes for women with a high RS who received adjuvant
chemotherapy plus endocrine therapy in the TAILORx trial, a population expected to have a
high distant recurrence rate with endocrine therapy alone.

DESIGN, SETTING, AND PARTICIPANTS In this secondary analysis of data from a multicenter
randomized clinical trial, 1389 women with hormone receptor–positive, ERBB2-negative,
axillary node-negative breast cancer, and a high RS of 26 to 100 were prospectively assigned
to receive adjuvant chemotherapy in addition to endocrine therapy. The analysis was
conducted on on May 12, 2019.

INTERVENTIONS The adjuvant chemotherapy regimen was selected by the treating physician.

MAIN OUTCOMES AND MEASURES Freedom from recurrence of breast cancer at a distant site,
and freedom from recurrence, second primary cancer, and death (also known as invasive
disease-free survival [IDFS]).

RESULTS Among the 9719 eligible women, with a mean age of 56 years (range 23-75 years),
1389 (14%) had a recurrence score of 26 to 100, of whom 598 (42%) had an RS of 26 to 30
and 791 (58%) had an RS of 31 to 100. The most common chemotherapy regimens included
docetaxel/cyclophosphamide in 589 (42%), an anthracycline without a taxane in 334 (24%),
an anthracycline and taxane in 244 (18%), cyclophosphamide/methotrexate/5-fluorouracil in
52 (4%), other regimens in 81 (6%), and no chemotherapy in 89 (6%). At 5 years, the
estimated rate of freedom from recurrence of breast cancer at a distant site was 93.0%
(standard error [SE], 0.8%), freedom of recurrence of breast cancer at a distant and/or local
regional site 91.0% (SE, 0.8%), IDFS 87.6% (SE, 1.0%), and overall survival 95.9% (SE, 0.6%).

CONCLUSIONS AND RELEVANCE The estimated rate of freedom from recurrence of breast
cancer at a distant site in women with an RS of 26 to 100 treated largely with taxane and/or
anthracycline-containing adjuvant chemotherapy regimens plus endocrine therapy in the
prospective TAILORx trial was 93% at 5 years, an outcome better than expected with
endocrine therapy alone in this population.
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T he 21-gene recurrence score (RS) assay provides
prognostic information for distant recurrence in
hormone–receptor-positive, ERBB2-negative early

breast cancer that is independent of clinicopathologic
features,1 and is also predictive of chemotherapy benefit
when the RS is high.2,3 Prediction of chemotherapy benefit
was initially established in the prospective-retrospective
validation study including primary tumor samples from 651
patients enrolled in the B20 trial with hormone receptor–
positive, axillary node-negative breast cancer randomized
to tamoxifen or chemotherapy plus tamoxifen, whether
high RS was defined as 31 to 100 irrespective of ERBB2 RNA
expression (n = 651),2 or 26 to 100 in tumor samples that
had a low ERBB2 RNA expression score (n = 569).4 For the
122 (21%) patients with a high RS of 26 to 100 in the
ERBB2-negative cohort of the B20 validation cohort ran-
domized to tamoxifen or tamoxifen plus an adjuvant che-
m o t h e r a py re g i m e n ( i n c l u d i ng m e t h o t rex ate a n d
5-fluorouracil with or without cyclophosphamide), 10-year
distant recurrence-free survival rates were 62% (95% CI,
48%-81%) with tamoxifen alone, and 88% (95% CI, 81%-
95%) with chemotherapy plus tamoxifen; there was a statis-
tically significant interaction between chemotherapy treat-
ment and high RS (likelihood ratio test on interaction,
P = .01), indicating that high RS was not only prognostic for
a high distant recurrence rate, but also predictive of chemo-
therapy benefit.4 Distant recurrence-free survival rates were
similar with endocrine therapy alone in other cohorts,
including the prospective-retrospective validation study
using primary tumor samples derived from 594 patients
with hormone receptor–positive, ERBB2-negative axillary
node-negative breast cancer enrolled in the B14 trial who
received adjuvant tamoxifen without chemotherapy; 157
(26%) with a high RS of 26 to 100 had an estimated 10-year
distant recurrence-free survival rate of 70% (standard error
[SE], 3.9%).1

The Trial Assigning Individualized Options for
Treatment (TAILORx) was a prospective trial designed to
address gaps in our knowledge about the application of the
21-gene RS in hormone receptor–positive, ERBB2-negative,
axillary node-negative breast cancer.5 The TAILORx trial
results demonstrated that endocrine therapy alone was
noninferior to adjuvant chemotherapy plus endocrine
therapy in the overall population with an RS of 11 to 25, the
primary trial end point, with some chemotherapy benefit
noted for trial participants who were aged 50 years or
younger with an RS of 16 to 25 in exploratory analysis.6

The trial also demonstrated a low distant recurrence rate of
1% at 5 years and 3% at 9 years with endocrine therapy
alone if the RS was 0 to 10 irrespective of age,6,7 and that
integration of clinical features with RS provided additional
prognostic information for recurrence but not prediction of
chemotherapy benefit.8 In this report we provide a descrip-
tive analysis of clinical outcomes, characteristics, and adju-
vant chemotherapy regimens for patients with an RS of 26
to 100 assigned to receive chemotherapy, including regi-
mens largely including taxanes and/or anthracyclines, plus
endocrine therapy.6,8

Methods

Study Protocol
The trial protocol is available in Supplement 1. This was a pro-
spective clinical trial sponsored by the National Cancer
Institute (NCI) that was coordinated by the Eastern Coopera-
tive Oncology Group (ECOG) and subsequently ECOG-ACRIN
Cancer Research Group and approved by the National Cancer
Institute Central institutional review board or local institu-
tional review board. Women were required to provide writ-
ten informed consent, including willingness to have treat-
ment assigned or randomized based on the RS results. All
women had an Oncotype DX RS assay performed in a central
laboratory (Genomic Health, Inc).1 Additional details regard-
ing the study protocol have been previously reported.6-8

Clinicians were able to select 1 of several commonly used che-
motherapy regimens (eTable 1 in Supplement 2). Participants
with a high RS of 26 to 100 and assigned to chemotherapy
(arm D) were enrolled in a voluntary prospective registry; as
previously described,6 sufficient baseline and follow-up
information was available in 1389 of 1737 patients (80%) with
a high RS for inclusion in the analysis.

Study End Points
The standardized definitions for efficacy end points (STEEP)
criteria were used for end point definitions.9 End points in-
cluded (1) invasive disease-free survival (IDFS), defined as time
from registration to first event, where the first event is ipsi-
lateral breast tumor recurrence, local recurrence, regional re-
currence, distant recurrence, contralateral second primary in-
vasive cancer, second primary nonbreast invasive cancer
(excluding nonmelanoma skin cancers), or death without evi-
dence of recurrence; (2) distant recurrence-free interval, de-
fined as time from registration to date of distant recurrence
of breast cancer, or of death with distant recurrence, if death
is the first manifestation of distant recurrence (referred to
here as freedom recurrence of breast cancer at a distant site);
(3) relapse-free interval, defined as date from registration to
first recurrence of breast cancer (ipsilateral breast, local-
regional, or distant), or to the date of death with recurrence,

Key Points
Question What is the prognosis in early breast cancer associated
with a high 21-gene recurrence score when treated with adjuvant
chemotherapy plus endocrine therapy?

Findings In this secondary analysis of a randomized clinical trial,
among 1389 women with early breast cancer and a high score of
26 to 100 by 21-gene assay who received adjuvant chemotherapy,
the estimated proportion free from distant recurrence at 5 years
was 93%.

Meaning In women with hormone receptor–positive,
ERBB2-negative, axillary node–negative breast cancer, and a high
21-gene recurrence score, a higher proportion were free from
distant recurrence when treated with chemoendocrine therapy
than expected with endocrine therapy alone.
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if death is the first manifestation of recurrence (referred to here
as freedom from recurrence of breast cancer at a distant and/or
localregional site); and (4) overall survival (OS), defined as date
from registration to death from any cause.

Statistical Analysis of Clinical Outcomes
The overall sample size was driven by the need to include a
sufficient number of patients with an RS of 11 to 25 to test non-
inferiority of endocrine therapy alone, the experimental arm,
to chemotherapy plus endocrine therapy, the standard arm,
as previously described.6 The final analysis took place on March
2, 2018, at which time the prespecified number of events re-
quired for full information (n = 835) had occurred in the ran-
domized group with an RS of 11 to 25. At the time of the analy-
sis, among 1389 patients with an RS of 26 to 100 included in
the analysis, there were 80 distant recurrence events and 134
IDFS events by 5 years and 101 events and 189 IDFS events by
9 years (eTable 2 in Supplement 2). The median follow-up at
the time of analysis in the high-risk arm was 61 months (range,
0.1-132 months). There was a larger dropout rate in the high-
risk arm (arm D) than the other arms (arms A, B, C) (eFigure in
Supplement 2) because of the voluntary nature of the high-
risk registry, and because follow-up for the high-risk arm was
requested for up to 5 years. Five-year event rates are shown
because most distant recurrence events occurred within 5 years
(80/101 [80%]), and because follow-up information beyond 5
years was limited for the reasons described. Event-free rates
were estimated using the Kaplan-Meier method, with confi-
dence intervals computed using the log-log transform and
Greenwood’s variance. Analyses were conducted using R sta-
tistical software (version 3.2.3, R Foundation) on May 12, 2019.

Statistical Methods for Projection of Clinical Outcomes
With Endocrine Therapy Alone
The expected rate of distant recurrence through 5 and 9 years
of patients with RS of 26 to 100 (referred to here as arm D of
TAILORx) if treated with endocrine therapy alone was esti-
mated by combining patient-specific distant recurrence risk
information from TAILORx arm D with patient-specific che-
motherapy benefit information from ERBB2-negative cohort
derived from the NSABP B20 trial.4 For each individual pa-
tient in TAILORx arm D, the log cumulative hazard of distant
recurrence was estimated from a Cox model with effects for
RS as a continuous covariate and age category (≤50 vs >50
years). The patient-specific log hazard ratio for chemo-
therapy effect was estimated from NSABP study B20 patients
who were ERBB2-negative and hormone receptor–positive
(by reverse transcription polymerase chain reaction) using a
Cox model with effects for RS as a continuous covariate, age
category (≤50 vs >50 years), randomized chemotherapy use,
the 2-way interactions of RS with chemotherapy and age cat-
egory with chemotherapy, and the 3-way interaction of RS with
age category with chemotherapy. Combining these 2 esti-
mates and transforming to the risk scale yielded a patient-
specific distant recurrence risk estimate for the scenario in
which the patients did not receive chemotherapy. The indi-
vidual risk estimates were averaged across the TAILORx arm
D population, with SEs computed using the Δ method.

Results

Patient and Tumor Characteristics
by Adjuvant Chemotherapy Regimen
A total of 10 253 eligible women were registered between
April 7, 2006, and October 6, 2010. Among the 9719 eligible
participants with follow-up information included in the main
analysis set, 1389 (14%) had a recurrence score of 26 to 100, of
whom 598 (42%) had an RS of 26 to 30, and 791 (58%) had an
RS of 31 to 100. The characteristics of the high-RS group are
shown in Table 1. The most common chemotherapy regi-
mens included docetaxel/cyclophosphamide in 589 (42%), an
anthracycline without a taxane in 334 (24%), an anthracy-
cline and taxane in 244 (18%), cyclophosphamide/
methotrexate/5-fluorouracil (CMF) in 52 (4%), other regi-
mens in 81 (6%), and no chemotherapy in 89 (6%). Patients
treated with CMF tended to be older (median age, 61.5 years),
and those treated with anthracyclines and taxanes tended to
be younger (median age, 53.5 years), compared with those
treated with taxane and cyclophosphamide or an anthracy-
cline without a taxane (median age, 57 years). Of 89 patients
who received no adjuvant chemotherapy, and were thus non-
adherent with assigned treatment, a higher proportion had an
RS of 26 to 30 (52 of 89 [58%]) than those who received che-
motherapy (546 of 1300 [42%]), whereas other characteris-
tics, such as age, tumor size, and grade were largely similar.

Clinical Outcomes in the Overall Population
and by Chemotherapy Regimen
In the overall population assigned to chemotherapy, as sum-
marized in Table 2, the estimated 5-year rates of freedom from
recurrence of breast cancer at a distant site were 93.0% (SE,
0.8%), freedom of recurrence of breast cancer at a distant
and/or local regional site 91.0% (SE, 0.8%), IDFS 87.6% (SE,
1.0%), and OS 95.9% (SE, 0.6%).

Clinical outcomes stratified by chemotherapy regimens are
shown in the Figure, and further described in Table 2 as 5-year
Kaplan-Meier estimates. Five-year rates of freedom from re-
currence of breast cancer at a distant site ranged from 92.3%
(SE, 1.6%) to 95.5% (SE, 2.5%) for all chemotherapy regimens
with the exception of CMF, which was associated with an 88.5%
(SE, 4.8%) rate; those who received no chemotherapy had simi-
lar rates (92.6% SE, 3.1%) compared with those who did re-
ceive chemotherapy. Five-year rates of IDFS ranged from 84.0%
(SE, 5.6%) to 91.3% (SE, 3.4%) for those who received chemo-
therapy, but were lower for those who received no chemo-
therapy (79.7%; SE, 4.9%). Nine-year event rates are shown in
eTable 3 in Supplement 2, but should be interpreted with
caution because of limited follow-up beyond 5 years, and po-
tential for bias in reporting of clinical events; for the overall
population, the estimated 9-year rates of freedom from recur-
rence of breast cancer at a distant site was 86.8% (SE, 1.7%),

Cox models for comparison of any chemotherapy regi-
men vs none with adjustment for tumor size (>2 vs ≤2 cm), age
(>65 vs 51-65 vs ≤50 years), grade, and RS revealed estimated
hazard ratios of 0.74 (95% CI, 0.32-1.69) for freedom from re-
currence of breast cancer at a distant site and 0.48 (95% CI,
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Table 1. Characteristics of Patients in the Recurrence Score 26 to 100 Cohort Assigned to Chemotherapy Stratified by Chemotherapy Regimen
in the Intention-to-Treat Population

Study Arm

No. (%)

Total

Taxane and
Cyclophos-
phamide

Anthracycline
Without Taxane

Anthracycline
Plus Taxane CMF Other

No
Chemotherapy

No. 1389 589 334 244 52 81 89

Age, y

Median (range) 56 (23-75) 57 (23-74) 57 (31-75) 53.5 (30-75) 61.5 (40-75) 54 (36-75) 56 (36-75)

IQR (49-63) (50-63) (50-63) (46-60) (53-67.5) (49-62) (50-63)

Mean (SD) 55.8 (9.4) 56.2 (9.3) 56.3 (8.8) 53.3 (9.8) 60.0 (9.7) 55.4 (8.9) 55.9 (9.4)

≤40 79 (6) 33 (6) 13 (4) 26 (11) 1 (2) 1 (1) 5 (6)

41-50 330 (24) 127 (22) 76 (23) 65 (27) 10 (19) 29 (36) 23 (26)

51-60 512 (37) 217 (37) 137 (41) 92 (38) 12 (23) 21 (26) 33 (37)

61-70 395 (28) 185 (31) 93 (28) 52 (21) 20 (38) 26 (32) 19 (21)

71-75 73 (5) 27 (5) 15 (4) 9 (4) 9 (17) 4 (5) 9 (10)

Premenopausal 407 (29) 158 (27) 91 (27) 99 (41) 10 (19) 25 (31) 24 (27)

Postmenopausal 982 (71) 431 (73) 243 (73) 145 (59) 42 (81) 56 (69) 65 (73)

Tumor size, cm

Median (range) 1.7 (0.2-21.4) 1.7 (0.5-8.4) 1.6 (0.2-21.4) 1.95 (0.6-7.0) 1.5 (0.6-3.7) 1.6 (0.5-3.8) 1.7 (0.6-3.8)

IQR (1.3-2.3) (1.3-2.3) (1.2-2.2) (1.4-2.5) (1.1-3.7) (0.5-2.1) (1.3-2.2)

Mean (SD) 1.88 (0.99) 1.8 (0.8) 1.9 (1.4) 2.1 (1.0) 1.6 (0.7) 1.8 (0.8) 1.8 (0.7)

Distribution

≤1.0 188 (14) 73 (12) 51 (15) 31 (13) 11 (21) 14 (17) 8 (9)

1.1-2.0 741 (53) 324 (55) 180 (54) 109 (45) 30 (58) 44 (54) 54 (61)

2.1-3.0 348 (25) 153 (26) 75 (22) 74 (30) 9 (17) 15 (19) 22 (25)

3.1-4.0 91 (7) 33 (6) 22 (7) 21 (9) 2 (4) 8 (10) 5 (6)

≥4.1 20 (1) 5 (1) 6 (2) 9 (4) 0 0 0

Unknown 1 1 0 0 0 0 0

Histologic grade

Low 89 (7) 34 (6) 22 (7) 17 (7) 1 (2) 5 (6) 10 (11)

Intermediate 590 (43) 269 (46) 146 (45) 90 (38) 26 (55) 26 (33) 33 (38)

High 681 (50) 277 (48) 160 (49) 132 (55) 20 (43) 48 (61) 44 (51)

Unknown 29 9 6 5 5 2 2

ER expression

Negative 40 (3) 17 (3) 10 (3) 10 (4) 1 (2) 2 (2) 0

Positive 1349 (97) 572 (97) 324 (97) 234 (96) 51 (98) 79 (98) 89 (100)

PgR expression

Negative 405 (30) 177 (32) 75 (23) 81 (33) 15 (29) 30 (38) 27 (30)

Positive 948 (70) 381 (68) 257 (77) 161 (67) 37 (71) 50 (62) 62 (70)

Unknown 36 31 2 2 0 1 0

Clinical risk

Low 589 (43) 256 (44) 149 (45) 90 (38) 26 (55) 31 (39) 37 (43)

High 770 (57) 323 (56) 179 (55) 149 (62) 21 (45) 48 (61) 50 (57)

Unknown 30 10 6 5 5 2 2

Primary surgery

Breast conservation 1021 (74) 442 (75) 249 (75) 174 (71) 38 (73) 61 (75) 57 (64)

Mastectomy 368 (26) 147 (25) 85 (25) 70 (29) 14 (27) 20 (25) 32 (36)

Postoperative radiation therapy

Yes 1300 (94) 387 (66) 213 (64) 157 (64) 31 (60) 40 (49) 28 (31)

No/unknown 89 (6.4) 202 (34) 121 (36) 87 (36) 21 (40) 41 (51) 61 (69)

Recurrence score

Median (range) 32 (26-87) 32 (26-81) 32 (26-72) 36 (26-87) 30 (26-64) 32 (26-64) 29 (26-77)

IQR (28-40) (28-39) (28-37) (30-48) (28-35) (28-40) (27-35)

(continued)
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0.29-0.80) for IDFS, suggesting inferior outcomes for those
with a high RS of 26 to 100 who did not receive chemo-
therapy as assigned.

If the analysis was restricted to the 1300 patients who re-
ceived adjuvant chemotherapy, the rate of freedom from re-
currence of breast cancer at a distant site at 5 and 9 years was
93.0% (SE, 0.8%) and 86.8% (SE, 1.7%), respectively. For the
546 patients (42%) with an RS of 26 to 30, the rates were 94.6%

(SE, 1.1%) and 88.5% (SE, 2.5%) at 5 and 9 years, respectively.
For the 754 patients (58%) who had an RS of 31 to 100, the rates
were 91.9 (SE, 1.1%) and 85.5% (SE, 2.5%) at 5 and 9 years, re-
spectively. Invasive disease-free survival rates at 5 and 9 years
were 88.1% (SE, 1.0%) and 76.2% (SE, 2.3%) in the overall popu-
lation, 90.5% (SE, 1.4%) and 78.0% (SE, 3.4%) in the RS 26 to
30 group, and 86.3% (SE, 1.4%) and 74.8% (SE, 3.1%) in the RS
31 to 100 group.

Table 1. Characteristics of Patients in the Recurrence Score 26 to 100 Cohort Assigned to Chemotherapy Stratified by Chemotherapy Regimen
in the Intention-to-Treat Population (continued)

Study Arm

No. (%)

Total

Taxane and
Cyclophos-
phamide

Anthracycline
Without Taxane

Anthracycline
Plus Taxane CMF Other

No
Chemotherapy

Mean (SD) 35.2 (9.8) 34.6 (9.4) 33.9 (8.2) 39.3 (11.8) 32.7 (7.7) 35.4 (9.4) 33.5 (10.3)

26-30 598 (43) 267 (45) 147 (44) 70 (29) 30 (58) 32 (40) 52 (58)

31-35 315 (23) 133 (23) 86 (26) 49 (20) 10 (19) 21 (26) 16 (18)

36-40 158 (11) 59 (10) 44 (13) 35 (14) 6 (12) 8 (10) 6 (7)

41-50 202 (15) 91 (15) 40 (12) 48 (20) 4 (8) 12 (15) 7 (8)

51-100 116 (8) 39 (7) 17 (5) 42 (17) 2 (4) 8 (10) 8 (9)

Endocrine Therapy

Premenopausal

AI 41 (10) 13 (8) 7 (8) 13 (13) 0 5 (20) 3 (12)

OFS 21 (5) 4 (3) 7 (8) 8 (8) 0 1 (4) 1 (4)

OFS and AI 31 (8) 13 (8) 6 (7) 10 (10) 0 1 (4) 1 (4)

Tam 177 (43) 77 (49) 35 (38) 39 (39) 5 (50) 10 (40) 11 (46)

Tam and AI 117 (29) 48 (30) 33 (36) 21 (21) 4 (40) 7 (28) 4 (17)

Other 1 (<1) 0 1 (1) 0 0 0 0

None reported 19 (5) 3 (2) 2 (2) 8 (8) 1 (10) 1 (4) 4 (17)

Postmenopausal

AI 695 (71) 320 (74) 165 (68) 99 (68) 30 (71) 38 (68) 43 (66)

Other 256 (26) 105 (24) 73 (30) 39 (27) 10 (24) 12 (21) 17 (26)

None reported 31 (3) 6 (1) 5 (2) 7 (5) 2 (5) 6 (11) 5 (8)

Abbreviations: AI, aromatase inhibitor; ER, estrogen receptor; IQR, interquartile range; OFS, ovarian function suppression; PgR, progesterone receptor;
tam, tamoxifen.

Table 2. Kaplan-Meier Estimates of Clinical Outcomes at 5 Years for Patients With a Recurrence Score of 26 to 100 Assigned to Chemotherapy
Stratified by Adjuvant Chemotherapy Regimen in the Intention-to-Treat Populationa

Variable

Mean (SE) [95% CI]

All Patients
Taxane and
Cyclophosphamide

Anthracycline
Without Taxane

Anthracycline
and Taxane CMF Other

No
Chemotherapy

No. 1389 589 334 244 52 81 89

Invasive
disease-free
survival

87.6 (1.0)
[85.5-89.4]

88.1 (1.5)
[84.8-90.8]

87.4 (2.0)
[83-90.8]

88.6 (2.3)
[83.2-92.3]

84 (5.6)
[69.3-92.1]

91.3 (3.4)
[81.5-96]

79.7 (4.9)
[67.9-87.5]

Freedom from
recurrence of
breast cancer at
a distant site

93.0 (0.8)
[91.4-94.4]

92.7 (1.2)
[90-94.7]

92.3 (1.6)
[88.5-94.9]

95.1 (1.5)
[91-97.3]

88.5 (4.8)
[74.6-95.1]

95.5 (2.5)
[86.8-98.5]

92.8 (3.1)
[83.6-97]

Freedom from
recurrence of
breast cancer at
a distant or
local-regional
site

91.0 (0.8)
[89.1-92.5]

91.0 (1.3)
[88-93.2]

90.1 (1.8)
[86-93]

93.6 (1.7)
[89.1-96.2]

88.7 (4.8)
[74.9-95.1]

95.5 (2.5)
[86.8-98.5]

84 (4.5)
[72.8-90.8]

Overall survival 95.9 (0.6)
[94.6-96.9]

95.8 (0.9)
[93.6-97.2]

96.7 (1.0)
[93.9-98.2]

97.2 (1.1)
[93.8-98.7]

90.1 (4.7)
[75.8-96.2]

97.2 (2.0)
[89.2-99.3]

90.7 (3.7)
[80.3-95.7]

Abbreviation: CMF, cyclophosphamide/methotrexate/5-fluorouracil.
a Five-year Kaplan-Meier estimates (percent), standard error, and 95% confidence intervals shown.
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Estimation of Expected Outcomes If Treated
With Endocrine Therapy Alone
The expected rate of distant recurrence in this cohort if treated
with endocrine therapy alone was estimated by combining pa-
tient-specific distant recurrence risk information with patient-
specific chemotherapy benefit information from the ERBB2-
negative cohort of NSABP B20.4 Using this estimation method,
the expected rates of freedom from distant recurrence with-
out adjuvant chemotherapy in this cohort were 78.8% (SE,
14.0%) at 5 years and 65.4% (SE, 10.4%) at 9 years. For those
with an RS of 26 to 30, the expected rates at 5 and 9 years were
89.6% (SE, 9.2%) and 80.6% (SE, 7.0%), and for those with an
RS of 31 to 100 were 70.7% (SE, 17.9%) and 54% (SE, 13.8%),
respectively.

Discussion
In this secondary analysis of a prospective clinical trial includ-
ing 1389 women with hormone-receptor-positive, ERBB2-
negative, axillary node-negative breast cancer, and a high 21-
gene RS of 26 to 100 assigned to receive adjuvant chemotherapy,
the estimated 5-year rate of freedom from recurrence of breast
cancer at a distant site were 93.0% (SE, 0.8%) and 86.8% (SE,
1.7%), respectively. These findings were highly consistent with
a comparable population with ERBB2-negative disease in the
B20 trial treated with methotrexate and 5-fluorouracil with or
without cyclophosphamide (88% at 10 years),4 and substan-
tially better than similar patients treated with tamoxifen alone
in the prospective validation studies of the 21-gene assay in the
B20 cohort (62% at 10 years)4 and B14 cohort (70% at 10 years).1

Outcomes were also similar in patients enrolled in TAILORx trial
with an RS of 0 to 107 and 11 to 256 treated with endocrine
therapy alone compared with the B20 cohort,5 supporting the
use of outcomes from the B20 trial in planning TAILORx. In ad-
dition, the projected rates of freedom from recurrence of breast

cancer at a distant site in this population if treated with endo-
crine therapy alone was estimated to be 78.8% (SE, 14.0%) at 5
years and 65.4% (SE, 10.4%) at 9 years when simulating out-
comes based on the treatment effect of chemotherapy noted in
the ERBB2-negative cohort of the B20 trial,4 providing addi-
tional evidence that the outcomes when treated with chemo-
endocrine therapy were better than expected with endocrine
therapy alone in this population.

For IDFS, an end point that also includes localregional re-
currences, contralateral breast cancer, other second primary can-
cers, and deaths from other causes, the estimated 5- and 9-year
IDFS rates were 87.6% (SE, 1.0%) and 75.7% (SE, 2.2%). Taken
together with information regarding distant recurrence rates,
these findings indicate that about one-half of all events in this
population included events other than distant recurrence.

Strengths and Limitations
Strengths of this analysis include the prospective nature of the
trial and treatment assignment; the large sample size of the
high-RS cohort assigned to chemotherapy (n = 1389) relative
to the prior B20 validation study (n = 122)4; the high compli-
ance rate to assigned chemotherapy (94%); the use of sys-
temic adjuvant therapies reflecting current clinical practice,10

including aromatase inhibitors rather than tamoxifen in
postmenopausal women, and use of second- and third-
generation chemotherapy regimens, including anthracy-
clines and/or taxanes, in most patients.10 Limitations include
the lack of randomization to endocrine therapy alone to pro-
spectively confirm an interaction between chemotherapy
benefit and high RS, and the limited follow-up and conse-
quent potential for bias in reporting events beyond 5 years.

Conclusions
Rates of distant recurrence after local therapy reflect the un-
derlying recurrence risk, the benefit from adjuvant endo-
crine therapy, and benefit from adjuvant chemotherapy, the

Figure. Kaplan-Meier Curves for Freedom From Recurrence of Breast Cancer at a Distant Site and Invasive Disease-Free Survival (IDFS)
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latter of which has little impact on nonrecurrence events such
as contralateral breast cancer or second primary cancers.11-13

High RS of 26 to 100 is prognostic not only for high distant re-
currence rates of approximately 30% at 10 years when treated
with endocrine therapy alone, but also greater effectiveness

of chemotherapy in reducing the risk of distant recurrence. The
findings from this analysis add to the evidence base support-
ing the use of the 21-gene RS assay to guide the use of adju-
vant chemotherapy in patients with hormone receptor–
positive, ERBB2-negative, axillary node-negative breast cancer.
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