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INTRODUCTION
Breast cancer is by far the most common cancer affecting women worldwide with approximately one million new cases diagnosed each year (1). In 2004, an estimated 217,000 women were diagnosed with breast cancer in the USA and approximately 40,000 died from the disease (2). Currently, there are more than two million women in the United States who are living with a history of breast cancer (3). While the worldwide incidence of the disease appears to be increasing, mortality rates are now declining in a number of Western countries such as the United States and the United Kingdom (4).

The main presenting features in women with symptomatic breast cancer include a lump in the breast, nipple change or discharge and skin contour changes. Definitive diagnosis requires biopsy and histopathology. Currently available blood-based biomarkers are of no value in the early diagnosis of breast cancer.

The primary treatment for localised breast cancer is either breast-conserving surgery and radiation or mastectomy. Following primary treatment, most women with invasive breast cancer receive systemic adjuvant therapy such as chemotherapy or hormone therapy. Both these forms of adjuvant therapy have been shown to reduce systemic recurrence and mortality from breast cancer (5,6). For example, a meta-analysis of approximately 18,000 women participating in 47 randomized trials comparing combined adjuvant chemotherapy vs no chemotherapy concluded that polychemotherapy produced a significant proportional annual reduction in mortality both for women younger than 50 years (27%) and for those aged 50 to 69 years (11%) (5). The absolute benefit for lymph node-negative patients however, was relatively small, i.e. 7% for women under 50 years and only 3% for those between 50 and 69. 

A different meta-analysis involving 37,000 women enrolled in 55 randomized trials comparing adjuvant tamoxifen vs placebo concluded that five years of tamoxifen therapy reduced the risk of recurrence by 47% and risk of death by 26% when given to patients with estrogen receptor (ER)-positive disease (6). Patients with ER-negative tumors however, did not benefit from adjuvant tamoxifen. 

Since not all patients with breast cancer may need adjuvant treatment [e.g. approximately, 70% of lymph node-negative patients are cured of their disease by surgery and radiotherapy (7)] and not all patients benefit from this treatment, rational management requires the availability of reliable prognostic and predictive markers. Recommendations regarding the use of currently available prognostic and predictive markers for breast cancer are discussed below. 

Subsequent to primary therapy, patients with a diagnosis of breast cancer are usually followed-up at regular intervals. Historically, surveillance has included clinical history, physical examination, mammography, chest X-ray, biochemical testing and the use of tumor markers. This practice is based on the assumption that the early detection of recurrent disease leads to a better outcome. However, at present, the clinical benefit of close surveillance is unclear (8).

Although adjuvant therapy improves patient outcome, 25-30% of women with lymph node-negative and at least 50-60% of those with node-positive disease develop recurrent disease (9). Therapy options for metastatic breast cancer include chemotherapy (e.g. anthracycline or taxane-based), hormone therapy or Trastuzumab (Herceptin() combined with chemotherapy (9). Currently, metastatic breast cancer is regarded as incurable and thus the goal of treatment is generally palliative. In this context, the use of serial levels of serum tumor markers is potentially useful in deciding whether to persist in using a particular type of therapy, terminate its use or switch to an alternative therapy.

Based on the above, it is clear that optimal management of patients with breast cancer requires the use of a number of tumor markers. The aim of this article is to present new National Academy of Clinical Biochemistry guidelines on the use of both tissue and serum-based tumor markers in breast cancer. A summary of guidelines published by other Expert Panels on this topic is also provided.

CURRENTLY AVAILABLE MARKERS FOR BREAST CANCER

Table 1 lists the mostly widely investigated tissue-based and serum-based tumors markers for breast cancer. Also listed, is the phase of development of each marker as well as the level of evidence (LOE) for its clinical use. The levels of evidence grading system used is based on that described by Hayes et al (74) [see Section 1].

TUMOR MARKERS IN BREAST CANCER: NACB RECOMMENDATIONS

Table 2 presents a summary of recommendations from various Expert Panels on the use of tumor markers in breast cancer. This table also summarises the National Academy of Clinical Biochemistry (NACB) guidelines for the use of markers in this malignancy. Below, we present a more detailed discussion on the most clinically useful markers listed in Table 2.

Estrogen (ER) and Progesterone Receptors (PR

 Routine assay of estrogen receptors (ER) (i.e. ER-alpha) and progesterone receptors (PR) on all newly diagnosed breast cancers has been recommended by Expert Panels of the American Society of Clinical Oncology (ASCO), European Group on Tumor Markers (EGTM), European Society of Medical Oncology (ESMO) and European Society of Mastology (EUSOMA) (Table 2). The NACB Panel agrees with these recommendations. The primary purpose of determining ER and PR is to select for likely response to endocrine therapy in patients with either early or advanced breast cancer. Additionally, in combination with other factors, ER and PR may also be used for prognostic purposes. However, as predictors of patient outcome, hormone receptors are relatively weak factors and are of little clinical value in lymph node-negative patients. Hormone receptors should therefore not be used alone for determining outcome in breast cancer. However, in combination with established prognostic factors, hormone receptors may be used to predict risk of recurrence. Determination of ER-beta has no clinical application at present.

Recommended Assay for ER and PR

ER (i.e. ER-alpha) and PR can be measured by ligand-binding assay, ELISA or immunohistochemistry. The advantages and disadvantages of these different assays are summarised in Table 3. It is important to note that most of the clinical data relating to both ER and PR was derived from biochemical (ligand-binding and ELISA) assays. Some recent reports however, have shown that the immunohistochemical determination of ER provides clinical information at least as powerful as that obtained with the biochemical assays (82-87). Indeed, one report claimed that the use of immunohistochemistry to determine ER was superior to that of biochemical assays, for predicting response to therapy (82). Compared to ER, fewer data are available on the clinical value of PR, as determined by immunohistochemistry (87-89). As with ER, the predictive power of PR as determined by immunohistochemistry appears to be superior to that obtained using ligand-binding assays (89).

Because of its ease of use and application to a wider range of tumors (e.g. small as well as large tumors and paraffin-embedded as well as frozen tissue), the NACB Panel recommends the use of immunohistochemistry for the determination of both ER and PR.

The following points should be borne in mind when determining ER and PR by immunohistochemistry:

· Immunohistochemical assays used should have been shown to give values that correlate with biochemical assays and should be validated for both predictive and prognostic purposes, e.g. 6F11 MAb (Novocastra, Burlingame, CA and Newcastle UK) or antibody ID5 (Dako, Glostrup, Denmark) for ER and antibody 1A6 (Novocastra), PR88 (Biogenex, Menarini Diagnostics, Finch-Hampstead, Berkshire, UK) or monoclonal antibody 1294 (Dako, Glostrup, Denmark) for PR (82,83,89-91).

· Internal controls should be included in each examination. A tissue control with receptor-positive cancer cells and adjacent benign epithelium has been previously recommended (91).

· Participation in an External Quality Assessment (EQA) scheme is essential (90,91).

· Scoring of stain may be based either on percentage of cells staining or on a combination of percentage of cells staining plus intensity of stain. A semi-quantitative score should be reported rather than a negative or positive value (90,91). It is important to state that patients with low ER levels (e.g. staining in 1-10% of the cells) have been reported to respond to endocrine therapy (82).

· Only nuclear staining should be evaluated.

· The report should mention source of primary antibody as well as type of tissue used (e.g. paraffin-embedded or frozen) (91).

HER-2 (c-erbB-2)

In agreement with the ASCO (76) and NCCN Panels (71), the NACB Panel also recommends determination of HER-2 on all newly diagnosed breast cancers (Table 2). The primary purpose for determining HER-2, at present, is to select patients who may be treated with Trastuzumab (Herceptin() in either early or advanced breast cancer. In combination with other factors, HER-2 may also be used to determine prognosis. Insufficient data are currently available to recommend HER-2 for predicting response either to adjuvant endocrine therapy or to cyclophosphamide, methotrexate and 5-fluorouracil (CMF)-based adjuvant chemotherapy (18,19,76,92). HER-2 however, may be used to predict the superiority of anthracycline-based adjuvant chemotherapy over CMF (76). Insufficient data are presently available to recommend routine use of serum HER-2 testing. Preliminary findings however, suggest that serum HER-2 may be of value in monitoring patients with advanced breast cancer undergoing treatment with Trastuzumab (57). 

Recommended Assays for HER-2
Two main types of assay are used to detect HER-2 in breast tumors, i.e. immunohistochemistry and fluorescent in situ hybridisation (FISH) (93-99). The advantages and disadvantages of these methods are summarized in Table 4 (93-99). The NACB Panel recommends 2 possible approaches for measuring HER-2:

· Use of FISH or
· Use of immunohistochemistry with validated antibodies and standardized methodology. For equivocal cases (i.e. those with scores of 2+), testing with FISH should be carried out.

The following points should be borne in mind when measuring HER-2:

· Only validated reagents and standardized methodology should be used.

· Internal controls should be included in every examination, e.g. a strongly positive cancer specimen as a positive control with adjacent benign epithelium as negative control (91).

· Participation in an EQA program is essential.

· Only the invasive component of the tumor should be scored (91).

· With immunohistochemistry, only membrane staining should be reported (91).

· HER-2 testing for clinical purposes should be carried out in laboratories performing large numbers of this test.

· The report should contain type and source of assay used including source of primary antibody and any other critical reagent (91).

Currently, the US Food and Drug Administration (FDA) has approved four assays for detecting HER-2 in breast cancer. Two of these assays are based on immunohistochemistry (Dako Corporation, Carpinteria, CA and Ventana Medical Systems, Inc, Tucson, AZ) and two on FISH (Ventana Medical Systems, Inc and Vysis Inc, Downers Grove, Il). Both immunohistochemistry assays have been approved for identifying women with advanced breast cancer for therapy with Trastuzumab. The FISH-based tests were originally cleared for the selection of women with node-negative disease at high risk for progression and for response to doxorubicin-based therapy. More recently, these tests have also been approved for selecting women with metastatic breast cancer for treatment with Trastuzumab.

Urokinase plasminogen activator (uPA) and Plasminogen activator inhibitor 1 (PAI-1)

Results from a pooled analysis comprising more than 8000 patients have shown that both uPA and PAI-1 are strong (relative risk >2) and independent (i.e. independent of nodal metastases, tumor size and hormone receptor status) prognostic factors in breast cancer (21). For axillary node-negative patients, the prognostic impact of these two proteins has been validated using both a randomised prospective trial (Chemo N0 study) and a pooled analysis of small-scale retrospective and prospective studies (20,21). uPA and PAI-1 are thus the first biological factors in breast cancer to have their prognostic value validated using Level 1 evidence studies (72).

The NACB Panel therefore states that testing for uPA and PAI-1 may be carried out to identify lymph node-negative patients that do not need or are unlikely to benefit from adjuvant chemotherapy. Measurement of both proteins should be performed as the information provided by the combination is superior to that from either alone (21,24). Lymph node-negative patients with low levels of both uPA and PAI-1 have a low risk of disease relapse and thus may be spared from the toxic side effects and costs of adjuvant chemotherapy. Lymph node-negative women with high levels of either uPA or PAI-1 should be treated with adjuvant chemotherapy. Indeed, results from the Chemo N0 trial (20) as well as data from recent large retrospective studies (24,25) suggest that patients with high levels of uPA/PAI-1 derive an enhanced benefit from adjuvant chemotherapy.

Recommended assays for uPA and PAI-1
Measurement of both uPA and PAI-1 should be carried out using a validated ELISA. A number of ELISAs have undergone technical validation (100) while some have also been evaluated in an EQA scheme (101). For determining prognosis in breast cancer, the NACB Panel recommends use of an ELISA that has been both technically and clinically validated (e.g. from American Diagnostic Inc, CT). Extraction of tumor tissue with Triton X-100 is recommended (102). It is important to note that in order to perform an ELISA for uPA or PAI-1, a small piece of fresh (i.e. not fixed in formalin) breast tumor must be stored in liquid nitrogen immediately after histological diagnosis.

Recently, a microassay using as little as 100 mg of tumor tissue was described for the measurement of uPA and PAI-1 (103,104). This assay can also use material from two or three core biopsies or five to ten 90 µm thick cryosections. Although not yet clinically validated, preliminary data showed that uPA and PAI-1 levels in core biopsies correlated well with corresponding levels in surgically removed tissue. As immunohistochemical determination of uPA/PAI-1 has not yet been clinically validated, this methodology cannot be recommended, at present, for the routine determination of these proteins in breast cancer. 

CA 15-3/BR 27.29

The CA 15-3 and BR 27.29 (also known as CA27.29) serum assays detect the same antigen, i.e. MUC1 protein and provides similar clinical information. CA 15-3 has however, been more widely investigated than BR 27.29. There are conflicting views about the value of CA 15-3 and BR 27.29 in the postoperative surveillance of patients without evidence of disease (75-81). Although increasing CA 15-3 or BR 27.29 levels can pre-clinically detect distant metastatic disease in approximately 70% of asymptomatic patients, there is no high level evidence study showing that the early diagnosis of progressive disease followed by initiation of therapy positively impacts on either patient survival or quality of life. Furthermore, there is no universally accepted or clinically validated definition of a clinically significant tumor markers increase. A confirmed increase of at least 25% however, is widely interpreted to signify a clinically significant increase.

Based on current evidence, the NACB Panel recommends against routine CA 15-3 (or BR 27.29) testing in asymptomatic patients following diagnosis of operable breast cancer. The Panel, however, would like to note that there are a number of small studies suggesting that the early initiation of therapy based on increasing serum markers levels can lead to an enhanced outcome (105-107). Although these studies do not provide high-level evidence that early treatment based on rising tumor marker levels positively impacts on patient outcome, some doctors as well as some patients may wish to have serial levels of CA 15-3 (or BR 27.29) determined following primary surgery. The ultimate decision about whether or not to use CA 15-3 (BR 27.29) in this situation must be taken by the doctor in consultation with the patient.
According to both ASCO and NCCN, CA 15-3 (or BR 27.29) should not be used alone for monitoring therapy in advanced disease (71,75,76). However, for patients with non-evaluable disease, both Panels state that a confirmed increase in marker concentrations suggests progressive disease. In contrast to ASCO and NCCN, the EGTM Panel recommends that, in patients with metastatic disease, markers should be determined prior to each course of chemotherapy and at least every 3 months for patients receiving hormone therapy (77).

The NACB Panel states that CA 15-3 or BR 27.29 may be used to monitor chemotherapy in patients with advanced breast cancer, especially in patients with non-evaluable disease. Two successive increases are likely to indicate progressive disease and may result in cessation of therapy, change in therapy or entry of patient into clinical trials evaluating new anti-cancer treatments. However, as with markers during post-operative surveillance, there is no universally accepted or clinically validated definition of a clinically significant increase in marker concentration during therapy of advanced disease. 

It is important to bear in mind that following the initiation of chemotherapy, a transient increase in serum marker levels may occur (108,109). Such transient increases or spikes usually subside within 6-12 weeks after starting chemotherapy. Increases in markers levels unrelated to tumor progression might also occur as a result of certain benign diseases (42). These increases may be transient or progressive depending on whether the benign disease is short-lived or continues to deteriorate. 

Recommended assays for CA 15-3/BR 27.29

The FDA has approved a number of commercially available CA 15-3 and BR 27.29 assays.

Carcinoembryonic antigen (CEA)

As for CA 15-3 and BR 27.29, the NACB Panel does not recommend routine use of CEA in the surveillance of patients with diagnosed breast cancer. For monitoring patients with advanced disease, CEA should not be used alone. For monitoring patients with non-evaluable disease, CEA may occasionally be informative when CA 15-3/BR 27.29 is not. As a marker for breast cancer, CEA is generally less sensitive than CA 15-3/BR 27.29 but on occasion, it can be informative when levels of MUC-1-related markers remain below the cut-off point.

Recommended Assay for CEA

The FDA has approved a number of commercially available CEA assays.

BRCA1 and BRCA2

According to the Task Force of the Cancer Genetics Studies Consortium (CGSC), “early breast and ovarian cancer screening are recommended for individuals with BRCA1 mutations and early breast cancer screening for those with BRCA2 mutations” (69). No recommendation however, was made for or against prophylactic surgery (e.g., mastectomy or oophorectomy). The guidelines further stated that “these surgeries are an option for mutation carriers, but evidence of benefit is lacking, and case reports have documented the occurrence of cancer following prophylactic surgery. It is recommended that individuals considering genetic testing be counselled regarding the unknown efficacy of measures to reduce risk and that care for individuals with cancer-predisposing mutations be provided whenever possible within the context of research protocols designed to evaluate clinical outcome” (69). It is important to point out that these guidelines were based on Expert Opinion only.

In 2003, an ASCO Panel published a detailed policy statement regarding genetic testing for cancer susceptibility (70). This statement included recommendations in the following areas: indications for genetic testing, regulation of testing, insurance reimbursement, protection from discrimination, confidentiality issues associated with genetic testing, continuing educational challenges and special research issues surrounding genetic testing of human tissues. 

According to the Consensus Panel of the 8th St Gallen Conference, treatment decisions for women with mutations in BRCA1 or BRCA2 genes “need to include consideration of bilateral mastectomy with plastic surgical reconstruction, prophylactic oophorectomy, chemoprevention and intensified surveillance” (92).

The NACB Panel supports the statements published by CGSC, ASCO, NCCN, US Preventive Services Task Force (USPSTF) and the St Gallen Consensus Panel (69,70,71,72,73,92).

CONCLUSION

The best-validated markers in breast cancer are all tissue based and include ER, PR, HER-2, uPA and PAI-1. Assay of ER, PR and HER-2 is now mandatory on all newly diagnosed breast cancer patients. The measurement of uPA and PAI-1, although technically and clinically validated (20,21,100,101,110), is not yet in widespread clinical use, mainly due to the requirement of a minimum amount of fresh or freshly frozen tissue. Assay of these proteins however, may be used to aid the selection of lymph node-negative breast cancer patients that do not need adjuvant chemotherapy. Although widely used in post-operative surveillance and monitoring therapy in advanced disease, the clinical value of CA 15-3 and other serum markers has not yet been validated by a Level I evidence study.

Table 1. Useful and potentially useful markers for breast cancer. 

	Cancer Marker
	Proposed Use/Uses
	Phase of Development
	LOE1
	Ref

	Tissue-Based Markers

	Estrogen receptor (ER)
	For predicting response to hormone therapy in both early and advanced breast cancer
	In clinical use
	I
	6,10

	
	In combination with other factors for assessing prognosis in breast cancer. ER alone is a relatively weak prognostic factor
	In clinical use
	III
	10,11

	Progesterone receptors (PR)
	Usually combined with ER for predicting response to hormone therapy
	In clinical use
	I
	12,13

	HER-2 
	Determining prognosis, most useful in node-positive patients. Conflicting data in node-negative patients
	In clinical use in some centers
	II-III
	14

	
	For selecting patients with either early or metastatic breast cancer for treatment with Trastuzumab (Herceptin) 
	In clinical use
	I
	15-17

	
	For predicting resistance to hormone therapy in breast cancer
	Results conflicting, undergoing further evaluation
	III
	18,19

	
	For predicting resistance to CMF4 in early breast cancer
	Results conflicting, undergoing further evaluation
	III
	18,19

	
	For selecting response to high dose anthracycline-based therapy in early breast cancer 
	Undergoing further evaluation
	III
	18,19

	Urokinase plasminogen activator (uPA)
	For determining prognosis in breast, cancer, including the subgroup with axillary node-negative disease
	Prognostic value validated in both a prospective randomised trial and a pooled-analysis. In clinical use in parts of Europe, e.g. Germany.
	I
	20, 21

	
	For predicting resistance to hormone therapy in advanced breast cancer
	Undergoing evaluation
	III-IV
	22, 23

	
	For predicting enhanced response to chemotherapy in early breast cancer
	 Undergoing evaluation
	III
	24-26

	PAI-1
	Usually assayed in combination with uPA, i.e. for determining prognosis in breast cancer including the subgroup with node-negative disease. Provides prognostic information additional to that of uPA.
	Prognostic value validated in both a prospective randomised trial and a pooled-analysis. In clinical use in parts of Europe, e.g. Germany. 
	I


	20,21

	
	In combination with uPA may be of value for predicting enhanced response to adjuvant chemotherapy and resistance to hormone therapy in advanced disease
	Undergoing further evaluation
	III
	22-26

	Cathepsin D
	For determining prognosis in breast cancer
	Results conflicting. However, using a specific ELISA, most reports show a prognostic value. Prognostic value in node-negative breast cancer validated by meta-analysis. Not in clinical use
	I  

(Only in node-negative disease)
	27-29

	p53
	For evaluating prognosis in breast cancer
	Results conflicting when p53 protein is determined by IHC5. Mutations in p53 gene however, correlates with adverse outcome. Undergoing further evaluation
	III (with  IHC),

I (with mutation testing)
	30,31

	
	For predicting response to both chemotherapy and hormone therapy in breast cancer
	Results conflicting. Undergoing further evaluation
	III
	31,32

	DNA ploidy 
	For assessing prognosis in breast cancer
	Results conflicting. Undergoing further evaluation
	III
	33,34

	S-phase
	For assessing prognosis in breast cancer
	Most studies conclude that increased S-phase predicts poor outcome. Undergoing further evaluation
	III
	35-36

	Angiogenesis
	For assessing prognosis
	Most studies conclude that increased rates of angiogenesis predicts poor outcome.  However, reproducibility is poor and use as measure of angiogenesis to guide treatment decisions is not recommended
	II-III
	37,38

	Gene expression microarray
	For assessing prognosis
	Undergoing evaluation. For one of these profiles (39,40), a multicenter validation study is planned
	III-IV
	39,40

	Oncotype DX(
	For predicting response to adjuvant tamoxifen in lymph node-negative breast cancer
	Validated in a prospectively designed study, assay can be carried out on paraffin-embedded tissue. In clinical use
	I/II
	41

	Serum-Based Markers

	CA 15-3
	Post-operative surveillance in patients with no evidence of disease
	In clinical use, but value of changing therapy for patients with rising levels not validated in a high-level evidence study
	III
	42,43

	
	Monitoring therapy in advanced disease
	In clinical use, but value not validated in a high-level evidence study
	III
	42,43

	
	Assessing prognosis. High preoperative levels (e.g. > 30 U/L) predict adverse outcome
	Not in clinical use
	III
	44-47

	BR 27.29
	Provides similar information to CA 15-3 but not as widely investigated as CA 15-3
	In clinical use, but value not validated in a high-level evidence study
	III
	48,49

	CEA
	Post-operative surveillance in patients with no evidence of disease. Overall, appears to be less sensitive than CA 15-3/BR 27.29  
	In clinical use, but value not validated in a high-level evidence study.  
	III
	50-53

	
	Monitoring therapy in advanced disease, especially if CA 15-3/BR 27.29 is not elevated
	In clinical use, but value not validated in a high-level evidence study.  
	III
	50,-53

	
	Assessing prognosis. High preoperative levels predict adverse outcome
	Not in clinical use
	III
	44,46,53

	TPA2
	Post-operative surveillance in patients with no evidence of disease
	In clinical use in some countries, but value not validated in a high level evidence study.
	III
	50,52

	
	Monitoring therapy in advanced disease. May be useful if CA 15-3, BR 27. 29 or CEA are not elevated
	In clinical uses in certain countries, but value not validated by a high level evidence study.
	
	43,52 

	TPS3
	As for TPA
	As for TPA
	III
	54,55

	HER-2 (shed form)
	Determining prognosis; predicting response to hormone therapy, chemotherapy and Trastuzumab; post-operative surveillance and monitoring therapy in advanced disease. Less sensitive than either CA 15-3 or CEA but may be useful in monitoring if CA 15-3, BR 27.29 or CEA are not elevated. Preliminary results suggest that serum HER-2 may be of value in monitoring Trastuzumab therapy in patients with advanced breast cancer
	Undergoing evaluation. 
	III-IV
	56,57

	Proteomics
	Detecting early disease and monitoring
	Undergoing evaluation
	IV/V
	58,59

	Tumor Cells

	Tumor cells in bone marrow
	For assessing prognosis
	Prognostic value validated in a pooled analysis. Not in clinical use
	I
	60-62

	Tumor cells in axillary nodes
	For assessing prognosis
	Most studies conclude that the detection of tumor cells in axillary nodes predicts adverse prognosis but magnitude of effect appears relatively weak. Undergoing further evaluation
	II-III
	63,64

	Tumor cells in sentinel lymph nodes
	For assessing prognosis
	Undergoing evaluation. Two prospective trials are currently in progress
	IV/V
	65,66

	Tumor cells in circulation
	For assessing prognosis and monitoring therapy in advanced disease
	Undergoing evaluation
	III
	67,68

	Genetic Markers

	BRCA1
	For identifying individuals who are at high risk of developing breast or ovarian cancer in high risk families
	In clinical use in specialised centers
	Expert opinion 
	69-73

	BRCA2
	As for BRCA1
	In clinical use in specialised centers
	Expert opinion 
	69-73


LOE, level of evidence (as defined in ref. 74); TPA, tissue polypeptide antigen; TPS, tissue polypeptide specific-antigen; CMF, cyclophosphamide, methotrexate, 5-fluorouracil; IHC, immunohistochemistry. 
Table 2. Recommendations for use of markers in breast cancer by different Expert Groups. 

	Marker (s)
	Application
	ASCO1 (75,76)
	EGTM2 (77)
	Joint EGTM
/NACB3 78)
	ESMO4 (79,80)
	EUSOMA5 (81)
	NCCN6  (71)
	NACB 2006* 

	ER + PR
	For predicting response to hormone therapy
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	For prognosis
	No
	Yes, in combination with other factors
	None published
	None published
	None published
	Yes
	Yes, in combination with existing factors

	HER-2
	For predicting response to Trastuzumab in advanced disease
	Yes
	Yes
	None published
	Yes
	None published
	Yes
	For predicting response to Trastuzumab in either early or advanced breast cancer

	
	For prognosis
	None published
	Yes, in combination with other factors
	None published
	None published
	None published
	Yes
	Yes, in combination with other factors

	
	For predicting response to hormone therapy
	No
	No
	None published
	None published
	None published
	None published
	No

	
	For predicting response to adjuvant CMF
	No
	No
	None published
	None published
	None published
	None published
	No

	
	For predicting response to adjuvant anthracycline-based therapy
	Yes ?
	Yes
	None published
	None published
	None published
	Yes, for predicting superiority of anthracycline-based over non-anthracycline-based adjuvant therapy
	Yes, as per NCCN

	CA 15-3

/BR27-29
	Surveillance following surgery
	No
	Yes
	Yes
	No
	None published
	No
	May provide lead-time for early detection of metastasis but clinical value of lead-time unclear

	CA 15-3 /BR27.29
	Monitoring advanced disease
	Yes, in selected cases, e.g., in absence of measurable disease
	Yes
	Yes
	Yes, in non easily measurable disease
	*Yes, in absence of evaluable disease
	None published
	Yes, especially in patients with non-evaluable disease

	CEA
	Surveillance following surgery
	No
	Yes
	None published
	No
	None published
	None published
	No

	
	Monitoring advanced disease
	Yes, in selected cases, e.g., in absence of measurable disease
	Yes
	None published
	No
	*Yes, in absence of evaluable disease
	None published
	Yes, as per ASCO and EUSOMA

	uPA/PAI-1
	For determining prognosis in lymph node-negative patients
	None published
	Yes
	None published
	None published
	None published
	None published
	Yes

	BRCA1

BRCA2
	For identifying women at high risk of developing breast cancer
	See ref. 70 for general guidelines on genetic testing for cancer susceptibility
	None published
	None published
	None published
	None published
	None published
	NACB supports documents of CGSC8, ASCO, NCCN and 9USPSTF (69-73)


1ASCO, American Society of Clinical Oncology; 2EGTM, European Group on Tumor Markers; 3NACB, National Academy of Clinical Biochemistry; 4ESMO, European Society of Clinical Oncology; 5 EUSOMA, European Society of Mastology; 6 NCCN, National Comprehensive Cancer Network; 7NR, no recommendation published; CGSC, 8Cancer Genetics Studies Consortium and US Preventive Services Task Force.

*Recommendations state serum markers without referring to specific markers. 
Table 3. Advantages and disadvantages of different assays for hormone receptors
	Ligand-binding assay


	ELISA
	Immunohistochemistry

	Advantages
	
	

	· Quantitative
	· Quantitative
	· Simple and relatively cheap

	· Can determine functionality of receptor with respect to hormone binding
	· No radioactivity required
	· Can assess tissue architecture, distinguishing invasive, in situ and normal breast tissue

	· Can determine Km of receptor for ligand
	· Simpler than ligand binding
	· Can use small amounts of tissue including fine needle aspirates and core needle biopsies

	· Should be able to detect total ER, i.e. ER-( and ER-( but does not discriminate between the two forms
	
	· Normal breast epithelial cells in adjacent tissue provide an internal positive control, at least for ER

	Disadvantages
	
	

	· Time-consuming
	· Requires large amount of frozen tissue
	· Semi-quantitative

	· Cumbersome
	· Relatively time-consuming
	· Interpretation subjective

	· Expensive
	
	· Difficult to standardize

	· Requires large amount of tumor tissue
	
	· Different antibodies can give different results

	· Requires frozen tissue (must be rapidly frozen in liquid nitrogen and maintained at low temperature)
	
	

	· Requires radioactivity
	
	

	· May yield false negative ER valuesa
	
	


a In tumors removed from patients receiving Tamoxifen, when endogenous levels of steroid ligand are high, or when insufficient breast cancer is present in the tissue mass; 
Table 4. Advantages and disadvantages of different assays for HER-2 immunohistochemistry
	Immunohistochemistry
	FISH

	Advantages

	· Low cost
	· Relatively more objective scoring system and easier to standardize

	· Simple
	· Provides a more robust signal than immunohistochemistry

	· Widely available
	· Appears to be more accurate in predicting response to Trastuzumab in patients with advanced breast cancer

	
	

	Disadvantages

	· Evaluation is subjective and thus difficult to standardize
	· Relatively expensive

	· Loss of sensitivity due to antigenic alteration due to fixation
	· Less widely available than immunohistochemistry (requires fluorescent microscope)

	· Wide variability in sensitivity of different antibodies and different results from the same antibody, depending on staining procedure (81)
	· May sometimes be difficult to identify carcinoma in tissues with ductal carcinoma in situ

	· Borderline values (e.g. 2+) require additional testing
	· Requires longer time for scoring than immunohistochemistry

	
	· Unable to preserve slide for storage and review

	
	·   Cut-off to establish critical level of amplification and clinical outcome uncertain


Data summarised from refs 93-99. FISH, fluorescence in situ hybridisation. 
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