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Abstract: Background: Aim of this study is to classify intrinsic subtypes and evaluate the differences in 
clinical/pathological characteristics and survival outcomes among the molecular types. 

Patients and Methods: Breast cancer subtypes were classified according to the 2013 St. Gallen Consensus. Five 
molecular subtypes were determined, Luminal A, Luminal B-like HER2 negative, Luminal B-like HER2 positive, HER2 
positive, and triple negative. Data was obtained from the records of patients with invasive breast cancer retrospectively. 
The differences in clinical/pathological parameters, overall survival and disease-free survival among the molecular 
subtypes were analyzed. The Kaplan-Meier method, log-rank test and Cox regression tests were used to compare 
groups. 

Results: The median follow-up period is 48 months. The Luminal B-HER2 negative was the most prevalent type (26.6%). 
Patient demographics, tumor characteristics and survival data were analyzed. The Luminal A and Luminal B-HER2 
negative subtypes had significantly higher overall survival and disease-free survival rates. Multivariate Cox analysis 
revealed that tumor stage, more than 3 positive axillary lymph node involvement, and breast cancer subtype as 
significant factors for overall survival and disease-free survival (p<0.05). Triple Negative subtype had a higher relative 
hazard of local recurrence and distant metastasis (HR=2.69, 95% CI=1.47; 4.95). 

Conclusions: Breast cancer subtype has significant impact on overall survival and disease-free survival rates. While 
Luminal A and luminal B HER2 negative subtypes have better outcome, triple negative and HER2- subtypes remain 
poor. 

Keywords: Breast cancer, molecular subtypes, radiotherapy, survival. 

INTRODUCTION 

Breast cancer is the most common malignancy in 
women and the leading cause of death from cancer 
amongst females worldwide [1-3]. To date, clinical and 
pathological characteristics such as age, menopausal 
status, histological tumor grade, tumor size, lymph 
node involvement, estrogen receptor (ER) status, 
progesterone receptor (PR) status, and human 
epidermal growth factor receptor 2 (HER2) status have 
been considered the most significant prognostic factors 
for breast cancer [4]. However, breast cancer is a 
clinically and biologically heterogeneous, complex 
group of diseases. It has been shown that inherited 
genetic factors affect the prognosis of breast cancer as 
well as other factors [5]. With recent, rapid 
improvements in genomics and cancer biology, gene 
expression profiling has become more precise; thus, 
these findings are becoming more important as 
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prognostic factors than the traditional factors 
mentioned above [6, 7].  

Studies of gene expression profiling using DNA 
microarrays and molecular biology have identified a 
range of intrinsic molecular subtypes, as well as 
different prognoses and clinical outcomes [8-10]. The 
molecular subtypes of breast cancer depend on the 
expression of ER, PR, and HER2 [11]. As cost 
considerations limit the number of gene-expression-
based studies, immunohistochemistry (IHC) is used 
across the globe for defining these subtypes [12]. In 
2011, the St. Gallen International Expert Consensus 
also stated that subtypes can be defined via the IHC 
method [13]. Recent studies have identified four main 
subtypes for breast cancer: Luminal A (ER-positive, 
PR-positive, HER2-negative), Luminal B (ER-positive, 
PR-positive/negative, HER2-positive), HER2 Positive 
(ER-negative, PR-negative, HER2-positive) and Triple 
Negative (ER-negative, PR-negative, HER2-negative) 
[6, 8, 13-14]. Furthermore, in 2011 and 2013, the St. 
Gallen expert panel divided the Luminal B subtype into 
two groups: Luminal B-HER2-negative (ER-positive, 
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HER2-negative, and a type with high ki-67 
expression/PR-negative) and Luminal B-HER2-positive 
(ER-positive, HER2-positive) [13, 14]. It has also been 
confirmed that these breast cancer subtypes are 
associated with different epidemiological risk factors, 
responses to systemic/local therapies, and clinical 
outcomes [15-18]. The objectives of this study are: (a) 
to analyze the relationship between molecular subtypes 
and clinical/pathological characteristics, and (b) to 
assess the breast cancer outcomes related to distinct 
subtypes. 

MATERIALS AND METHODS 

A retrospective cohort study was conducted. Data from 
between the years 2007 and 2013 was obtained from 
Cumhuriyet University Radiation Oncology Department. 604 
female patients with invasive breast cancer were 
evaluated. They did not have in-situ disease. They had 
not received preoperative systemic therapy previously. 
Twenty-five patients without IHC data were excluded. 
Thus, 579 breast cancer patients were deemed eligible 
for the current study. Written, informed consent was 
obtained from all the patients before any treatment was 
administered as the part of routine practice. All the 
patients underwent local and/or systemic treatment, 
including surgery, chemotherapy, radiotherapy, and 
endocrine therapy. The surgical procedures used 
consisted of mastectomies and breast-conservation 
therapies. All patients with breast conserving surgery 
and lymph node positive patients after mastectomy 
received postoperative radiotherapy to whole 
breast/chest-wall and or regional lymphatics. The 
following clinical and pathological data was collected 
from the patients’ medical records: age at diagnosis, 
pathological tumor size, tumor grade, axillary node 
status, treatment history, histological type, co-
morbidity, and IHC biomarkers for specifying the 
molecular subtype of the breast cancer. 
Categorizations of tumor size, nodal status, and 
staging were made using the American Joint 
Committee on Cancer (AJCC) TNM Staging System for 
Breast Cancer. 

The breast cancer subtypes were classified via the 
definitions of the subtypes recommended by the 2013 
St. Gallen International Expert Consensus [14]. Five 
molecular subtypes were determined, as follows: (1) 
Luminal A (ER+/PR+, HER2-, Ki67 < 14% or PR ≥ 
20%), (2) Luminal B-like HER2- (ER+, PR- or PR < 
20%, HER2-, Ki67 ≥ 14%), (3) Luminal B-like HER2+ 
(ER+, HER2+, any PR, any Ki67), (4) HER2+ (ER-, 
PR-, HER2+), and (5) Triple Negative “basal-like” (ER-, 

PR-, HER2-). Samples with a score of 2 were 
evaluated further by fluorescence in-situ hybridization 
(FISH) and IHC testing to confirm HER2-positive or 
negative status. Here, IHC 3+ or FISH+ results were 
considered to be positive for HER2 expression. 

Statistical Analysis 

Counts and frequencies were used to describe the 
patients’ characteristics (age, menopausal status, 
presence of co-morbidity conditions), tumors (grade, 
overall stage, tumor stage, node involvement, subtype), 
and treatment courses (chemotherapy, radiation 
therapy, hormone therapy). The end points of this study 
were overall survival (OS) and disease-free survival 
(DFS). OS was defined as the length of time, in 
months, from the pathological diagnosis date to death 
from any cause. DFS was defined as the length of time, 
in months, from the pathological diagnosis date to 
local-regional recurrence, metastasis, or death. 
Univariate survival curves were plotted using the 
Kaplan-Meier method, and differences in survival were 
evaluated using the log-rank test. Cox regression was 
used to estimate the multivariable-adjusted association 
between the tumor subtype and the relative-hazard rate 
of death, recurrence, and/or metastasis. All the 
analyses were conducted using SAS, version 9.4 (SAS 
Institute Inc., Cary, NC). P<0.05 was considered 
statistically significant. 

RESULTS 

We analyzed 579 eligible patients with stage I–IV 
breast cancer. The median follow-up period was 48 
months, and the most dominant subtype was Luminal 
B-HER2 (-) (n= 154, 26.6 %), followed by Luminal B-
HER2 (+) (n= 142, 24.5 %), Luminal A (n= 134, 23.1 
%), Triple Negative (n= 89, 15.4 %), and HER2+ (n= 
60, 10.4 %). Table 1 lists the demographics and clinical 
pathological characteristics of the patients (age, 
menopausal status, co-morbidity, histological grade, T 
stage, N stage, TNM stage, subtype, chemotherapy 
status, radiotherapy status, and hormonal therapy 
status). OS and DFS curves for the molecular subtypes 
classified via IHC are shown in Figure 1A and 1B. OS 
and DFS were significantly different among subtypes. 
The 5-year OS rate for the Luminal A subtype (89.8%) 
was higher than (87.6%) for Luminal B-HER2 (-), 
(79.9%) for Luminal B-HER2 (+), (72.4%) for HER2+, 
and (75.5 %) for Triple Negative (Figure 1A). 
Additionally the Luminal B-HER2 (-) subtype had a 
higher 5-year DFS (83.1 %) than Luminal A (81.9 %), 
Luminal B-HER2 (+) (75.9 %), HER2+ (80.5 %), and 
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Triple Negative (81.9 %) (Figure 1B). The Luminal A 
and Luminal B-HER2 (-) subtypes had significantly 
higher OS and DFS rates than the other subtypes, but 
there were no differences in OS (log-rank P=0.1479) or 
DFS (log-rank P=0.1393) between these two subtypes.  

Table 1: Demographic and Clinical Characteristics of 
Patients 

 n %  

Age of diagnosis 

<40 years 83 14,3 % 

to<55 years  273 47,2 % 

≥55 years 223 38,5 % 

Menopausal status 

premenopausal 248 42,8 % 

postmenopausal 331 57,2 % 

Comorbidity  

No 323 55,8 % 

Yes 256 44,2 % 

Histologicgrade 

Grade 1 130 22,5 % 

Grade 2 254 43,9 % 

Grade 3 149 25,7 % 

Unknown  46 7,9 % 

T stage 

T1 181 31,3 % 

T2 302 52,2 % 

T3 58 10,0 % 

T4 38 6,6 % 

N stage 

N0 229 39,6 % 

N1 148 25,6 % 

N2  125 21,6 % 

N3 77 13,3 % 

TNM Stage  

Stage 1 103 17,8 % 

Stage 2 252 43,5 % 

Stage 3 213 36,8 % 

Stage 4 11 1,9 % 

Subtype  

Luminal A 134 23,1 % 

Luminal B, HER2+ 142 24,5 % 

Luminal B, HER2- 154 26,6 % 

HER2+ 60 10,4 % 

Triple negative 89 15,4 % 

(Table 1). Continued. 

Chemotherapy  

No 67 11,6 % 

Yes 512 88,4 % 

Radiotherapy  

No  145 25,0 % 

Yes  434 75,0 % 

Hormonal therapy 

No  157 27,1 % 

Yes  422 72,9 % 

 

The multivariate Cox hazard model for survival 
indicated that there were differences in the relative 
hazard of death for each subtype, after adjusting for 
age, menopausal status, co-morbidity, tumor grade, 
TNM stage, N stage, chemotherapy status, 
radiotherapy status, and disease-free status (Table 2). 
Multivariate Cox analysis revealed that the following 
were significant independent predictors for OS 
(P<0.05): (1) age 40 to <55 years, (2) tumor stage II, 
(3) more than three positive lymph nodes, (4) HER2+ 
and Triple Negative subtypes, and (5) no 
chemotherapy. On the other hand, the significant 
independent predictors for DFS (P<0.05) were: (1) 
tumor stage IV, (2) more than three positive lymph 
nodes, (3) Triple Negative subtype, and (4) no 
radiotherapy. Furthermore, when compared with the 
Luminal A subtype, the HER2+ subtype was found to 
have a nearly three-fold relative hazard of death 
(HR=2.86, 95% CI=1.30-6.30), while the Triple 
Negative subtype had a two-and-a-half-fold relative 
hazard of death (HR=2.44, 95% CI=1.24-4.78). When 
using the same model (excluding disease-free status 
as a covariate), only the Triple Negative subtype had a 
higher relative hazard of recurrence or metastasis 
(HR=2.69, 95% CI=1.47, 4.95). 

Recurrence patterns varied for the different 
molecular subtypes (Table 3). A total of 117 patients 
(20.2%) had breast cancer recurrence. There were 23 
local-regional recurrences and 94 distant metastases. 
Local-regional recurrence was most common in 
patients with HER2+ (6.7%) and Triple Negative (7.9%) 
subtypes, whereas distant metastasis was most 
common in patients with Luminal B/HER2+ (19.7%) 
and Triple Negative subtypes (20.2%) of the disease. 
Eventually, it was determined that the Triple Negative 
subtype had the worst survival outcomes, when 
compared with the other molecular subtypes. 
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Figure 1: A: Overall survival (OS) rates according to molecular subtypes. B: Disease free survival (DFS) rates according to 
molecular subtypes.  

 

Table 2: Multivariate Cox-Analysis of Overall Survival and Disease Free Survival 

Overall Survival Disease-free Survival  

HR 95% CI p-value HR 95% CI p-value 

Age at diagnosis 

< 40 years 0,60 0.23, 1.59 0,3046 0,91 0.40, 2.10 0,8278 

40 to < 55 years 0,45 0.21, 0.94 0,0345 0,56 0.30, 1.02 0,0578 

55+ years 1 ─ ─ 1 ─ ─ 
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(Table 2). Continued. 

Menopausal status 

Premenopausal 1 ─ ─ 1 ─ ─ 

Postmenopausal 0,55 0.26, 1.18 0,1242 0,67 0.36, 1.24 0,1969 

Comorbidity 

No 1 ─ ─ 1 ─ ─ 

Yes 1,03 0.64, 1.64 0,9089 1,12 0.75, 1.67 0,5718 

Histologic grade 

Grade 1 1 ─ ─ 1 ─ ─ 

Grade 2 0,95 0.52, 1.75 0,8786 1,08 0.62, 1.89 0,7814 

Grade 3 1,02 0.52, 1.98 0,9596 0,95 0.51, 1.77 0,8775 

Unknown 0,50 0.20, 1.27 0,1442 1,61 0.76, 3.41 0,2167 

TNM stage 

Stage 1 1 ─ ─ 1 ─ ─ 

Stage 2 2,74 1.04, 7.20 0,0415 0,83 0.37, 1.86 0,6493 

Stage 3 1,15 0.31, 4.23 0,8351 2,12 0.64, 7.01 0,2161 

Stage 4 1,14 0.28, 4.59 0,8595 13,71 3.35, 56.13 0,0003 

N stage 

N0 1 ─ ─ 1 ─ ─ 

N1 0,97 0.42, 2.25 0,9422 0,91 0.42, 1.95 0,8052 

N2 4,4 1.33, 14.60 0,0155 2,03 0.68, 6.04 0,2027 

N3 8,13 2.39, 27.63 0,0008 3,54 1.16, 10.80 0,0261 

Subtype 

Luminal A 1 ─ ─ 1 ─ ─ 

Luminal, HER2+ 1,52 0.80, 2.87 0,1993 1,29 0.73, 2.27 0,3806 

Luminal, HER2- 1,30 0.67, 2.50 0,4403 0,96 0.54, 1.72 0,8875 

HER2+ 2,86 1.30, 6.30 0,0093 1,23 0.60, 2.54 0,5748 

Triple negative 2,44 1.24, 4.78 0,0094 2,69 1.47, 4.95 0,0014 

Chemotherapy 

No 1 ─ ─ 1 ─ ─ 

Yes 0,34 0.14, 0.83 0,0161 0,77 0.36, 1.63 0,4929 

Radiation therapy 

No 1 ─ ─ 1 ─ ─ 

Yes 0,64 0.37, 1.13 0,1263 0,54 0.31, 0.93 0,0252 

Disease-free status 

No metastasis/recurrence 1 ─ ─ ─ ─ ─ 

Recurrence 7,04 3.34, 14.86 <0.0001 ─ ─ ─ 

Metastasis 8,13 4.82, 13.71 <0.0001 ─ ─ ─ 

 

DISCUSSION 

Many studies have reported different survival and 
recurrence rates between breast cancer subtypes [19-
24]. In this retrospective study, we analyzed the post-
radiotherapy pattern of failure and clinical outcome in 

579 patients. In general, while luminal A is the most 
common subtype of breast cancer, in our study the 
most prevalent molecular subtype was Luminal B-
HER2(-). The discrepancy in results between our study 
and the other studies may be explain due to potential 
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racial differences. Moreover, in our study, of the five 
molecular subtypes, the Luminal A and Luminal B-
HER2 subtypes tend to have the best prognosis, high 
OS, and low DFS, recurrent or metastases rates. On 
the other hand, the triple negative and HER2 subtypes 
of breast cancer were associated with a significantly 
poorer OS and DFS, also earlier recurrence and 
metastases rates. A previous study on the Korean 
population, Park et al. [19] analyzed OS and DFS in 
1006 patients with invasive breast cancer and showed 
that luminal A and luminal B subtypes had higher and 
better 5-year OS and DFS rates compared the other 
subtypes. As mentioned above, survival outcomes; OS 
and DFS, by subtypes obtained from our study 
correspond with the previous Korean study. 
Accordingly the studies, it can be said that the breast 
cancer subtype is a significant prognostic factor of OS 
and DFS. 

The HER2+ and triple negative subtypes were 
associated with the worst survival rates. There are 
existing studies on the relationship between breast 
cancer’s molecular subtypes and recurrence. Nguyen 
et al. [20] investigated a cohort of 793 patients with 
breast cancer. In mutlivariate analysis, they found that 
there was an increased risk of local recurrence for the 
HER2+ and triple negative subtypes, the rates were 
8.4% and 7.1%, respectively. When these results were 
compared with our results, the correlation can be seen. 
In our study, the rates of local recurrence for the 
HER2+ and triple negative subtypes were 6.7% and 
7.9%, respectively and also triple negative breast 
cancers had the lowest 5-year DFS, at 69.6%. 
Moreover, in 2007, Dent et al. [21] evaluated 180 out of 
1,601 breast cancer patients with triple negative 
subtype. They compared triple negative subtype with 
the other molecular subtypes and they showed that 
patients with triple negative subtype had an increased 
probability of distant recurrence (33.9% vs. 20.4%; 
P<0.0001) and death (42.2% vs. 28%; P<0.0001). 
Similarly, in a further large cohort study of 2,985 

patients, Voduc et al. [22] demonstrated that the triple 
negative subtype was associated with an increased risk 
of local and regional relapse (P< 0.001). Finally, a 
recent retrospective study also reported that patients 
with triple negative subtype had an increased 
recurrence rate comparing to other subtypes (19.2% 
vs. 4.1%) [23].  

The limitations of our study are that this is a 
retrospective study. In addition, this study was 
performed in patients from a single institution. 
Therefore, our patients might not be representative of 
the general population. A second limitation is the short 
postoperative follow-up period with 48 months.  

Consequently, it can be said that breast cancer is a 
heterogeneous cancer. Of the five subtypes, the 
Luminal A and Luminal B (HER2-) subtypes tend to 
have the best prognosis, higher OS and DFS rates. 
The HER2- and Triple Negative subtypes of breast 
cancer were associated with significantly poorer OS 
and DFS rates. The risk of death increases two or three 
fold in HER2- and triple negative compared with 
Luminal A and Luminal B (HER2-). Furthermore, our 
results demonstrate a significant association between 
molecular subtype and survival. This study contends, 
however, that ER, PR, and HER2 over-expression 
should be evaluated for every new breast-cancer 
patient. 

REFERENCES 

[1] Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, Smith T, 
et al. Cancer treatment and survivorship statistics, 2012. CA 
Cancer J Clin 2012; 62: 220-41. 
https://doi.org/10.3322/caac.21149 

[2] Ferlay J, Soerjomataram I, Ervik M, Dikshit R, et al. 
GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality 
Worldwide: IARC CancerBase No 11 [Internet]. Lyon, 
France: International Agency for Research on Cancer; 2013. 
Available from: http://globocan.iarc.fr. Accessed July 24, 
2014. 

[3] Coleman MP, Quaresma M, Berrino F, Lutz JM, De Angelis 
R, Capocaccia R, Baili P, Rachet B, Gatta G, Hakulinen T, 
Micheli A, Sant M, Weir HK, Elwood JM, Tsukuma H, 
Koifman S, E Silva GA, Francisci S, Santaquilani M, 

Table 3: Local Recurrence and Metastasis Rates of each Subtype 

None Local recurrence Distant Metastasis  

n % n % n % 

Luminal A 111 82,8% 4 3,0% 19 14,2% 

Luminal B, HER2+ 110 77,5% 4 2,8% 28 19,7% 

Luminal B, HER2- 129 83,8% 4 2,6% 21 13,6% 

HER2+ 48 80,0% 4 6,7% 8 13,3% 

Triple negative 64 71,9% 7 7,9% 18 20,2% 



Association between Molecular Subtypes and Survival in Patients Journal of Analytical Oncology, 2017, Vol. 6, No. 3     141 

Verdecchia A, Storm HH, Young JL. CONCORD Working 
Group. Cancersurvival in fivecontinents: a worldwide 
population-based study (CONCORD). Lancet Oncol 2008; 
9(8): 730-56.  
https://doi.org/10.1016/S1470-2045(08)70179-7 

[4] Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thurlimann 
B, Senn HJ. Thresholds for therapies: highlights of the St 
Gallen International Expert Consensus on the primary 
therapy of early breast cancer 2009. Ann Oncol 2009; 20(8): 
1319-1329. 
https://doi.org/10.1093/annonc/mdp322 

[5] Rafiq S, Tapper W, Collins A, Khan S, Politopoulos I, Gerty 
S, et al. Identification of inherited genetic variations 
influencing prognosis in early-onset breast cancer. Cancer 
Res 2013; 73: 1883-1891.  
https://doi.org/10.1158/0008-5472.CAN-12-3377 

[6] Perou CM, Sørlie T, Eisen MB, van de Rijn M, Jeffrey SS, 
Rees CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, Fluge 
O, Pergamenschikov A, Williams C, Zhu SX, Lønning PE, 
Børresen-Dale AL, Brown PO, Botstein D. Molecular portraits 
of human breast tumors. Nature 2000; 406: 747-752.  
https://doi.org/10.1038/35021093 

[7] Van de Vijver MJ, He YD, van’t Veer LJ, Dai H, Hart AA, 
Voskuil DW, Schreiber GJ, Peterse JL, Roberts C, Marton 
MJ, Parrish M, Atsma D, Witteveen A, Glas A, Delahaye L, 
van der Velde T, Bartelink H, Rodenhuis S, Rutgers ET, 
Friend SH, Bernards R. A gene-expression signature as a 
predictor of survival in breast cancer. N Engl J Med 2002; 
347(25): 1999-2009. 
https://doi.org/10.1056/NEJMoa021967 

[8] Sørlie T, Tibshirani R, Parker J, et al. Repeated observation 
of breast tumor subtypes in independent gene expression 
data sets. Proc Natl Acad Sci USA 2003; 100(14): 8418-
8423. 
https://doi.org/10.1073/pnas.0932692100 

[9] Herschkowitz JI, Simin K, Weigman VJ, et al. Identification of 
conserved gene expression features between murine 
mammary carcinoma models and human breast tumors. 
Genome Biol 2007; 8(5): R76. 
https://doi.org/10.1186/gb-2007-8-5-r76 

[10] Kittaneh M, Montero AJ, Gluck S. Molecular profiling for 
breast cancer: a comprehensive review. Biomark Cancer 
2013; 5: 61-70.  

[11] Sorlie T, Perou CM, Tibshirani R, et al. Gene 
expressionpatterns of breast carcinomas distinguish tumor 
subclasses withclinical implications. Proc Natl Acad Sci USA 
2001; 98: 10869-74. 
https://doi.org/10.1073/pnas.191367098 

[12] Cuzick J, Dowsett M, Pineda S, Wale C, Salter J, Quinn E, et 
al. Prognostic value of a combined estrogen receptor, 
progesterone receptor, Ki-67, and human epidermal growth 
factor receptor 2immunohistochemical score and comparison 
with the Genomic Health recurrence score in early breast 
cancer. J Clin Oncol 2011; 29: 4273-8. 
https://doi.org/10.1200/JCO.2010.31.2835 

[13] Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thurlimann 
B, Senn HJ. Strategies for subtypes-dealing with the diversity 
of breast cancer: highlights of the St. Gallen International 
Expert Consensus on the Primary Therapy of Early Breast 
Cancer 2011. Ann Oncol 2011; 22(8): 1736-1747. 
https://doi.org/10.1093/annonc/mdr304 

[14] Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-
Gebhart M, Thurlimann B, Senn HJ. Personalizing the 
treatment of women with early breast cancer: highlights of 
the St Gallen International Expert Consensus on the Primary 
Therapy of Early Breast Cancer 2013. Ann Oncol 2013; 24: 
2206-23. 
https://doi.org/10.1093/annonc/mdt303 

[15] Millikan RC, Newman B, Tse CK, et al. Epidemiology of 
basal-like breast cancer. Breast Cancer Res Treat 2008; 109: 
123-139. 
https://doi.org/10.1007/s10549-007-9632-6 

[16] Phipps AI, Buist DS, Malone KE, et al. Reproductive history 
and risk of threebreast cancer subtypes defined by three 
biomarkers. Cancer Causes Control 2011; 22: 399-405. 
https://doi.org/10.1007/s10552-010-9709-0 

[17] Aebi S, Sun Z, Braun D, et al. Differential efficacy of three 
cycles of CMF followed by tamoxifen in patients with ER-
positive and ER-negative tumors: long-term follow up on 
IBCSG Trial IX. Ann Oncol 2011 [epub ahead of print 31 
January 2011]. 
https://doi.org/10.1093/annonc/mdq754 

[18] Sørlie T, Tibshirani R, Parker J, Hastie T, Marron JS, Nobel 
A, Deng S, Johnsen H, Pesich R, Geisler S, Demeter J, 
Perou CM, Lønning PE, Brown PO, Børresen-Dale A and 
Botstein D. Repeated observation of breast tumor subtypes 
in independent gene expression data sets. PNAS 2003; 100: 
8418-8423. 
https://doi.org/10.1073/pnas.0932692100 

[19] Park S, Koo JS, Kim, Park HS, Lee JS, Lee JS, Kim SI, Park 
BW. Characteristics and outcomes according to molecular 
subtypes of breast cancer as classified by a panel of four 
biomarkers using immunohistochemistry. Breast (Edinburgh, 
Scotland) 2012; 21(1): 50-57.  
https://doi.org/10.1016/j.breast.2011.07.008 

[20] Nguyen PL, Taghian AG, Katz MS, Niemierko A, AbiRaad 
RF, Boon WL, et al. Breast cancer subtype approximated by 
estrogen receptor, progesterone receptor, and HER-2 is 
associated with local and distant recurrence after breast 
conserving therapy. J Clin Oncol 2008; 26: 2373-8. 
https://doi.org/10.1200/JCO.2007.14.4287 

[21] Dent R, Trudeau M, Pritchard KI, et al. Triple-negative breast 
cancer: clinical features and patterns of recurrence. Clin 
Cancer Res 2007; 13: 4429-34. 
https://doi.org/10.1158/1078-0432.CCR-06-3045 

[22] Voduc KD, Cheang MC, Tyldesley S, Gelmon K, Nielsen TO, 
Kennecke H. Breast cancer subtypes and the risk of local 
and regional relapse. J Clin Oncol 2010; 28: 1684-91. 
https://doi.org/10.1200/JCO.2009.24.9284 

[23] Zhang C, Wang S, Israel HP, Yan SX, Horowitz DP, 
Crockford S, Gidea-Addeo D, Clifford Chao KS, Kalinsky K, 
Connolly EP: Higher locoregional recurrence rate for triple-
negative breast cancer following neoadjuvant chemotherapy, 
surgery and radiotherapy. Springerplus 2015; 4: 386.  
https://doi.org/10.1186/s40064-015-1116-2 

[24] O’Brien KM, Cole SR, Tse CK, Perou CM, Carey LA, Foulkes 
WD, Dressler LG, Geradts J and Millikan RC. Intrinsic breast 
tumor subtypes, race, and long-term survival in the Carolina 
Breast Cancer Study. Clin Cancer Res 2010; 16: 6100-6110. 
https://doi.org/10.1158/1078-0432.CCR-10-1533 

 

 
Received on 20-02-2017 Accepted on 27-02-2017 Published on 31-08-2017 
 
https://doi.org/10.6000/1927-7229.2017.06.03.3 
 




