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INTRODUCTION
Breast cancer is a heterogeneous neoplasm. There are 4 

subtypes according to gene expression profiling: luminal A, 
represented by hormone receptor-positive tumors with low 
proliferative activity; luminal B, also primarily represented by 
hormone receptor-positive tumors but with high proliferative 

activity; basal-like, which are mostly triple-negative breast 
cancers (TNBC) (estrogen receptor [ER]-negative, progesterone 
receptor [PR]-negative, and human epidermal growth factor 
receptor 2 [HER2]-negative); and HER2-positive, comprising 
tumors with high expression of the ERBB2 gene. These distinct 
molecular subtypes have differences in clinical features and 
prognosis [1-3].
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Purpose: Clinically, breast cancer can be divided into 4 subtypes based on the presence of hormone receptors, human 
epidermal growth factor receptor 2 (HER2), and Ki-67. Because the pattern and time of recurrence vary according to the 
subtype, we evaluated whether there was a difference in overall survival (OS) among the subtypes according to the time 
and type of recurrence.
Methods: A total of 2,730 patients who underwent breast cancer surgery were analyzed. Early and late recurrence were 
defined as recurrence within and after 5 years of diagnosis, respectively. Recurrence type was categorized as locoregional 
recurrence or systemic recurrence. 
Results: Hormone receptor-positive tumors were significantly more frequent in the late recurrence group than in the early 
recurrence group (estrogen receptor positive, 47.8% [early] vs. 78.7% [late]). However, there was no difference in the rate 
of HER2 overexpression (HER2+, 38.1% [early] vs.39.0% [late]). In subgroup analysis, early recurrence was a significant 
prognostic factor for OS in all subtypes. However, late recurrence was a significant  prognostic factor for OS only in the 
luminal B subtype (hazard ratio of 4.30). In addition, the luminal B type had the highest proportion in late recurrence 
patients (63.2%). 
Conclusion: The luminal B subtype had a high rate of late recurrence, and late recurrence was a poor prognostic factor for 
OS only in this subgroup. Therefore, further targeted treatments for luminal B breast cancer are needed and patients with 
this subtype require close long-term surveillance.
[Ann Surg Treat Res 2023;104(1):1-9]
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The pattern and risk of recurrence vary according to subtype. 
Luminal A breast cancer has a low recurrence rate, but the 
risk of recurrence tends to increase slowly and steadily [4]. 
Luminal B breast cancer recurs at any time, both luminal A and 
B show persistent recurrence patterns, and luminal B shows 
a higher hazard ratio (HR) over time [3]. On the other hand, 
hormone receptor-negative breast cancer has a high rate of early 
recurrence, usually within 3 years, and subsequent recurrence 
is rare. HER2-positive breast cancer has a recurrence peak 
around 20 months. TNBC with a low Ki-67 level has a smooth 
risk curve, while TNBC with a high Ki-67 level shows a sharp 
peak near 18 months. TNBCs have an aggressive clinical course, 
but its effects are short. After 3 years, the recurrence peak is 
sharply reduced [5].

Recurrence type varies depending on the subtype. Hormone 
receptor-negative tumors have a higher risk of locoregional 
recurrence (LRR) than luminal breast cancer, and HER2-positive 
tumors have a higher risk of LRR and distant metastasis than 
HER2-negative tumors [6]. Patients with regional recurrence 
have a worse prognosis and higher risk of distant metastasis 
than patients with local recurrence [7,8]. 

Considering the different recurrence patterns according to 
subtype, we sought to determine whether there is a difference 
in prognosis according to the time of recurrence. In other 
words, we investigated whether there are differences in overall 
survival (OS) rate in patients with early recurrence and late 
recurrence depending on subtype.

METHODS
This study was approved by the Institutional Review Board 

of Korea University Anam Hospital (No. 2019AN0126). It was 
performed in accordance with the Declaration of Helsinki and 
written informed consent was waived due to its retrospective 
nature.

A total of 2,730 patients who underwent surgery for breast 
cancer from January 2000 to May 2018 were enrolled. Women 
who were 20 years or older were included, and patients with 
distant metastasis at diagnosis were excluded.

We reviewed clinicopathological characteristics of patients, 
including biological factors such as the expression of ER, 
PR, HER2 and Ki-67. Pathological tumor stage was assessed 
according to the anatomical staging system of American Joint 
Committee on Cancer Staging Manual, 8th edition. When 
less than 1% of cells exhibit nuclear staining for ER and/or PR 
on immunohistochemistry (IHC), these cancers are defined 
as ‘ER-negative’ and ‘PR-negative’. A ‘HER2-negative’ cancer is 
defined as 0, +1 or +2 staining on IHC or in cases with a HER2/
centromere of chromosome 17 copies ratio <2.0 on fluorescence 
in situ hybridization or silver in situ hybridization. 

The patients were classified into 4 molecular subtypes 

as follows: luminal A (ER-positive [ER+] and/or PR-positive 
[PR+], HER2-negative [HER2–], and low Ki-67 level of <14.0%); 
luminal B (ER+ and/or PR+, Ki-67 of ≥14.0% or HER2-positve 
[HER2+]); HER2-positive (ER-negative [ER–], PR-negative [PR–], 
and HER2+); and triple-negative (ER–, PR–, and HER2–) breast 
cancer.

Recurrence was categorized as LRR or systemic recurrence. 
LRR was defined as local (in the ipsilateral breast, chest 
wall or skin) or regional (in the axillary lymph nodes or 
the supraclavicular region or in the internal mammary, 
supraclavicular, or infraclavicular nodes). Systemic recurrence 
was defined as distant metastasis that was detected after 
primary surgery. Contralateral breast recurrence was excluded 
because it could be a possible statistical bias. Early recurrence 
was defined as recurrence within 5 years of diagnosis. Late 
recurrence was defined as recurrence after 5 years from 
diagnosis.

The chi-square test was used to analyze differences between 
proportions. OS was assessed from the date of diagnosis to 
the date of death or last follow-up visit. OS was estimated 
using the Kaplan-Meier method and compared using the 
log-rank test. Independent prognostic factors for OS were 
identified by Cox multivariate proportional hazard analysis. All 
significant parameters on univariate analysis were included 
in a multivariate model. A P-value of <0.05 was considered 
statistically significant. IBM SPSS Statistics ver. 20.0 (IBM Corp., 
Armonk, NY, USA) was used for all statistical analyses. 

RESULTS

Clinicopathologic characteristics according to time 
of recurrence (early vs. late recurrence)
During the follow-up period in this study (median of 60 

months; range, 1–289 months), recurrence occurred in 335 
patients (12.3%). Of them, early recurrence was noted in 269 
patients (80.3%), and late recurrence occurred in 66 cases (19.7%). 
The clinicopathologic characteristics of patients according to 
the time of recurrence are shown in Table 1. The median age 
of patients with late recurrence was 46 years, and they were 
younger (P = 0.052) and more likely to be premenopausal than 
patients with early recurrence (70.3% vs. 53.6%, P = 0.017). 
The rate of breast conserving surgery in the late recurrence 
group was higher (66.7% vs. 50.9%, P = 0.027), but there was 
no difference in stage between the 2 groups. The proportion 
of patients with hormone receptor-positive tumors was 
significantly higher in the late recurrence group (early vs. late: 
ER+, 48.7% vs. 78.7%; PR+, 44.4% vs. 72.1%; P < 0.001) than in 
the early recurrence group. However, there was no difference 
in the rate of HER2 overexpression (HER2+, 38.1% vs. 39.0%; P 
= 0.904). There was no difference in the proportion of patients 
who underwent chemotherapy or radiotherapy between the 2 
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Table 1. Clinicopathologic characteristics of patients with early (within 5 years) and late (after 5 years) recurrence

Characteristic Early recurrence Late recurrence P-value No recurrence P-value

No. of patients 269 66 2,395
Age (yr) 50 (24–86) 46 (26–71) 0.052 50 (22–87) 0.001
Menopausal status 0.017 0.003

 
Premenopausal 142 (53.6) 45 (70.3) 1,181 (49.8)
Postmenopausal 123 (46.4) 19 (29.7) 1,189 (50.2)
Unknown   4   2 25

Operation, breast 0.027 <0.001
Total mastectomy 132 (49.1) 22 (33.3) 813 (33.9)
Partial mastectomy 137 (50.9) 44 (66.7) 1,582 (66.1)

Operation, axillary lymph nodes 0.721 <0.001
SLNBx 56 (20.8) 15 (22.7) 1,065 (44.5)
ALND 195 (72.5) 45 (68.2) 1,193 (49.8)
No operation 18 (6.7) 6 (9.1) 137 (5.7)

Stage 0.127 <0.001
0 3 (4.1) 1 (33.3) 43 (18.5)
I 17 (23.3) 1 (33.3) 63 (27.2)
II 20 (27.4)   0 92 (39.7)
III 33 (45.2) 1 (33.3) 0.355 34 (14.7) <0.001
yp 0 18 (9.2) 7 (11.1) 219 (10.1)
yp I 44 (22.4) 19 (30.2) 985 (45.5)
yp II 88 (44.9) 28 (44.4) 797 (36.8)
yp III 46 (23.5) 9 (14.3) 162 (7.5)

Estrogen receptor <0.001 <0.001
Postive 127 (48.7) 48 (78.7) 1,750 (74.7)
Negative 134 (51.3) 13 (21.3) 594 (25.3)
Unknown   8   5 51

Progesterone receptor <0.001 <0.001
Postive 116 (44.4) 44 (72.1) 1,640 (70.0)
Negative 145 (55.6) 17 (27.9) 702 (30.0)
Unknown   8   5 53

HER2 0.904 <0.001

 
Postive 98 (38.1) 23 (39.0) 597 (26.4)
Negative 159 (61.9) 36 (61.0) 1,662 (73.6)
Unknown 12   7 136

Ki67 (%) 0.527 <0.001

 
≥14.0 173 (69.2) 44 (74.6) 1,010 (44.3)
<14.0 77 (30.8) 15 (25.4) 1,270 (55.7)
Unknown 19   7 115

Subtype <0.001 <0.001

 
Luminal A 46 (18.5) 11 (19.3) 958 (43.6)
Luminal B 79 (31.9) 36 (63.2) 726 (33.0)
TNBC 65 (26.2) 5 (8.8) 278 (12.6)
HER2 58 (23.4) 5 (8.8) 237 (10.8)
Unknown 21   9 196

Chemotherapy 0.734 <0.001
Postive 213 (79.2) 54 (81.8) 1,468 (62.0)
Neageive 56 (20.8) 12 (18.2) 901 (38.0)

Radiotherapy >0.999 0.757
Postive 185 (68.8) 46 (69.7) 1,586 (66.9)
Neageive 84 (31.2) 20 (30.3) 783 (33.1)

Type of recurrence 0.538
Locoregional 126 (46.8) 34 (51.5)  NA

 Systemic 143 (53.2) 32 (48.5)  NA

Values are presented as number only, median (range), or number (%). 
SLNBx, sentinel lymph node biopsy; ALND, axillary lymph node dissection; HER2, human epidermal growth factor receptor 2; NA, not 
available.
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groups.

Overall survival according to recurrence type 
(locoregional recurrence vs. systemic recurrence)
Of the 335 patients who experienced recurrence, 160 

patients (47.8%) had LRR and 175 patients (52.2%) had systemic 
recurrence (distant metastasis) as their first recurrence. For 34 
of the patients with LRR (21.3%) and 32 of the patients with 
systemic recurrence (18.3%), the recurrence occurred after 5 
years (i.e., late). 

In patients with systemic recurrence, both early recurrence 
(HR, 30.5; 95% confidence interval [CI], 22.0–42.3) and 
late recurrence (HR, 6.9; 95% CI, 3.8–12.5) were significant 
prognostic factors for OS. However, in patients with LRR, early 
recurrence was a statistically significant prognostic factor (HR, 
8.4; 95% CI, 5.4–12.9) for OS, but late recurrence was not (HR, 1.5; 
95% CI, 0.5–4.8) (Fig. 1, Table 2).

Overall survival according to chemotherapy
Of the 969 patients who did not receive chemotherapy, 

68 (7.0%) had recurrences. Of these, 56 patients (82.4%) had 
recurrence within 5 years and 12 (17.6%) had recurrence after 5 
years. 

Of the 1,463 patients who underwent adjuvant chemotherapy, 
192 patients (13.1%) had recurrence. Of these patients, 
141 patients (73.4%) had recurrence within 5 years and 51 
(26.6%) had recurrence after 5 years. Of the 308 patients who 
underwent neoadjuvant chemotherapy, 76 patients (24.7%) had 
recurrence. Of these, 72 patients (94.7%) had recurrence within 
5 years and only 3 patients (4.2%) had recurrence after 5 years.

Patients with early recurrence showed a poor prognosis in all 
kinds of chemotherapy groups (no chemotherapy, adjuvant, and 
neoadjuvant chemotherapy) (Fig. 2). However, late recurrence 
was a significant prognostic factor for OS (HR, 5.18; 95% CI, 
2.84–9.46 in the adjuvant chemotherapy only group). Late 

recurrence was not a significant prognostic factor for OS in 
patients who did not receive chemotherapy or in those who 
underwent neoadjuvant chemotherapy.

Overall survival according to subtype
Of the 248 patients with recurrence within 5 years, 46 

patients (18.5%) had luminal A, 79 (31.9%) had luminal B, 65 
(26.2%) had TNBC, and 58 patients (23.4%) had HER2 disease. 
Of the 57 patients with recurrence after 5 years, 36 patients 
(63.2%) had luminal B, which was less than half of patients 
with this subtype who had early recurrence. About 92% each of 
recurrences of the TNBC and HER2 subtypes occurred within 
5 years, and only 7.1% and 7.9%, respectively, of recurrences 
occurred after 5 years.

Subgroup analysis by subtype showed that early recurrence 
was a significant prognostic factor for OS in all subtypes (Fig. 3, 
Table 3). However, late recurrence was a significant prognostic 
factor for OS with a HR of 3.93 (95% CI, 1.917–8.059) in the 
luminal B subtype only.

DISCUSSION
Early recurrence was a prognostic factor for OS in patients 

with LRR, late recurrence was not a significant prognostic factor. 
However, in patients with systemic recurrence, late recurrence 
was a poor prognostic factor for OS, but the HR for late 
recurrence was lower than that for early recurrence. When the 
survival rate after recurrence was analyzed based on the time of 
recurrence (from the date of recurrence to the date of death or 
the date of last follow-up) in patients with systemic recurrence, 
late recurrence was associated with a better prognosis than 
early recurrence. This suggests that systemic recurrence after 5 
years has a more favorable clinical course than early recurrence. 
Of course, further analysis according to treatment method is 
needed to confirm these findings.
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Fig. 1. Overall survival (OS) according to recurrence type. (A) Locoregional recurrence. (B) Systemic recurrence. 
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Patients who underwent neoadjuvant chemotherapy had a 
significantly lower recurrence rate after 5 years than those who 
did not undergo chemotherapy or who underwent adjuvant 
chemotherapy. This may be due to the relatively higher 
proportion of patients with locally advanced or hormone 
receptor-negative breast cancer who underwent neoadjuvant 
chemotherapy. Of the 3 patients with recurrence after 5 years 
of neoadjuvant chemotherapy, only 1 patient had systemic 
recurrence. This patient had ypT2N2MO, luminal A disease, had 
distant metastasis to the lung, pleura, liver, and ovary, and was 
alive for 30 months after recurrence. 

Among the 4 subtypes, luminal B had the highest early 
and late recurrence rates. The proportion of patients with 
luminal B disease was especially high in the late recurrence 
group (63.2%) compared to other subtypes. In addition, unlike 
other subtypes, late recurrence was a significant prognostic 
factor for OS only in patients with the luminal B subtype. Late 
recurrence was very rare in the TNBC and HER2 subtypes, 
and survival curves of the patients with late recurrence were 
not significantly different from the survival curves of patients 
without recurrence. Luminal B breast cancer has different 
definitions in various studies, but generally it has lower ER 

Table 2. Univariate analysis for overall survival according to the type of recurrence, chemotherapy, and subtype

Variable B SE Wald P-value HR (95% CI)

Type of recurrence
Locoregional 

No  Reference
<5 yr 2.133 0.219 94.519 <0.001 8.437 (5.489–12.969)
≥5 yr 0.403 0.594 0.460 0.497 1.496 (0.467–4.792)

Systemic recurrence
No  Reference
<5 yr 3.419 0.166 422.115 <0.001 30.531 (22.034–42.303)
≥5 yr 1.934 0.305 40.292 <0.001 6.920 (3.808–12.576)

Type of chemotherapy
Neoadjuvant chemotherapy

No recurrence Reference
Recurrence <5 yr 3.466 0.528 43.134 <0.001 32.006 (11.377–90.038)
Recurrence ≥5 yr –9.669 421.887 0.001 0.982 0.000 (0.000)

Adjuvant chemotherapy
No recurrence Reference
Recurrence <5 yr 3.031 0.205 217.534 <0.001 20.714 (13.847–30.986)
Recurrence ≥5 yr 1.646 0.307 28.781 <0.001 5.185 (2.842–9.461)

No chemotherapy
No recurrence Reference
Recurrence <5 yr 1.898 0.354 28.785 <0.001 6.674 (3.336–13.352)
Recurrence ≥5 yr 0.340 1.023 0.110 0.740 1.404 (0.189–10.431)

Subtype
Luminal A

No recurrence Reference
Recurrence <5 yr 2.804 0.422 44.117 <0.001 16.512 (7.219–37.772)
Recurrence ≥5 yr 1.729 0.691 6.261 0.012 5.637 (1.455–21.844)

Luminal B
No recurrence Reference
Recurrence <5 yr 2.535 0.262 93.310 <0.001 12.611 (7.540–21.090)
Recurrence ≥5 yr 1.459 0.361 16.366 <0.001 4.303 (2.122–8.726)

Triple-negative breast cancer
No recurrence Reference
Recurrence <5 yr 2.917 0.350 69.424 <0.001 18.493 (9.311–36.733)
Recurrence ≥5 yr –10.626 380.908 0.001 0.978 0.000 (0.000)

HER2 
No recurrence Reference
Recurrence <5 yr 2.791 0.383 53.009 <0.001 16.291 (7.686–34.529)
Recurrence ≥5 yr –11.295 515.274 0.000 0.983 0.000 (0.000)

SE, standard error; HR, hazard ratio; CI, confidence interval; HER2, human epidermal growth factor receptor 2. 
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expression, higher proliferative gene expression, higher grade 
and poorer prognosis than luminal A breast cancer [9]. The risk 
of early recurrence of the luminal B subtype is high [9], and 
it also has a high risk of recurrence after 5 years. Among ER+ 
breast cancers, tumors that overexpress HER2 are more likely to 
fail to endocrine treatment than HER2– tumors [10]. 

Luminal B is less than 10% responsive to neoadjuvant 
chemotherapy despite its high proliferation rate [11]. In this 
study, we defined luminal B as hormone receptor-positive 
tumors with a high level of Ki-67 or HER2 positivity. Although 
there was no statistically significant difference in survival 
curves, HER2+ luminal B seems to have a worse prognosis than 
luminal B with high Ki-67 level. Patients with late recurrence 
of HER2+ luminal B breast cancer had a worse prognosis than 
patients with no recurrence. However, there was no significant 
difference in OS in luminal B with high Ki-67 level. Previous 
studies have also shown a poor prognosis for both luminal B 
with high Ki-67 level and HER2+ luminal B, though HER2+ 
luminal B seems to have a worse prognosis than luminal B with 

high Ki-67 level [12]. 
There might be several reasons for the poor prognosis of 

patients with the luminal B subtype. There is bidirectional 
crosstalk between the ER and growth factor receptors (GFR). 
Various GFR signaling and down-stream pathways including 
PI3K/AKT/mTOR (phosphoinositide 3-kinase/AKT/mammalian 
target of rapamycin) and Ras/Raf/MEK/ERK (Ras/Raf/mitogen-
activated protein kinase/extracellular signal-regulated kinase), 
are associated with cancer development, tumor survival, 
proliferation, migration and metastasis [13,14]. One such 
pathway involves activation of insulin-like growth factor-1R 
signaling or the fibroblast growth factor signaling pathway. 
These are related to PR negativity, highly proliferative tumors, 
and endocrine resistance, and are detected more frequently in 
the luminal B subtype than in luminal A [15,16].

The ER coactivator/coregulator affects endocrine sensitivity/
resistance [17]. Osborne et al. [18] showed that high amplified 
in breast cancer 1 (AIB1) was a good prognostic factor in 
patients not taking tamoxifen, but it was a poor prognostic 
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Fig. 2. Overall survival (OS) according to chemotherapy. (A) Total patients. (B) Neoadjuvant chemotherapy. (C) Adjuvant 
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factor in patients taking tamoxifen. The AIB1 is a member 
of the steroid receptor coactivator family, is located on the 
long arm of chromosome 20 (20q12), and is amplified and 
overexpressed in breast, ovarian and prostate cancer [19]. AIB1 
was found to be overexpressed in about 10% of breast cancers 
[19] and it plays an essential role in cell growth in vitro and in 
vivo [20]. AIB1 also interacts with various signaling molecules 
mediating cell proliferation, survival, and migration [21]. Many 
studies suggest the association between AIB1 and HER2 and 
endocrine resistance in patients with breast cancer treated 
with tamoxifen, and AIB1 overexpression is associated with 
HER2 amplification and poor prognosis [18,22,23]. Tumors with 
relatively high coactivators such as AIB1, particularly HER2 
signaling-enhanced tumors capable of activating AIB1, are less 
responsive to tamoxifen therapy due to the increased estrogen 
agonist activity of tamoxifen-bound ER [24,25]. ER+ HER2+ 
breast cancer is less likely to respond to tamoxifen than ER+ 
HER2– breast cancer. The underlying mechanism is not clearly 
understood, but is thought to be due to ligand-independent 

activation of the ER by mitogen-activated protein kinase (MAPK) 
[26]. AIB1 is phosphorylated by MAPK, and high levels of 
activated AIB1 may reduce the antagonist effect of tamoxifen, 
particularly in tumors overexpressing HER2 receptors that 
activate MAPK [27].

We excluded contralateral breast cancer because several 
factors affect the risk of contralateral breast cancer. Age at 
diagnosis of primary breast cancer, carriers of susceptibility 
genes, and antihormonal therapy would be potential competing 
biases of contralateral breast cancer [28]. Therefore, we could 
not analyze contralateral breast cancer. This was a potential 
limitation of this study.

In conclusion, breast cancer has a different recurrence 
pattern depending on subtype. In the luminal A, TNBC, and 
HER2 subtypes, early recurrence was associated with poor OS, 
but late recurrence was not a prognostic factor for OS. However, 
the luminal B subtype has a high rate of late recurrence and late 
recurrence was a poor prognostic factor for OS. These findings 
suggest that further targeted treatments for luminal B breast 

Young Joo Lee, et al: Prognosis according to the timing of recurrence in breast cancer

A B

18012060

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

Luminal A

1.0

0.8

0.6

0.4

0.2

0

P < 0.001

18012060

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

1.0

0.8

0.6

0.4

0.2

0

P < 0.001

Luminal B

C D

18012060

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

Triple-negative breast cancer

1.0

0.8

0.6

0.4

0.2

0

P < 0.001

18012060

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

1.0

0.8

0.6

0.4

0.2

0

P < 0.001

HER2 subtype

OS (mo) OS (mo)

OS (mo)OS (mo)

<5 yr
>5 yr
No

Recurrence
<5 yr
>5 yr
No

Recurrence

<5 yr
>5 yr
No

Recurrence
<5 yr
>5 yr
No

Recurrence
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cancer are needed and patients with this subtype require close 
long-term surveillance.
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