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INTRODUCTION

Radiotherapy is an important adjuvant treatment for pa-
tients with breast cancer. The general consensus is that post-
mastectomy radiotherapy (PMRT) is indicated for patients 

with a high risk of recurrence, such as patients with T3 tumors 
with positive axillary lymph nodes (ALNs) and patients with 
≥ 4 positive ALNs. However, the use of PMRT in patients 
with early-stage breast cancer with 1–3 positive ALNs (pT1-
2N1M0) is somewhat controversial. Recently, in a subgroup 
analysis, two important studies showed that patients with 1–3 
positive ALNs who underwent regional nodal irradiation did 
not have a clear survival benefit [1,2]. In contrast, a meta-
analysis of 22 randomized trials carried out by the Early Breast 
Cancer Trialists’ Collaborative Group showed that patients 
with 1–3 positive ALNs benefited from PMRT, even in com-
bination with systemic therapy [3]. Since 2007, the National 
Comprehensive Cancer Network’s clinical practice guidelines 
for breast cancer have strongly recommended that PMRT be 
considered for patients with early-stage breast cancer with 1–3 
positive ALNs [4]. Therefore, it remains unclear whether this 
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Purpose: This study was designed to investigate the relationship 
between molecular subtype and locoregional recurrence (LRR) in 
patients with early-stage breast cancer with 1–3 positive axillary 
lymph nodes (ALNs) and improve the individualized indications 
for postmastectomy radiotherapy (PMRT). Methods: The records 
of 701 patients with pT1-2N1M0 breast cancer who did not un-
dergo PMRT were retrospectively analyzed. Tumors were sub-
classified as follows: luminal A, luminal B, human epidermal 
growth factor receptor 2 (HER2)-enriched, and basal-like sub-
types. Multivariate Cox analysis was used to determine the risk 
of LRR associated with the different subtypes and to adjust for 
clinicopathologic factors. Results: Luminal A, luminal B, HER2-
enriched, and basal-like subtypes accounted for 51.2%, 28.0%, 
8.1%, and 12.7% of cases, respectively. The median follow-up 
duration was 67 months (range, 9–156 months). Univariate anal-
ysis revealed that, compared with the luminal A subtype, the 
HER2-enriched and basal-like subtypes were associated with 
significantly higher 5-year LRR rates (5.6% vs. 21.6% and 
vs.15.7% respectively; p=0.002 each), lower 5-year LRR-free 

survival (LRFS) rates (90.6% vs. 73.8% and 78.5%, respectively; 
p=0.001 each), and poorer 5-year breast cancer-specific surviv-
al (BCSS) rates (93.7% vs. 82.2% [p=0.002] and 84.9% 
[p=0.001], respectively). Multivariate analysis revealed that the 
HER2-enriched and basal-like subtypes, age ≤35 years, a me-
dial tumor, and pT2 stage were poor prognostic factors for LRR 
and LRFS; furthermore, 2 to 3 positive ALNs represented an in-
dependent prognostic factor affecting LRR. The 10-year LRR 
rates of patients with 0, 1, 2, 3, and 4 risk factors were 1.0%, 
6.9%, 14.3%, 30.4%, and 54.3%, respectively (p<0.001); the 
10-year BCSS rates were 86.6%, 88.5%, 84.4%, 79.7%, and 
38.8%, respectively (p<0.001). Conclusion: Molecular subtyping 
allows for individualized evaluation of LRR risk in patients with 
pT1-2N1M0 breast cancer. PMRT should be recommended for 
patients with ≥3 LRR risk factors.
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subgroup of patients should receive PMRT.
Some authors reported that subgroups with a comparatively 

high risk of locoregional failure after mastectomy exist among 
patients with early-stage breast cancer and 1–3 positive ALNs 
[5,6]. Various clinicopathologic features, such as age, primary 
tumor size and location, number and proportion of positive 
ALNs, and lymphovascular invasion, have been examined to 
determine if they are associated with an increased risk of loco-
regional failure [7,8]. However, breast cancer is known to be 
a highly heterogeneous tumor, and treatment options are 
based on not only clinicopathologic criteria but also the in-
trinsic biologic features of the tumor. Recent gene expression 
profiling studies have shown that breast cancer consists of 
several biologically distinct molecular subtypes that are asso-
ciated with different clinical characteristics and outcomes [9]. 
In addition, previous studies have demonstrated that the mo-
lecular subtypes of breast cancer, which reflect the intrinsic 
nature of the tumor cells, can provide more prognostic infor-
mation to facilitate treatment decisions [10,11]. 

In this study, we retrospectively analyzed the association 
between the molecular subtypes of breast cancer and locore-
gional recurrence (LRR) in a cohort of patients with early-
stage breast cancer. We explored the use of molecular subtyp-
ing in combination with clinicopathologic features to improve 
individualized indications for PMRT.

METHODS

Enrollment criteria
The cases of breast cancer patients who were diagnosed and 

treated at two institutions between September 1998 and 
December 2010 were retrospectively reviewed. This study was 
approved by the respective institutional review boards (ap-
proval number: YP2012-03-15).

The included cases were selected according to the following 
criteria: (1) female patients with unilateral breast lesions; (2) 
radical mastectomy or modified radical mastectomy and no 
preoperative anti-tumor therapy or PMRT; (3) pathological 
stage of pT1-2N1M0 according to the 2010 American Joint 
Committee on Cancer (AJCC) breast cancer staging system; 
(4) complete pathological/immunohistochemical examina-
tion or fluorescence in situ hybridization (FISH) and treat-
ment records; and (5) no previous history of malignancy. All 
patients provided written consent for storage and research use 
of their medical information.

Clinical and pathological data
In total, 701 patients were enrolled in this study; their clin-

ical data are shown in Table 1. The median patient age at diag-

nosis was 49 years (range, 23–82 years). Left-sided and right-
sided breast cancers were found in 354 patients and 347 pa-
tients, respectively. One hundred and four patients under-
went standard radical mastectomy (Halsted operation), while 
597 patients underwent a modified radical mastectomy 
(Auchincloss’ or Patey’s operation). Tumor pathology includ-
ed infiltrating ductal carcinoma in 692 cases, infiltrating lob-
ular carcinoma in three cases, medullary carcinoma in four 
cases, and simple carcinoma in two cases. Angiovascular inva-
sion was found in 21 cases.

Definition of menopausal status
Menopause was defined as the permanent cessation of 

menses. Patients were considered postmenopausal at the date 
of diagnosis when they met any of the following criteria: (1) 
prior bilateral oophorectomy; (2) age ≥ 60 years; and (3) age 
< 60 years, but amenorrheic for ≥ 12 months without any 
other obvious pathological or physiological cause [4]. Peri-
menopause refers to the period immediately before meno-
pause, which is characterized by irregular menstrual cycles, 
and to the first year after menopause [12].

Definition of tumor location
Breast quadrants are defined by 12, 3, 6, and 9 o’clock “lines” 

that radiate perpendicularly from the nipple. A central tumor 
was defined as a lesion centrally located in the nipple-areola 
complex. A medial tumor was defined as a lesion centrally lo-
cated on the sternum side of the 12 and 6 o’clock “lines,” in-
cluding the upper medial quadrant and lower medial quad-
rant; a lateral tumor was defined as a lesion centrally located 
on the axillary side of the 12 and 6 o’clock “lines,” including 
the upper lateral quadrant and lower lateral quadrant of the 
breast outside the nipple-areola complex. The tumor locations 
of all patients were determined based on a physical exam and 
on the results of the breast imaging procedures, which includ-
ed digital mammography, ultrasound, and magnetic resonance 
imaging.

Molecular marker detection and molecular typing methods
Estrogen receptor (ER) and progesterone receptor (PR) sta-

tus was semiquantitatively and quantitatively determined us-
ing immunohistochemistry (IHC). For the semiquantitative 
measurement, ER- and PR-positivity was defined as an ER/PR 
Histo (H)-score ≥ 10%. The ER/PR H-scores were grouped as 
follows: < 10%, negative (-); 10% to 25%, weakly positive (1+); 
26% to 50%, positive (2+); and > 50%, strongly positive (3+). 
The ER/PR H-score was calculated as a weighted sum of the 
intensity of the tumor cell nuclei expressing the hormone re-
ceptor markers as follows: ER/PR H-score = (percentage of 
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positively stained tumor cell nuclei in the weak intensity cate-
gory [1+] × 1)+(percentage of positively stained tumor cell 
nuclei in the intermediate intensity category [2+]× 2)+(per-
centage of positively stained tumor cell nuclei in the strong in-
tensity category [3+] × 3). A minimum of 100 tumor cells 
were scored, and the percentage of tumor cell nuclei in each 
category was recorded [13]. For the quantitative measure-
ment, ER- and PR-positivity was defined as ≥ 1% of tumor 
cells showing positive nuclear staining of any intensity; nega-
tive staining was reported if the percentage of tumor cells 
showing staining of any intensity was < 1%. A minimum of 
100 tumor cells were scored, and the percentage of tumor cell 
nuclei in each category was recorded [14]. Semiquantitative 
and quantitative measures were used in 311 and 390 cases, re-
spectively, and 555 cases were ER- and/or PR-positive.

Human epidermal growth factor receptor 2 (HER2) status 
in IHC and FISH examinations was based on the Breast Can-
cer HER2 Testing Guidelines [15]. Tumors were considered 
HER2-positive if they had a score of 3+ or 2+ on IHC and this 

score was confirmed with FISH. HER2-positivity was deter-
mined in 120 cases.

Ki-67-positive cells typically displayed tan-yellow nuclear 
staining, and rarely exhibited weak cytoplasmic staining. Ac-
cording to the proportion of positive cells in the selected high-
resolution field, the results were grouped as follows: < 10%, 
negative (−); 10% to 25%, weakly positive (1+); 26% to 50%, 
positive (2+); and > 50%, strongly positive (3+). Among cases 
with a Ki-67 status of 1+, the positive indices were re-evaluat-
ed: < 14% were identified in 62 cases, and ≥ 14% were identi-
fied in 127 cases.

For molecular typing, patients were categorized into four 
subtypes mainly based on the IHC indicators of their primary 
tumor: luminal A (ER+ or PR+, HER2−, and Ki-67 < 14%) in 
359 cases; luminal B ([ER+ or PR+, HER2−, and Ki-67 ≥ 14%] 
or [ER+ or PR+ and HER2+]) in 196 cases; HER2-enriched 
(ER− and PR− and HER2+) in 57 cases; and basal-like (ER− 
and PR− and HER2−) in 89 cases.

Table 1. Univariate analysis for clinicopathologic characteristics

Characteristic No. of patients
5-Year LRR 

(%)
p-value

5-Year LRFS
(%)

p-value
5-Year BCSS 

(%)
p-value

Age (yr) <0.001 <0.001 0.156
   ≤35 77 24.9 73.2 87.3
   >35 624 7.1 87.9 91.7
Menstrual status 0.272 0.515 0.073
   Pre/perimenopausal 403 11.5 85.9 92.7
   Postmenopausal 298 5.7 86.9 89.2
Tumor location 0.001 0.010 0.091
   Medial 159 19.8 76.5 85.3
   Central 54 4.2 88.0 92.1
   Lateral 488 6.0 89.5 93.1
T stage 0.012 0.005 0.045
   T1 274 5.8 91.2 93.3
   T2 427 11.3 83.0 89.8
Histological grade 0.225 0.136 0.142
   I, II 279 7.1 88.9 94.2
   III 121 10.7 84.4 89.7
   Unknown 301 11.1 83.9 89.5
Lymphovascular invasion 0.537 0.253 0.158
   Positive 21 7.1 92.9 100
   Negative 680 9.2 85.0 91.0
No. of positive LN 0.017 0.118 0.405
   1 381 7.2 87.3 89.8
   2–3 320 11.4 85.0 92.8
Proportion of positive LN (%) 0.912 0.987 0.710
   <25 659 9.1 86.4 91.3
   ≥25 42 10.2 84.8 89.2
No. of resected LN 0.964 0.718 0.441
   <10 80 5.7 88.9 91.0
   ≥10 621 9.6 85.9 91.2

LRR= locoregional recurrence; LRFS=LRR-free survival; BCSS=breast cancer-specific survival; LN= lymph nodes.
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Postoperative adjuvant therapy
All patients who received adjuvant radiotherapy were ex-

cluded from this study. In total, 660 patients received chemo-
therapy, with a median of six cycles (range, 1–8 cycles). Of 479 
patients who received endocrine therapy, 180 were treated for 
< 3 years, 203 were treated for 3 to 5 years, and 96 were treat-
ed for > 5 years. Additionally, 14 patients with HER2-positive 
tumors underwent targeted therapy with trastuzumab.

Follow-up
In addition to in-person patient consultations following 

surgery, follow-ups were also accomplished through phone 
calls and correspondences. Local and regional lymph node re-
currence, distant metastasis, and survival status were record-
ed. The primary endpoints were LRR and LRR-free survival 
(LRFS). The secondary endpoint was breast cancer-specific 
survival (BCSS). LRR was defined as any recurrence within 
the ipsilateral chest wall or ipsilateral regional lymph nodes, 
including the axillary, supraclavicular, and internal mammary 
nodes, with the same histopathologic features as the primary 
tumor as confirmed by pathological biopsy, regardless of 
whether distant metastases were present. LRFS was calculated 
from the date of diagnosis to the date of LRR, death due to 
any cause, or the last follow-up. BCSS was calculated from the 
date of diagnosis to the date of death from breast cancer or the 
last follow-up.

Statistical analysis
The SPSS statistical software package version 16.0 (SPSS 

Inc., Chicago, USA) was used to establish the database. The 
Kaplan-Meier method was adapted for the univariate survival 
analysis. The log-rank test was used to compare the survival 
distributions. A Cox proportional hazards model was used for 
the multivariate analysis. Pearson chi-square test was used to 
compare the distributions of baseline characteristics among 
the four subtypes. All statistical tests were two-sided, and 
p< 0.05 was considered statistically significant.

RESULTS

Distribution of clinicopathologic characteristics between 
different molecular subtypes

The frequencies of the different breast cancer subtypes were 
as follows: luminal A, 51.2%; luminal B, 28.0%; HER2-en-
riched, 8.1%; and basal-like, 12.7%. Compared with the lumi-
nal A subtype, luminal B, HER2-enriched, and basal-like sub-
types were more likely to be histological grade III (11.4% vs. 
25.5%, 19.3%, and 21.3%, respectively, p< 0.001) (Table 2).

Survival and tumor recurrence
The follow-up deadline was March 31, 2015. The follow-up 

rate was 97.1%. The median follow-up duration was 67 
months (range, 9–156 months). For the entire study popula-

Table 2. Distribution of clinicopathologic characteristics among molecular subtypes

Characteristic
Luminal A 
No. (%)

Luminal B 
No. (%)

HER2-enriched 
No. (%)

Basal-like 
No. (%)

p-value

Age (yr) 0.619
   ≤35  44 (12.3)  21 (10.7) 5 (8.8) 7 (7.9)
   >35 315 (87.7) 175 (89.3) 52 (91.2) 82 (92.1)
Tumor location 0.756
   Central/lateral 283 (78.8) 147 (75.0) 43 (75.4) 69 (77.5)
   Medial  76 (21.2)  49 (25.0) 14 (24.6) 20 (22.5)
T stage 0.177
   T1 151 (42.1)  76 (38.8) 16 (28.1) 31 (34.8)
   T2 208 (57.9) 120 (61.2) 41 (71.9) 58 (65.2)
No. of positive LN 0.743
   1 194 (54.0) 103 (52.6) 31 (54.4) 53 (59.6)
   2–3 165 (46.0)  93 (47.4) 26 (45.6) 36 (40.4)
Menstrual status 0.056
   Pre/perimenopausal 212 (59.1) 121 (61.7) 29 (50.9) 41 (46.1)
   Postmenopausal 147 (40.9)  75 (38.3) 28 (49.1) 48 (53.9)
Histological grade <0.001
   I, II 147 (40.9)  95 (48.5) 15 (26.3) 22 (24.7)
   III  41 (11.4)  50 (25.5) 11 (19.3) 19 (21.3)
   Unknown 171 (47.6)  51 (26.0) 31 (54.4) 48 (53.9)
Lymphovascular invasion 0.317
   Positive 10 (2.8)  5 (2.6) 4 (7.0) 2 (2.2)
   Negative 349 (97.2) 191 (97.4) 53 (93.0) 87 (97.8)

HER2=human epidermal growth factor receptor 2; LN= lymph nodes.
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tion, the 5-year and 10-year LRR rates were 9.1% and 13.5%, 
respectively; the 5-year and 10-year LRFS rates were 86.3% 
and 77.5%, respectively; and the 5-year and 10-year BCSS 
rates were 91.2% and 84.0%, respectively.

There were 77 deaths, including 66 patients who died of 
breast cancer, 10 patients who died of a disease other than 
breast cancer, and one patient who died of a secondary tumor. 

Of 124 patients who developed recurrence and metastasis, 62 
developed LRR, with a median LRR time of 55 months after 
surgery (range, 4–156 months). Additionally, 31 of the 62 LRR 
cases had distant metastasis. The sites of LRR sites were as fol-
lows: 25 (40.3%) in the chest wall, 34 (54.8%) in the supracla-
vicular area, 10 (16.1%) in the axilla, and seven (11.3%) in the 
internal mammary area. Twelve patients experienced recur-
rence at ≥ 2 sites. Furthermore, the proportion of the internal 
mammary area affected by LRR was higher in patients with tu-
mors of the medial breast than in patients with tumors of the 
central/lateral breast (18.5% [5/27] vs. 5.7% [2/35], p= 0.161).

 
Stratified analysis of survival and recurrence 

The patients’ clinicopathologic characteristics are shown in 
Table 1. The results of the univariate analysis indicated that 
the differences in the 5-year LRR and LRFS rates between the 
luminal A subtype and the luminal B subtype were not statis-
tically significant (p = 0.137); however, the HER2-enriched 
and basal-like subtypes were associated with an increased risk 

Table 4. Multivariate analysis of prognostic factors

Factor
LRR LRFS BCSS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Subtypes
   Luminal A Ref Ref Ref
   Luminal B 1.698 (0.894–3.226)  0.106 1.392 (0.839–2.309)  0.201 1.038 (0.53–2.027) 0.913
   HER2-enriched 3.831 (1.734–8.464)  0.001 2.981 (1.575–5.642)  0.001  2.961 (1.416–6.192) 0.004
   Basal-like 3.767 (1.894–7.492) <0.001 2.891 (1.700–4.918) <0.001  2.797 (1.508–5.187) 0.001
Age (yr)
   ≤35 vs. >35 0.239 (0.136–0.419) <0.001 0.348 (0.215–0.564) <0.001  0.579 (0.301–1.114) 0.102
Tumor location
   Medial vs. central/lateral 0.356 (0.214–0.592) <0.001 0.523 (0.343–0.797)  0.003  0.583 (0.347–0.979) 0.042
T stage
   T1 vs. T2 2.183 (1.189–4.006)  0.012 1.962 (1.241–3.101)  0.004  1.680 (0.980–2.878) 0.059
No. of positive LN
   1 vs. 2–3 2.093 (1.248–3.509)  0.005 1.454 (0.974–2.171)  0.067  0.846 (0.514–1.392) 0.511

LRR= locoregional recurrence; LRFS=LRR-free survival; BCSS=breast cancer-specific survival; HR=hazard ratio; CI=confidence interval; HER2=human epider-
mal growth factor receptor 2; LN= lymph nodes.

Table 3. Univariate analysis for molecular subtypes

Characteristic
Luminal A 
(n=359)

Luminal B 
(n=196)

HER2-enriched 
(n=57)

Basal-like 
(n=89)

No. of LRR 22 17 9 14
5-Year LRR (%) 5.6 9.2 21.6 15.7
p-value Ref 0.137 0.002 0.002
5-Year LRFS (%) 90.6 85.3 73.8 78.5
p-value Ref 0.199 0.001 0.001
5-Year BCSS (%) 93.7 91.9 82.2 84.9
p-value Ref 0.830 0.002 0.001

HER2=human epidermal growth factor receptor 2; LRR= locoregional recur-
rence; LRFS=LRR-free survival.

Figure 1. Kaplan-Meier estimates (log-rank test) for locoregional recurrence (A), locoregional recurrence-free survival (B), and breast cancer-specific 
survival (C), according to molecular subtypes.
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of LRR (p = 0.002 each), lower LRFS (p = 0.001 each), and 
lower BCSS (p= 0.002 and p= 0.001, respectively) (Table 3, 
Figure 1).

Multivariate analysis
Factors with p< 0.1 in the univariate analysis were included 

in the multivariate analysis. The results showed that the 
HER2-enriched and basal-like subtypes, age ≤ 35 years, a me-
dial tumor location, and pT2 stage were independent prog-
nostic factors that impacted LRR and LRFS; furthermore, the 
presence of 2–3 positive ALNs represented an independent 
prognostic factor of LRR. The HER2-enriched and basal-like 
subtypes, and a medial tumor location were independent 
prognostic factors that affected BCSS (Table 4).

Comprehensive analysis of prognostic factors
The data were grouped according to the prognostic factors 

mentioned above. The results suggested that the 5-year LRR 
rates for patients with 0 (14.4%), 1 (30.8%), 2 (36.5%), 3 
(16.0%), and 4 (2.3%) risk factors were 1.0%, 4.7%, 7.1%, 23%, 
and 54.3%, respectively, and that the 10-year LRR rates were 
1.0%, 6.9%, 14.3%, 30.4%, and 54.3%, respectively (p< 0.001). 
Additionally, the 5-year BCSS rates for patients with 0, 1, 2, 3, 
and 4 risk factors were 94.4%, 92.2%, 92.3%, 90.2%, and 58.2%, 
respectively, and the 10-year BCSS rates were 86.6%, 88.5%, 
84.4%, 79.7%, and 38.8%, respectively (p< 0.001) (Figure 2).

DISCUSSION

With the development of the genotyping concept, molecu-
lar typing has become the standard practice for the guidance 
of chemotherapy and endocrine therapy in patients with 
breast cancer. However, only a few studies have evaluated the 
utility of molecular typing in guiding decisions regarding 
PMRT in patients with early-stage breast cancer.

Biomarkers associated with breast cancer prognosis include 

ER, PR, HER2, and Ki-67. Previous studies have evaluated the 
prognostic ability of single molecular markers, but the results 
have been inconsistent; a single molecular marker may not 
accurately reflect the intrinsic biological differences across tu-
mors [16]. Studies have also examined whether approximate 
molecular typing at the protein level based on IHC biomark-
ers can more accurately predict the biological and phenotypic 
differences in early-stage breast cancer. Wo et al. [17] analyzed 
tumors from 1,000 patients with early-stage breast cancer who 
were treated with breast-conserving surgery (BCS), and found 
that both the HER2-enriched (p= 0.010) and basal-like (p=  
0.080) subtypes were associated with higher rates of isolated 
regional nodal failure, compared with the luminal A subtype. 
Nguyen et al. [10] examined the approximate molecular sub-
types of 793 patients who underwent BCS and radiation ac-
cording to IHC analysis of ER, PR, and HER2 levels; in this 
study, multivariable analyses showed that the LRR risk in pa-
tients with HER2-enriched or basal-like subtypes was 9.2- and 
7.1-fold greater, respectively, than that in patients with the lu-
minal A subtype. Furthermore, Voduc et al. [18] analyzed 
2,985 tumors that were treated with either BCS or mastectomy 
between 1986 and 1992 and found that molecular typing us-
ing six IHC indicators (ER, PR, HER2, Ki-67, CK5/6, and 
EGFR) demonstrated good predictive value in identifying pa-
tients with a higher risk of LRR. In a subgroup analysis of pa-
tients with grade 3 T1-2N0-1 breast cancer, the local relapse 
rate after mastectomy was 22% in patients with luminal B tu-
mors, compared with only 8% in patients with luminal A tu-
mors; in patients with grade 3 T2N0-1 breast cancer who did 
not undergo radiotherapy treatment of their regional lymph 
nodes, the regional relapse rate was 20% in patients with bas-
al-like tumors, compared with 8% for those with luminal A 
tumors. Kim et al. [19] reported that in patients with stage I 
breast cancer, those with triple-negative breast cancer had 
poorer 10-year relapse-free survival (75.6% vs. 87.5%, p =  
0.004) and overall survival (OS) (83.0% vs. 91.4%, p= 0.002) 

Figure 2. Kaplan-Meier estimates (log-rank test) for locoregional recurrence (A), locoregional recurrence-free survival (B), and breast cancer-specific 
survival (C), according to risk groups.
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rates than the patients with non-triple-negative breast cancer. 
These findings suggest that these patients may benefit from 
additional adjuvant treatment. In contrast, in a large cohort 
study of 884 patients with T1-2 breast cancer and 1–3 positive 
ALNs, Moo et al. [20] found that molecular subtype was not 
associated with LRR, but that it was associated with LRFS and 
OS. The authors also found that the basal and HER2 subtypes 
had the lowest LRFS (p< 0.001) and OS (p< 0.001) rates. They 
concluded that molecular subtyping may not be useful in the 
identification of patients who would benefit from PMRT 
among the subgroup of patients included in their study. In our 
study, the univariate analysis showed that, compared with the 
luminal A subtype, the HER2-enriched and basal-like sub-
types were associated with significantly higher 5-year LRR 
rates (5.6% vs. 21.6% and 15.7%, respectively; p= 0.002 each) 
and lower 5-year LRFS rates (90.6% vs. 73.8% and 78.5%, re-
spectively; p= 0.001 each). Multivariate analysis revealed that 
the risk of LRR associated with the HER2-enriched and basal-
like subtypes was 3.83- and 3.77-fold greater, respectively, 
than that associated with the luminal A subtype. Furthermore, 
our study found that, compared with the luminal A subtype, 
the HER2-enriched subtype and the basal-like subtype con-
veyed worse 5-year BCSS rates (93.7% vs. 82.2% [p= 0.002] 
and 84.9% [p= 0.001], respectively); additionally, they were 
more likely to be of histological grade 3 (11.4% vs. 19.3% and 
21.3%, respectively; p< 0.001 each).

The multivariate analysis also showed that age ≤ 35 years, a 
medial tumor, pT2 stage, and the presence of 2–3 positive 
ALNs were risk factors for LRR. Younger patients have a 
greater risk of relapse than older patients. Voogd et al. [21] 
found that the LRR risk in a breast cancer patient ≤ 35 years 
of age was 9.24 times greater than that in a patient ≥ 60 years 
of age. Su et al. [22] also reported that patient age < 40 years 
(p= 0.004) was associated with a higher risk of LRR in pa-
tients with T1-2 and N1 cancer. The high risk of recurrence in 
younger patients with breast cancer may be due to the more 
aggressive tumor behavior that is often observed in these pa-
tients, which is indicated by poor differentiation grade, a 
higher proportion of cells in S phase, an increased risk of lym-
phovascular invasion, and a high rate of ER– tumors [23].

In previous studies, tumor location was an inconsistent 
prognostic factor for LRR. Several studies have reported no 
correlation between a medial location and LRR and survival 
in patients with early-stage breast cancer [24,25]. However, 
Gaffney et al. [26] showed that an inner quadrant tumor loca-
tion was associated with poorer BCSS and OS compared with 
an outer quadrant location. Shen et al. [27] reported that a 
medial tumor location was associated with a higher risk of 
ALN recurrence. Truong et al. [5] demonstrated that in a sub-

group of patient ≥ 45 years of age with a nodal ratio > 0.25 
and ER negative status, medial tumor location was associated 
with an LRR risk of 40% to 50%. Our study also found that 
medial tumor location was a poor individual indicator of 
LRR, LRFS, and BCSS. This finding may be because medial 
tumors often drain into the internal mammary nodes (18.5% 
vs. 5.7% for central/lateral tumors) and then to the supracla-
vicular lymph nodes.

Regarding T stage and the number of involved ALNs, 
Cheng et al. [24] reported that the 4-year LRR rates in patients 
with stage T2 and T1 early breast cancer were 22.2% and 6.9%, 
respectively, suggesting poor local control in patients with 
stage T2 breast cancer. Truong et al. [5] found that the risk of 
local recurrence was > 20% in patients with T2 breast cancer 
who did not receive PMRT. Sharma et al. [6] also found that 
the 10-year LRR of patients with stage T2 breast cancer was 
higher than that of patients with stage T1 cancer (p= 0.020). 
In addition, several reports demonstrated that patients with 
2–3 positive nodes had a higher risk of supraclavicular fossa 
recurrence than those with 1 positive node, suggesting that 
supraclavicular fossa radiotherapy should be considered in 
the subset of patients with 2–3 positive nodes [28,29].

For patients whose 10-year LRR risk is < 10%, PMRT is un-
necessary due to the low incidence of LRR; PMRT would not 
provide any additional benefit. However, if the 10-year LRR 
risk is ≥ 25%, PMRT may help to improve local control rates 
and, hence, provide a survival benefit. When the risk of LRR 
is between 10% and 25%, the pros and cons of PMRT should 
be weighed before a treatment decision is made [5,30]. Previ-
ous studies have shown that a 20% reduction in the absolute 
LRR risk would improve the BCSS rate by approximately  
4%-5% [30]. In this study, the 10-year LRR rate of the entire 
study population was 13.5%. We examined whether it was 
possible to select subgroups with high-risk factors for recur-
rence according to the results of the multivariate analysis for 
PMRT. The results showed that the 10-year LRR rates of pa-
tients with 0, 1, 2, 3, and 4 LRR risk factors were 1.0%, 6.9%, 
14.3%, 30.4%, and 54.3%, respectively, and that the 10-year 
BCSS rates were 86.6%, 88.5%, 84.4%, 79.7%, and 38.8%, cor-
respondingly; thus, we propose that patients with ≥ 3 risk fac-
tors should receive PMRT.

We acknowledge several limitations of this study. First, this 
study was a retrospective analysis with a relatively small sam-
ple size; therefore, there may have been an inherent selection 
bias. Second, we performed subtype classifications based on 
IHC surrogates for genotype-based breast cancer molecular 
subtypes. Some HER2 data were obtained through IHC test-
ing because the FISH test was not always available. This test-
ing method might have resulted in misclassification of some 
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cases in which the HER2 IHC score was 2+. Third, although 
our results showed that the HER2-enriched subtype was an 
independent prognostic factor for LRR, LRFS, and BCSS, 
most patients did not undergo trastuzumab treatment. In ad-
dition, not all patients (479/555, 86.3%) with positive hor-
mone receptor status received endocrine therapy, and only 96 
patients were treated for > 5 years, which may have influenced 
the results to a certain extent. Fourth, although the majority of 
LRR events occur within the first 5 years after treatment, in 
some cases, the follow-up duration in our study was not long 
enough to fully evaluate the rate of LRR. Despite these limita-
tions, we believe that our findings will help identify the high-
risk subgroup of patients with N1 early-stage breast cancer 
who may benefit from PMRT.

In conclusion, molecular subtyping using four IHC bio-
markers could provide clinically useful information regarding 
tumor biology and clinical behaviors and identify patients 
with N1 early-stage breast cancer who are at increased risk of 
LRR. HER2-enriched and basal-like subtypes, age ≤ 35 years, 
a medial tumor, pT2 stage, and the presence of 2–3 positive 
ALNs were identified as independent poor prognostic factors 
that affected LRR in this study of patients who did not receive 
PMRT. For patients with ≥ 3 risk factors, PMRT to the chest 
wall and supraclavicular area should be recommended.
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