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INTRODUCTION

Screening mammography have increased detection of early 
breast cancers, and aggressive multimodal treatment has  
successfully reduced the mortality rate of breast cancer [1].  
Although patients with stage I breast carcinoma (pT1N0) gen-
erally show very good prognosis, some patients experience 
disease recurrence and die of systemic disease [2].

Prognostic and predictive factors have been widely used  
in treatment decisions for breast cancer. Human epidermal 
growth factor receptor 2 (HER2)/neu overexpression has been 
associated with poorly differentiated high-grade tumors, high 

rates of cell proliferation and lymph node (LN) involvement, 
and relative resistance to certain types of chemotherapy [3,4]. 
Currently, however, HER2/neu positive patients can be treated 
with targeted agents, including trastuzumab, which have  
increased their survival in adjuvant settings [5-8]. 

Triple-negative breast cancer (TNBC) is defined as hormone 
receptor-negative and HER2/neu-negative breast cancer. In 
contrast to patients with hormone receptor-positive or HER2/
neu-positive breast cancer, patients with TNBC derive no benefit 
from endocrine therapy or molecular targeted treatment due 
to the lack of the appropriate targets for these drugs. Moreover, 
several retrospective and epidemiologic studies have shown 
that the triple-negative (TN) phenotype is associated with a 
poorer prognosis and more aggressive clinical features than 
other subtypes [9-11]. Although most patients with TNBC 
present with advanced stage tumors at diagnosis, about 10% 
present with stage I [2,12]. However, predictive and prognostic 
values of TNBC phenotype, especially in patients with early 
stage breast carcinoma, are relatively undetermined [13-16]. 

We therefore investigated the clinical outcomes and prog-
nostic factors of patients with stage I early breast cancer. Also, 
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We assessed clinical outcomes and prognostic factors in stage I 
breast cancer patients with and without triple-negative breast 
cancer (TNBC) phenotype. Methods: Of 2,489 patients undergo-
ing breast cancer surgery between January 1998 and December 
2002, 554 (22.3%) had stage I breast cancer (tumor size ≤2 cm, 
and lymph node-negative). TNBC was defined as a primary  
tumor negative for estrogen and progesterone receptors (Allred 
scores <3/8) and for HER2/neu (0-1+ by immunohistochemistry). 
Results: Of the 554 patients with stage I breast cancer, 78 (14.1%) 
had TNBC. A significant proportion of TNBC patients had histo-
logic grade 3 tumors (47.4% vs. 34.5%, p=0.031) and tumors 
>1 cm (87.2% vs. 75.8%, p=0.028) and received adjuvant 
chemotherapy (79.5% vs. 44.7%, p<0.001). During a median 

follow-up time of 8.7 years, 72 patients experienced tumor recur-
rences; 18 (23.1%) in the TNBC group and 54 (11.3%) in the non-
TNBC group (p=0.010), with cumulative 3-year rate of recurrence 
of 12.8% and 5.3%, respectively (p=0.010). Ten-year relapse-free 
survival (RFS; 75.6% vs. 87.5%, p=0.004) and overall survival 
(OS; 83.0% vs. 91.4%, p=0.002) rates were significantly lower 
in the TNBC group. Multivariate analysis showed that triple nega- 
tivity and histologic grade were independent predictors of shorter 
RFS and OS. Conclusion: TNBC had more aggressive clinico-
pathologic characteristics and was associated with poorer sur-
vival in patients with stage I breast cancer. More intensive adju-
vant chemotherapy or a different therapeutic strategy targeting 
this population is warranted.
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we compared the clinicopathologic characteristics and prog-
nosis of TNBC with those of non-TNBC in a cohort of stage I 
breast carcinoma.

METHODS

Patients 
Of the 2,489 breast cancer patients who underwent surgery 

from January 1998 to December 2002, 565 (22.7%) were diag-
nosed with stage I breast carcinoma (tumor size ≤ 2 cm, and 
LN-negative on pathologic examination) and had available 
results of immunohistochemistry (IHC) for hormonal recep-
tors and HER2/neu. From this, we excluded 11 patients with 
ER-negative, PR-negative, and HER2/neu 2+ by IHC without 
fluorescence in situ hybridization (FISH) results because no 
data from the FISH was available. Finally 554 patients were 
included in the study. This study was approved by the Institu-
tional Review Board. Using a database from the tumor regis-
try at Asan Medical Center, we collected their clinical informa-
tion, including age at initial diagnosis, type of surgery, adjuvant 
therapy, tumor recurrence or distant metastases and follow-up 
status. 

Pathologic examination and immunohistochemistry
Pathologic parameters, including tumor size, histologic sub-

type, histologic grade, nuclear grade, and resection margin 
status were evaluated using archived hematoxylin and eosin 
(H&E)-stained slides. Histologic grade was assessed using a 
modified Bloom-Richardson classification, and nuclear grade 
was evaluated according to a modification of Black’s nuclear 
grading system. 

IHC assay was used to evaluate the levels of expression of 
estrogen receptor (ER), progesterone receptor (PR), and HER2/ 
neu. Formalin-fixed, paraffin-embedded blocks of tumor tissue 
were sectioned at 4-μm thickness; the sections were deparaf-
finized in xylene, rehydrated for 5 minutes, immersed in citrate 
buffer (pH 6.0) and incubated in a microwave oven for anti-
gen retrieval. The slides were subsequently incubated in 0.3% 
hydrogen peroxide for 20 minutes to block endogenous per-
oxidase activity, and then washed and incubated overnight at 
4°C with primary antibodies against ER (1:30 dilution; Dinona, 
Seoul, Korea), PR (1:100 dilution; Dinona), and HER2/neu 
(1:250 dilution; DAKO, Carpinteria, USA). The slides were 
washed, incubated with biotinylated secondary antigoat anti-
bodies, washed, and incubated with peroxidase-labeled strep-
tavidin. Reaction products were visualized by immersing the 
slides in diaminobenzidine tetrachloride and counterstaining 
with Harris hematoxylin. 

ER and PR positivity was defined as strong nuclear staining 

in at least 3/8 of the tumor cells examined [4]. HER2/neu pos-
itivity was defined as strong (3+) membranous staining in  
at least 10% of tumor cells, whereas scores of 0 to 2+ were  
regarded as negative. A primary tumor was defined as a TNBC 
if ER, PR, and HER2/neu were all negative (0 or 1+ by IHC). 
Primary tumor with negative ER, PR, and HER2/neu 2+ by 
IHC without FISH results was not classified as TNBC.

Statistical analysis
The relationships between triple-negativity and other clini-

copathological parameters were evaluated using the χ2 test or 
Fisher’s exact test, as appropriate. The Kaplan-Meier method 
was used to estimate survival with differences analysis by the 
log-rank test. Relapse-free survival (RFS) was defined as the 
time from the date of surgery to the date of documented recur-
rence. Overall survival (OS) was defined as the time from the 
date of surgery to the date of last follow-up or death. Cox’s 
proportional hazards model was employed for multivariate 
analysis of prognostic factors. A p-value less than 0.05 was
defined as statistically significant (SPSS version 18.0; SPSS 
Inc., Chicago, USA).

RESULTS

Clinicopathologic characteristics 
The median age of the 554 included patients was 46 years 

(range, 18-79 years), and the major pathologic type was inva-
sive ductal carcinoma (98.7%). IHC assays showed expression 
of HER2/neu in tumors from 179 patients (32.3%) and hor-
mone receptors in 427 (77.1%) patients including 394 (71.1%) 
positive for ER and 374 (67.5%) positive for PR (Table 1). We 
found that 130 tumors (23.5%) were hormonal receptor (HR)- 
and HER2/neu-positive, 297 (53.6%) were HR-positive and 
HER2/neu-negative, 49 (8.8%) were HR-negative and HER2/
neu-positive, and 78 (14.1%) were HR- and HER2/neu-negative. 
Thus, of the 554 patients, 78 (14.1%) were categorized as hav-
ing TNBC, and 476 (85.9%) were categorized as non-TNBC. 
Moreover, 125 patients (22.6%) had tumors ≤ 1 cm in diame-
ter and 201 (36.3%) had tumors of histologic grade 3. 

Among the 554 patients, 310 (56.0%) underwent modified 
radical mastectomy, and 244 (44.0%) underwent breast con-
serving operations followed by adjuvant radiotherapy. After 
surgery, 279 patients received adjuvant chemotherapy, includ-
ing 153 who received four cycles of adriamycin and cyclophos-
phamide (AC), 61 who received six cycles of cyclophospha-
mide, methotrexate, 5-fluorouracil (CMF) and 61 who received 
daily doxifluridine for 6 months. 

When we compared the clinicopathologic characteristics  
of the TNBC and non-TNBC groups (Table 2), we found that 
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the median age of each was 46 years (p= 0.799). Significantly 
greater proportions of TNBC than non-TNBC patients had 
histologic grade 3 tumors (47.4% vs. 34.5%, p= 0.031), tumor 
> 1 cm (87.2% vs. 75.8%, p= 0.028) and were more likely to 
have received adjuvant chemotherapy (79.5% vs. 44.7%, p<  
0.001). 

Recurrences in the TNBC and non-TNBC groups
At a median follow-up of 8.7 years, 72 of the 554 patients 

(13.0%) experienced tumor recurrences in which 18 of 78 
(23.1%) in the TNBC and 54 of 476 (11.3%) in the non-TNBC 
group (p= 0.010). Sites of recurrence are shown in Table 3. 
The proportions of patients with brain (3 [3.8%] vs. 9 [1.9%]) 
and visceral (9 [11.8%] vs. 19 [4.0%]) metastases were signifi-
cantly higher in the TNBC than in the non-TNBC group (p=  
0.027). The 3-year cumulative rate of recurrence was also sig-
nificantly higher in the TNBC than in the non-TNBC group 
(12.8% vs. 5.3%, p= 0.010). 

Table 1. Patient characteristics (n=554)

Variable No. (%)

Age (yr)
  <40 114 (20.6)
  ≥40 440 (79.4)
HR
   No 127 (22.9)
   Yes* 427 (77.1)
HER2/neu receptor
   HER2- 375 (67.7)
   HER2+ 179 (32.3)
Group
   Non-TN 476 (85.9)
   TN 78 (14.1)
Group by receptor status
   HR+ and HER2- 297 (53.6)
   HR+ and HER2+ 130 (23.5)
   HR- and HER2+ 49 (8.8)
   TN 78 (14.1)
Tumor size (cm)
  ≤1 125 (22.6)
  >1 429 (77.4)
Histologic grade
   G1 or G2 353 (63.7)
   G3 201 (36.3)
Op name
   MRM† 310 (56.0)
   BCO 244 (44.0)
Adjuvant chemotherapy
   No 279 (50.4)
   Yes† 275 (49.6)
Adjuvant endocrine therapy
   No 169 (30.5)
   Yes‡ 385 (69.5)
Adjuvant radiotherapy
   No 310 (56.0)
   Yes 244 (44.0)
Adjuvant trastuzumab
   No 550 (99.3)
   Yes 4 (0.7)

HR=hormonal receptor; TN=triple-negative; G=grade; Op=operation; MRM= 
modified radical mastectomy; BCO=breast conserving operation.
*Estrogen receptor (ER)+ (n=394), progesterone receptor (PR)+ (n=373), 
ER+ and PR+ (n=340); †Adriamycin with cyclophosphamide (AC; n=153), 
cyclophosphamide, methotrexate, and 5-fluorouracil (CMF; n=61), Doxifluri-
dine (n=61); ‡Tamoxifen (n=269), aromatase inhibitor (n=116).

Table 2. Comparison of clinicopathologic characteristics in the TNBC 
and non-TNBC groups

Variable
TNBC  
(n=78)
No. (%)

Non-TNBC 
(n=78)
No. (%)

p-value

Age of total (yr)* 46 (29-79) 46 (18-78) 0.799
Age (yr) 0.764
  <40 17 (21.8) 97 (20.4)
  ≥40 61 (78.2) 379 (79.6)
Tumor size (cm) 0.028
  ≤1 10 (12.8) 115 (24.2)
  >1 68 (87.2) 361 (75.8)
Histologic grade 0.031
   G1 or G2 41 (52.6) 312 (65.5)
   G3 37 (47.4) 164 (34.5)
Op name 0.902
   MRM 43 (55.1) 267 (56.1)
   BCO 35 (44.9) 209 (43.9)
Adjuvant endocrine therapy <0.001
   No 78 (100.0) 91 (19.1)
   Yes 0 (0.0) 385 (80.9)
Adjuvant radiotherapy 0.711
   No 44 (56.4) 280 (58.8)
   Yes 34 (43.6) 196 (41.2)
Adjuvant chemotherapy <0.001
   No 16 (20.5) 263 (55.3)
   Yes 62 (79.5) 213 (44.7)

TNBC=triple-negative breast cancer; G=grade; Op=operation; MRM=modi-
fied radical mastectomy; BCO=breast conserving operation.
*Median (range).

Table 3. Recurrence in patients with TNBC and non-TNBC

TNBC 
(n=78)

Non-TNBC 
(n=476)

p-value

No. of patients with recurred cancer 18 (23.1) 54 (11.3) 0.010
   Local recurrence 2 (2.6) 7 (1.5)
   Contralateral breast 3 (3.8) 7 (1.5) 
   Visceral metastases 9 (11.5) 19 (4.0) 
   Brain 3 (3.8) 9 (1.9) 
   Lymph node 1 (1.1) 6 (1.3) 
   Bone only 0 (0.0) 6 (1.3) 
Cumulative incidence of recurrence  
   within 3 yr

10 (12.8) 25 (5.3) 0.010

Values are presented as number (%). TNBC=triple-negative breast cancer.
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Survival and prognostic factors
The 10-year OS and RFS rates of all patients were 90.2% and 

85.7%. We found that OS (hazard ratio, 0.364; 95% confidence 
interval [CI], 0.190-0.698) and RFS (hazard ratio, 0.468; 95% 
CI, 0.274-0.798) rates were significantly lower in the TNBC 
than in the non-TNBC group (Figure 1). The 10-year OS rates 
were 83.0% and 91.4%, respectively (p= 0.002), whereas the 
10-year RFS rates were 75.6% and 87.5%, respectively (p=0.004). 

When we compared survival in the 4 groups classified by HR 
and HER2/neu status-luminal A (HR-positive and HER2/neu-
negative), luminal B (HR- and HER2/neu-positive), HER2+ 
(HR-negative and HER2/neu-positive), and TNBC, we found 
that survival rates were poorer in the TNBC than in the other 
3 groups (Figure 2).

Univariate analysis of the prognostic impact of clinicopath-
ological variables on patient survival showed that in addition 

Figure 1. Kaplan-Meier analysis of (A) relapse-free survival (RFS) and (B) overall survival according to triple-negative breast cancer (TNBC) phenotype.
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Figure 2. Kaplan-Meier analysis of (A) relapse-free survival (RFS) and (B) overall survival  according to hormonal receptor and HER2/neu status.
TN=triple-negative.
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Table 4. Multivariate analyses of factors significantly predictive of RFS and OS 

RFS OS

p-value Hazard ratio 95% CI p-value Hazard ratio 95% CI

TNBC 0.038 1.816 1.034-3.189 0.021 2.277 1.135-4.571
Histologic grade 3 0.019 1.769 1.100-2.847 0.006 2.369 1.277-4.393
Age ≥40 yr 0.037 0.583 0.354-0.969 0.790 1.106 0.527-2.231
Tumor size >1 cm 0.537 0.830 0.460-1.498 0.800 1.109 0.497-2.478
Adjuvant chemotherapy 0.351 1.289 0.756-2.198 0.738 1.125 0.564-2.241

RFS=relapse-free survival; OS=overall survival; CI=confidence interval; TNBC=triple-negative breast cancer.
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to TNBC, histologic grade 3 and an absence of adjuvant che-
motherapy as well as age < 40 were significantly associated with 
poorer OS and RFS. On multivariate analysis using Cox’s pro-
portional hazards model, triple negativity was an independent 
prognostic factor for reduced RFS (hazard ratio, 1.816; 95% 
CI, 1.034-3.189) and OS (hazard ratio, 2.277; 95% CI, 1.135-
4.571). Histologic grade 3 was also an independent predictor 
of shorter RFS (hazard ratio, 1.769; 95% CI, 1.100-2.847) and 
OS (hazard ratio, 2.369; 95% CI, 1.277-4.393) (Table 4). 

DISCUSSION

Due to the low risk of relapse and death for stage I early breast 
cancer patients, a long-term follow-up is required to assess sur-
vival rates and detect statistically significant differences between 
RFS and OS. In present study, we analyzed 554 patients with 
stage I breast cancer, with a median follow-up period of 8.7 
years. Of these patients, 14.1% (78/554) had TNBC and triple 
negativity served as the most important independent predictor 
of RFS and OS rates on multivariate analysis in stage I breast 
cancer patients. This suggests that triple negativity can be used 
as a reliable prognostic marker [9-11]. Furthermore, we found 
that the 3 year recurrence rate was significantly higher in pa-
tients with TNBC than non-TNBC breast cancer (12.8% vs. 
5.3%), which is consistent with findings of TNBC being a more 
aggressive tumor phenotype [10,12,17]. We also found that 
visceral and brain metastases were more frequent in the TNBC 
group, which were consistent with previous results [18-23], 
indicating that prognosis of Korean patients with TNBC is 
similar to that of Western patients.

Fewer treatments are currently available for patients with 
TNBC than other subtypes, with cytotoxic chemotherapy  
being the only systemic modality available. A better response 
to chemotherapy in TNBC patients has suggested that their 
tumors are more chemosensitive, but a greater response to  
adjuvant or neoadjuvant chemotherapy did not guarantee  
better survival [14,19]. Similarly, we found that a higher per-
centage of TNBC than non-TNBC patients (79.5% vs. 44.7%) 
received adjuvant chemotherapy, but the former group had 
higher rates of recurrence and death, suggesting that adjuvant 
chemotherapy with current standard regimens did not over-
come the poor prognosis of these patients [12,24]. 

Although our study was strengthened by the availability of 
survival data from the long term follow-up (median, 8.7 years), 
it also had several limitations. About 15% to 20% of HER2/neu 
2+ patients at our center showed FISH positivity. Since HER2/
neu 0-2+ determined by IHC was classified as HER2/neu 2-neg-
ative, some patients classified with the luminal A subtype may 
have had luminal B tumors. However, we excluded 11 patients 

who were ER-negative, PR-negative, and HER2/neu 2+ by IHC 
but without FISH results to avoid including any who may have 
been FISH-positive in the TNBC group. Although it is diffi-
cult to divide patients into exact molecular categories based 
on IHC alone, our grouping into the TNBC and non-TNBC 
groups seemed correct. 

Several studies have reported that sporadic TNBC shares 
clinical and pathological features with hereditary BRCA1-    
related breast cancers [25]. The defect in DNA-repair pathways 
characteristic of BRCA1 related cancers may also occur in TNBC 
and may be more specifically targeted [26]. Cisplatin, a DNA 
damaging agent that has been shown to distrupt the BRCA1 
pathway [27], has been used as neoadjuvant treatment in  
patients with TNBC [28]. In addition, poly (adenosine dispho-
sphate-ribose) polymerase 1 (PARP1) has been targeted in 
patients with TNBC based on results which showed that com-
bining PARP1 inhibitors with platinum chemotherapy induced 
DNA damage and potentiated chemotherapeutic cytotoxicity 
[29,30]. Therefore, new therapeutic strategies including plati-
num agents and PARP1 inhibitors may overcome the poor 
survival results observed in patients with TNBC. Many ongo-
ing clinical trials are testing these regimens in patients with 
early stage and metastatic TNBC. 

In conclusion, we found that triple negativity was a signifi-
cant prognostic factor even in patients with stage 1 early breast 
cancer, being associated with a higher incidence of visceral 
metastases. Studies on novel therapeutic options targeting this 
aggressive type of breast cancer should be performed in larger 
groups of patients. 
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