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Abstract
The present study was performed to evaluate the significance of biologic subtype and 21-gene
recurrence score relative to local recurrence and local–regional recurrence after breast
conservation treatment with radiation. Eastern Cooperative Oncology Group E2197 was a
prospective randomized clinical trial that compared two adjuvant systemic chemotherapy
regimens for patients with operable breast carcinoma with 1–3 positive lymph nodes or negative
lymph nodes with tumor size >1.0 cm. The study population was a subset of 388 patients with
known 21-gene recurrence score and treated with breast conservation surgery, systemic
chemotherapy, and definitive radiation treatment. Median follow-up was 9.7 years (range = 3.7–
11.6 years). The 10-year rates of local recurrence and local–regional recurrence were 5.4 % and
6.6 %, respectively. Neither biologic subtype nor 21-gene Recurrence Score was associated with
local recurrence or local–regional recurrence on univariate or multivariate analyses (all P ≥ 0.12).
The 10-year rates of local recurrence were 4.9 % for hormone receptor positive, HER2-negative
tumors, 6.0 % for triple negative tumors, and 6.4 % for HER2-positive tumors (P = 0.76), and the
10-year rates of local–regional recurrence were 6.3, 6.9, and 7.2 %, respectively (P = 0.79). For
hormone receptor positive tumors, the 10-year rates of local recurrence were 3.2, 2.9, and 10.1 %
for low, intermediate, and high 21-gene recurrence score, respectively (P = 0.17), and the 10-year
rates of local–regional recurrence were 3.8, 5.1, and 12.0 %, respectively (P = 0.12). For hormone
receptor- positive tumors, the 21-gene recurrence score evaluated as a continuous variable was
significant for local–regional recurrence (hazard ratio 2.66; P = 0.03). The 10-year rates of local
recurrence and local–regional recurrence were reasonably low in all subsets of patients. Neither
biologic subtype nor 21-gene recurrence score should preclude breast conservation treatment with
radiation.

Keywords
Early stage breast carcinoma; Breast conservation treatment; Radiation treatment; 21-Gene
recurrence score; Local recurrence; Local–regional recurrence

Introduction
Gene expression profiling has become an important tool to evaluate the risk for distant
recurrence and survival for patients with early stage breast carcinoma. Recent studies have
demonstrated the value of gene expression profiling, in addition to conventional clinical and
pathologic features of the primary tumor, for predicting the risk of distant metastatic disease
and survival. In contrast, the value of gene expression profiling relative to local recurrence
or local–regional recurrence is an emerging area of research, with limited published data [1–
3]. Further, the value of gene expression profiling relative to local recurrence or local–
regional recurrence beyond conventional clinical and pathologic factors is less well defined.
In an analysis of patients enrolled in the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-14 and B-20 studies, Mamounas et al. [1] reported that the 21-gene
Oncotype DX recurrence score (hereafter referred to as the recurrence score) was associated
with the 10-year rate of local–regional recurrence for patients with estrogen receptor-
positive tumors treated with mastectomy or breast conservation treatment.
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Similarly, recent studies have demonstrated the prognostic value of biologic subtyping
relative to distant recurrence and survival for patients with early stage breast carcinoma.
However, the value of biologic subtyping relative to local recurrence or local–regional
recurrence is also not well defined [4–10]. Combinations of the three tumor markers of
estrogen receptor status, progesterone receptor status, and HER2 status are commonly used
to define biologic subtype, although recognizing the limitations of using tumor markers to
approximate biologic subtype [6–16].

The present study was performed to evaluate the significance of the 21-gene recurrence
score and biologic subtype relative to local recurrence and local–regional recurrence after
breast conservation treatment with definitive radiation for patients enrolled in the
randomized clinical trial performed by the Eastern Cooperative Oncology Group (ECOG)
E2197.

Patients and methods
ECOG E2197 was a prospective randomized clinical trial that was designed to compare the
relative effectiveness of two adjuvant systemic chemotherapy regimens consisting of
doxorubicin plus cyclophosphamide (AC) versus doxorubicin plus docetaxel (AT) [17–20].
Eligible patients were women with operable, histologically confirmed adenocarcinoma of
the breast with either: (1) pathologic involvement of 1–3 axillary lymph nodes; or (2)
pathologically negative axillary lymph nodes with a primary tumor size >1.0 cm. Patients
with hormone receptor-positive tumors also received adjuvant hormonal therapy. Study
details and outcome results have previously been published [17–19].

Of the overall group of women, the subset of 388 patients included in the present analysis
was defined as follows: (1) enrolled in ECOG E2197; (2) known 21-gene Oncotype DX
recurrence score; and (3) primary local–regional treatment using breast conservation
treatment (i.e., breast conservation surgery followed by definitive radiation treatment).
Figure 1 shows the details for defining the study population for the present analysis. ECOG
E2197 protocol specifications included the following: (1) treatment sequence was breast
conservation surgery, followed by adjuvant systemic chemotherapy, and then followed by
definitive radiation treatment; (2) breast conservation surgery included local excision
(lumpectomy) of the primary breast carcinoma with negative margins of resection plus
axillary lymph node staging with a minimum of six lymph nodes removed; and (3) radiation
treatment was delivered according to standard procedures from the treating physician’s
institution. Details regarding the technical radiation treatment delivery were not included as
part of the data collection for the original protocol study.

Local recurrence was defined as recurrence in the treated breast as the first site of
recurrence, with or without simultaneous ipsilateral regional lymph node recurrence and/or
distant metastases. Local–regional recurrence was defined as recurrence in the treated breast
and/or ipsilateral regional lymph nodes as the first site(s) of recurrence, with or without
simultaneous distant metastases. Local recurrences and local–regional recurrences were
reviewed by two physicians (LJS and AR) experienced in breast conservation treatment to
confirm and classify the site(s) of recurrence.

For the patients with local recurrence or local–regional recurrence, the site(s) of first
recurrence were as follows: local only (n = 28); local plus regional (n = 1); local plus distant
(n = 1); regional only (n = 5); or regional plus distant (n = 1). For the analysis of local
recurrence, there were 30 events. For the analysis of local–regional recurrence, there were
36 events.
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Tumors were classified as hormone receptor (HR) positive if estrogen receptor (ER) and/or
progesterone receptor (PR) were positive based on central immunohistochemistry (IHC) [19,
20]. Tumors were classified as HR negative if both ER and PR were negative. HER2 status
and histologic grade were also classified based on central IHC evaluation. Biologic subtypes
of tumors were defined based on combinations of HR status and HER2 status as follows: (1)
HR positive plus HER2 negative; (2) HR negative plus HER2 negative (i.e., triple negative);
or (3) HER2 positive. Details of central pathology evaluation for ECOG E2197 have
previously been reported [19, 20].

Consistent with prior studies, low 21-gene recurrence score was defined as <18,
intermediate as 18–30, and high as ≥31 [1, 18]. Some of the cases in the present study with
known 21-gene recurrence score had HR-negative disease based on prior analyses of the
ECOG E2197 data. In order not to limit the statistical power for the current analysis, these
cases with HR-negative disease have been retained, and the data analysis for 21-gene
recurrence score are reported in two ways: (1) for the overall group of patients; and (2) for
the subset of cases with HR-positive disease.

Owing to the low proportion of recurrences in ECOG E2197, a cohort sampling scheme was
performed with differential sampling of recurrences and non-recurrences within strata
defined by HR status, nodal status, and treatment arm. Detailed description of the cohort
sampling process has previously been described [18–20]. Recurrences with analyzable tissue
available were included, and approximately 3.5 times as many non-recurrences were
randomly sampled within each stratum. Special weighted analysis methods were used to
correct for differential sampling [21]. For comparing characteristics of subsets, raw
proportions would be potentially biased if the subsets were associated with recurrence risk;
therefore, weighted methods with weighting inversely proportional to sampling fractions
were used.

Overall recurrence rates were separated into local recurrence versus non-local recurrence
and local–regional recurrence versus non-local–regional recurrence by cumulative incidence
analyses. Deaths without recurrence and new primary tumors in the opposite breast were
considered to be competing events. Estimates and tests incorporating the weighted sampling
were computed by a multiple imputation approach [22]. Proportional cause-specific hazard
models with censoring follow-up at competing events were used for regression analysis of
multiple factors. Weighted methods were used to estimate the effects test for significance in
these models, with P values from the Wald test [21].

Calculation of the hazard ratio for the continuous 21-gene recurrence score was for a 50
point difference. For the 21-gene recurrence score, the median (range) value was 44 (0–99)
for the overall group of patients. The respective median (range) values based on biologic
subtype were 20 (0–88) for the HR positive, HER2-negative tumors, 56 (16–80) for the
triple negative tumors, and 66 (12–99) for the HER2-positive tumors.

For the 275 patients alive without recurrence, the median follow-up was 9.7 years (mean =
9.5 years; range = 3.7–11.6 years).

Results
Patient, tumor, and treatment characteristics are detailed in Table 1. For the overall group of
388 patients, the 10-year rate of local recurrence was 5.4 %, and the 10-year rate of local–
regional recurrence was 6.6 % (Table 2; Fig. 2).

Neither biologic subtype nor the 21-gene recurrence score was associated with local
recurrence or local–regional recurrence on univariate analyses (all P ≥ 0.12; Table 2; Figs. 3,
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4, 5). The 10-year rates of local recurrence were 4.9 % for HR positive, HER2-negative
tumors, 6.0 % for triple negative tumors, and 6.4 % for HER2-positive tumors (P = 0.76),
and the 10-year rates of local–regional recurrence were 6.3, 6.9, and 7.2 %, respectively (P =
0.79). The 10-year rates of local recurrence and local–regional recurrence were higher for
patients with T1 tumors compared to patients with T2/T3 tumors (both P ≤ 0.03). The 10-
year rates of local recurrence and local–regional recurrence were higher for patients treated
with AT compared to patients treated with AC (both P ≤ 0.07).

The 10-year rates of local recurrence were 3.1, 2.9 and 7.6 % for low, intermediate, and high
21-gene recurrence score, respectively (P = 0.24), and the 10-year rates of local–regional
recurrence were 3.7, 5.1, and 8.7 %, respectively (P = 0.21; Table 2; Fig. 4). Similar results
were seen for the subset of HR-positive tumors (Table 2; Fig. 5). Additional analyses were
performed for the 21-gene recurrence score evaluated as a continuous variable and restricted
to the subset of HR-positive tumors. In this subset, the hazard ratio was borderline
statistically significant for local recurrence (hazard ratio 2.53; 95 % CI 0.94, 6.84; P = 0.07),
and the hazard ratio was statistically significant for local–regional recurrence (hazard ratio
2.66; 95 % CI 1.09, 6.51; P = 0.03).

Analyses according to combinations of patient age and 21-gene recurrence score showed no
statistically significant differences for local recurrence or local–regional recurrence (all P ≥
0.09; Table 3). Similar analyses restricted to the subset of HR positive, HER2-negative
tumors also showed no differences when using the three recurrence score groups (all P ≥
0.21; data not shown). However, analyses restricted to the subset of HR positive, HER2-
negative tumors evaluating the recurrence score as a continuous variable showed significant
results for local recurrence and local–regional recurrence when adjusted for age (both P ≤
0.03; data not shown).

Multivariate analyses for local recurrence and local–regional recurrence were performed
using the variables of chemotherapy arm, patient age, HR status, pathologic axillary lymph
node status, histologic grade, pathologic T stage, biologic subtype, and 21-gene recurrence
score. On multivariate analyses, T stage and chemotherapy arm were statistically significant
(all P ≤ 0.05). Neither biologic subtype, 21-gene recurrence score, nor other variables were
statistically significant (all P ≥ 0.26).

Discussion
The present study has demonstrated reasonably low rates of local recurrence and local–
regional recurrence at 10 years from ECOG E2197, which was a randomized clinical trial
using doxorubicin-based and in approximately half of the patients, also taxane-based
adjuvant systemic chemotherapy. For the overall group of 388 patients, local recurrence was
5.4 % and local–regional recurrence was 6.6 % at 10 years after breast conservation
treatment with definitive radiation (Table 2; Fig. 2). These results for local recurrence and
local–regional recurrence are consistent with other randomized clinical trials and
retrospective clinical studies. Local recurrence and local–regional recurrence were
reasonably low for the overall group of patients as well as for all subgroups of patients
identified. Therefore, no patient subgroup was identified in the current study for which
breast conservation treatment with radiation was contraindicated, including patient
subgroups based on biologic subtype or 21-gene recurrence score.

The only subgroups identified in the current study with 10-year rates of local recurrence or
local–regional recurrence >10 % were: (1) HR-positive tumors with a high 21-gene
recurrence score; (2) HR positive, HER2-negative tumors with a high 21-gene recurrence
score; and (3) patients age ≤39 years (Tables 2, 3; Fig. 5). However, the results in these
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subgroups are based on relatively small numbers of patients with correspondingly wide 95
% confidence intervals. Relatively few studies have examined the relationship of biologic
subtype to local recurrence or local–regional recurrence after breast conservation treatment
[4–10]. Many studies, including the present study, have approximated biologic subtype
through the combination of the three tumor markers of ER status, PR status, and HER2
status [6–16]. The use of these three tumor markers to approximate biologic subtype has
practical value in that these tumor markers are commonly available from retrospective data
and guide the selection of targeted adjuvant systemic therapies (e.g., hormonal therapy,
trastuzumab). Some studies have suggested an increased risk of local recurrence or local–
regional recurrence after breast conservation treatment associated with the triple negative
(basal-like) subtype or associated with tumors that are HER2 positive, although these
associations have not been demonstrated uniformly in all studies [4–10, 23]. In the present
study, no statistically significant differences in the 10-year rates of local recurrence or local–
regional recurrence were observed based on biologic subtype (both P ≥ 0.76; Table 2; Fig.
3).

Mamounas et al. [1] evaluated the impact of the 21-gene recurrence score on local–regional
recurrence from the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14
and B-20 studies. The patients in this analysis had node negative, ER-positive breast cancer,
and some of the patients had received adjuvant systemic therapy consisting of tamoxifen
with or without adjuvant systemic chemotherapy. Systemic chemotherapy consisted of either
cyclophosphamide, methotrexate, and 5-flourouracil (CMF) or methotrexate and 5-
flourouracil (MF) with leucovorin rescue. For the patients treated with chemotherapy (CMF
or MF) plus tamoxifen, the 10-year rates of local– regional recurrence for low, intermediate,
and high 21-gene recurrence score were 1.6, 2.7, and 7.8 %, respectively (P = 0.028). For
the patients treated with tamoxifen (without chemotherapy) and either by mastectomy or
breast conservation treatment, the 21-gene recurrence score was an independent predictor of
local–regional recurrence on multivariate analysis (hazard ratio 2.16; P = 0.005).

For the subgroup of 390 patients treated with lumpectomy, breast radiation, and tamoxifen,
Mamounas et al. reported an interaction of the 21-gene recurrence score with patient age [1].
After breast conservation treatment, the 10-year rates of local–regional recurrence for
patients age <50 years were 12.5 % for low 21-gene recurrence score, 27.7 % for
intermediate recurrence score, and 26.5 % for high recurrence score. However, the 10-year
rates of local–regional recurrence for patients age ≥50 years were low regardless of 21-gene
recurrence score (3.6, 3.7 and 4.8 %, respectively).

There are currently no data indicating that biologic markers can identify a subgroup of
patients for whom breast conservation treatment is not indicated when using contemporary
systemic therapies. The present study has therefore analyzed the potential role of the 21-
gene recurrence score and biologic subtype in a randomized clinical trial using
contemporary systemic chemotherapy and hormonal therapy.

In the present study, the rates of local recurrence and local–regional recurrence were higher
with increasing 21-gene recurrence score, although these did not achieve statistical
significance on univariate and multivariate analyses (Table 2; Figs. 4, 5). Similarly, for the
subset of patients with HR-positive tumors, a trend was seen for higher 10-year rates of local
recurrence and local–regional recurrence with increasing 21-gene recurrence score, although
also not statistically significant. For the subset of HR-positive tumors, evaluation of the 21-
gene recurrence score as a continuous variable showed a statistically significant hazard ratio
for local–regional recurrence (hazard ratio 2.66; P = 0.03).
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The results from the present study are consistent with a possible effect of biologic subtype
based on 21-gene recurrence score, given that the 21-gene recurrence score was designed
and validated in the setting of patients with HR-positive tumors who were treated with
hormonal therapy. However, the magnitude of the differences between the recurrence score
groups may be reduced in patients receiving contemporary adjuvant systemic treatment,
including doxorubicin-based chemotherapy, taxane-based chemotherapy, and for HR-
positive tumors, hormonal therapy. In addition, the magnitude of these differences may be
further reduced due to a greater sensitivity of tumors with high 21-gene recurrence score to
cytotoxic chemotherapy [24, 25].

Adjuvant systemic chemotherapy and adjuvant hormonal treatment have both been shown to
reduce local recurrence and local–regional recurrence in numerous studies. Retrospective
studies have documented improvements in local recurrence and local–regional recurrence
associated with improvements in patient selection and treatment techniques over time [26,
27]. In the study by Mamounas et al. [1], adjuvant tamoxifen and chemotherapy reduced the
risk of local–regional recurrence within each recurrence score subgroup (low, intermediate,
and high) in comparison to placebo-treated patients.

The rate of local–regional recurrence was 10.1 % for patients age ≤39 years (Table 2).
However, patient age did not achieve statistical significance for local recurrence or local–
regional recurrence (both P ≥ 0.50). Nonetheless, there is a trend, which is not statistically
significant, toward increasing local recurrence and local–regional recurrence in the younger
age population, consistent with other studies. The lack of statistical significance may be
secondary to the relatively small number of patients in the youngest age group (n = 43 for
age ≤39 years).

The factors identified in the present study as statistically significantly associated with local
recurrence and local– regional recurrence on both univariate and multivariate analyses were
T stage and adjuvant systemic chemotherapy arm (Table 2). In the current study, the local
recurrence and local–regional recurrence rates were higher for T1 tumors in comparison
with T2/T3 tumors, which is in contrast to other reported studies. There is no clear
explanation for the finding that the local recurrence and local–regional recurrence rates were
higher for T1 tumors in comparison to T2/T3 tumors and for patients treated with AT in
comparison to AC. No imbalance or other factors were found to explain these differences.
One possible explanation is that these results are false positive findings associated with the
play of chance.

There are several limitations of the present study. First, the numbers of patients in some of
the subsets were relatively small with correspondingly wide 95 % confidence intervals.
Second, the patients treated in the present study predated the era of adjuvant trastuzumab for
HER2-positive tumors, although only 15 % of the tumors in the present study were HER2
positive (Table 1). The addition of trastuzumab for HER2-positive tumors has been
associated with a reduction in local recurrence [28, 29]. Third, biologic subtype was
approximated based on the combination of three tumor markers of ER status, PR status, and
HER2 status, although recognizing the limitations of this approximation. Finally, patients in
the present study represent a subset of the overall population of patients included in the
original E2197 study (Fig. 1).

In summary, the present study has demonstrated reasonably low 10-year rates of local
recurrence and local– regional recurrence for patients in a randomized clinical trial using
doxorubicin-based and for approximately half of the patients, also taxane-based adjuvant
systemic chemotherapy. The current analysis identified no subgroup of patients for which
breast conservation treatment was contraindicated, including subgroups based on biologic
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subtype and the 21-gene recurrence score. On the basis of the current analysis, neither
biologic subtype nor the 21-gene recurrence score should preclude breast conservation
treatment with radiation.
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Fig. 1.
CONSORT-style flow diagram for study numbers. CONSORT consolidated standards of
reporting trials, RS recurrence score (i.e., 21-gene recurrence score), qRT-PCR quantitative
reverse transcription polymerase chain reaction, RT radiation treatment
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Fig. 2.
Local–regional recurrence after breast conservation treatment with radiation for the overall
group of 388 patients. LRR local– regional recurrences
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Fig. 3.
Local–regional recurrence after breast conservation treatment with radiation according to
biologic subtype for the overall group of 388 patients. The difference between the three
curves was not statistically different (P = 0.79). HR hormone receptor, LRR local– regional
recurrences
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Fig. 4.
Local–regional recurrence after breast conservation treatment with radiation according to the
21-gene recurrence score for the overall group of 388 patients. The difference between the
three curves was not statistically different (P = 0.21). RS recurrence score (i.e., 21-gene
recurrence score), LRR local–regional recurrences
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Fig. 5.
Local–regional recurrence after breast conservation treatment with radiation according to
21-gene recurrence score for the subset of 219 patients with hormone receptor positive
tumors. The difference between the three curves was not statistically different (P = 0.12). RS
recurrence score (i.e., 21-gene recurrence score), LRR local–regional recurrences
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Table 1

Patient, tumor, and treatment characteristics for the overall group of 388 patients

Characteristic Biologic subtype Total No. (%)a

HR positive,
HER2 negative,

No. (%)a

HR negative,
HER2 negative

No. (%)a

HER2 positive
No. (%)a

Overall 187 (100) 143 (100) 58 (100) 388 (100)

Age (years)

 ≤39 12 (7) 27 (20) 4 (6) 43 (11)

 40–49 50 (24) 57 (41) 20 (38) 127 (32)

 50–59 83 (46) 38 (26) 21 (38) 142 (39)

 ≥60 42 (22) 21 (14) 13 (17) 76 (19)

Menopausal status

 Premenopausal 80 (41) 85 (59) 24 (47) 189 (48)

 Postmenopausal 107 (59) 58 (41) 34 (53) 199 (52)

T stage

 T1 120 (66) 69 (52) 29 (53) 218 (60)

 T2 66 (34) 72 (47) 29 (47) 167 (40)

 T3 1 (1) 2 (1) 0 (0) 3 (1)

Pathologic axillary lymph node status

 Node negative 93 (54) 112 (85) 36 (72) 241 (66)

 Node positive 94 (46) 31 (15) 22 (28) 147 (34)

 1 positive 50 (25) 23 (11) 17 (22) 90 (20)

 2 positive 31 (15) 7 (3) 3 (4) 41 (9)

 3 positive 13 (6) 1 (1) 2 (2) 16 (4)

Histologic grade

 Low 41 (25) 2 (2) 1 (2) 44 (14)

 Intermediate 86 (48) 13 (10) 12 (25) 111 (32)

 High 60 (28) 128 (88) 45 (73) 233 (54)

Estrogen receptor status

 Positive 161 (89) 0 (0) 30 (60) 191 (56)

 Negative 26 (11) 143 (100) 28 (40) 197 (44)

Progesterone receptor status

 Positive 178 (95) 0 (0) 25 (53) 203 (59)

 Negative 9 (5) 143 (100) 33 (47) 185 (41)

HER2 status

 Positive 0 (0) 0 (0) 58 (100) 58 (15)

 Negative 187 (100) 143 (100) 0 (0) 330 (85)

Adjuvant systemic chemotherapy

 AC 83 (48) 73 (48) 36 (67) 192 (51)

 AT 104 (52) 70 (52) 22 (33) 196 (49)

Adjuvant hormonal treatment

 Yes 157 (88) 27 (24) 30 (58) 214 (63)
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Characteristic Biologic subtype Total No. (%)a

HR positive,
HER2 negative,

No. (%)a

HR negative,
HER2 negative

No. (%)a

HER2 positive
No. (%)a

 No/unknown 30 (12) 116 (76) 28 (42) 174 (37)

21-gene recurrence score

 Low (<18) 82 (47) 1 (1) 4 (11) 87 (27)

 Intermediate (18–30) 63 (34) 0 (0) 4 (11) 67 (20)

 High (≥31) 42 (19) 142 (99) 50 (77) 234 (53)

Biologic subtype

 HR positive, HER2 negative 187 (100) – – 187 (53)

 HR negative, HER2 negative – 143 (100) – 143 (32)

 HER2 positive – – 58 (100) 58 (15)

a
Raw count and weighted distribution percent

AC doxorubicin plus cyclophosphamide, AT doxorubicin plus docetaxel, HR hormone receptor
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