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Young age is associated with ipsilateral breast tumor recurrence
after breast conserving surgery and radiation therapy in patients
with HER2-positive/ER-negative subtype
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Abstract Young breast cancer patients are more likely

than old patients to experience ipsilateral breast tumor

recurrence (IBTR) after breast conserving surgery (BCS).

However, the pathological processes underlying this rela-

tionship have not been elucidated. We investigated the

effect of young age on IBTR in a Korean cohort of women

with different molecular subtypes of breast cancer. We

analyzed data of 2,102 consecutive breast cancer patients

who underwent BCS and post-surgical radiation therapy

(RT) at two Korean institutions between 2000 and 2005.

Patients were classified as young (B40 years; N = 513) or

old ([40 years; N = 1,589). Breast cancer subtype was

determined by estrogen receptor (ER), progesterone

receptor (PR), and HER2. Median follow-up duration was

61 months. The 5-year IBTR rate was 3.4% in young

patients and 1.1% in old patients (P \ 0.001). Univariate

analysis indicated that IBTR rate in young patients with

luminal A and HER2 subtypes was significantly greater

than in old patients with these subtypes (P = 0.015 and

P \ 0.001, respectively). Multivariate analysis, which used

luminal A subtype in old patients as reference, indicated

that HER2 subtype in young patients was associated with

increased risk of IBTR (hazard ratio, HR = 12.24; 95% CI:

2.54–57.96). Among old patients, HER2 subtype was not

associated with increased IBTR. In conclusion, young

women had a higher rate of IBTR after BCS and RT than

old women. This difference is mainly among women with

HER2 subtype. Aggressive local control and adjuvant

therapy should be considered for young women with HER2

subtype breast cancer.
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Introduction

Breast cancer tends to be more aggressive in young women

than in old women [1–3]. A previous study of breast cancer

patients younger than 35 years indicated that the risk of

death increases by 5% for every 1-year reduction in age

[4]. Young age has a stronger effect on poor survival in

women with hormone receptor-positive breast cancers [5].

Young age is also an independent risk factor for ipsilateral

breast tumor recurrence (IBTR) following treatment by

breast conserving surgery (BCS) and post-surgical radia-

tion therapy (RT) [6–11]. The high rate of IBTR in young

women is a significant problem for surgeons, because

young women often prefer BCS over more radical surgery.

The pathological processes underlying the relationship

of young age and IBTR have not yet been elucidated. Gene

expression profiling studies have established that breast

cancers can be divided into four major subtypes that have

different incidences, survival rates, and responses to ther-

apy: luminal A (estrogen receptor, ER? or progesterone

receptor, PR? and HER2-), luminal B (ER? or PR? and

HER2?), HER2-enriched (ER-, PR-, and HER2?), and

triple-negative (ER-, PR-, and HER2-) [12, 13]. How-

ever, the impact of breast cancer subtype on local control
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has not been well established. Several recent studies

showed that patients with the luminal A subtype had a low

rate of IBTR and that those with the HER2 subtype had a

high rate of IBTR [14–16].

In this study, we investigated the effect of patient age

and breast cancer subtype on IBTR after treatment by BCS

and RT in a cohort from Korea.

Patients and methods

Study population

The Asan Medical Center (AMC) and the Seoul National

University Hospital (SNUH) are the two largest hospitals in

Korea and have maintained prospective web-based dat-

abases that include information on all patients who

underwent surgery for breast cancer. Between 2000 and

2005, 7,496 patients underwent breast cancer surgery at

these two hospitals. Among them, we analyzed the patients

who had invasive breast cancer with tumors less than 5 cm

in diameter and were treated by BCS and RT. Patients with

the following conditions were excluded from our analysis:

inflammatory breast cancer, distant metastasis, unclear T or

N status, unavailable immunohistochemistry (IHC) data for

ER, PR, and HER2 expression, and treatment by preoper-

ative systemic therapy. Patients who did not receive adju-

vant RT after BCS and those with positive surgical margins

were also excluded. A total of 2,102 patients were included

in this study. A total of 513 patients (24.4%) were 40 years

or younger and 1,589 (75.6%) were older than 40 years.

Treatment

Local treatment of breast cancer consisted of BCS followed

by external beam radiation of the entire breast. The most

common doses were 50.4 Gy in 1.8 Gy fractions to the

whole breast, plus a tumor-bed boost to 60.4 Gy. A sepa-

rate supraclavicular or axillary field was not usually added

after axillary dissection unless the patient had four or more

positive nodes. Patients received adjuvant systemic che-

motherapy according to St. Gallen and/or NCCN guide-

lines. None of the patients received adjuvant trastuzumab.

Standard adjuvant hormone therapy was added for patients

with hormone receptor-positive breast cancer according to

the above guidelines.

Tissue microarrays

Tumor tissues were stained by IHC with antibodies direc-

ted against ER, PR, and HER2. Tumors were considered

HER2-positive only if they scored 3? on IHC or if they

were 1? or 2? on IHC and had at least twofold

amplification of the HER2 gene based on fluorescence in

situ hybridization (FISH). In the absence of positive FISH

data, tumors scored 1? or 2? by IHC were considered

HER2-negative. Based on IHC results, tumors were clas-

sified as luminal A (ER? or PR? and HER2-), luminal B

(ER? or PR? and HER2?), HER2 (ER-, PR-, and

HER2?), or triple-negative (ER-, PR-, and HER2-).

Statistical analysis

The primary end point was time to IBTR as a first event,

including any invasive or noninvasive recurrence in the

ipsilateral breast. Differences in clinicopathologic features

between intrinsic subtypes were examined using the v2 test.

For univariate survival analysis, IBTR was estimated using

Kaplan–Meier curves, and survival differences were

assessed using the log rank test. Cox proportional hazard

models that accounted for covariates were used to calculate

adjusted hazard ratios (HRs). Clinicopathologic covariates

included age at diagnosis (B40 or [40 years), tumor size

(T1 or [T1), tumor grade (1, 2, or 3), and lymph node

status (negative or positive). Treatment covariates included

chemotherapy and hormonal therapy. All statistical tests

were two-sided, and a P value less than 0.05 was consid-

ered statistically significant. All statistical analyses were

performed using SPSS version 12.0 (SPSS, Chicago, IL).

Results

Basic characteristics of young and old patients

The percentages of patients with large tumors, lymph node

metastases, and high-grade tumors were significantly

greater among young women (B40 years) than old women

([40 years). The percentages of women with the luminal A

and luminal B subtypes were greater among old patients

than young patients (P \ 0.005 for each, Table 1). Within

each intrinsic subtype, young patients were more likely to

have larger tumors and positive lymph node metastases

than old patients (P \ 0.005 for each, Table 2).

IBTR rates of young and old patients

After a median follow up of 61 months, 23 of the 513

young patients experienced IBTRs, with a 5-year cumula-

tive incidence of 3.4%; and 17 of the 1,589 old patients

experienced IBTRs, with a 5-year cumulative incidence of

1.1%. This difference was highly significant (P \ 0.001,

Fig. 1a). Subtype analysis showed that younger patients

had significantly higher IBTR rate than older patients in

luminal A (P = 0.015) and HER2 (P \ 0.001) subtypes

(Fig. 1b, d).
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IBTR rates by intrinsic subtype

Among all women, IBTR was significantly more common

in patients with the HER2 subtype compared with the other

subtypes (P \ 0.001). However, a high rate of IBTR in the

HER2 subtype was present in young patients (P \ 0.001)

but not in old patients (P = 0.444) (Fig. 2a, b). The 5-year

cumulative incidence of IBTR in young women with the

HER2 subtype was 13.9% (95% CI: 8.9–18.8), compared

with 1.3% (95% CI: 0.4–2.2) in old women with this

subtype (P \ 0.001, Fig. 2c).

Multivariate analysis of IBTR

Multivariate analysis using the luminal A subtype as a

reference indicated that only the HER2 subtype was inde-

pendently and significantly associated with increased risk

of IBTR (HR = 7.19; 95% CI: 1.34–38.66, data not

shown). Multivariate analysis using old patients with the

luminal A subtype as a reference indicated that the HER2

subtype was an independent risk factor for IBTR in young

patients (HR = 12.14; 95% CI: 2.54–57.96) but not in old

patients (HR = 0.55; 95% CI: 0.05–6.34) (Table 3).

Annual risk of IBTR

The pattern of annual risk of IBTR was similar among

young and old patients (data not shown), but differed by

intrinsic subtype. In particular, young patients with the

HER2 subtype had two peak times for risk of IBTR, 2–3

years after surgery and 7–8 years after surgery (Fig. 3).

Discussion

Our results indicate that the overall 5-year rate of IBTR

among Korean breast cancer patients who underwent BCS

and RT was low (1.6%), but that this rate was higher in

young women (B40 years; 3.4%) than in old women

([40 years; 1.1%). Moreover, the rate of IBTR varied by

breast cancer subtype, as assessed by IHC staining for ER,

PR, and HER2. Multivariate analysis showed that the

presence of the HER2 subtype in younger patients was

significantly and independently associated with increased

local recurrence.

Previous studies reported that young age, defined by

various cutoffs, is associated with increased risk of local

relapse in patients undergoing BCS [6, 7, 17]. A subset

analysis of the European Organization for Research and

Treatment of Cancer (EORTC) Trial 22881/10882 reported

that the most important risk factors for local recurrence

after BCS were age younger than 50 years and high-grade

invasive tumor [7]. Another study reported that the relative

risk of locoregional recurrence increased by 7% for every

1-year decrease in age [6].

Previous publications have proposed several hypotheses

to account for the effect of age on IBTR [18]. First, young

Table 1 Patient characteristics according to age group

Characteristics Age B 40 Age [ 40 P

No % No %

T stage

T1 308 60 1,123 70.7 0.000

T2 205 40 466 29.3

T3

Lymph node

Negative 339 66.1 1,169 73.6 0.001

Positive 174 33.9 420 26.4

Grade

1/2 253 54.1 908 63.7 0.000

3 215 45.9 517 36.3

Unknown

Intrinsic subtype

Luminal A 262 51.1 944 59.4 0.003

Luminal B 51 9.9 165 10.4

HER2 52 10.1 119 7.5

Triple negative 148 28.8 361 22.7

Chemotherapy 410 83 1,050 66.4 0.000

Hormone therapy 307 70.4 1,136 71.8 0.310

Table 2 Clinicopathologic characteristics among the intrinsic sub-

type according to age group

Age B 40 Age [ 40 P

Luminal A

T1 174 66.4 684 72.5 0.034

Lymph node positive 87 33.2 263 27.9 0.055

Grade 3 47 20.2 155 18.3 0.292

Chemotherapy 176 70.7 516 55.0 0.000

Luminal B

T1 32 62.7 121 73.3 0.102

Lymph node positive 23 45.1 39 23.6 0.003

Grade 3 26 54.2 54 36 0.020

Chemotherapy 43 91.5 86 52.4 0.000

HER2

T1 32 61.5 81 68.1 0.255

Lymph node positive 20 38.5 37 31.1 0.222

Grade 3 29 61.7 67 63.8 0.471

Triple negative

T1 70 47.3 237 65.7 0.000

Lymph node positive 44 29.7 81 22.4 0.054

Grade 3 113 80.7 241 74.2 0.079
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women may be more likely to have breast tumors with

aggressive subtypes. Indeed, similar to previous studies

[15, 18, 19], we found that the percentages of patients with

the HER2 and triple negative subtypes were greater in

young women than in old women. Second, dense breasts,

which are more common in younger women, may be a risk

factor for breast cancer and local recurrence [20]. The

mechanisms underlying the association of dense breasts

and tumor recurrence are largely unknown, although pre-

vious research indicated that circulating growth factors and

proteins may influence breast density and tumor recurrence

[21–23]. Moreover, dense breasts may have a masking

effect on tumor detection by mammography [24]. Third,

age-specific biologic differences in breast carcinomas may

Fig. 1 IBTR-free survival of young patients (B40 years) and old patients (\40 years) with all subtypes (a), the luminal A subtype (b), the

luminal B subtype (c), the HER2 subtype (d), and the triple-negative subtype (e)

Fig. 2 Cumulative incidence of IBTR in young patients (a) and old patients (b) with different subtypes, and according to the combination of

subtypes and age groups (c)
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be highly subtype dependent [8]. We found that IBTR rates

were higher in young women with the HER2 subtype,

suggesting age-specific differences in breast tumor biology.

On the other hand, previous studies have shown that age is

an independent risk factor for poor survival [2, 18], mainly

in ER-positive breast cancers [5]. Our results suggest that

the pathophysiology of local aggressiveness might be dif-

ferent from the pathophysiology of distant metastasis and

poor survival in young women with breast cancer.

The biologic subtypes of breast cancer have a profound

impact on local recurrence [16, 25, 26]. A study of 793

patients, in which 3.5% were younger than 35 years, who

underwent BCS showed that increased rates of recurrence

were associated with the HER2 and basal subtypes [16]. A

study of 2985 patients, in which 7.5% were younger than

40 years, used a six-marker IHC panel and found that the

HER2 enriched type (not luminal HER2) was associated

with increased IBTR after BCS [15]. Another study

showed that the HER2 subtype in patients with T1a,b N0

breast cancer was predictive of locoregional recurrence

[14]. In contrast, a study of 498 patients of median age

61 years showed by multivariate analysis that breast cancer

subtype was not associated with IBTR [26]. Most previous

studies of IBTR have only included small numbers of

patients younger than 40 years, limiting the ability to

assess the impact of age on local recurrence. In contrast,

24.4% of our patients were 40 years or younger, allowing

us to better assess the effect of age.

The reason why the HER2 subtype is associated with

IBTR in younger patients is unclear. This subtype may be

relatively resistant to post-lumpectomy RT [14]. Preclinical

studies have shown that EGFR expression and activation

by ligands correlate with radioresistance and that signal

transduction initiated by receptor activation promotes

cancer cell survival and proliferation after ionizing radia-

tion [27–30]. HER2 inhibitors can affect cellular responses

to ionizing radiation by induction of apoptosis and cell

cycle arrest and by impeding DNA repair [27, 31]. Previ-

ous research indicated that targeting of PI3K-AKT-mTOR

signaling significantly radiosensitized HER2-activated

breast cancer cells by inhibition of DNA repair. Therefore,

blocking the PI3K-AKT-mTOR pathway may help patients

to overcome resistance to currently available HER2

inhibitors plus irradiation [30].

It remains unknown whether mastectomy provides bet-

ter survival rates than BCS for young patients with the

HER2 subtype of breast cancer. Changes in breast cancer

surgery over the past decades have led to a reduction in the

extent of surgery [32, 33] and better quality of life for

patients. Oncoplastic surgery has become important,

especially for younger patients. A comparison of mastec-

tomy with BCS and RT in younger patients showed no

differences in local recurrence, disease-free survival, or

overall survival [34] suggesting that extensive surgery for

patients at high risk of IBTR may not reduce the likelihood

of IBTR.

A previous study found that additional radiation after

BCS and standard RT reduced local recurrence from 19.5

to 10.2% in breast cancer patients 40 years and younger

(P = 0.002) [8]. The 10-year results of the EORTC

22991/10883 trial demonstrated that additional radiation

had the largest absolute benefit on local control in younger

Table 3 Multivariate analysis of IBTR

HR 95% CI P

T1 0.50 0.23–1.12 0.093

Node positivity 0.72 0.32–1.63 0.433

Grade 3 1.72 0.71–4.15 0.226

Chemotherapy 0.80 0.26–2.42 0.691

Hormone therapy 0.32 0.08–1.28 0.107

Intrinsic subtype

Age [ 40

Luminal A 1

Luminal B 1.55 0.32–7.51 0.588

HER2 0.55 0.05–6.34 0.635

Triple negative 1.17 0.22–6.26 0.856

Age 40, or less

Luminal A 2.97 0.99–8.96 0.053

Luminal B 1.92 0.22–16.84 0.557

HER2 12.14 2.54–57.96 0.002

Triple negative 1.22 0.16–9.05 0.849

Fig. 3 Smoothed annual risk of IBTR after primary surgery in young

patients and old patients with the HER2 subtype
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patients [7]. In our study, most patients received a tumor-

bed boost, but this did not compensate for the higher rate of

IBTR in young patients. Neuschatz et al. [35] reported that

close margin was associated with higher local recurrence

rate only in younger patients (less than 45 years old),

suggesting the importance of strict surgical local control

for young patients.

Our finding of an increased local recurrence in patients

with the HER2-positive subtype must be interpreted in the

light of our exclusion of patients who received adjuvant

trastuzumab, which is now part of the standard of care of

patients with HER2-positive early breast cancer. Indeed,

several large-scale trials have assessed the efficacy and

safety of trastuzumab use in the adjuvant setting and found

that trastuzumab reduced the number of local and regional

recurrences [16, 36, 37].

Previous studies have assessed the usefulness of bio-

markers, such as Ki-67 and p53, and multi-gene signatures,

such as wound response signature and the Oncotype DX

assay, as indicators of local recurrence [38–40]. We sug-

gest that the interaction of patient age with these and other

biomarkers be considered in future studies.

In conclusion, we have shown here that younger breast

cancer patients with the HER2 subtype have an increased

risk for IBTR after BCS and RT. To our knowledge, this is

the largest study to establish a relationship of patient age,

tumor intrinsic subtype, and IBTR. Based on our results,

we suggest that young breast cancer patients, especially

those with the HER2 subtype, be provided with more strict

local control to reduce the probability of IBTR, and be

considered for more aggressive systemic therapy including

trastuzumab. Further investigations of the mechanisms

underlying the high rate of IBTR in younger breast cancer

patients with the HER2 subtype are warranted.
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