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Abstract

Purpose Although gene expression profiling provides

critical information, knowledge remains limited regarding

the differential effects of molecular subtype on clinical

course. This study evaluated the impact of molecular status

on long-term patterns of failure in patients with non-

metastatic breast cancer.

Methods We analyzed data from 1181 individuals with

invasive breast cancer undergoing surgery plus PORT from

2003 to 2011. Molecular subtypes were defined as luminal

A (LA), luminal B (LB)-HER2(-), LB-HER2(?), HER2,

and triple-negative (TN) based on the 2013 St. Gallen

Consensus criteria. Competing risks analysis and baseline

hazard rate function plots were used to explore subtype-

specific recurrence patterns.

Results The 10-year overall survival rates of LA, LB-

HER2(-), LB-HER2(?), HER2, and TN groups were 96,

93, 94, 84, and 85%, respectively (P\ 0.001). Distant

metastatic events differed significantly according to molec-

ular subtype (P\ 0.001). In competing risks regression

analysis, initial development of distant metastasis was the

highest with TN tumors, followed by HER2, LB-HER2(-),

and LB-HER2(?) subtypes (P = 0.005). Regarding pref-

erential sites of distant metastasis, the risk of initial brain

metastasis was significantly higher with HER2 tumors, fol-

lowed by TN tumors (P = 0.001). A low-level but sustained

metastatic risk increment was observed in luminal tumors,

whereas TN and HER2 subtypes showed a short-term risk

surge within 5 years.

Conclusion From the significant impact of molecular

profile on distant metastasis, subtype-specific individual-

ization of systemic treatment and close surveillance are

suggested. The preferential and long-term risk of brain

metastasis in the HER2 subtype underlines the importance

of alternative anti-HER2 therapies.

Keywords Breast neoplasms � Subtype � Adjuvant
radiotherapy � Recurrence � Neoplasm metastasis

Introduction

Breast cancer is a heterogeneous malignancy representing

diverse clinical presentation, tumor aggressiveness, treat-

ment responsiveness, and prognosis [1]. In addition to rep-

resentative clinicopathological factors—including Tumor,

Node, and Metastasis (TNM) stage, type of histology, tumor

grade, and tumor markers—gene expression profiling has

been used to determine the appropriate treatment strategy

and predict survival [2, 3]. Above all, immunohistochem-

istry (IHC) analyses of estrogen receptor (ER), progesterone

receptor (PR), human epidermal growth factor receptor 2

(HER2), and Ki-67 have been essential in the diagnosis of

breast cancer, dividing tumors into luminal A (LA), luminal

B (LB)-HER2(-), LB-HER2(?), HER2, and triple-negative
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(TN) subtypes [4]. These molecular signatures have pro-

vided information on the distinct biologic features and

response to systemic, targeted, and endocrine treatment,

allowing for prediction of differential risks of tumor relapse

and mortality [5].

In luminal tumors, selective estrogen receptor modula-

tors (SERMs) or aromatase inhibitors are preferentially

considered [6]. The best prognosis occurs with LA tumors.

LB tumors, even with the use of endocrine therapy, have

been associated with a higher risk of relapse than LA

tumors [7]. The basal-like subtype has an aggressive dis-

ease course, without a definite targeted modality [8]. The

HER2-enriched subtype, representing HER2 amplification

and/or overexpression, has a worse prognosis, but the use

of trastuzumab, an anti-HER2 agent, has significantly

improved survival outcomes [9]. Despite recent advances

in systemic treatment, HER2 and TN tumors still exhibit

shorter survival than the luminal subtypes [10]. Because of

the shortcomings of trastuzumab, such as its limited ability

to penetrate the blood–brain barrier and the development of

resistance, there are ongoing studies to evaluate treatment

efficacy of alternative anti-HER2 agents [11].

Nevertheless, knowledge about the preferential patterns

of failure according to molecular subtype is limited.

Because of the heterogeneity of study populations and

analytic methods, consensus has not been established. In

this study, we evaluated long-term survival outcomes and

types of recurrences according to molecular status in

patients with breast cancer who received postoperative

radiotherapy (PORT). Competing risks analysis was used

to assess relapse behavior, including identifying potential

organ-selective characteristics determined by the molecular

profiles. This study revealed a subtype-specific predispo-

sition to metastasis, thus providing useful clinical and

prognostic information in the contemporary era.

Materials and methods

Population and study design

This study reviewed data from a total of 1181 patients with

stage I–III breast cancer who underwent postoperative

adjuvant radiotherapy in Seoul National University Bun-

dang Hospital between 2003 and 2011. Patients with (1)

clinical M1 stage, (2) prior diagnosis of another malig-

nancy, (3) refusal of systemic or endocrine treatment, or (4)

insufficient follow-up duration (\1 year) were excluded.

After obtaining approval from our Institutional Review

Board (B-1505/298-116), patient, tumor, and treatment-

related demographic and clinicopathologic data, as well as

survival outcomes, were collected from our electronic

medical records.

Definition of molecular subtypes

Based on IHC results of ER, PR, HER2, and Ki-67,

molecular subtypes were classified into LA, LB-HER2(-),

LB-HER2(?), HER2, and TN according to the 2013 St.

Gallen Consensus criteria [4]. HER2-positivity was defined

by the presence of c-erbB-2 overexpression with an IHC

score of 3 or a c-erbB-2 IHC score of 2 with positive HER2

gene amplification on fluorescence in situ hybridization.

Ki-67 expression level was divided into low (\14%) or

high (C14%) labeling index. The definitions of molecular

subtypes were as follows: LA group for ER(?), PR(?),

HER2(-), and low Ki-67 expression; LB-HER2(-) group

for ER(?), HER2(-), and at least high Ki-67 expression or

PR(-); LB-HER2(?) group for ER(?) and HER2(?);

HER2 group for ER(-), PR(-), and HER2(?); and TN

group for ER(-), PR(-), and HER2(-).

Patterns of failure events

Initial recurrence events were categorized as ipsilateral

breast or chest wall, regional lymphatics, contralateral

breast or chest wall, or distant metastasis. Regional lym-

phatic spread included ipsilateral axillary level I, II, or III,

supraclavicular, or internal mammary lymph nodes. Organ-

specific sites of distant metastatic failure were categorized

as (1) distant lymph nodes (lymphatic spread other than

regional lymphatic recurrence), (2) lung and/or pleura, (3)

liver, (4) bone, or (5) brain and/or leptomeningeal seeding

(LMS).

Statistical analysis

Baseline clinicopathological data were categorized, and

differences in variables according to molecular subtypes

were evaluated with the v2 test. The clinical endpoints of

this study were overall survival (OS) and disease-free

interval (DFI), defined as the time interval between initi-

ation of treatment and overall death or tumor relapse,

respectively. Kaplan–Meier analysis with a log-rank test

was used to assess differences in survival outcomes. Inci-

dences of site-specific recurrence events according to

molecular subtypes were evaluated using the linear-by-

linear association. The 10-year site-specific failure risk

rates were estimated using competing risks analysis with

the Grey’s test. After adjustment for related prognostic

factors identified from Cox proportional hazards regres-

sion, the subdistribution hazard ratios (sHRs) and 95%

confidence intervals (CIs) were calculated using competing

risks regression with the Wald test. Multivariate regression

models included variables with P\ 0.1 in the univariate

analysis. Two-sided P-values less than 0.05 were desig-

nated as statistically significant. The statistical analyses
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were performed using IBM SPSS Statistics 22.0 (IBM,

Armonk, NY, USA) and R version 2.15.2 (R Foundation

for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics

Table 1 presents baseline patient-, tumor-, and treat-

ment-related characteristics of the study population.

According to the 2013 St. Gallen Consensus definitions,

the tumors of 446 (38%), 253 (21%), 131 (11%), 123

(10%), and 228 (19%) patients were classified as LA,

LB-HER2(-), LB-HER2(?), HER2, and TN breast

cancers, respectively. Significant differences according

to molecular subtype were observed for age, T stage, N

stage, summarized American Joint Committee on Cancer

(AJCC) stage, type of primary surgery, axillary lymph

node dissection, and use of chemotherapy (P\ 0.001 for

all comparisons). Young age (\40 years) was more

common in TN tumors (33%) than in other subtypes.

Early-stage diseases, such as T1–2 and node-negative

tumors, were more commonly observed in the LA

Table 1 Baseline characteristics of study population

Variables Number of patients (%) P*

Luminal A Luminal B-HER2(-) Luminal B-HER2(?) HER2 Triple-negative

(n = 446) (n = 253) (n = 131) (n = 123) (n = 228)

Age (years)

\40 60 (13) 42 (17) 24 (18) 21 (17) 75 (33) \0.001

40–55 257 (58) 132 (52) 79 (60) 60 (49) 96 (42)

[55 129 (29) 79 (31) 28 (22) 42 (34) 57 (25)

Menopausal status

Premenopausal 276 (62) 148 (59) 84 (64) 66 (54) 153 (67) 0.115

Peri- or postmenopausal 170 (38) 105 (41) 47 (36) 57 (46) 75 (33)

T stage

T1 286 (64) 127 (50) 59 (45) 51 (41) 92 (40) \0.001

T2 135 (30) 97 (38) 52 (40) 44 (36) 100 (44)

T3 19 (4) 24 (10) 14 (11) 17 (14) 28 (12)

T4 6 (1) 5 (2) 6 (4) 11 (9) 8 (4)

N stage

N0 273 (61) 121 (48) 69 (53) 49 (40) 140 (61) \0.001

N1 111 (25) 79 (31) 26 (20) 26 (21) 44 (19)

N2 41 (9) 33 (13) 21 (16) 36 (29) 28 (12)

N3 21 (5) 20 (8) 15 (11) 12 (10) 16 (7)

AJCC stage

I 233 (52) 99 (39) 46 (35) 40 (33) 79 (35) \0.001

II 143 (32) 90 (36) 44 (34) 26 (21) 93 (41)

III 70 (16) 64 (25) 41 (31) 57 (46) 56 (24)

Primary surgery

Breast-conserving 388 (87) 192 (76) 99 (76) 71 (58) 186 (82) \0.001

Mastectomy 58 (13) 61 (24) 32 (24) 52 (42) 42 (18)

Lymph node surgery

No ALND 274 (61) 121 (48) 71 (54) 48 (39) 123 (54) \0.001

ALND 172 (39) 132 (52) 60 (46) 75 (61) 105 (46)

Chemotherapy

No 183 (41) 45 (18) 8 (6) 7 (6) 10 (4) \0.001

Yes 263 (59) 208 (82) 123 (94) 116 (94) 218 (96)

* Pearson’s v2 test

HER2 human epidermal growth factor receptor 2, AJCC American Joint Committee on Cancer, ALND axillary lymph node dissection
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subtype (94 and 61%, respectively). The proportion of

advanced AJCC stage III tumors was the highest in

HER2 tumors (46%), followed by LB-HER2(?) can-

cers (31%). Considering the type of primary surgery,

mastectomy was the most commonly performed in

patients with HER2 cancer (42%), followed by the LB

(24%) and TN (18%) subtypes. The frequency of

axillary lymph node dissection was the highest with

the HER2 subtype (61%), and chemotherapy was less

commonly administered in patients with an LA (59%)

tumor.

Outcome analysis

Supplementary Fig. 1 represents Kaplan–Meier survival

curves of OS and DFI. With a median follow-up duration

of 76 months, there were significant differences in OS and

DFI according to molecular subtype (P\ 0.001 for both

comparisons). The 10-year OS rates of patients with HER2

(84.2%) and TN (84.9%) tumors were inferior to those of

patients with LA (96.2%), LB-HER2(-) (93.2%), and LB-

HER2(?) (93.9%) subtypes. The 10-year DFI rate of

patients with an LA tumor was 90.4%, which was higher

than that of patients with LB-HER2(-) (81.0%), LB-

HER2(?) (87.0%), HER2 (72.6%), and TN (78.4%)

subtypes.

Recurrence events

Supplementary Table 1 lists the incidence of initial site-

specific recurrences in relation to molecular subtype,

counting simultaneous events involving different organs

separately. The recurrence events were categorized as

ipsilateral breast or chest wall, regional lymphatics,

contralateral breast or chest wall, and distant metastasis,

and the sites of distant metastatic failure were bone, lung

and/or pleura, distant lymph nodes, liver, and brain and/

or LMS. Ipsilateral breast or chest wall recurrence was

the highest in the TN subtype (16%). Regional lymphatic

failure was the highest with the HER2 (22%) and TN

(19%) subtypes, followed by LB-HER2(-) (15%), LB-

HER2(?) (14%), and LA (7%) cancers. Higher propor-

tions of bone metastasis were observed for luminal

tumors, occurring in 21% of LB and 18% of LA sub-

types, compared with HER2 (9%) and TN (8%) cancers.

The frequency of initial tumor spread with brain

metastasis and/or LMS was the highest with HER2 (9%)

tumors, followed by TN (3%) cancers. The overall dis-

tributions of recurrence events according to different

molecular subtypes were not significantly different

(P = 0.548).

Patterns of recurrence

Table 2 shows the 10-year failure risk rates for different

types of recurrences based on competing risks analysis.

When the events were classified into ipsilateral breast or

chest wall, regional lymphatic, contralateral breast or chest

wall, and distant metastasis, significant differences in

relation to molecular subtypes were observed in distant

metastasis (P\ 0.001). In univariate analysis, the 10-year

failure risk rates of distant metastatic failure were the

highest with the HER2 (13.4%) and TN (11.5%) subtypes,

followed by LB-HER2(-) (9.0%), LB-HER2(?) (8.6%),

and LA (3.2%) tumors. There was no significant difference

in ipsilateral breast or chest wall recurrence according to

molecular subtype (P = 0.435). For regional lymphatic

and contralateral breast or chest wall recurrence, trends that

did not reach statistical significance were observed

(P = 0.072 and 0.085, respectively).

To evaluate the impact of molecular subtypes on pat-

terns of recurrence, other potentially associated covariates,

such as age and/or TN stage, were adjusted in the com-

peting risks regression analysis. Statistical significance was

not achieved in the multivariate analysis of patterns of

regional lymphatic and contralateral breast or chest wall

recurrences according to subtype (P = 0.270 and 0.130,

respectively), whereas an independent effect of subtype on

distant metastatic failure was observed (P = 0.005)

(Table 3). Compared with the LA subtype, the metastatic

risk was the highest with TN (sHR 3.74, 95% CI

1.79–7.81) tumors, followed by HER2 (sHR 3.05, 95% CI

1.37–6.78), LB-HER2(-) (sHR 2.64, 95% CI 1.29–5.40),

and LB-HER2(?) (sHR 1.55, 95% CI 0.64–3.74) subtypes.

When metastatic events were subcategorized according to

specific organ sites, the 10-year failure risk rate of brain

metastasis was the highest with HER2 tumors (3.5%),

followed by the TN (0.9%) subtype (P = 0.001) (Table 4).

No statistically significant differences were observed in

other sites, including distant lymph nodes, lung and/or

pleura, liver, or bone (P = 0.173, 0.104, 0.099, and 0.197,

respectively).

Figure 1 represents baseline hazard function plots for

distant metastasis. For the LA subtype, the hazard rate was

estimated at a relatively low level, which was maintained

until 7–8 years of follow-up. There was an initial risk

increase within 5 years with LB tumors; an additional late

peak was observed after 7 years with LB-HER2(?) but not

LB-HER2(-) tumors. Although non-luminal tumors com-

monly showed early peaks of risk surge within 3–4 years,

the HER2 subtype showed a distinctive late risk increment

that appeared beyond 5 years of follow-up. For brain

metastasis in the HER2 subgroup, an initial peak around

3 years of follow-up was observed. However, an additional
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second peak after 5 years of follow-up was observed in

trastuzumab-treated tumors (Fig. 2).

Discussion

We explored the long-term prognosis and patterns of recur-

rence according to molecular subtype in Korean patients with

breast cancer. Significant outcome differences in OS and DFI

were observed in relation to the LA, LB-HER2(-), LB-

HER2(?), HER2, and TN subtypes. When recurrence events

were classified into ipsilateral breast or chest wall, regional

lymphatic, contralateral breast or chest wall, and distant

metastasis, the TN and HER2 subtypes were associated with

significantly greater distant metastatic failure risks in com-

peting risks analysis. In organ-specific evaluation, the 10-year

failure risk rate of initial brain metastasis and/or LMS was the

highest with the HER2 subtype, followed by TN tumors.

Considering the subtype-specific time course of distant

metastatic failure, we observed a low-level but sustained

long-term risk with LA tumors and a short-term early risk

surge with the TN and HER2 subtypes. In addition, HER2-

positive tumors, including both LB-HER2(?) and pure

HER2-enriched cancers, commonly showed second late peaks

after 7 years of follow-up.

In this study, competing risks analysis was used to

analyze detailed patterns of initial tumor spread of patients

with recurrence. This method considers other types of

events as competing risks while calculating conditional

probabilities of the event of interest [12, 13]. In competing

risks regression, the independent effect of the molecular

status on tumor relapse was elucidated, adjusting for

potentially related covariates [14]. Because of the rela-

tively long-term survival of patients with breast cancer in

general, evaluation of recurrence profiles is crucial to

predict prognosis. Since the systemic and/or endocrine

therapy of analyzed patients was recommended based on

their IHC findings, our results are representative of failure

patterns in current routine clinical practice.

Competing risks regression demonstrated that molecular

status did not affect ipsilateral breast or chest wall or

regional lymphatic recurrences. Nevertheless, TN and

HER2 tumors exhibited greater risks of distant metastatic

failure, compared with LA tumors. In an analysis of tumors

treated with breast-conservation surgery (n = 1177) and

mastectomy (n = 1512), the LA subtype was associated

with significantly lower probabilities of local or regional

relapse (P = 0.005 and\ 0.001 for local; P\ 0.001

and\ 0.001 for regional, respectively) [15]. A Korean

study also demonstrated significant differences in local and

Table 2 Competing risks analysis for 10-year failure risk rates according to molecular subtypes

Types of events 10-year failure risk rates (%) (95% CI) P*

Luminal A Luminal B-HER2(-) Luminal B-HER2(?) HER2 Triple negative

(n = 446) (n = 253) (n = 131) (n = 123) (n = 228)

Ipsilateral breast or chest wall 3.8 (0.8–10.9) 3.4 (0.5–11.5) 1.3 (0.1–6.1) 1.7 (0.3–5.4) 2.8 (1.1–5.7) 0.435

Regional lymph nodes 0.2 (0.0–1.2) 0.4 (0.0–2.1) 0.8 (0.0–3.9) 2.5 (0.7–6.5) 1.8 (0.6–4.3) 0.072

Contralateral breast or chest wall 2.3 (0.6–5.9) 6.3 (1.5–16.0) 2.4 (0.6–6.3) 9.9 (2.1–25.0) 5.5 (2.7–9.8) 0.085

Distant metastasis 3.2 (1.6–5.8) 9.0 (5.8–13.0) 8.6 (3.7–16.0) 13.4 (7.7–20.6) 11.5 (7.8–16.1) \0.001

* Grey’s test

CI confidence interval, HER2 human epidermal growth factor receptor 2

Table 3 Competing risks regression analysis according to molecular subtypes

Types of events sHR (95% CI) P*

Luminal A Luminal B-HER2(-) Luminal B-HER2(?) HER2 Triple negative

(n = 446) (n = 253) (n = 131) (n = 123) (n = 228)

Regional lymph nodesa 1 1.77 (0.11–27.51) 2.77 (0.20–39.30) 9.12 (0.88–94.10) 6.15 (0.69–55.00) 0.270

Contralateral breast or chest wallb 1 1.81 (0.52–6.29) 1.97 (0.47–8.25) 3.64 (1.05–12.58) 3.65 (1.26–10.58) 0.130

Distant metastasisa 1 2.64 (1.29–5.40) 1.55 (0.64–3.74) 3.05 (1.37–6.78) 3.74 (1.79–7.81) 0.005

* Wald test
a Adjusted for age and T/N stage
b Adjusted for age

sHR subdistribution hazard ratio, CI confidence interval, HER2 human epidermal growth factor receptor 2
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nodal failure risk rates favoring the LA subtype

(P = 0.026 and 0.004, respectively) [16]. However, the

current study was unique in that we exclusively ana-

lyzed a study population who completed PORT, while

prior investigations included a significant proportion of

non-PORT patients [15–18]. In Haffty et al.’s analysis

of 482 patients who underwent PORT after breast-

conserving surgery, the TN subtype (n = 117) was

associated with a significantly lower 5-year distant

metastasis-free rate (P = 0.002) but no significant

differences in breast (P = 0.823) or nodal (P = 0.05)

relapse-free rates [19]. In another study (n = 498),

neither ER-positivity nor PR-positivity was signifi-

cantly associated in a Cox proportional hazards model

with ipsilateral breast tumor recurrence after breast-

conserving therapy (P = 0.754 and 0.798, respectively)

[20]. Taken together, in this study, the potentially

enhanced tumor control at the ipsilateral local or

regional sites after completion of PORT might con-

tribute to the weak association between molecular

subtypes and locoregional recurrence risks. Meanwhile,

it was notable that the contribution of molecular sub-

types to the risk of metastatic failure remained even

after adjusting for age and tumor stage. Importantly,

this study revealed the subtype-based differential sus-

ceptibility to distant metastasis in the contemporary

era of breast cancer treatment.

Table 4 Organ-specific patterns of distant metastatic failure according to molecular subtypes

Recurred organs 10-year failure risk rates (%) (95% CI) P*

Luminal A Luminal B- HER2(-) Luminal B- HER2(?) HER2 Triple negative

(n = 446) (n = 253) (n = 131) (n = 123) (n = 228)

Distant lymph nodes 0.2 (0.0–1.3) 2.1 (0.8–4.5) 1.5 (0.1–7.1) 0.8 (0.1–4.1) 1.8 (0.6–4.3) 0.173

Lung and/or pleura 0.9 (0.1–3.6) 1.6 (0.5–3.9) 2.3 (0.4–7.8) 2.5 (0.7–6.5) 3.1 (1.4–6.0) 0.104

Liver 0.8 (0.2–2.1) 0.8 (0.2–2.7) 1.6 (0.3–5.0) 3.3 (1.1–7.6) 2.6 (1.1–5.4) 0.099

Bone 1.3 (0.5–2.8) 4.1 (2.1–7.1) 3.3 (0.8–9.0) 3.3 (0.8–8.9) 3.1 (1.4–6.0) 0.197

Brain and/or LMS 0.0 (N/A) 0.4 (0.0–2.1) 0.0 (N/A) 3.5 (1.1–8.3) 0.9 (0.2–2.9) 0.001

* Grey’s test

CI confidence interval, HER2 human epidermal growth factor receptor 2, LMS leptomeningeal seeding

Fig. 1 Baseline hazard function plots representing distant metastatic failure over follow-up time: a all molecular subtypes, b luminal, and c non-
luminal tumors (black luminal A, blue luminal B-HER2(-), purple luminal B-HER2(?), green HER2, red triple-negative)

Fig. 2 Baseline hazard function plots of brain metastasis events as

the initial failure in HER2 subtype with or without trastuzumab

treatment [black trastuzumab(-), blue trastuzumab(?)]
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Several previous reports have explored the subtype-re-

lated preferential sites of distant metastasis [16, 21–26].

However, their results were inconsistent. Although a

potential bone-seeking phenotype of luminal tumors has

been suggested [21–24], some reports could not verify this

tendency [16, 25]. In the study by Sihto et al. of 234

patients diagnosed with distant metastasis as the first site of

failure, the authors found higher frequencies of liver

(27.1%) and lung (22.9%) metastases in patients with

HER2 tumors and higher frequencies of lung (20.8%) and

brain (9.5%) metastases in patients with basal-like tumors

[21]. In a recent Chinese analysis, patients with hormone

receptor-positive/HER2(?) and hormone receptor-nega-

tive/HER2(?) tumors were more prone to abdominal or

pelvic metastasis, compared to patients with a hormone

receptor-positive/HER2(-) tumor [adjusted odds ratio

(aOR) 1.665, 95% CI 1.096–2.530; aOR 1.971, 95% CI

1.244–3.124, respectively] [26]. An early bioinformatics

study found an association of Wnt signaling and focal

adhesion factors with molecular subtypes and relapsed

organs [27]. Given these diverse clinical results and the

molecular complexity of this issue [28], current under-

standing of the metastatic behavior for specific organ sites

according to molecular subtypes is incomplete.

Our results demonstrated a significantly higher risk of

initial brain metastasis in patients with the HER2 subtype but

no significant subtype-related tendency in other distant sites.

Musolino et al. showed that HER2-positive molecular status

and use of trastuzumab were significantly associated with an

increased initial [hazard ratio (HR) 15, 95% CI 6.6–20.5;

P\0.001] or cumulative (HR 4.3, 95% CI 1.5–11.8;

P = 0.005) brain metastatic failure [29]. Some studies have

reported a relatively higher incidence of brain metastasis in

patients with the HER2 subtype [30–32], and biological evi-

dence has demonstrated the HER2-related predisposition to

brain metastatic failure [33, 34]. When we additionally

evaluated the time course of brain metastasis in patients with

the HER2 subtype, trastuzumab-treated patients presented an

additional risk increment at approximately 7 years of follow-

up, compared with the short-term risk only within 5 years in

those patients not treated with trastuzumab. Although the

widespread use of trastuzumab, an anti-HER2 agent, has

reduced disease-specific mortality associated with the HER2

subtype [35], its molecular weight is too high to penetrate the

blood–brain barrier [36]. Our results reflect the limited

function of trastuzumab in preventing tumor spread to the

central nervous system, thus underlining the need for alter-

native anti-HER2 strategies. A recent ongoing trial of lapa-

tinib plus whole brain radiotherapy should provide insight

into a possible targeted approach to overcome the blood–brain

barrier (NCT01622868) [37].

The baseline hazard rate function plots demonstrated the

time-course patterns of distant metastasis according to

intrinsic molecular subtypes. In the study of Ribelles et al.,

the risk associated with luminal tumors was maintained for

a prolonged time at a relatively low level, whereas TN and

HER2 subtypes commonly exhibited short-term risk peaks

[38]. Nevertheless, the results were inconclusive because a

large number of patients who did not complete the treat-

ment (systemic or targeted regimen) were included in the

analysis. Under contemporary treatment recommendations

in our clinic, we verified several time-course characteristics

of the different subtypes of tumors, such as a low-level but

sustained risk for LA tumors, a short-term risk increment

with the LB subtype, an early high-level risk surge with TN

and HER2 tumors, and late second peaks commonly

observed with both LB-HER2(?) and pure HER2-enriched

tumors. We thus hypothesize that HER2 overexpression

and/or amplification might be a factor related to the

development of late metastatic behavior. More customized

approaches of systemic treatment and close surveillance

taking into consideration the gene expression profile should

be established to prevent potential metastatic tumor spread.

Further investigations are required to determine the clinical

and biological implications of HER2-positivity.

Several limitations exist in this study. Our data should

be interpreted with caution because of the potential selec-

tion bias induced by its retrospective design. Although

uniform inclusion criteria were applied to identify eligible

patients, heterogeneity of clinicopathological characteris-

tics was inevitable. Since this study represents long-term

outcomes, changes in systemic treatment regimens or

indications during the time course of the study could not be

fully considered. However, the strategy for each patient

was based on contemporary guidelines, excluding patients

who refused recommended treatment. Failure events were

classified in detail, considering the chronological order.

In this study, we identified preferential relapse patterns of

different molecular subtypes, analyzing a large cohort of

breast cancer patients who completed PORT. In addition to

observing a strong association between IHC profiles and

distant metastatic failure, we also found that the HER2 sub-

type was associated with the greatest risk of initial brain

metastasis. Subtype-specific time-course patterns of distant

metastasis were notable, thus suggesting the need for further

individualization of systemic treatment and close surveillance.

Since the use of trastuzumab in the HER2 tumors did not

achieve long-term prevention of distant failure in the brain,

other possible anti-HER2 strategies should be established.

Conclusions

We confirmed the differential predisposition to distant

metastasis according to molecular subtype of breast cancer.

Among multiple organ sites, the preferential behavior of
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initial brain metastasis was observed with the HER2 sub-

type. By calculating the baseline hazard rate of each sub-

group, we identified subtype-specific time-course patterns

of metastatic failure. These findings suggest the need for

individualized systemic treatment strategies and long-term

close surveillance taking into consideration the molecular

profiles. Further large-scale or multi-institutional studies

are necessary to confirm and expand our findings.
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