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A B 8§ T R A C T

Purpose
The 21-gene OncotypeDX recurrence score (RS) assay quantifies the risk of distant recurrence in

tamoxifen-treated patients with node-negative, estrogen receptor (ER)—positive breast cancer. We
investigated the association between RS and risk for locoregional recurrence (LRR) in patients with
node-negative, ER-positive breast cancer from two National Surgical Adjuvant Breast and Bowel
Project (NSABP) trials (NSABP B-14 and B-20).

Patients and Methods

RS was available for 895 tamoxifen-treated patients (from both trials), 355 placebo-treated patients
(from B-14), and 424 chemotherapy plus tamoxifen-treated patients (from B-20). The primary end
point was time to first LRR. Distant metastases, second primary cancers, and deaths before LRR
were censored.

Results
In tamoxifen-treated patients, LRR was significantly associated with RS risk groups (P < .001).

The 10-year Kaplan-Meier estimate of LRR was 4.3% (95% Cl, 2.3% to 6.3%) for patients with
alow RS (< 18), 7.2% (95% CI, 3.4% to 11.0%) for those with intermediate RS (18-30), and
15.8% (95% CI, 10.4% to 21.2%) for those with a high RS (> 30). There were also significant
associations between RS and LRR in placebo-treated patients from B-14 (P = .022) and in
chemotherapy plus tamoxifen—treated patients from B-20 (P = .028). In multivariate analysis,
RS was an independent significant predictor of LRR along with age and type of ini-
tial treatment.

Conclusion

Similar to the association between RS and risk for distant recurrence, a significant association
exists between RS and risk for LRR. This information has biologic consequences and potential
clinical implications relative to locoregional therapy decisions for patients with node-negative and
ER-positive breast cancer.
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quantifies risk of distant recurrence in patients with
node-negative, estrogen receptor (ER)—positive,

Gene expression profiling has emerged as a useful
tool for assessing risk of distant recurrence in
patients with early-stage breast cancer and has
provided additional information to that obtained
from traditional histopathologic factors and bio-
markers.' Several gene expression signatures have
been reported to predict risk of distant recurrence in
both untreated patients and those treated with hor-
mone therapy and/or chemotherapy.'

The 21-gene recurrence score (RS) assay (On-
cotypeDX; Genomic Health Inc, Redwood City, CA)

tamoxifen-treated breast cancer and has been vali-
dated in two independent data sets.” Recently, the
RS was also shown to significantly predict benefit
from adjuvant cyclophosphamide, methotrexate,
and fluorouracil chemotherapy in node-negative,
ER-positive patients in the National Surgical Adju-
vant Breast and Bowel Project (NSABP) B-20 trial
and benefit from adjuvant cyclophosphamide,
doxorubicin, and fluorouracil chemotherapy in
node-positive, hormone receptor—positive patients
in the Southwest Oncology Group 8814 trial.** Both
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NSABP B-14 NSABP B-20
Randomly Registered Randomly
assigned (n=1,235) assigned
(n=2,892) (n=2,363)

Ineligible/no Ineligible/no
follow-up foIIow -up
(n =99) (n =64)

Clinically eligible Clinically eligible
with follow-up with follow-up
(n =4,028) (n =2,299)
No blocks No blocks
available available
(n=2,992) (n=1,629)
Blocks with Blocks with
sufficient IBC sufficient IBC
(n=1,034) (n =670)
successful successful
RT PCR RT-PCR
(n=11) (n=19)
Included in Included in
analysis analysis
(n=1,023) (n=651)

TAM treated

TAM treated

Fig 1. CONSORT diagram for patients
from the National Surgical Adjuvant Breast
and Bowel Project (NSABP) B-14 and
B-20 trials. (*) Methotrexate and fluorouracil
with leucovorin rescue (MFT): 203 pa-
tients; tamoxifen plus cyclophosphamide,
methotrexate, and fluorouracil (CMFT): 221
patients. IBC, invasive breast cancer; RT-
PCR, reverse transcription polymerase
chain reaction; TAM, tamoxifen; chemo,
chemotherapy.

(n =668) (n=227)
Placebo Total TAM TAM + chemo
treated treated treated
(n =355) (n =895) (n = 424)*

American Society of Clinical Oncology and National Comprehensive
Cancer Network guidelines have included the RS in the management
of node-negative, ER-positive breast cancer.'!!

Locoregional recurrence (LRR) is a significant predictor of dis-
tant recurrence.'>'® All types of LRR (ipsilateral breast tumor recur-
rence, chest wall recurrence, and regional nodal recurrence) have been
associated with a significant increase in risk for subsequent distant
recurrence, although the magnitude of risk varies depending on the
type of LRR.'>"?

Despite significant progress in identifying genomic profiles asso-
ciated with risk of distant recurrence, risk assessment for LRR is still
primarily based on traditional anatomic and histopathologic factors
(such as tumor size, grade, pathologic nodal status, and lymphovascu-
lar invasion). Given the strong association between LRR and distant
recurrence, we and others have hypothesized that genomic profiles
that predict risk for distant recurrence will also predict risk for
LRR.'"*'® The primary objective of this study was to examine the
relationship between the RS and risk of LRR in tamoxifen-treated
patients (as evidenced in patients from the NSABP B-14 and B-20
trials). As secondary objectives, we examined the relationship in
placebo-treated patients (from NSABP B-14) and in chemotherapy
plus tamoxifen-treated patients (from NSABP B-20).

Patient Population
Detailed information on the design, patient eligibility, treatment regi-
mens, and outcome results from the two trials has been published.”'20 In
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short, between January 1982 and January 1988, 2,892 patients who were node
negative and ER positive were randomly assigned in NSABP trial B-14 to 5
years of placebo or 5 years of tamoxifen. Between January 1988 and October
1988, 1,235 additional patients were registered to 5 years of tamoxifen to later
address a tamoxifen duration question (10 v 5 years). Of 4,127 patients in the
B-14 trial, 4,028 were clinically eligible with follow-up. Blocks containing
sufficient invasive breast cancer were available for 1,034 patients. In the re-
maining patients, blocks were either never obtained by the NSABP or were
exhausted from use in prior studies. Reverse transcription polymerase chain
reaction (RT-PCR) was successful in 1,023 (99%) of the blocks, providing RS
information on 668 tamoxifen-treated patients (290 randomly assigned and
378 registered) and 355 placebo-treated patients (CONSORT Figure 1).

Between October 1988 and March 1993, 2,363 node-negative, ER-
positive patients were randomly assigned in B-20 to tamoxifen alone or
tamoxifen plus either cyclophosphamide, methotrexate, and fluorouracil or
sequential methotrexate and fluorouracil with leucovorin rescue. Of 2,363
patients in trial B-20, 2,299 were clinically eligible with follow-up. Blocks
containing sufficient invasive breast cancer were available for 670 patients.
RT-PCR was successful in 651 of the blocks (97%), providing RS information
on 227 tamoxifen-treated and 424 chemotherapy plus tamoxifen—treated pa-
tients (methotrexate and fluorouracil with leucovorin rescue: 203 patients;
tamoxifen plus cyclophosphamide, methotrexate, and fluorouracil: 221 pa-
tients; Fig 1).

Because there was no significant difference in clinical outcomes between
tamoxifen-treated patients in B-14 and B-20, we prespecified that the
tamoxifen-only arms from these trials would be combined for the primary
analyses. Similarly, since there were no outcome differences between the two
chemotherapy plus tamoxifen arms in B-20, we prespecified that these two
arms would be combined for the primary analyses. As a result, the tamoxifen-
treated group included 895 patients (668 from B-14 and 227 from B-20) and
the chemotherapy plus tamoxifen—treated group included 424 patients from
B-20 (Fig1).
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Study Design and End Points

Patients were eligible for the present analysis if they were eligible with
follow-up, if a tumor block was available in the NSABP tumor bank, and if
successful assessment of RS had been previously performed. Exclusion criteria
included insufficient tumor (< 5% of the overall tissue) as assessed by histo-
pathology, insufficient RNA (< 0.5 ug), or weak RT-PCR signal (average
cycling threshold for the reference genes > 35).

Patients in both trials had lumpectomy plus axillary node dissection or
modified radical mastectomy as their surgical procedure. All lumpectomy-
treated patients were required per protocol to receive standard breast irradia-
tion. However, chest wall irradiation after mastectomy was not allowed per
protocol. Similarly, regional nodal irradiation was not allowed, irrespective of
surgical procedure. As a result, there were two types of initial locoregional (LR)
treatment in the two trials: lumpectomy plus breast irradiation (L + XRT)
or mastectomy.

In both trials, ER/progesterone receptor were measured by ligand-
binding assay. For the 668 tamoxifen-treated B-14 patients in the RS validation
study, tumor grade was independently determined by an NSABP pathologist
and two board-certified pathologists (from Stanford University and Univer-
sity of California, San Francisco) using the Elston modification of the Bloom-
Richardson grading criteria. Since all three tumor grade ratings were highly
associated with risk of distant recurrence with only modest concordance
between readings, the tumor grade rating used in the analyses was the one
whose association with risk of distant recurrence was neither the strongest
nor the weakest of the three. Tumor grades for the 355 B-14 placebo patients
and the 424 chemotherapy plus tamoxifen B-20 patients were also determined
by the same pathologist.

The primary prespecified end point for this analysis of LRR was defined
as time from study entry to ipsilateral breast tumor recurrence (after L+XRT),
local chest wall recurrence (after mastectomy), and regional nodal recurrence
(after either initial LR treatment). Occurrence of contralateral breast cancer,
other second primary cancers, distant recurrence, and death before LRR were
considered censoring events. The cutoff points for the RS were those that were
prespecified before the performance of the validation study of the RS,” which
categorized patients into low RS (< 18), intermediate RS (18-30), and high RS
(= 31) groups.

The study was approved by the Essex institutional review board (IRB;
NJ), the Allegheny General Hospital IRB (PA), and the University of Pitts-
burgh IRB (PA).

Sample Preparation, Genes, RS Algorithm

Information on patient eligibility for inclusion in the development and
validation of the RS, methods of RNA extraction, the RT-PCR methodology
used and the genes included in the RS have been previously published in detail®
and are summarized in short in the online-only Appendix.

Statistical Analysis

The log-rank test was used as the primary analysis to assess the associa-
tion between the RS categories (low, intermediate, and high) and time to LRR.
Kaplan-Meier estimates were used to determine proportions of LRR in patient
subgroups. Cox proportional hazards models were utilized to examine the
association between RS and risk of LRR, adjusting for other clinical variables,
such as age, clinical tumor size, tumor grade, and type of initial LR treatment
(mastectomy v L + XRT). The likelihood ratio test was used for testing the
significance of such association by comparing the reduced model that ex-
cluded the RS to the full model that included the RS, in addition to clinical
variables, such as age, clinical tumor size, tumor grade, and type of initial LR
treatment. A P value less than .05 for the likelihood ratio test was consid-
ered significant.

Patient Demographics
In trial B-14, the distributions of demographic, clinical, and treat-
ment characteristics were similar between the 1,023 evaluable patients

WWW.jco.org

with RS information and the 4,028 clinically eligible patients with
follow-up (Appendix Table Al, online only). In B-20, the distribu-
tions of demographic, clinical, and tumor characteristics were also
similar between the 651 evaluable patients with RS information and
the 2,299 clinically eligible patients with follow-up (Appendix Table
A2, online only).

Among the 1,023 evaluable patients from B-14, 509 patients
(49.8%) were in the low RS group, 234 patients (22.9%) in the inter-
mediate RS group, and 280 (27.4%) in the high RS group. Among the
651 evaluable patients from B-20, 353 (54.2%) were in the low RS
group, 134 (20.6%) in the intermediate RS group, and 164 (25.1%) in
the high RS group. Median follow-up time for LRR was 14.8 years for
the 355 B-14 placebo-treated patients, 13.9 years for the 668 B-14
tamoxifen-treated patients, 10.6 years for the 227 B-20 tamoxifen-
treated patients (12.5 years for all 895 tamoxifen-treated patients),
and 10.3 years for the 424 B-20 chemotherapy plus tamoxifen—
treated patients.

Among the 1,023 evaluable patients from B-14, the 10-year
Kaplan-Meier estimate of the proportion of patients with LRR was
14.9% (95% CI, 10.7% to 19.1%) for patients treated with placebo and
7.7% (95% CI, 5.7% to 10.2%) for those treated with tamoxifen.
Among the 651 evaluable patients from B-20, the respective rates were
7.8% (95% CI, 4.7% to 12.6%) for patients treated with tamoxifen
alone and 3.5% (95% CI, 0.2% to 5.3%) for those treated with chem-
otherapy plus tamoxifen. The tamoxifen groups from B-14 (668 pa-
tients) and B-20 (227 patients) were combined in subsequent analyses.

Type of LRR in Tamoxifen-Treated Patients

Atotal of 73 LRRs were observed as first treatment failure among
the 895 tamoxifen-treated patients. Forty-two (10.8%) of 390 L +
XRT patients and 31 (6.1%) of 505 mastectomy patients experienced
LRR. In L + XRT patients, 88.1% of the LRRs were local (mostly
ipsilateral breast tumor recurrences). In mastectomy patients, 58.1%
ofthe LRRs were local (chest wall and scar). The most common sites of
regional recurrences were the axilla and the supraclavicular area. Two
patients had simultaneously detected local and regional recurrence.
Table 1 provides details on the nature of LRR according to type of
initial treatment.

Association Between RS and LRR in Tamoxifen-
Treated Patients

In the 895 evaluable tamoxifen-treated patients, RS was signifi-
cantly associated with risk of LRR (log-rank test P <<.001). The 10-year

Table 1. Sites of the First Locoregional Recurrence Among Tamoxifen-
Treated Patients From NSABP Trials B-14 and B-20 According to
Type of Initial Treatment (N = 895)

Regional Site
Local Site
Group Local
Type of Initial  Total Chest and
Treatment (No.) IBTR Wall Scar Axilla Supraclavicular Regional

Lumpectomy +
XRT 390 34 3 0 1 3 1

Mastectomy 505 0 17 1 9 3 1

Abbreviations: NSABP, National Surgical Adjuvant Breast and Bowel Project;
IBTR, ipsilateral breast tumor recurrence; XRT, radiation therapy.
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Fig 2. (A) Kaplan-Meier estimates of the proportion of B-14 and B-20 tamoxifen-
treated patients with locoregional recurrence at 10 years according to the three
recurrence score (RS) categories. (B) Kaplan-Meier estimates of the proportion of
B-14 placebo-treated patients with locoregional recurrence at 10 years according
to the three RS categories. (C) Kaplan-Meier estimates of the proportion of B-20
chemotherapy plus tamoxifen-treated patients with locoregional recurrence at 10
years according to the three RS categories.

Kaplan-Meier estimates of the proportion of patients with LRR
were 4.3% (95% CI, 2.3% to 6.3%) for patients with low RS,
7.2% (95% CI, 3.4% to 11%) for those with intermediate RS, and
15.8% (95% CI, 10.4% to 21.2%) for those with high RS (Fig 2A
and Table 2).

1680 © 2010 by American Society of Clinical Oncology

Table 2. Kaplan-Meier Estimates and 95% Cls of the Proportion of Patients
With Locoregional Recurrence at 10 Years for 355 Placebo-Treated Patients
(NSABP B-14), 895 Tamoxifen-Treated Patients (NSABP B-14 andB-20) and
424 Tamoxifen Plus Chemotherapy—Treated Patients (NSABP B-20)
Treatment Group and 10-Year No. of
Recurrence Score  Kaplan-Meier Log-Rank Events/No.
Group Estimate (%) 95% CI P at Risk
Placebo
Low (< 18) 10.8 5.8% to 15.8% .022 19/171
Intermediate (18-30) 20.0 9.9% t0 30.0% 15/85
High (= 31) 18.4 9.5% 10 27.4% 19/99
Tamoxifen
Low (< 18) 4.3 23%t06.3% <.001 24/473
Intermediate (18-30) 7.2 3.4% t0 11.0% 16/194
High (= 31) 15.8 10.4% t021.2% 33/228
Chemotherapy +
tamoxifen
Low (< 18) 1.6 0.0% t0 3.5% .028 4/218
Intermediate (18-30) 2.7 0.0% t0 6.4% 2/89
High (= 31) 7.8 2.6% t0 13.0% 8/117
NOTE. Results are given for all patients and for the pre-specified recurrence
score risk categories.
Abbreviation: NSABP, National Surgical Adjuvant Breast and Bowel Project.

Association Between RS and LRR in Placebo Patients

In the 355 evaluable placebo-treated patients from B-14, RS was
also significantly associated with risk of LRR (log-rank test P = .022).
The 10-year Kaplan-Meier estimates of the proportion of patients
with LRR were 10.8% (95% CI, 5.8% to 15.8%) for patients with low
RS, 20.0% (95% CI, 9.9% to 30.0%) for those with intermediate RS,
and 18.4% (95% CI, 9.5% to 27.4%) for those with high RS (Fig 2B
and Table 2).

Association Between RS and LRR in Chemotherapy
Plus Tamoxifen-Treated Patients

Similarly, in the 424 evaluable chemotherapy plus tamoxifen—
treated patients from B-20, RS was significantly associated with LRR
(log-rank P = .028). The 10-year Kaplan-Meier estimates of the pro-
portion of patients with LRR were 1.6% (95% CI, 0% to 3.5%) for
patients with low RS, 2.7% (95% CI, 0% to 6.4%) for those with
intermediate RS, and 7.8% (95% CI, 2.6% to 13%) for those with high
RS (Fig 2C and Table 2).

Multivariate Cox Regression Analysis in Tamoxifen-
Treated Patients

Based on data from the 895 tamoxifen-treated patients, multivar-
iate Cox regression analysis demonstrated that RS (as a continuous
variable) was significantly associated with risk of LRR. The results of
analysis when including RS as a continuous variable are presented in
Table 3. After adjusting for age, clinical tumor size, type of initial
treatment, and tumor grade, a hazard ratio of 2.16 was associated with
an increment of 50 units in RS (95% CI, 1.26 to 3.68; P = .007). Other
statistically significant variables associated with LRR included age
(= 50 v < 50: hazard ratio, 0.4; P < .001) and type of initial LR
treatment (mastectomy v L+XRT: hazard ratio, 0.62; P = .047).
Interestingly, after the inclusion of RS in the multivariate model,
clinical tumor size and tumor grade did not have a statistically signif-
icantassociation with LRR. The 10-year Kaplan-Meier estimates of the
proportion of LRR for various patient subgroups according to RS and
other clinical variables (age, clinical tumor size, tumor grade, type of
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Table 3. Multivariate Cox Regression Analysis of Predictors of Locoregional
Recurrence in the Cohort of 895 Tamoxifen-Treated Patients From NSABP
Trials B-14 and B-20

Hazard Wald
Variable Ratio 95% Cl Test P
Age (= 50 v < 50) 0.40 0.251t0 0.65 .0002
Mastectomy v L + XRT 0.62 0.39t00.99 .047
Clinical tumor size (> 2 v =2 cm) 0.98 0.61to0 1.59 .933
Tumor grade (moderate v well) 1.10 0.54t0 1.92 113
Tumor grade (poor v well) 1.76 0.891t03.48
Recurrence score* 2.16 1.26 t0 3.68 .005

Abbreviations: L, lumpectomy; XRT, radiation therapy; LRR, locoregional
recurrence; NSABP, National Surgical Adjuvant Breast and Bowel Project.
“Recurrence score was a continuous variable, with the hazard ratio for LRR
calculated relative to an increment of 50 units (chosen to dichotomize the
recurrence score and thus improve comparability of the hazard ratio with the
hazard ratios based on the clinical covariates). The P value for the likelihood
ratio test on RS is .007.

initial treatment) are presented in Figure 3 for the 895 tamoxifen-
treated patients.

Among the 895 tamoxifen-treated patients, 390 underwent L +
XRT, and the 10-year Kaplan-Meier estimates of the proportion with
LRR for the RS low, intermediate, and high groups were: 6.8%, 10.8%,
and 14.6%, respectively (log-rank test, P = .043). Five hundred five
underwent mastectomy, and the 10-year Kaplan-Meier estimates of
the proportion with LRR for the RS low, intermediate, and high
groups were: 2.3%, 4.7%, and 16.8%, respectively (log-rank test,
P <.001). To further explore the risk of LRR by subgroups, Figure 4
shows the 10-year Kaplan-Meier estimates (*+ 95% CI) of the propor-
tion of patients with LRR by RS, type of initial LR treatment, and age.
For patients treated with L + XRT the rates of LRR appeared consid-
erably higher in younger women than in older women compared with

No. of
Subgroup Patients
All patients 895 B
Age (years)
<50 293 —a—
> 50 602 E =
Clinical tumor size
<2cm 564 -
>2cm 331 —+—
Surgery type
Lumpectomy 390 +——
Mastectomy 505 -
Tumor grade
Well differentiated 281 ——
Moderately differentiated 388 |+
Poorly differentiated 223 —a—
RS risk group
Low risk (< 18) 473 -
Intermediate risk (18-30) 194
High risk (> 31) 228 —n—
T T T T T T
0 5 10 15 20 25
Percentage of LRR After 10 Years

Fig 3. Percentage of patients with locoregional recurrence (LRR) at 10 years
according to various subgroups in the 895 tamoxifen-treated patients in
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14/B-20 trials.
RS, recurrence score.
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Mastectomy
RS Low (n=73) |
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RS Low (n=189) e 5
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Lumpectomy + Breast XRT
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<50 Years RS Int. (n=23)
RS High (n =45) e —
RS Low (n=139) ——
> 50 Years RS Int. (n =58) —a—
RS High (n=53) —
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10-Year Kaplan-Meier Estimate
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Fig 4. Ten-year Kaplan-Meier estimates of the proportions of locoregional
recurrence (LRR) according to recurrence score (RS), initial locoregional treat-
ment, and age in the 895 tamoxifen-treated patients in National Surgical Adjuvant
Breast and Bowel Project (NSABP) B-14/B-20 trials. XRT, radiation therapy.

the findings in women treated with mastectomy. In addition, for
patients treated with mastectomy there was a consistent association
between RS and risk of LRR but for those treated with L + XRT, that
association was less straightforward. In the multivariate Cox model
that included age, clinical tumor size, tumor grade, type of initial LR
treatment, RS, and their interaction (Appendix Table A3), the inter-
action between RS risk group and type of initial LR treatment was
statistically significant (P = .036). However, the interaction between
RS, as a continuous variable, and type of initial LR treatment was not
statistically significant (P = .166).

Our study demonstrates that in node-negative, ER-positive,
tamoxifen-treated patients there is a significant association between
the 21-gene RS and risk for LRR, similar to that demonstrated between
RS and distant recurrence in the same group of patients. Given the
strong association between LRR and distant recurrence, our findings
are not surprising. Recognizing that our study is exploratory and
hypothesis generating, and requires independent confirmation by
other datasets (preferably with a prospective design), this is the first
demonstration of such an association based on a sizeable population
of patients from randomized clinical trials of adjuvant therapy.
Similar associations have been reported in smaller studies with
other genomic profiles. Cheng et al'® explored the association
between gene expression profiles and LRR in 94 patients with
breast cancer who underwent mastectomy without radiotherapy.
They identified two sets of gene expression profiles that were indepen-
dent predictors of LRR (one with 258 and another with 34 genes).
They concluded that these gene expression-based predictive indexes
can be used to select patients for postmastectomy radiotherapy. In
contrast, Nuyten et al'® evaluated microarray-based gene expression
profiles with proven value in predicting metastasis-free and overall
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survival (wound-response signature, 70-gene prognosis profile and
hypoxia-induced profile) as predictors of LRR in patients treated with
breast conserving surgery and RT. Only the wound-response signa-
ture (after gene set enrichment analysis) independently separated pa-
tients at high (29%) versus low (5%) risk of LRR at 10 years.

It is interesting that, similarly to the previously shown significant
association between RS and distant recurrence in placebo-treated
patients,”' we also observed a significant, but less robust, association
between RS and LRR in placebo-treated patients. This is not surprising
given that the RS contains genes (such as ER) that are only weakly
prognostic but highly predictive of tamoxifen benefit. In fact, a signif-
icant reduction in distant recurrence was observed with tamoxifen in
B-14 for patients with low and intermediate RS but not in those with
high RS.** Our data also indicate that the RS was significantly associ-
ated with LRR in chemotherapy plus tamoxifen—treated patients, but
again, this association was less robust than that observed in tamoxifen-
treated patients, possibly reflecting a differential effect of chemother-
apy in reducing LRR by RS categories, similar to that shown with
distant recurrence.®

Our exploratory data on LRR according to RS, age, and initial LR
treatment reveal a complex relationship. Results from multivariate
Cox models that include interaction terms suggest that there are sig-
nificant interactions between type of initial LR treatment and RS
group and type of initial LR treatment and patient age after adjusting
for tumor size and tumor grade (Fig 4 and Appendix Table A3).
Interestingly, an interaction between age and type of initial LR treat-
ment is also observed in the entire population of B-14 and B-20
tamoxifen-treated patients (Appendix Tables A4 and A5, online only).

Our results further suggest that in tamoxifen-treated patients
who undergo mastectomy, the association between RS and LRR is
straightforward and independent of age. Patients with low RS had very
low 10-year rates of LRR whether they were younger than 50 years of
age (1.5%) or = 50 years (2.6%). In contrast, the association was less
straightforward in patients treated with L + XRT, where patients
younger than 50 years with a low RS had still a 12.5% 10-year rate of
LRR (mostly in-breast recurrences) versus a rate of 3.6% in those = 50
years with low RS. Whether this difference is the result of chance alone,
undetected synchronous multicentric foci in the premenopausal
breast, lower efficacy of radiation in the younger group, higher rates of
second primary cancers in the ipsilateral breast, or an enhanced ability
of residual cells to grow and proliferate in premenopausal breast tissue
cannot be determined from our data set. One possible explanation for
the apparent different patterns of association between RS and LRR in
mastectomy versus L + XRT-treated patients is that the effect of
radiation may not be uniform across RS categories but that radiation
may be more effective as RS increases. This is also suggested by the two
previously mentioned studies in which genomic profiling appeared to
discriminate better in mastectomy-treated patients (without RT) than
in patients treated with L + XRT.

In summary, similar to the association between RS and risk for
distant recurrence, a significant association also exists between RS and
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for patients with node-negative, ER-positive breast cancer. Although
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