Breast Cancer Res Treat (2010) 124:187-194
DOI 10.1007/s10549-010-1135-1
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Abstract We investigated the association between the
risk of locoregional recurrence (LRR) and biological sub-
types defined by hormonal receptors (HR) and HER-2
status in women with invasive breast cancer (BC). A total
of 618 newly diagnosed BC patients were identified from a
cancer registry within a single institution with standardized
methods of tumor assessment for estrogen receptor (ER),
progesterone receptor (PR), and HER-2. Patients were
stratified based on surgical treatment, breast-conserving
therapy (BCT) versus modified radical mastectomy
(MRM), as well as biological subtypes: HR+/HER-2—
(ER-positive or PR-positive, HER-2-negative), HR+/HER-
2+ (ER-positive or PR-positive, HER-2-positive), HR—/
HER-2+ (ER-negative and PR-negative, HER-2-positive)
and TN (ER-negative, PR-negative and HER-2-negative).
The association between clinicopathological factors, bio-
logical subtype and LRR was evaluated with univariate and
multivariate Cox analysis. With a median follow-up of
4.8 years, the rate of LRR was 7.5%. On multivariate
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analysis, TN, tumor size >2 cm and lymph node (LN)
positivity were associated with increased risk of LRR
(P =0.023, P = 0.048, and P = 0.0034, respectively). In
BCT group, HR—/HER-2+ and LN positivity were asso-
ciated with increased risk of LRR (HR 11.13; 95% CI
2.78-44.53; P = 0.0007 and HR 5.40; 95% CI 1.67-17.43;
P = 0.0048, respectively). In MRM group, TN subtype
and LN positivity were associated with increased risk of
LRR (HR 4.72; 95% CI 1.53-14.52; P = 0.0069 and HR
3.23; 95% CI 1.44-7.29; P = 0.0047, respectively).
Compared to HR+/HER-2—, HR—/HER-2+ treated by
BCT and TN treated by MRM showed a significant
decrease of 5-year LRR free survival (P = 0.0002 and
P = 0.002, respectively). Tumor profiling using ER, PR,
and HER-2 biomarkers is a promising tool to identify
patients at high risk of LRR based on surgical treatment.
Our findings suggest a different follow-up and locoregional
treatment for patients with HR—/HER-2+ and TN subtypes.

Keywords Breast cancer - HR—/HER-2+ and TN
subtype - Locoregional recurrence

Introduction

Invasive carcinoma of the breast is a heterogeneous group
of neoplasms with regards to their molecular alterations,
cellular composition, and response to treatment. Conven-
tional clinicopathologic factors, such as, histological grade
and type, tumor size, lymph node (LN) involvement, sur-
gical margins, and lymphovascular invasion (LVI) provide
prognostic information and are routinely used in decisions
regarding locoregional treatment of breast cancer (BC).
The clinical heterogeneity of BC creates a challenge in
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developing tumor classifications based on these variables
that are useful with respect to prognosis and prediction of
locoregional risk of relapse. As controversies still persist in
the locoregional management of BC, the expectation that
molecular profiling could further personalize the risk of
relapse, improve the locoregional treatment and predict the
response to therapy was raised [1-4].

During the last decade, genome-wide analyses using
microarrays have revolutionized cancer research. Such
studies of invasive breast carcinoma have led to the iden-
tification of five so-called “molecular subtypes” charac-
terized by differential gene expression signatures [1, 2], as
well as differences in patient survival and response to
therapy [3, 5, 6]. As the feasibility of molecular profiling to
guide treatment remains unrealistic, recent studies have
focused on developing classification based on three bio-
logical biomarkers: estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor recep-
tor-2 (HER-2). These readily available biomarkers deter-
mined by immunohistochemistry have been used to
approximate the molecular subtypes. Among the ER-
positive tumors (luminal subtypes), the two major subtypes
are luminal A (ER-positive or PR-positive, HER-2-nega-
tive) and luminal B (ER-positive or PR-positive, HER-2-
positive). They are biologically distinct in that luminal A
have higher expression of ER-related genes and a lower
expression of proliferative genes than luminal B, such as
Ki-67 [7]. The ER-negative tumors (basal subtypes) are
subdivided into HER-2 (ER-negative and PR-negative,
HER-2-positive) and triple negative (TN)/basal-like carci-
nomas (ER-negative, PR-negative, and HER-2-negative)
[8, 9]. These distinct subtypes have been validated in dif-
ferent patient cohorts and were associated with different
outcomes [7, 8, 10]. For instance, HER-2 and TN subtypes,
which are more likely grade 3 tumors, appear to be sig-
nificantly associated with poor outcome compared to
luminal A subtype [2].

The potential of integration of BC molecular subtypes
into clinical decision making may contribute to tailoring
locoregional as well as systemic treatment. The current
locoregional treatment decisions are based on clinico-
pathologic factors and the application of molecular profil-
ing of BC to assess the risk of locoregional recurrence
(LRR) is not well developed among women newly diag-
nosed with BC. There is an urgent need to investigate the
risk of LRR associated with each of these BC biological
subtypes with the prospect of tailoring the locoregional
treatment.

The primary purpose of this study was to determine the
impact of BC biological subtypes defined by hormonal
receptors (HR; ER and PR) and HER-2 status on risk of
LRR in newly diagnosed women with BC treated with
either breast-conserving therapy (BCT) or modified radical
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mastectomy (MRM). Our study highlights the increased
risk of LRR associated with HR—/HER-24 and TN bio-
logical subtypes.

Patients and methods

This population-based study included a cohort of HER-2
positive and -negative BC patients treated between January
1998 and December 2003 in a single, comprehensive
cancer center where HER-2 testing is performed at initial
presentation. Ethics approval was obtained from Alberta
Cancer Ethics Review Board. Patients were identified from
the provincial cancer registry and the pathology laboratory.
The goal of our selection process was to identify a popu-
lation of newly diagnosed BC patients with HER-2 over-
expression, and to investigate their increased risk of LRR
[11]. Patients were considered HER-2 positive if they were
3+ on immunohistochemistry or 2+ on immunohisto-
chemistry with gene amplification identified by chromo-
genic in situ hybridization (CISH) testing. A total of 460
patients were identified with HER-2 overexpression. After
chart review, 187 patients were excluded because of a
recurrent cancer (BC diagnosis preceding 01/1998), ductal
carcinoma in situ, or an associated cancer of non-breast
type. A total of 273 patients with HER-2-positive BC were
included for analysis. For the HER-2-negative population,
a random sample of 500 patients from the same time period
with HER-2-negative disease was identified. After chart
review, 155 patients were excluded for the previous criteria
and 345 HER-2-negative patients were eligible for analy-
sis. Data collected included standard prognostic factors
including tumor size, LN, ER, PR status, modified Scarff—
Bloom—Richardson tumor grade, LVI, date of surgery,
treatment received and treatment response, LRR, time and
site of first recurrence and subsequent metastatic progres-
sion, last follow-up, and death.

Patients were classified into four biological subtypes
using HR and HER-2 status: HR+/HER-2— (ER-positive
or PR-positive, HER-2-negative), HR+/HER-2+ (ER-
positive or PR-positive, HER-2-positive), HR—/HER-2+
(ER-negative and PR-negative, HER-2-positive), HR—/
HER-2— (ER-negative, PR-negative and HER-2-negative)
referred to as TN for the remainder of this article.

Patient management and follow-up

All patients treated were reviewed by a multidisciplinary
group and were offered a guideline-based staging, surgery
(segmental resection vs. mastectomy with axillary staging,
including sentinel node dissection or complete axillary LN
dissection), adjuvant chemotherapy, hormonal and radiation
treatments as per published Canadian recommendations
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[12-15]. The Cross Cancer Institute is the only tertiary
cancer center, the only facility for delivery of radiotherapy
(RT), and the only testing center for hormone receptor
status and HER-2 status in Northern Alberta. BC diagnoses
within this population are pathologically reviewed and
referred to this center. The variety of treatments given (see
Table 1) reflects the population-based nature of this study.
Adjuvant chemotherapy was offered to all LN-positive and
high-risk LN-negative patients. Adjuvant hormonal therapy
used tamoxifen, with anastrozole used in post-menopausal
patients with tamoxifen contraindications. RT to the breast
(42.5-50 Gy in 16-25 fractions) was offered to all patients
after segmental resection, with regional LN irradiation
being offered to patients with >4 LN-positive. Post-mas-
tectomy patients were offered chest wall and regional LN

Table 1 Patient baseline characteristics stratified by biological subtype

irradiation (45-50 Gy in 20-25 fractions) if they had LN-
positive disease (>1 LN-positive) or locally advanced dis-
ease (i.e., greater than T3 tumor). Follow-up was provided
as per Canadian guidelines [12-15]. LRR was defined as
recurrence within the chest wall, breast, supraclavicular
fossa, axilla, or internal mammary LNs. All patients with
evidence of LRR were assessed for systemic disease.

Primary endpoints and statistical analysis

The primary endpoint of this study was the time to LRR as
a first event. The secondary endpoint was the overall sur-
vival. LRR was considered as a binary response variable.
Chi-square test was used to compare the distribution of
baseline characteristics among the biological subtypes.

HR+/HER-2— HR-+/HER-2+ HR—/HER-2+ Triple negative
N (271) % N (181) % N (92) % N (74) %

LN
Negative 145 54 93 51 [NS] 45 49 [NS] 46 62 [NS]
Positive 122 45 79 44 43 47 25 34
Unknown 4 2 9 5 4 4 3 4

T
<2 cm 196 72 92 51 [<0.0001] 46 50 [0.0006] 27 36 [<0.0001]
>2 cm 72 27 83 46 41 45 45 61
Unknown 3 1 5 3 5 5 2 3

Grade
Gr.1 94 35 15 8 [<0.0001] 1 1 [<0.0001] 4 5 [<0.0001]
Gr. 2,3 177 65 161 89 91 99 68 92
Unknown 0 0 5 3 0 0 2 3

LVI
No 182 67 90 50 [0.0044] 39 42 [0.0024] 51 69 [NS]
Yes 87 32 77 42 41 45 22 30
Unknown 2 1 14 8 12 13 1 1

Surgery
Biopsy 5 1 5 3 4 4 2 3
BCT 104 39 71 39 [NS] 27 30 [NS] 31 42 [NS]
MRM 162 60 105 58 61 66 41 55

RT
None 107 40 65 36 [NS] 34 37 [NS] 25 34 [NS]
Yes 164 60 116 64 58 63 49 66

CT
None 166 61 65 36 [<0.0001] 22 24 18 24 [<0.0001]
Yes 105 39 116 64 70 76 56 76

HT
None 45 17 34 19 [NS] 89 97 71 96 [<0.0001]
Yes 226 83 147 81 3 3 3 4

HT hormonotherapy, LN lymph node, T tumor size, RT radiotherapy, CT chemotherapy

P value in brackets based on comparison to HR+/HER-2— subtype
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Univariate Cox regression analysis was performed for each
prognostic variable. Factors identified on univariate anal-
ysis with a P < 0.05 were included in multivariate model.
Multivariate Cox regression analysis was performed, using
the stepwise backward elimination method with model
removal set at P < 0.05, to identify predictive factors for
LRR. All reported P values are two-sided and differences
were considered statistically significant when P < 0.05.
The SAS program (Version 9.1, SAS Institute Inc., Cary,
NC, USA) was used for the statistical analysis.

Results
Patients and treatment characteristics

The characteristics of 618 newly diagnosed BC patients
stratified by biological subtypes are listed in Table 1.
Forty-four percent of patients had HR+/HER-2— tumors
(N = 271), 29% had HR+/HER-2+ (N = 181), 15% had
HR—/HER-2+ (N = 92), and 12% had TN (N = 74). The
four biological subgroups had similar rates of LN positiv-
ity. Compared to the HR+/HER-2— subtype, HR+/HER-
24+ (P < 0.0001), HR—/HER-2+ (P = 0.0006), and TN
(P < 0.0001) subtypes were more likely to have tumors
with significantly greater size (>2 cm) and higher grade
(=>2). HR4+/HER-2+ and HR—/HER-2+ subtypes were
more likely to have LVI-positive tumors (P = 0.004 and
P = 0.002, respectively).

Baseline treatment characteristics are summarized in
Table 1. The rate of BCT (segmental resection and adju-
vant breast RT) and MRM were not significantly different
between the different biological subtypes compared to the
HR+4/HER-2— subtype. Although equal numbers of
patients in all four groups had RT, HR+4/HER-2+
(P <0.0001), HR—/HER-2+ (P < 0.0001), and TN
(P < 0.0001) patient groups were more likely to receive
chemotherapy than HR-+/HER-2— patients. Although
trastuzumab was not used in the adjuvant setting between
January 1998 and December 2003, 30 patients were
enrolled in BCIRG B006 (Breast Cancer International
Research Group B006) and received adjuvant trastuzumab.

Patterns of LRR by biological subtypes

Table 2 summarizes the pattern of LRR in the biological
subtypes based on the initial surgical management (i.e., BCT
vs. MRM). Patients who had biopsies followed by neo-
adjuvant chemotherapy were excluded from the analysis of
LRR (N = 16). Over a median follow-up of 4.8 years, 45
out of 602 patients (7.5%) developed LRR as a first event
including 7 (15.5%) patients with simultaneously distant
metastasis. Out of the 40 patients with LRR as their only site
of initial recurrence, 27 patients (68%) subsequently
developed systemic relapse. Thirteen patients in the HR—/
HER-2+ subtype developed LRR (14.7%), with 7/27 (26%)
in the group treated by BCT versus 6/61 (9.8%) in the group
treated by MRM (P = 0.007) (Table 2). In addition, 10 of
these HR—/HER-2+ patients who had LLR received adju-
vant RT at their initial management. In the TN subtype, eight
patients developed LRR with 1/31 (3%) occurring in BCT
group versus 7/41 (17%) in the MRM group (P = 0.007)
(Table 2). In this subtype, out of the eight patients who had
LRR, four received adjuvant RT as their initial management.
The 5-year LRR free survival in the HR—/HER-2+ subtype
treated by BCT was 74% compared to 98% in the luminal A
(P = 0.0002, Fig. 1). The 5-year LRR free survival in the
TN group treated by MRM was 82% compared to 97% in the
HR+/HER-2— (P = 0.002, Fig. 2).

Factors associated with LRR

Next, we investigated the potential association between
biological subtypes and increased risk of LRR as compared
with conventional prognostic factors (tumor size, LN sta-
tus, grade, and LVI) in the entire population. In univariate
analysis, HR+/HER-2+, HR—/HER-2+-, and TN subtypes
(compared to HR4+/HER-2— subtype) were associated with
increased risk of LRR. In multivariate analysis, TN
(P = 0.023), tumor size >2 cm (P = 0.048), and >1 LN-
positive (P = 0.0034) were associated with increased risk
of LRR (Table 3). The margins were not included as a
variable in this analysis as all our patients have clear
margins (guidelines >3 mm for in situ and invasive com-
ponent) before starting their adjuvant treatment.

Table 2 Incidence of LRR stratified by surgery: BCT versus MRM and biological subtype

HR-+/HER-2— HR+/HER-2+ HR—/HER-2+ Triple negative

N % N % N % N %
BCT 3/104 3 6/71 8.5 [NS] 727 26 [0.0007] 1/31 3 [NS]
MRM 6/162 3.7 9/105 8.6 [NS] 6/61 10 [NS] 7/41 17 [0.007]
Total 9/266 34 15/176 8.5 13/88 14.7 8/72 11

LRR locoregional recurrence, BCT breast-conserving surgery, MRM modified radical mastectomy

P value in brackets based on comparison to HR+/HER-2— subtype
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Fig. 1 Locoregional recurrence free survival in patients treated with
breast-conserving surgery
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Fig. 2 Locoregional recurrence free survival in patients treated with
modified radical mastectomy

Table 3 Multivariate analysis of predictors for LRR (locoregional
recurrence) in 618 patients

Variable HR 95% CI P value
HR+/HER-2+ 1.54 0.63-3.75 0.33
HR—/HER-2+ 2.18 0.85-5.64 0.11
Triple negative 3.11 1.17-8.28 0.023
Tumor size >2 cm 2.16 1.01-4.64 0.048
LN-positive 3.03 1.45-6.37 0.0034
LVI 1.42 0.69-2.93 0.34

LN lymph node, LVI lymphovascular invasion

The relationship between type of breast surgery (BCT
vs. MRM) and risk of LRR has been reported [16, 17]. To
eliminate this confounding factor in examining the risk of

Table 4 Multivariate analysis of predictors for LRR based upon type
of surgery

Variable HR 95% CI P value
(A) Breast-conserving surgery (BCT)
HR+/HER-2+ 1.41 0.30-6.64 0.67
HR—/HER-2+ 11.13 2.78-44.53 0.0007
Triple negative 0.9 0.91-8.94 0.93
Tumor size >2 cm 2.23 0.72-6.88 0.16
LN-positive 54 1.67-17.43 0.0048
(B) Modified radical mastectomy (MRM)
HR+/HER-2+ 2 0.73-5.76 0.18
HR—/HER-2+ 1.77 0.56-5.60 0.33
Triple negative 4.7 1.53-14.52 0.0069
Tumor size >2 cm 2 0.80-5.00 0.14
LN-positive 32 1.44-7.29 0.0047

LRR locoregional recurrence

LRR based on biological subtypes, we have stratified our
population based on their initial surgery—BCT vs. MRM
(Table 4). The association between biological subtypes
(HR+/HER-2— as a control) and risk of LRR was assessed
in the BC groups who received BCT and MRM. In patients
treated by BCT, HR—/HER-2+ subtype and >1 LN-posi-
tive were found as independent prognostic factors with
increased risk of LRR on multivariate analysis (HR =
11.13; 95% CI 2.78-24.53; P = 0.0007 and HR = 5.40;
95% CI 1.67-17.43; P = 0.0048, respectively) (Table 4,
Fig. 1). In patients treated by MRM, TN subtype and >1
LN-positive were associated with increased risk of LRR on
multivariate analysis (HR = 4.72; 95% CI 1.53-14.52;
P =0.0069 and HR =3.23 95% CI 1.44-7.29; P =
0.0047, respectively) (Table 4, Fig. 2).

On multivariate analysis, HR—/HER-2+4 (HR = 3.27;
95% CI 1.78-6.04; P = 0.0001), TN subtype (HR = 3.11;
95% CI 1.65-5.90; P = 0.0005), tumor size >2 cm
(HR = 3.52; 95% CI 2.12-5.83; P = 0.0001), and >1 LN-
positive (HR = 2.04; 95% CI 1.26-3.30; P = 0.0036)
were associated with decreased overall survival (Table 5).

Discussion

BC molecular subtypes have phenotypic diversity with
regards to their tumor aggressiveness [2, 7] and response to
systemic therapy [18]. Although these molecular subtypes
correlate with patient outcome, their impact on risk of
LRR, compared to conventional prognostic factors has not
been fully investigated. Recent studies suggested that
HER-2 and TN subtypes exhibited a poor prognosis with
increased risk of local recurrence [19, 20]. However, the
risk of LRR associated with these molecular subtypes was
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Table S Multivariate analysis for overall survival in 618 patients

Variable HR 95% CI P value
HR+/HER-2+ 1.73 0.98-3.04 0.06
HR—/HER-2+ 3.27 1.78-6.04 0.0001
Triple negative 3.11 1.65-5.90 0.0005
Tumor size >2 cm 3.52 2.12-5.83 0.0001
LN-positive 2.04 1.26-3.30 0.0036
LVI 1.15 0.74-1.78 0.54

LN lymph node, LVI lymphovascular invasion

not determined based on the initial surgical management
(i.e., BCT vs. MRM). In our population-based study, we
characterized the frequencies of LRR among women with
BC based on biological subtype, using HR and HER-2
status as surrogates for the biological subtype. We found
that HR—/HER-24+ and TN subtypes are independent
prognostic factors associated with higher rate of LRR (14.7
and 11%, respectively) compared with HR+/HER-2—
(3.4%) subtype.

In accordance with our data supporting the effect of
these biological subtypes on LRR, Nguyen et al. [21]
reported in a limited cohort of HER-2 subtype (32 patients)
treated with BCT a significant increase in 5-year LRR
(8.4%) in HER-2 subtype compared with the luminal A and
B subgroups (0.8 and 1.5%, respectively). In addition, we
further investigated the relationship between these biolog-
ical subtypes and risk of LRR based on surgical manage-
ment (i.e., BCT vs. MRM). For the patients treated by
BCT, HR—/HER-2+ subtype and LN positivity were the
only independent prognostic factors associated with
increased risk of LRR (P = 0.0007, and P = 0.0048,
respectively). In contrast, the association between HR—/
HER-2+ subtype and increased risk of LRR was lost in the
group treated with MRM (P = 0.33). Furthermore, Gonz-
alez-Angulo [20] have reported that HER-2 subtype
T1abNOMO have a significant risk of distant relapse with-
out information about their risk of LRR. Whether this
increased risk of LRR and distant metastasis is an intrinsic
property of the HER-2 subtype and/or is a subsequent
effect related to the type of surgery warrants further
investigation in a larger cohort of HER-2 subtype. Our
study as well as others was conducted in the era preceding
the use of trastuzumab in adjuvant setting. Furthermore, the
early data from NSABP B31/N9831 trial indicated that the
use of adjuvant trastuzumab reduced the risk of LRR [22].
So far, this reduction of LRR has not been confirmed by the
HERA trial [23]. Our follow-up was limited to 5 years, and
longer follow-up may be required to assess the impact of
HER-2 subtype on the increased risk of LRR. This is
especially true for patients with HR4+/HER-2— tumors, as
their risk of LRR is extended well beyond 5 years [24].
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In patients treated by MRM, we found that TN subtype
and LN positivity were associated with an increased risk of
LRR (4.7- and 3.2-fold, respectively). In our study, the use
of a panel of three biomarkers as surrogates to estimate
molecular subtype did not allow the distinction between
basal-like and non basal-like TN tumor subtypes [25] for
the assessment of their risk of LLR. There is growing
evidence that TN subtype predicts lower incidence of
axillary LN involvement and exhibits an independent poor
prognostic factor compared to tumor size and LVI [26].
Furthermore, Foulkes et al. [27] found that tumor size was
an unreliable predictor of prognosis of basal-like BC
(~70-80% of TN) and did not correlate closely with LN
status. In current practice, axillary LN involvement and
tumor size have conventionally been considered as critical
determinant of clinical outcome and locoregional RT after
MRM. However, the tendency of TN subtype to behave
aggressively, despite their small size (<1 cm in diameter)
and the absence of nodal involvement raise questions
whether these factors should be considered exclusively as
the unique determinant of locoregional treatment decisions.
Furthermore, patients with TN tumors treated with MRM
in Danish BC studies [28] showed a significant increased
risk of LRR independent of adjuvant post-mastectomy RT.
These data suggest that the disconnection between tumor
size/lymph-node status and prognosis in these TN tumors
reflects an inconsistent relationship between tumor size
(i.e., size of cancer cell population) and metastatic potential
in this subset of BC [27]. Altogether, along with the
association between TN and the high risk of LRR, these
observations should have direct implications for locore-
gional radiation after MRM, particularly for women with
T1/2NO and TN subtype.

Using simplified triple biomarker assessment differs
from gene expression testing and implies that some patients
could be misclassified [29]. In contrast, compared to these
available clinical biomarkers, the genotyping approach
may not be a cost effective method and is relatively
underdeveloped in clinical practice. The first generation of
genomic assays developed to predict which BC patients
with ER-positive may benefit from adjuvant chemotherapy
based upon predicted risk of recurrence has entered clinical
practice [6, 30]. In a similar manner, there is also evidence
that molecular profiling using additional immunohisto-
chemical markers including Ki-67, CK5/6, and EGFR-1
also predicts the risk of LRR [25, 31-33]. All these studies
evaluating molecular subtypes should be viewed as
exploratory and their impact on locoregional management
requires further validation from other confirmatory studies.

While the added value of biological subtype as com-
pared with conventional factors is still evolving, this new
classification paradigm presents a huge clinical potential. It
provides the opportunity to investigate biological and
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clinical questions in a homogeneous subgroup of patients.
There is a need to integrate these defined subtypes with
clinically available biomarkers into treatment decision
making. Potential applications include examining in future
studies the effect of more aggressive locoregional treat-
ment in groups identified at increased risk of LRR, for
example, the use of RT boost for HR—/HER-2+ subtype
and post-MRM RT in LN-negative patients with TN sub-
type. This approach will improve the prognostic and pre-
dictive information of classical prognostic features to better
tailor the locoregional treatment based on the risk of LRR.
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