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Serum CA125 is a predictive marker for breast cancer outcomes 
and correlates with molecular subtypes
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ABSTRACT

Detection of serum tumor markers has been developed as a non-invasive tool to 
assess treatment efficiency in different types of cancer. This study aims to investigate 
the role of preoperative serum tumor markers (CEA, CA125 and CA15-3) in the 
management of breast cancer, and their relationships with patients’ clinicopathological 
parameters as well as different molecular subtypes. Altogether, 151 patients with 
invasive breast cancer and 180 control subjects with benign breast diseases were 
enrolled in this study. In the present study, preoperative serum levels of CEA, CA125 
and CA15-3 were significantly higher in patients with breast cancer than controls 
subjects. Moreover, late-stage cancer patients exhibited significantly higher levels of 
CEA, CA125 and CA15-3 compared with early-stage ones. Statistical analysis indicated 
that elevated CA125 and CA15-3 levels were obviously related to patients with larger 
tumor diameter (>5cm) and lymph node metastasis. Furthermore, our results showed 
that the preoperative serum levels of CA125 exhibited statistical differences among 
various molecular subtypes, with the most frequent elevations occurring in the triple-
negative tumors. In summary, our study indicated that the preoperative serum levels 
of CEA, CA125 and CA15-3 might be more efficient for monitoring advanced tumors 
than early diagnosis. High preoperative CA125 levels may reflect tumor burden and 
are associated with aggressive molecular subtype, suggesting that it can be used to 
predict poor outcome and prognosis of breast cancer patients.

INTRODUCTION

Breast cancer is the most common malignancy that 
affects females, accounting for 23% of all cancer deaths 
worldwide [1]. It has been reported that an estimated 
269,000 new cases of breast cancer were diagnosed with 
nearly 70,000 cancer deaths in China in 2015, and its 
incidence has been steadily increasing [2]. The treatment 
of this multifactorial disease is closely related to patients’ 
clinicopathological factors, such as tumor size, lymph node 
involvement, hormone receptor status and HER-2 status. 
For practical purposes, biological subtyping by use of 
immunohistochemical surrogate panel of biomarkers (ie, 
ER, PR, HER-2 and Ki-67) are similar to intrinsic subtypes 

and represent a convenient approximation. Breast cancer 
is considered to be a heterogeneous disease and mainly 
classified into four molecular subtypes, including Luminal 
A, Luminal B, HER-2/neu and triple-negative [3–4].  
Currently, individualized treatment based on molecular 
subtypes has become an important issue in breast cancer 
research.

Quantitative variations of serum tumor markers have 
been developed as non-invasive tools for the assessment 
of treatment efficiency in human malignancies [5–6]. In 
breast cancer, carcinoembryonic antigen (CEA), cancer 
antigen 125 (CA125) and cancer antigen 15-3 (CA15-3) 
are the most widely used serum tumor markers in clinical 
routine, although their usefulness remains controversial 
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[5, 7]. CEA is a glycoprotein, relevant for cell adhesion, 
and was the first tumor antigen that has been studied [8]. 
Serum CEA levels can rise when inflammation or cancer 
involves endodermal tissues, such as gastrointestinal, 
pancreatic and breast tissues [9]. CA125 is proposed as 
a serum biomarker for ovarian cancer, but elevated levels 
have been observed in up to 84% of metastatic breast 
patients [10], and correlated with the metastasis-associated 
burden in pancreatic cancer [6]. CA15-3 is routinely 
used in monitoring therapy and predicting recurrences in 
patients affected by breast cancer [11]. The serum levels 
of CEA, CA125 and CA15-3 were demonstrated to be 
of great value in the management of patients with breast 
cancer, and could serve as predictive indicators and for 
monitoring the course of disease [12].

Previous studies have been conducted to quan-
titatively evaluate the serum level of above tumor markers 
in breast cancer patients, and correlations between tumor 
marker elevations and patients’ ethnicity, clinical tumor 
stages and tumor burden were investigated [13–15]. 
Due to inconsistent results, their clinicopathological 
significance remains to be elaborated. Furthermore, little 
is known about the correlation between these markers 

and breast cancer subtypes. Therefore, we carried out a 
retrospective study to determine the clinicopathological 
significance of preoperative serum tumor markers (CEA, 
CA125 and CA15-3) in Chinese breast cancer patients as 
well as the relevance of these markers among different 
breast cancer subtypes.

RESULTS

Subject characteristics

According to the inclusion criteria, 151 invasive 
breast cancer cases and 180 control subjects who 
underwent breast surgery at Zhongnan Hospital of 
Wuhan University were eventually enrolled. The mean 
age was 49.9±10.9 and 48.0±8.0 years in cancer and 
control subjects, respectively. The clinicopathological 
characteristics of the patients were extracted from medical 
records. A majority of cancer patients (86.1%) were 
diagnosed as invasive ductal carcinoma (IDC). Among 
all cases, stage I, II and III breast cancer accounted for 
13.2%, 56.3% and 30.5%, respectively. Out of 151 cases, 
26 patients (17.2%) were classified as Luminal A, 79 

Figure 1: The expression levels of serum tumor markers discriminate between breast cancer patients and control 
subjects. The preoperative serum levels of CEA, CA125 and CA153 were significantly higher in patients with breast cancer than benign 
disease. *P<0.05.
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patients (52.3%) as Luminal B, 22 patients (14.6%) as 
HER-2/neu and 24 patients (15.9%) as triple-negative 
(Table 1). Control subjects with breast benign diseases 
were also pathologically confirmed, including mammary 
hyperplasia and fibroadenoma.

Main results

As shown in Figure 1, the preoperative serum 
levels of CEA, CA125 and CA15-3 were significantly 
higher in patients with breast cancer than control subjects 
(P<0.05). Elevated serum levels (above cut-off values) of 
CEA, CA125 and CA15-3 were identified in 13 (8.6%), 
21 (13.9%) and 14 (9.3%) breast cancer cases, but not 
observed in breast benign diseases. Among them, 17 
(16.2%) patients with early cancer stage had tumor 
marker concentration above cut-off. The present data 
demonstrated the preoperative serum levels of CEA, 
CA125 and CA15-3 discriminated between patients with 

breast cancer and benign diseases. However, only a small 
percentage of cancer patients had preoperative levels 
of serum tumor markers above cut-off, confirming low 
sensitivity of these markers in breast cancer diagnosis.

The relationship between serum levels of tumor 
markers and clinicopathological factors of breast cancer 
patients were displayed in Table 2. In our study, late-
stage cancer patients exhibited significantly higher 
levels of CEA, CA125 and CA15-3 compared with 
early-stage ones, suggesting that the serum levels 
of these tumor markers might be more efficient for 
monitoring advanced tumors than early diagnosis. 
Statistical analysis indicated that both elevated CA125 
and CA15-3 levels were obviously related to patients 
with larger tumor diameter (>5cm) and lymph node 
metastasis.

The representative immunohistochemistry results 
of ER, PR and HER-2 expression were presented 
in Figure 2, different molecular subtypes were then 

Table 1: General characteristics of study population.

Characteristics N Percentage

Age (years)

<50 78 51.7%

≥50 73 48.3%

Size

T1 37 24.5%

T2 93 61.6%

≥T3 21 13.9.%

Node status

N0 69 45.7%

≥N1 82 54.3%

TNM stage

I 20 13.2%

II 85 56.3%

III 46 30.5%

Pathological type

Ductal 130 86.1%

Others 21 13.9%

Molecular subtype

Luminal A 26 17.2%

Luminal B 79 52.3%

HER-2/neu 22 14.6%

Triple-negative 24 15.9%
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Table 2: Relationship between serum marker levels and clinicopathogical features of breast cancer

Characteristic N CEA (ng/ml) CA125 (U/mL) CA153 (U/mL)

Median (P25, P75) P-value Median (P25, P75) P-value Median (P25, P75) P-value

Size 0.26 0.03 <0.01

T1 37 1.72 (1.38, 2.53) 13.80 (8.60, 21.01) 9.60 (6.55, 20.09)

T2 93 1.80 (1.22, 2.52) 13.72 (7.68, 21.73) 10.51 (7.68, 16.41)

≥T3 21 2.30 (1.17, 6.58) 19.18 (12.98, 92.81) 19.29 (11.88,50.92)

Node status 0.63 0.01 0.03

N0 69 1.60 (1.08, 2.36) 10.66 (7.72, 18.73) 9.73 (7.41, 15.70)

≥N1 82 1.94 (1.31, 2.93) 15.68 (9.06, 27.45) 13.10 (7.70, 23.63)

TNM stage 0.01 0.01 <0.01

I/II 105 2.24 (1.18, 2.26) 24.16 (8.00, 19.98) 12.87 (7.14,16.11)

III 46 8.16 (1.32, 3.28) 56.38 (10.51, 31.00) 26.75 (9.23, 29.03)

Molecular 
subtype 0.48 <0.01 0.26

Luminal A 26 1.64 (0.98, 2.70) 17.45 (10.44, 22.81) 9.74 (7.15, 19.36)

Luminal B 79 1.82 (1.09, 2.56) 10.66 (7.26, 18.30) 10.65 (7.89, 17.56)

HER-2/neu 22 1.93 (1.43, 4.24) 12.89 (9.76, 19.75) 10.88 (6.32, 16.51)

Triple-negative 24 1.50 (1.24, 2.26) 46.46 (14.60, 82.19) 14.83 (8.39, 33.76)

P25, the 25th percentile; P75, the 75th percentile.

Figure 2: The representative immunohistochemistry (IHC) results of ER, PR and HER-2 expression in breast cancer 
(original magnification ×100).  Tumors with >1% nuclear-stained cells were considered positive for the ER and PR. HER-2 positivity 
was evaluated as membrane staining of invasive tumor cells and scored by 3+.
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identified. Interestingly, our results showed that the 
serum levels of CA125 exhibited statistical differences 
among various molecular subtypes. Further analysis 
indicated that elevated CA125 was more frequently 
observed in triple-negative patients compared with 
Luminal A, Luminal B and HER-2/neu patients (P<0.01, 
Figure 3).

DISCUSSION

In the present study, the preoperative serum levels 
of CEA, CA125 and CA15-3 were significantly higher 
in patients with breast cancer than control subjects. 
Elevated serum levels of CEA, CA125 and CA15-3 were 
identified in 13 (8.6%), 21 (13.9%) and 14 (9.3%) breast 
cancer cases, which are similar to those observed in other 
studies [16–17]. Despite difference between two groups is 
statistically significant, this difference is of limited clinical 
significance due to: 1) within control group and within the 
gross majority of breast cancer patients, measured levels 
of serum tumor markers were bellow selected cut off 
values, and 2) there is a huge overlap in measured levels 
of all three studied markers between control and cancer 
patients.

In our study, patients with late-stage breast cancer 
exhibited significantly higher levels of CEA, CA125 and 
CA15-3 compared with early-stage ones, suggesting that 
the serum levels of these tumor markers might be more 
efficient for monitoring advanced tumors than early 
diagnosis. With the improvement of screening techniques 
for tumor detection, the detection rate of breast cancer has 
been steadily increasing in the last two decades, and early 
breast cancer accounted for a large proportion [14, 18]. As 
expected, with the increase of early breast cancer patients 
in study population, decreased prevalence of abnormal 
serum CEA, CA125 and CA15-3 was shown, leading 
to limited sensitivity in early diagnosis of breast cancer. 
However, this does not mean that their clinical value is 
also low. Since elevated levels of these markers are related 
to late tumor stage, poor outcome may be predicted, and 
more comprehensive therapy for the patients may be 
developed. Moreover, our results showed that preoperative 
serum levels of CA125 and CA15-3 were obviously 
associated with tumor burden indicators, including tumor 
size and axillary lymph node status.

It is known that hormone receptor (ER and PR) 
and HER-2 status plays a prominent role in the current 
molecular classification of breast cancer and can serve 

Figure 3: The association between preoperative serum CA125 levels and molecular subtypes in breast cancer patients. 
The elevated serum levels of CA125 were more frequently observed in triple-negative patients compared with Luminal A, Luminal B and 
HER-2/neu patients. *P<0.05.
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as remarkable prognostic factors [19–20]. However, the 
association between serum tumor markers and breast 
cancer subtype is not well established. The study by 
Shao et al. showed a strong correlation of elevated CA 
15-3 levels with ER positivity [17], whereas Moazzey 
et al. reported that no statistical difference existed in 
serum CEA and CA15-3 among different molecular 
subtype groups [15]. In this study, we did not find any 
difference between serum CEA and CA15-3 levels 
among different subtypes. However, our result showed 
that serum CA125 was significantly greater in patients 
with triple-negative tumors than in Luminal A, Luminal 
B and HER-2/neu tumors, which may be explained in 
part by the different biological behaviors of different 
molecular subtypes. As a highly heterogeneous 
disease, individualized treatment based on molecular 
subtype has become an important issue in breast cancer 
research. Commonly, Luminal type tumors are sensitive 
to endocrine therapy, and targeted therapy is effective 
for HER-2/neu tumors. Triple negative breast cancer 
is reported to have poor prognosis due to the lack of 
targeting therapy and the biology of the tumor itself 
[21–22]. Hence, elevated CA125 levels may be one 
factor that predicts a poor prognosis.

There are some limitations should be acknow-
ledged. First, this is a retrospective study, the biases 
related to incomplete medical records and physician 
decisions about when and in what circumstances they 
request tumor markers may confound the results. 
Second, it is possible that differences in some confou-
nding factors, such as age, menopause status, body 
mass index (BMI), lifestyle and environment may 
interfere with tumor marker levels [13]. Third, as a 
heterogeneous disease, breast cancer may require 
combining multiple biomarkers to allow the detection 
of different subtypes. Additionally, the main caveat of 
this study is related to its small sample size, which may 
affect the results.

Nevertheless, this study contains a number of 
strengths. Importantly, the inclusion criteria for breast 
patients were rigorous and preoperative serum levels 
of tumor markers were reported predated the molecular 
subtyping of breast cancer. Thus, physician bias about 
the utility of measuring tumor markers in various breast 
cancer subtypes was not an issue. Moreover, the serum 
levels of CEA, CA125 and CA15-3 were measured using 
automatic chemiluminescence immunoassay system, 
which is noninvasive and easy to perform. And its 
characteristics of good precision and reliability, makes its 
employment universal in clinical routine. Furthermore, 
our data may be helpful in trials that use tumor 
markers as therapeutic targets for novel interventions 
or surrogates for clinical benefit in patients with non-
measurable diseases [23]. However, given the limitations 
elaborated above, multi-center prospective studies with 

larger sample sizes should be employed to confirm 
the role of these tumor markers in further research. In 
addition, we need to add some extra notes to propose 
a clinical score that involves clinical and biochemical/ 
molecular data in future study.

In summary, our study indicated that the 
preoperative serum levels of CEA, CA125 and CA15-
3 discriminated between patients with invasive breast 
cancer and breast benign diseases. Additionally, the 
serum levels of above tumor markers might be more 
efficient for monitoring advanced tumors than early 
diagnosis. High preoperative CA125 levels may reflect 
tumor burden and are associated with aggressive 
molecular subtype, suggesting that it can be used to 
predict poor outcome and prognosis of breast cancer 
patients. Summarizing our results, we recommend 
that patients with elevated CEA, CA125 and CA153 
levels suggestive of breast cancer receive subsequent 
examinations or clinical interventions.

MATERIALS AND METHODS

Study population and inclusion criteria

A total of 331 female patients who underwent 
breast surgery at Zhongnan Hospital of Wuhan 
University between June 2012 and December 2015 
were included into this study. A retrospective analysis 
of the clinicopathological data collected from 151 breast 
cancer patients was conducted. Inclusion criteria for 
these patients were: (1) being pathologically confirmed 
as invasive breast cancer patients; (2) with no history of 
cancer; and (3) with complete clinicopathological data, 
including age, tumor size, clinical stage, axillary lymph 
node status, expression of ER, PR and Ki-67. Meanwhile, 
180 age-matched control subjects were also selected. 
These control subjects were pathologically confirmed as 
breast benign diseases, including mammary hyperplasia 
and fibroadenoma. This study was approved by the ethics 
committee of Zhongnan Hospital of Wuhan University, 
in accordance with the Declaration of Helsinki. Written 
informed consents were obtained from all patients.

Measurement of serum CEA, CA125 and CA15-
3 levels

Peripheral blood samples were collected from all 
patients before surgery. Then serum was separated by 
centrifugation (2500 rpm for 10 min) and kept at -20°C 
for later analysis. We measured the serum levels of CEA, 
CA125 and CA15-3 using automatic chemiluminescence 
immunoassay system (Abbott i-2000, Abbott, USA). A 
cut-off limit of 5 ng/mL (CEA), 35 U/mL (CA125) and 
31.3 U/mL (CA15-3) was used as recommended by the 
manufacturer.
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Immunohistochemical evaluation

Tumor tissues were collected at the surgery and 
immunohistochemistry (IHC) method was then used 
to detect the expression of ER, PR, HER-2 and Ki-67. 
Tumors with >1% nuclear-stained cells were considered 
positive for the ER and PR. HER-2 positivity was 
indicated by a 3+ score from the immunohistochemical 
evaluation. A cut-off point of 14% was used for Ki-67 
staining. According to above detection results, we defined 
the molecular subtypes as follows [24]: Luminal A (ER 
and/or PR positive, HER-2 negative and Ki-67<14%); 
Luminal B (ER and/or PR positive, HER-2 positive; ER 
and/or PR positive, HER-2 negative and Ki-67≥14%); 
HER-2/neu (ER and PR negative but HER-2 positive) and 
triple-negative (ER, PR and HER-2 negative).

Clinical stage

According to standard criteria based on data of 
TNM (Tumor, Nodes and Metastases) and American Joint 
Committee on cancer (AJCC) staging system [25], stage 
≤II was assigned as early-stage and stage >II was assigned 
as late-stage.

Statistical analysis

All statistical analyses were performed with SPSS 
17.0 software. As the data of serum tumor marker levels 
did not fit a Gaussian distribution, non-parametric tests 
(the Mann-Whitney test for 2 independent groups, and 
the Kruskal-Wallis test for 3 independent groups) were 
applied. The reported data were characterized by their 
median and quartiles (the 25th to 75th percentile). A value 
of P<0.05 was considered to be statistically significant.

ACKNOWLEDGMENTS

None

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

GRANT SUPPORT

None.

REFERENCES

1. Donepudi MS, Kondapalli K, Amos SJ, Venkanteshan P. 
Breast cancer statistics and markers. J Cancer Res Ther. 
2014; 10:506-511.

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, 
Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. CA 
Cancer J Clin. 2016; 66:115-132.

3. Cheang MC, Chia SK, Voduc D, Gao D, Leung S, Snider 
J, Watson M, Davies S, Bernard PS, Parker JS, Perou 
CM, Ellis MJ, Nielsen TO. Ki67 index, HER2 status, and 
prognosis of patients with luminal B breast cancer. J Natl 
Cancer Inst. 2009; 101:736-750.

4. Zhao J, Liu H, Wang M, Gu L, Guo X, Gu F, Fu L. 
Characteristics and prognosis for molecular breast cancer 
subtypes in Chinese women. J Surg Oncol. 2009; 100:89-94.

5. Bidard FC, Hajage D, Bachelot T, Delaloge S, Brain E, 
Campone M, Cottu P, Beuzeboc P, Rolland E, Mathiot C,  
Pierga JY. Assessment of circulating tumor cells and 
serum markers for progression-free survival prediction in 
metastatic breast cancer: a prospective observational study. 
Breast Cancer Res. 2012; 14:R29.

6. Liu L, Xu HX, Wang WQ, Wu CT, Xiang JF, Liu C, Long 
J, Xu J, Fu de L, Ni QX, Houchen CW, Postier RG, Li M,  
Yu XJ. Serum CA125 is a novel predictive marker for 
pancreatic cancer metastasis and correlates with the 
metastasis-associated burden. Oncotarget. 2016; 7:5943-
5956. doi: 10.18632/oncotarget.6819.

7. Falzarano R, Viggiani V, Michienzi S, Longo F, Tudini S,  
Frati L, Anastasi E. Evaluation of a CLEIA automated 
assay system for the detection of a panel of tumor markers. 
Tumour Biol. 2013; 34:3093-3100.

8. Gold P, Freedman SO. Specific carcinoembryonic 
antigens of the human digestive system. J Exp Med. 1965; 
122:467-481.

9. Wu SG, He ZY, Zhou J, Sun JY, Li FY, Lin Q, Guo L, 
Lin HX. Serum levels of CEA and CA15-3 in different 
molecular subtypes and prognostic value in Chinese breast 
cancer. Breast. 2014; 23:88-93.

10. Baskic D, Ristic P, Matic S, Bankovic D, Popovic S, 
Arsenijevic N. Clinical evaluation of the simultaneous 
determination of CA 15-3, CA 125 and sHER2 in breast 
cancer. Biomarkers. 2007; 12:657-667.

11. Uehara M, Kinoshita T, Hojo T, Akashi-Tanaka S, 
Iwamoto E, Fukutomi T. Long-term prognostic study of 
carcinoembryonic antigen (CEA) and carbohydrate antigen 
15-3 (CA 15-3) in breast cancer. Int J Clin Oncol. 2008; 
13:447-451.

12. Zhao S, Mei Y, Wang J, Zhang K, Ma R. Different levels of 
CEA, CA153 and CA125 in milk and benign and malignant 
nipple discharge. PLoS One. 2016; 11:e0157639.

13. Fu Y, Li H. Assessing clinical significance of serum CA15-3 
and carcinoembryonic antigen (CEA) levels in breast 
cancer patients: a meta-analysis. Med Sci Monit. 2016; 
22:3154-3162.

14. Park BW, Oh JW, Kim JH, Park SH, Kim KS, Lee 
KS. Preoperative CA 15-3 and CEA serum levels as 
predictor for breast cancer outcomes. Ann Oncol. 2008; 
19:675-681.

15. Moazzezy N, Farahany TZ, Oloomi M, Bouzari S. 
Relationship between preoperative serum CA 15-3 and CEA 



Oncotarget63970www.impactjournals.com/oncotarget

levels and clinicopathological parameters in breast cancer. 
Asian Pac J Cancer Prev. 2014; 15:1685-1688.

16. Chen Y, Zheng YH, Lin YY, Hu MH, Chen YS. [Clinical 
and prognostic significance of preoperative serum CA153, 
CEA and TPS levels in patients with primary breast cancer]. 
[Article in Chinese]. Zhonghua Zhong Liu Za Zhi. 2011; 
33:842-846.

17. Shao Y, Sun X, He Y, Liu C, Liu H. Elevated levels of serum 
tumor markers CEA and CA15-3 are prognostic parameters 
for different molecular subtypes of breast cancer. PLoS 
One. 2015; 10:e0133830.

18. Lumachi F, Basso SM, Brandes AA, Pagano D, Ermani M. 
Relationship between tumor markers CEA and CA 15-3, 
TNM staging, estrogen receptor rate and MIB-1 index in 
patients with pT1-2 breast cancer. Anticancer Res. 2004; 
24:3221-3224.

19. Buzdar A. The place of chemotherapy in the treatment of 
early breast cancer. Br J Cancer. 1998; 78 Suppl 4:16-20.

20. Dowsett M, Allred C, Knox J, Quinn E, Salter J, Wale 
C, Cuzick J, Houghton J, Williams N, Mallon E, Bishop 
H, Ellis I, Larsimont D, et al. Relationship between 
quantitative estrogen and progesterone receptor expression 
and human epidermal growth factor receptor 2 (HER-2) 
status with recurrence in the Arimidex, Tamoxifen, Alone 
or in Combination trial. J Clin Oncol. 2008; 26:1059-1065.

21. Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan 
D, Conway K, Karaca G, Troester MA, Tse CK, Edmiston 
S, Deming SL, Geradts J, Cheang MC, et al. Race, breast 
cancer subtypes, and survival in the Carolina Breast Cancer 
Study. JAMA. 2006; 295:2492-2502.

22. Haffty BG, Yang Q, Reiss M, Kearney T, Higgins SA, 
Weidhaas J, Harris L, Hait W, Toppmeyer D. Locoregional 
relapse and distant metastasis in conservatively managed 
triple negative early-stage breast cancer. J Clin Oncol. 2006; 
24:5652-5657.

23. Yerushalmi R, Tyldesley S, Kennecke H, Speers C, Woods 
R, Knight B, Gelmon KA. Tumor markers in metastatic 
breast cancer subtypes: frequency of elevation and 
correlation with outcome. Ann Oncol. 2012; 23:338-345.

24. Goldhirsch A, Wood WC, Coates AS, Gelber RD, 
Thurlimann B, Senn HJ; Panel members. 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; 22:1736-1747.

25. Edge SB, Compton CC. The American Joint Committee 
on Cancer: the 7th edition of the AJCC cancer staging 
manualand the future of TNM. Ann Surg Oncol. 2010; 
17:1471-14744.


