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Glossary of Selected Terms and Techniques 
 

Adjuvant therapy  

Adjuvant therapy is treatment that is given in addition to the primary (initial) treatment, it is 

designed to help reach the primary treatment goal (eg disease eradication). Adjuvant therapy 

for cancer usually refers to surgery followed by chemotherapy or radiotherapy to help 

decrease the risk of the cancer recurring (coming back). In Latin "adjuvans" means to help 

and, particularly, to help reach a goal. 

 

Analytic validity  

Analytical validity in this context refers to a test's ability to accurately and reliably measure 

the expression of messenger ribonucleic acid (mRNA) by breast cancer tumour cells. It is 

usually assessed by determining how much observed measurements provided by the 

test/technology differ from expected values derived from a standard reference. In the 

measurement of gene expression, however, there are no standard reference tests and an 

assessment of the analytical validity of the assays has to be obtained by more indirect 

methods. This involves an examination of test variability arising from tumour sampling, 

specimen handling, specimen preparation and biologic variation within and between different 

samples of the same tumour, and the effect of this on the reproducibility of test when repeated 

in the same patient, over time. 

 

Area under the curve (AUC)/receiver operating characteristic (ROC) 

The area under the receiver operating characteristic curve (AUC-ROC) reflects the 

relationship between sensitivity and specificity for a given test. Cut off values for positive 

and negative tests can influence specificity and sensitivity, but they do not affect AUC-ROC. 

The higher the AUC, the better, with 0.50 indicating a performance that is no better than 

chance and 1.00 denoting perfect performance, thus high-quality tests have an AUC-ROC 

approaching 1.00. 

 

Clinical utility  

The clinical utility of a gene expression profile relates to its ability to discriminate between 

those who will have more or less benefit from a therapeutic intervention: the focus in the 

assessment of clinical utility is outcome
1
. Other utilities which may be considered to be 

important include the effect of the test on clinical decision making (eg choice of therapy). 

Direct evidence of clinical utility of a gene expression profile can only be provided in context 

of a randomized clinical trial where benefit can be measured in terms of an improvement of 

clinical outcomes such as overall survival, disease-free survival, chemotherapy toxicity, or 

quality of life.  

                                                 
1
 There is no consensus on the meaning/definition of clinical utility and multiple perspectives have been adopted 

see: (Grosse & MJ, 2006) 



xi 

A comparison of gene expression profiling tests for breast cancer 
 

Prognostic estimates, though not direct estimates of benefit per se, may provide a crude 

estimate of benefit which may be relevant for patient decision making. They can also provide 

an upper limit on the degree of clinical benefit that may be expected
1
. 

 

Clinical validity  

Clinical validity is usually defined as the degree to which a test accurately predicts the risk of 

an outcome (eg time to distant metastases), as well as its ability to separate/discriminate 

patients with different outcomes into separate (high and low) risk classes. This is usually 

reported as the clinical sensitivity and specificity of the test. 

 

Coxôs proportional hazards (CPH) 

CPH is a special purpose regression method for survival data which provides an estimate of 

the hazard ratio and its confidence interval (CI). It is used when there is need to know 

whether survival is influenced by one or more factors (predictors or covariates) and allows 

the user to assess the effect of each predictor on the shape of the survival curve. An 

assumption of proportional hazards regression is that the hazard ratio is constant over time.  

 

Deoxyribonucleic acid (DNA) microarray  

A DNA microarray (also commonly referred to as a ñgene chip,ò or ñDNA chipò) is a 

collection of microscopic DNA spots, commonly representing single genes or transcripts. 

These spots are arrayed on a solid surface by covalent attachment to chemically suitable 

matrices, or directly synthesized on them. DNA microarrays use DNA as part of their 

detection system. Qualitative or quantitative measurements with DNA microarrays use the 

selective nature of DNA-DNA or DNA-RNA hybridization under high-stringency conditions 

and fluorophore-based detection. DNA arrays are commonly used for gene expression 

profiling (ie monitoring expression levels of thousands of genes simultaneously, or for 

comparative genomic hybridization). 

 

Gene expression 

Gene expression refers to the translation of the information encoded in a gene into an RNA 

transcript. Expressed transcripts include mRNAs translated into proteins, as well as other 

types of RNA, such as transfer RNA (tRNA), ribosomal RNA (rRNA), micro RNA 

(miRNA), and non-coding RNA (ncRNA), that are not translated into protein. Gene 

expression is a highly specific process by which cells switch genes on and off in a timely 

manner, according to their state. The study of mRNA expression in a cell is an indirect way to 

study the proteins they code for. 

 

Gene expression classifier 

The term classifier is derived from the field of machine learning. The goal of classification is 

to group items that have similar feature values into groups. In the context of gene expression 

analysis, a classifier is a composite algorithm that classifies patients using gene expression 

measurements. 
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Gene expression profiling  

This term refers to any genomic techniques that measure the fraction of the genes that is 

expressed in a specific sample. This definition refers to techniques that allow the assessment 

of more than one gene at a time, such as microarray and real time reverse transcriptase 

polymerase chain reaction (RT-PCR). 

Gene expression profile: This is any set of genes for which the expression in a specific 

sample is known. A gene expression profile may account for a variable number of genes, and 

the corresponding expression values may be obtained by different techniques. Gene 

expression profiles can be associated, by various techniques, to phenotypes. 

Gene expression pattern: This is an equivalent term currently in use to refer to ñgene 

expression profile.ò 

Gene expression signature: This is an equivalent term currently in use to refer to a specific 

ñgene expression profile,ò usually associated with a specific phenotype. 

 

Hazard ratio (HR=) 

The hazard ratio is an estimate of the ratio of the hazard rate in two groups. It is broadly 

equivalent to relative risk (RR) and is useful when the risk is not constant over a given period 

as it uses information collected at different times. The term is typically used in the context of 

survival over time. If the HR= is 0.5 then the relative risk of dying (or some other health 

event) in one group is half the risk of dying in the other group, if the HR= is 2.0 then the 

relative risk of dying (or some other health event) in one group is twice that of the other 

group. 

 

Polymerase chain reaction (PCR) 

PCR is a molecular biology technique for isolating and exponentially amplifying a DNA 

sequence of interest in vitro via enzymatic replication. This technique has been extensively 

modified to perform a wide array of tasks. It is a common tool in medical and biological 

research. PCR is now used to obtain the sequence of genes, to diagnose hereditary diseases, 

identify genetic fingerprints (forensics medicine), detect infectious diseases, and create 

transgenic organisms. Coupled to ñreverse transcriptionò it is used to amplify RNA 

molecules. 

 

Reverse transcriptase polymerase chain reaction (RT-PCR) 

Reverse transcription polymerase chain reaction (RT-PCR) is a variant of polymerase chain 

reaction (PCR), a laboratory technique commonly used in molecular biology to generate 

many copies of a DNA sequence, using a process termed "amplification". In RT-PCR, the 

RNA strand of interest is first reverse transcribed into its DNA complement (complementary 

DNA, or cDNA) using the enzyme reverse transcriptase, and the resulting cDNA is amplified 

using traditional or real-time PCR.  
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Reverse transcription 

In biochemistry, reverse transcription is the enzymatic reaction induced by the RNA 

dependent DNA polymerase. This enzyme, also known as reverse transcriptase, is a DNA 

polymerase enzyme that copies single-stranded RNA into DNA. This process is the reverse of 

normal transcription, which involves the synthesis of RNA from DNA. 

 

Ribonuclease 

This type of enzyme, abbreviated commonly as RNase, is a nuclease that catalyzes the 

hydrolysis of RNA molecules into smaller components. They are divided into endonucleases 

(can cut RNA molecules in the middle) and exonucleases (degrades RNA from the 

extremities of the molecules). 

 

Survival analysis 

Survival analysis is a time-to-event analysis which provides a method to include patients who 

fail to complete the trial or do not reach the study endpoint (censored data). The number of 

survivors is calculated at multiple points in time. These data are commonly depicted with a 

Kaplan-Meier curve. There are a number of different end points or events commonly used in 

the analysis of clinical studies ï death (overall survival), relapse (disease-free survival), 

disease progression (progression-free survival). 
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Executive Summary 

Background 

In January 2008,  Marchionni, Wilson, Marinopoulos, et al.,2 published a systematic review 

of the ˈ Impact of Gene Expression Profiling Tests on Breast Cancer Outcomes.   The 

objective of the review was to examine the available evidence relating to the analytic and 

clinical validity of breast cancer gene expression profiling in predicting disease recurrence 

and the clinical utility of these tests in improving chemotherapy choices and patient 

outcomes. Three gene signatures and their commercially available tests were reviewed, the 

21ïgene signature and the Oncotype DXÊ test developed and marketed by Genomic  Health, 

Inc.,  the 70-gene signature and MammaPrint® test commercially developed by Agendia (the 

Netherlands) and the  two-gene ratio test HOXB13:IL17BR which was developed by 

AviaraDx, Inc. (Carlsbad, CA) and licensed to Quest Diagnostics 

Objective 

The objectives of this report were to (a) summarise the original systematic review published 

by Marchionni, Wilson, Wolff, et al, (2008) (b) update the review search to add evidence 

from the period 2007-2009, (c) report on the content and quality of any additional recent 

studies (d) describe and review the progress of two seminal trials relating to the potential 

clinical utility of two gene profiling  tests.  

Method 

The gene profiling tests were assessed in relation to (a) their analytic validity (ie the ability of 

the test to accurately and reliably measure the expression of mRNA by breast cancer tumour 

cells), (b) their clinical validity (ie the degree to which the test could accurately predict the 

risk of an outcome and discriminate patients with different outcomes), and (c) their clinical 

utility in relation to harm, impact on clinical decision making, evidence of improvement in 

outcomes and health care costs. 

The search strategy developed for the original systematic review was used for this review 

update. A quality assessment of all  eligible studies was carried out using the REporting 

recommendations for tumour MARKer prognostic studies (REMARK) criteria for reporting 

tumour marker studies and the standards for reporting of diagnostic accuracy (STARD) 

guidelines which were developed to improve the reporting of studies on diagnostic tests. 

Main results 

A new search for the period January 2007ïDecember 2009 using the search strategy 

developed for the original review was undertaken for this update. The updated search 

identified 12 additional primary research studies published in full in peer reviewed journals 

and one technology review [2]. A further 14 studies reported as conference abstracts only 

were identified and reported. These studies were identified from a pool of over 5,000 

publications identified by the updated search procedure. 

Similar to the original systematic review, this update did not identify any studies providing 

direct, high quality evidence that the investigated gene expression profiling tests lead to 

                                                 
2
 Evidence-based Practice Center at the Johns Hopkins University Bloomberg School of Public Health in 

response to a task order issued by the Agency for Healthcare Research and Quality (AHRQ) on behalf of the 

Centers for Disease Control and Prevention Evaluation of Genomic Applications in Practice and Prevention 

(EGAPP) Project. 
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improvement in outcomes or are able to predict response to chemotherapy in any sub-set of 

women diagnosed with breast cancer. 

Oncotype DXÊ remained furthest along the validation pathway, with 13 of the 26 studies 

reporting solely on Oncotype DXÊ and a further two reporting on several tests which 

included Oncotype  DXÊ. These studies offered some further retrospective evidence that the 

test predicts distant spread, however, most of the new studies importantly focused  on the 

ability of the test to predict response to chemotherapy  (three studies) or its impact on clinical 

decision making (seven studies). These latter studies all reported a positive impact of the test 

on clinical decision making and generally claimed that there was a reduction in the number of 

patients who were or would have been considered for chemotherapy. However, these studies 

had methodological weaknesses that were likely to have overestimated the effect/influence of 

the test and were not designed to assess the effect of the test on clinical outcomes. The three 

studies examining the ability of Oncotype DXÊ to predict response to adjuvant/neoadjuvant 

endocrine therapy (NAET) and chemotherapy, generally reported that Oncotype DXÊ was 

predictive, to a greater or lesser extent, of response to therapy. However, as the design of the 

studies precluded any firm conclusions these studies did not materially add to the body of 

evidence in this area. 

MammaPrint® lagged some way behind Oncotype DXÊ with only nine of the 26 studies 

reporting solely on this test with a further two reporting on several tests including 

MammaPrint®; three studies were reported in full in peer reviewed journals. The updated 

search provided no evidence relating to the ability of the test to predict the benefit of 

therapy/adjuvant chemotherapy and overall the evidence base for MammaPrint® was 

considered to be less advanced than that relating to Oncotype DXÊ.  

Similar to the MammaPrint® studies reported in the original systematic review, the majority 

of the new studies identified (7/11, 64%) provided evidence of the clinical validity of the test 

in very heterogeneous populations. However, in contrast to the original review, three studies 

reported on the clinical utility of the test. One study examined the budgetary impact of 

MammaPrint®. Unfortunately, only one of these studies was reported in full, the remainder 

were published as abstracts only. The fully reported study provided (for the first time) 

important evidence from a well  conducted study of the potential impact of MammaPrint® on 

decision making in Dutch hospitals and the concordance between the gene profile and 

commonly used  clinicopathological tools for risk prediction. A second study published as an 

abstract only, presented initial results of a metaïanalysis of 1,637 patients from 7 large 

multinational datasets to determine the benefit of adding adjuvant chemotherapy to endocrine 

therapy. A preliminary report of the cost-effectiveness of MammaPrint®, reported in abstract 

form only, suggested that the cost of the test may be offset by treatment savings but that the 

analysis was sensitive to the cost of chemotherapy and the clinicopathological guideline used.  

As in the original review, the evidence for the clinical implications of using MammaPrint® 

remained unclear. 

The two-gene H/I ratio was reported to lack validation in the original review. The updated 

search produced four studies reporting on this test, only two of the studies were reported in 

full. All of these studies reported on the clinical validity of the test and supported the 

prognostic validity of the H/I ratio; however this test still  requires further validation in good 

quality studies in all areas. 

The methological limitations of the studies reported in the original systematic review also 

apply to many of the studies reported in this update. The quality of the studies was often 
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limited by the retrospective nature of the studies and a lack of blinding. Prospective studies 

were generally too small to provide convincing/statistically reliable results. The heterogeneity 

of the patient populations reported in the studies limited the amount of evidence that was 

available on specific patient populations. 

Gaps/outstanding issues identified by the original systematic 
review 

The 2008 systematic review outlined a number of outstanding issues that needed to be 

addressed in relation to these tests. The following issues were addressed to a greater or lesser 

degree in the additional studies reported in this update: 

Á a number of studies focussed on how gene profiling effects clinical decision making, 

there were some data relating to the behaviour of the tests when employed in patients 

treated with modern regimens including aromatase inhibitors and regimens using taxanes 

and anthracyclines 

Á data relating to HER23 positive patients was reported 

Á there was some information on the incremental value of gene expression profiling when 

used in conjunction with conventional clinicopathological criteria for risk assessment 

and further information on the utility of MammaPrint® in a number of sub-populations 

to further define the optimal patient populations for this test. 
 

Conclusions 

Overall, the additional studies addressed some, but not all, of the outstanding issues relating 

to the evidence of the clinical validity and clinical utility of these tests in patients with breast 

cancer. The largest volume of evidence related to the Oncotype DXÊ test. Very few of these 

studies in isolation provided compelling evidence of the clinical utility of gene profiling test 

and the overall the quality (and therefore the strength of the evidence they provided) of most 

of the studies was low. 

The results of the two ongoing RCTs,  MINDACT and TAILORx, which aim to provide 

almost direct evidence for Oncotype DXÊ, and for MammaPrint®,   remain the most likely 

source of  clinical proof of the utility of these tests. 

 
 

                                                 
3
 There are a number of different acronyms in sue for Human Epidermal growth factor Receptor 2 (ErbB-2, 

ERBB2,HER-2, HER2, HER/neu). To avoid confusion HER2 will be used through this report. 



1 

A comparison of gene expression profiling tests for breast cancer 
 

Background 

In January 2008 Marchionni, Wilson, Marinopoulos, et al.4 published a systematic review of 

the ñImpact of Gene Expression Profiling Tests on Breast Cancer Outcomesò (2008). The 

objective of the review was to examine the available evidence relating to: 

Á the analytic and clinical validity of breast cancer gene expression profiling in predicting 

disease recurrence   

Á the clinical utility of breast cancer gene expression profiling in improving chemotherapy 

choices and subsequent outcomes. 

 

The review included a meta-analysis of data from 25 eligible publications from 12,983 

publications identified by the original search procedure. The full report was published by the 

Agency for Healthcare Research and Quality (AHRQ) in January 2008 (Marchionni, Wilson, 

Marinopoulos, et al.), a summary of the review was published in the Annals of Internal 

Medicine in March 2008 (Marchionni, Wilson, Wolff, et al.). 

 The review addressed four key questions: 

Á What is the direct evidence that gene expression profiling tests in women diagnosed with 

breast cancer (or any specific sub-set of this population) lead to improvement in 

outcomes? 

Á What are the sources of, and contributions, to analytic validity in these gene expression 

based prognostic estimators for women diagnosed with breast cancer? 

Á What is the clinical validity of these tests in women diagnosed with breast cancer? 

Á How well does this test predict recurrence rates for breast cancer when compared to 

standard prognostic approaches? Specifically, how much do these tests add to currently 

known factors or combination indices that predict the probability of breast cancer 

recurrence (eg, tumour type or stage, ER and HER2 status)? 

Á Are there any other factors, which may not be components of standard predictors of 

recurrence (eg, race/ethnicity or adjuvant therapy), that affect the clinical validity of 

these tests and thereby the generalisability of the results to different populations? 

Á What is the clinical utility of these tests? 

Á To what degree do the results of these tests predict the response to chemotherapy, and 

what factors affect the generalisability of that prediction? 

Á What are the effects of using these two tests and the subsequent management options on 

the following outcomes: testing- or treatment-related psychological harms, testing- or 

treatment-related physical harms, disease recurrence, mortality, utilization of adjuvant 

therapy, and medical costs? 

Á What is known about the utilisation of gene expression profiling in women diagnosed 

with breast cancer in the United States? 

Á What projections have been made in published analyses about the cost-effectiveness of 

using gene expression profiling in women diagnosed with breast cancer? 

 

                                                 
4
 Evidence-based Practice Center at the Johns Hopkins University Bloomberg School of Public Health in 

response to a task order issued by the Agency for Healthcare Research and Quality (AHRQ) on behalf of the 

Centers for Disease Control and Prevention Evaluation of Genomic Applications in Practice and Prevention 

(EGAPP) Project. 
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The purpose of the present report is to:  

Á summarise the original systematic review 

Á update the review search 

Á report on the content and quality of any additional recent studies  

Á review the progress of two seminal trials relating to the potential clinical utility of two 

gene profiling tests. 
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The Technology 

The sequencing of the human genome has initiated an era of gene discovery, leading to a 

growing understanding of the genetic determinants of cancer and other diseases. This 

research forms the basis for an increasing array of genetic tests, many of which are now 

available for use in health care (Burke, 2009).  Gene expression profiling (GEP) is a 

relatively new technique arising from this research.  

GEP tests measure which genes are active/expressed in a specific tissue sample. Existing 

technologies such as DNA microarray (see Figure 1) and RT-PCR are used to 

simultaneously assess a large number of genes. These techniques assess the gene composition 

of the mRNA in a tumour sample.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    From Sauter & Simon  (2002) 

 

Figure 1 : Gene expression  profiling using DNA microarray (the techniques used 

in the MammaPrint®  gene profiling test)  

 

The identity and number of mRNA transcripts provide information about the activity of genes 

that give rise to them. The number of mRNA transcripts derived from a given gene is a 

measure of the ñexpressionò of that gene. The resulting molecular signature allows patients to 

be classified into groups with a poor prognosis or a good prognosis, which may be used to 

facilitate therapeutic decision making. The gene expression profile from a given patient is 

compared with a specific gene signature derived from tumour samples from patients with 

known outcomes. 

Three tests developed from such expression profiles are currently on the market, these are: 

Oncotype DXÊ, MammaPrint® and HOXB13:IL17BR. 
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Oncotype DXÊ: this test was developed and marketed by Genomic Health, Inc. (Redwood 

City, California). The test quantifies gene expression for 21 genes in breast cancer tissue by 

RT-PCR. Oncotype DXÊ is intended to predict the likelihood of recurrence in women of all 

ages with newly diagnosed Stage I or II, ER-positive (ER+) lymph node-negative (LN0) 

breast cancer treated with tamoxifen. As of November 2009, more than 120,000 Oncotype 

DXÊ: tests have been ordered in over 50 countries. 

The characteristics of the assay, the gene panels used, and the procedures involved in the 

analysis are summarized in Table 1. 

Table 1:  Characteristics of the Oncotype  Dx Ê gene expression profile assay: 

Summary and prior evidence  

Assay  

General  

Information  

What is measured:  

 

Procedure: 

 

Studies reported in 
the 2008 systematic 
review (Marchionni, 
Wilson, Wolff, et al.) 

Assay:  

Oncotype DXÊ, 
Genomic Health. 

 

Tumour Sample: 

Fresh frozen paraffin 
embedded (FFPE) 
specimen. 

 

Assay technique:  

real time RT-PCR. 

 

Target  population: 

1) Stage I, ER+ patients  
who will be treated with 
tamoxifen; 

2) Stage II, ER+, LN0 
negative patients who 
will be treated with 
tamoxifen. 

 

Web site: 

http://www. 

genomichealth.com/ 

oncotype/default.aspx 

16 cancer genes, 
including the following 
gene types:  

 

Proliferation: Ki67, 

STK15, Survivin, 
CCNB1, MYBL2 

 

Human epidermal 
growth factor:  

GRB7, HER2 

 

Estrogen: ER, PGR, 
BCL2, SCUBE2.  

 

Invasion: MMP11, 

CTSL2  

 

Single genes: GSTM1, 
CD68, BAG1 5  

Normalizing genes: 

ACTB, GAPDH, 
RPLPO, GUS, TFRC. 

1. FFPE specimen 
shipment. 

2. Central pathological 
review for tumour 
content. 

3. RNA preparation and 
quality evaluation. 

4. Triplicate RT-PCR. 

5. Gene expression 
measures normalization. 

6. Recurrence Score 
(RS) computation and re-
scaling; risk group 
assignment. 

7. Report with RS and 
Risk Group where: Low 
risk: RS Ò 17, 
Intermediate risk: 18 Ò 
RS Ò 30, High risk: RS Ó 
31. 

 

For further details of the 
algorithm used see Table 
1 in Impact of Gene 
Expression Profiling 
Tests on Breast Cancer 
Outcomes ï full report 

Analytical validity: 

Cronin (2004). 

Cronin (2007). 

 

Clinical validity: 

Chang (2008). 

Cobleigh (2005). 

Esteva (2005). 

Gianni (2005). 

Habel (2006). 

Mina (2007). 

Oratz (2007). 

Paik (2004). 

Paik (2004). 

 

Clinical utility: 

No studies. 

 

Other: 

Lyman (2007). 

Hornberger (2005). 

 

 

The cut off points for the Oncotype DXÊ assay which are used to determine high, 

intermediate and low risk patients are shown in Figure 2. 
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    From: Paik et al, (2004) 

 

Figure 2 : Rate of distant recurrence derived from Oncotype DXÊ as a 

continuous function of the recurrence score (RS) and the low risk, 

intermediate and high risk cut -off points  

 

MammaPrint® : this test was commercially developed by Agendia (the Netherlands) and is 

only performed in the Agendia laboratory.  The test is based on microarray technology which 

uses a 70-gene expression profile developed by vanôt Veer and colleagues (2002). 

MammaPrint® is intended as a prognostic test for women Ò61 years with primary invasive 

ER+, or ER-negative (ER-) LN0 breast cancer. The company voluntarily submitted 

MammaPrint® to the U.S. Food and Drug Administration for approval under proposed new 

guidelines for such tests: approval was granted in February 2007. The characteristics of the 

assay, the gene panels used, the cut-off point used to determine high and low risk patients and 

the procedures involved in the analysis are summarized in Table 2. 
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Table 2:  Characteristics of the MammaPrint®  gene expression profile assay: 

Summary and prior evidence  

Assay  

General  

Information  

What is measured: Procedure: Studies reported in 
2008 systematic 
review (Marchionni, 
Wilson, Wolff, et al.) 

Assay: MammaPrint®, 
Agendia. 

 

Tumour Sample: fresh 
frozen. 

 

Assay technique: two 
colour microarray  

(Agilent Technologies). 

 

 

Target population: 

1) Stage I, ER positive 
or negative, 

< 61 years; 

 

2) Stage II, ER positive 
or negative, 

LN negative, < 61 
years. 

 

 

Web site: 

http://www.agendia.com
/en/Professional/About-
MammaPrint®  

 

Genes for 
normalization: ~1800. 

 

70-gene signatures 
including the following 
groups: 

 

Cell signalling, growth 
factors, transcription N 
= 20 

 

Cell cycle, chromatin, 
nuclear proteins N = 14  

 

Cell adhesion, cell 
motility, cytoskeleton 
organisation N = 6  

 

Metabolism, 
Intracellular transport, 
Golgi n = 12/11  

 

Ubiquitination N = 2:  

  

Apoptosis: N = 1 BBC3; 

 

Drug resistance: N = 1 

 

Unknown function N = 
14  

 

 

Fresh specimen 
shipment. 

Central pathological 
review for tumour 
content. 

RNA preparation and 
quality 

Evaluation. 

Dye swap microarray 

hybridization on 
MammaPrint®. 

Image analysis. 

Gene expression 
measures. 

Normalization. 

70-gene signature 

computation and 
correlation 

to 70-gene profile. 

Risk group assignment. 

Report with Risk Group 
which is given as a 
dichotomized value only 
(ie, high or low risk). 

 

Definition of high and low 
risk patients (cut off) 

A tumour is defined as 
having a low-risk gene 
signature if the cosine 
correlation coefficient for 
the expression of the 70-
gene profile in that 
tumour with the 
previously established 
classifier is above 0.4, 
which is the cut-off point 
used in the original study 
by van't Veer, (2002). 

Analytic validity: 

Ach (2007) 

Glas (2006). 

 

Clinical validity: 

Buyse (2006) 

van de Vijver (2002) 

van't Veer (2002). 

 

Clinical utility: 

No studies. 

 

Other: 

Fan (2006) 

Espinosa (2009). 

 

 

 

 

 

 

 

 

HOXB13:IL17BR : this test was developed by AviaraDx, Inc. (Carlsbad, CA) and licenced 

to Quest Diagnostics. AviaraDx also offers the test at its in-house laboratory facility. The test 

is based on the expression ratio of the two genes, HOXB13 and IL17BR, and for this reason 

is also known as the two gene ratio or H/I ratio test. The assay uses RT-PCR and is offered to 

treatment-naïve women with ER+, LN0 breast cancer. The characteristics of the assay, the 

gene panels used, the cut-off point used to determine high-, low-risk patients and the 

procedures involved in the analysis are summarized in Table 3. 
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Table 3:  Characteristics of the H/I gene expression profile assay: Summary and 

prior evidence  

Assay  

General  

Information  

What is measured:  

 

Procedure: 

 

Studies reported in 
2008 systematic 
review (Marchionni, 
Wilson, Wolff, et al.) 

Assay: Breast cancer 
Profiling (BCP), also 
known as H/I assay, 
AviaraDX/ Quest 
Diagnostics. 

 

Tumour Sample: 
formalin fixed paraffin 
embedded (FFPE). 

 

Assay technique: RT-
PCR. 

 

Target population: 

 

1) Treatment-naïve 
individuals with ER+, 
LN0 breast cancer; 

 

Web sites: 
http://www.aviaradx.co
m/index.html 

http://www. 

questdiagnostics.com/in
dex.html 

6 genes which include:  

 

HOXB17, IL17BR and 
four genes for 
normalization: ACTB, 
HMBS, SDHA, and 
UBC. 

 

The gene ratio: 
HOXB17, IL17BR is 
reported. 

1. FFPE Specimen 
shipment. 

2. Central pathological 
review for tumour 
content. 

3. Specimen macro-
dissection, if needed, 
LCM. 

4. RNA preparation and 
quality Evaluation. 

5. Duplicate real time RT-
PCR. 

6. Gene expression 
measures normalisation 
and Z transformation. 

7. Two-gene index 

computation; risk group 

assignment. 

8. Report with risk group 
calculated from an 
optimized cut off point is 
used to dichotomize 
patients into low- and 
high-risk groups. 

 

Analytical validity: 

No studies. 

 

Clinical validity: 

Goetz  (2006) 

Jansen (2007) 

Jerevall (2008) 

Ma (2004) 

Ma (2006) 

Reid (2005). 

 

 

Clinical utility: 

No studies. 

 

Other: 

Fan (2006) 
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Clinicopathological Tools for Assessing Recurrence Risk 
in Breast Cancer 

Conventional tools for assessing the risk of recurrence in patients following surgery include; 

Á St Gallen consensus recommendations 

Á National Comprehensive Cancer Network guidelines (NCCN) 

Á Adjuvant! Online  

Á Nottingham Prognostic Index (NPI). 

 

These tools are intended to guide clinicians involved in breast cancer treatment. They are 

regularly updated and supported by clinical trial data and physician experience; each of these 

tools has been shown to have significant predictive ability.  

Clinical and histopathological criteria such as tumour size, type, grade, histologic 

characteristics, hormone receptor status and lymph node status are used by these tools to 

estimate recurrence risk. Each has qualitative or subjective components that add variability to 

risk estimates and consequently these classifiers often do not correlate particularly well with 

each other. Indeed, comparative studies have shown that these tools can result in significantly 

different risk estimates for the same patients and no single classifier is considered to be a 

gold standard against which to assess other predictive tests/tools. Despite this, the clinical 

utility of new quantitative risk predictors with potentially greater accuracy (such as gene 

expression tests), have been assessed against these traditional risk predictors.  

Each of the traditional clinical predictive tools is described below. 

St Gallen Consensus Guidelines  

The St Gallen conference guidelines have been producing consensus opinions for managing 

early breast cancer since 1978 (Cufer, 2008). They are recognised as the leading European 

treatment guidelines and in the USA the guidelines are strongly supported by the American 

Society of Clinical Oncology (ASCO) and the National Comprehensive Cancer Network 

(NCCN).  The guidelines and recommendations are designed by a panel of experts that meets 

every 2 years at St Gallen, Switzerland to form a consensus on the implications of the current 

evidence-based data for patient treatment selection. The St Gallen recommendations are 

published in peer reviewed journals. The definition of risk in these guidelines is rather 

general and based on only a few criteria. 

The 2007 St Gallen guidelines are most commonly used guideline in the context of the gene 

profiling studies reported in this update. Treatment recommendations are determined for 

clinical subgroups based on endocrine responsiveness. The 2007 guidelines also strongly 

endorse extended aromatase inhibitor therapy for patients considered to be at increased risk 

of recurrence (ie node positive patients). 

National Comprehensive Cancer Network (NCCN) Clinical Practice 
Guidelines in Oncology 

The USA National Comprehensive Cancer Network (NCCN) is a consortium of 21 

comprehensive cancer centres. NCCN treatment guidelines are generated by expert consensus 

using a more rigorous process than the St Gallen guidelines. The recommendations are 

weighted by level of clinical evidence and degree of panel consensus reached through a 
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review and feedback process. The guidelines are highly detailed and prescriptive. For breast 

cancer: 

Á HR+, LN0 patients with small tumours (Ò0.5cm) adjuvant therapy is not 

recommended, for those with microinvasive disease or larger tumours (0.6-1.0 cm), 

well differentiated disease adjuvant endocrine therapy is considered. 

Á For tumours 0.6-1.0 cm, moderately or poorly differentiated tumours, unfavourable 

features and tumours>1 cm, the 2008 guidelines suggest that the 21-gene assay be used 

to determine if patients should have adjuvant endocrine therapy only or endocrine 

therapy and chemotherapy. 

Adjuvant! Online 

Adjuvant! Online5 is a tool for health professionals that can be used to estimate objectively 

the risk of breast cancer relapse and death, and the likely benefit of adjuvant systemic therapy 

for women with early breast cancer after radical local therapy. Adjuvant! Online is a simple-

to-use computer program that produces prognostic estimates of outcome with and without 

therapy, based on the estimates of individual patient prognosis and the efficacy of different 

adjuvant therapy options. It is easily accessible on the web and free of charge. Of note, the 

estimates of prognosis are based mainly on the Surveillance, Epidemiology and End-Results 

(SEER) registry estimates of the outcome of breast cancer patients in the general population 

of women aged 36ï69 diagnosed with breast cancer in the United States. Estimates of the 

efficacy of adjuvant hormonal therapy and chemotherapy are based mainly on the 

proportional risk reduction (PRR) obtained from the Early Breast Cancer Trialistsô 

Collaborative Group meta-analyses (Overview) and from individual trials of adjuvant 

systemic therapy. There are various versions of Adjuvant! Online. In version 8.0 the 

prognostic estimates are based on age, menopausal status, co-morbidity, estrogen receptor 

(ER) status, tumour grade, tumour size and the number of involved axillary nodes. 

Nottingham Prognostic Index (NPI) 

The NPI is a well-established, validated and widely used method of predicting survival for 

operable primary breast cancer. The NPI is calculated as: lymph node (LN) stage (1ï3) + 

grade (1ï3) + maximum tumour diameter, giving an observed range of NPI from 2.08 (LN 

negative, grade 1, 0.4 cm) to 6.8 (LN stage 3, grade 3, size 4.9 cm).  

The NPI: 

Á separates patients into groups with significantly differing survival chances 

Á achieves wide separation of a ócuredô group and a group with poor survival 

Á places a sufficient percentage of cases into each group 

Á is applicable to all operable breast cancers and patients of young age 

Á has been prospectively validated in an independent tumour set  

Á is capable of measurement in all units and is inexpensive.  

                                                 
5
 http://www.adjuvantonline.com/index.jsp 
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Systematic Review Summary  

Rationale  

Breast cancer is the most commonly diagnosed cancer in women. Treatment usually involves 

surgery to remove the primary tumour and any involved lymph nodes, this is usually 

followed by radiation therapy, endocrine therapy (ER+ tumours) and/or chemotherapy6 in 

patients with a poor prognosis.  

Since metastatic breast cancer is not curable with current therapies one of the major 

challenges in breast cancer treatment relates to the decision about whether or not to use 

adjuvant chemotherapy in women with early stage breast cancer. However, while 

chemotherapy may prevent relapse in some, not all women with early stage breast cancer will 

benefit and some women remain recurrence free at 10 years without chemotherapy. For those 

with stage I and II ER+, LN0 breast cancer the proportion of women who will benefit from 

adjuvant chemotherapy is estimated to be 15%, the dilemma facing clinicians is to determine 

which particular patients will benefit. 

A number of decision making protocols aimed at guiding clinicians in the selection of the 

most appropriate treatment for a particular patient7 have been developed (see previous 

section). However these clinical tools do not predict outcome and response to treatment 

particularly well (Paik, 2007) the different tools give different results and a large proportion 

of women with early stage breast cancer are believed to be overtreated. 

Gene expression profiling has been proposed as an approach to address these issues by 

identifying genes whose activity may be helpful in assessing disease prognosis and guiding 

therapy in this group of patients. 

Purpose 

Marchionni et al, (2008) assessed the available evidence of efficacy and effectiveness of three 

tests for improving prognostic accuracy, treatment choice, and health outcomes in women 

diagnosed with early stage breast cancer. The tests were: 

Á Oncotype DXÊ (and the underlying 21-gene signature) 

Á MammaPrint® (and the underlying 70-gene signature)  

Á HOXB13:IL17RB ratio (H/I test). 

 

Methods 

The tests were assessed in relation to (a) their analytic validity (ie the ability of the test to 

accurately and reliably measure the expression of mRNA by breast cancer tumour cells), (b) 

their clinical validity (ie the degree to which the test could accurately predict the risk of an 

outcome discriminate patients with different outcomes), and (c) their clinical utility in 

relation to harm, impact on clinical decision making and evidence of improvement in 

outcomes and health care costs (Burke, 2009). Fuller definitions of analytic and clinical 

validity and clinical utility are given in Appendix A and the glossary. 

                                                 
6
 Chemotherapy administered in addition to surgery is called ñadjuvantò chemotherapy 

7
 For example, the National Institutes of Health (NIH) Consensus Development criteria, the St. Gallen expert 

opinion criteria, the National Comprehensive Cancer Network (NCCN) guideline, and the computer-based 

algorithm Adjuvant! Online. 
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Results 

Oncotype DXÊ 

Analytical validity  

The 2008 systematic review  (Marchionni, Wilson, Wolff, et al.) identified four papers 

reporting on the analytic validity of Oncotype DXÊ (Cronin, et al., 2004; Cronin, et al., 

2007; Habel, et al., 2006; Paik, Shak, Tang, et al., 2004). Two studies (Cronin, et al., 2004; 

Cronin, et al., 2007) addressed the technical and operational aspects of the test and three 

studies (Cronin, et al., 2007; Habel, et al., 2006; Paik, Shak, Tang, et al., 2004) provided data 

on assay variability and reproducibility. These studies showed reasonable within-laboratory 

replicability for the Oncotype DXÊ test. The authors of the review reported that pre-analytic 

issues relating to sample storage and preparation appeared to play a larger role than within-

laboratory variation. 

The overall success rate of the Oncotype DXÊ assay was reported in nine studies (Chang, et 

al., 2008; Cobleigh, et al., 2005; Esteva, et al., 2005; Gianni, et al., 2005; Habel, et al., 2006; 

Mina, et al., 2007; Oratz, et al., 2007; Paik, Shak, & Tang, 2004; Paik, et al., 2006) and 

ranged from 78.9 %ï98.9%. Not all of the studies provided detailed descriptions of the 

reasons for assay failure. Where failures were reported they were mainly ascribed to an 

insufficient number of cancer cells in the specimens, poor RNA quality, and in a few cases, to 

failure of the RT-PCR technique.  

The authors of the review concluded that evidence existed for some of the operational 

characteristics of this test but that there was limited evidence for the reproducibility of the 

test. There was reasonable reproducibility of the test across different samples of the same 

block, and samples from different blocks. No direct evidence was available about the effect 

of sample preparation. There was indirect evidence that the overall success rate of extracting 

analysable mRNA was fairly high. Centralisation was considered to be a current strength of 

Oncotype DXÊ with regard to reproducibility. 

Clinical validity  

Four studies provided evidence of the clinical validity of Oncotype DXÊ  in relation to the 

determination of recurrence risk (prognosis) (Cobleigh, et al., 2005; Esteva, et al., 2005; 

Habel, et al., 2006; Paik, Shak, Tang, et al., 2004) 

Paik,  Shak, Tang, et al (2004) provided data to support the prognostic validity of Oncotype 

DXÊ in an independent tamoxifen treated population. The Recurrence Scores (RS) was 

shown to be significantly correlated with disease-free survival (DFS, p = <0.001) and overall 

survival (OS), p = <0.001). RS alone was a better predictor of distant recurrence at 10 years 

than traditional clinicopathological predictors.   

Esteva et al, (2005) failed to find a correlation between RS and distant breast cancer 

recurrence in untreated node negative (LN0) patients. In the reverse of expected, well-

differentiated tumours were correlated with poorer survival than higher grade tumours.  

Cobleigh et al, (2005) reported that the RS score was significantly correlated with distant 

recurrence-free survival (DRFS) in a training set of LN0 patients. As this dataset related to 

training and not validation, it was considered to present minimal evidential value.  

Habel et al, (2006) assessed the risk of breast cancer specific mortality (BCSS) among 

women in a large case-control study of ER+, LN0 breast cancer patients treated with 
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tamoxifen. The 10-year risk of death from breast cancer was 3% for patients with a low RS, 

12% for patients with an intermediate RS and 27% for patients with a high RS8. Multivariate 

analysis showed that RS and tumour size were independent risk predictors of breast cancer 

death in ER+, tamoxifen-treated patients (HR per 50 units = 7.6, p = <0.001) and untreated 

patients (RS per 50 units = 4.1, p = <0.001).  The RS score also showed some prognostic 

value in ER negative patients. 

Three posters (Bryant, 2005; Hornberger, et al., 2005; Paik, Shak, & Tang, 2004) reporting 

studies that compared risk predictions provided by Oncotype DXÊ assays and standard risk 

classification methods were reported. The data presented in these posters suggested that 

optimal predictions may come from a combination of gene expression tests and standard risk 

assessment methods. 

Summary: the systematic review concluded that these studies in combination provided fairly 

strong support for the clinical validity of the Oncotype DXÊ test over and above standard 

clinical predictors, in ER+, LN0, and tamoxifen treated patients with a clear treatment 

indication for adjuvant chemotherapy. The authors noted however, that it was not clear (a) 

how much the test added to the management of patients, (b) what proportion of patients 

would benefit from the use of the Oncotype DXÊ test, and (c) the stability of the observed 

risk categories in other populations, particularly those treated with current therapies. 

Clinical utility 

There were no published randomised controlled trials (RCT) demonstrating the clinical utility 

of Oncotype DXÊ (direct evidence). However, the authors of the review noted that at the 

time of publication a prospective randomized clinical trial, TAILORx, was underway with the 

goal of assessing the value of adjuvant chemotherapy among patients with mid-range RS 

results (see page 57 for details of the trial and progress to date).   

Four studies were identified that provided preliminary evidence of the potential predictive 

power of Oncotype DXÊ (indirect evidence).  

Paik et al, (2006) using specimens and data from an existing trial (NSABP-20) addressed the 

potential value of the RS in predicting chemotherapy benefit in a population of ER+, LN0 

patients. This study compared a group treated with tamoxifen and chemotherapy with a group 

of patients who were randomized to tamoxifen only. The RS was found to be correlated with 

chemotherapy benefit, defined in terms of 10-year DRFS, with  a significant benefit from the 

use of chemotherapy in the high RS group (p = 0.001). However, in a multivariate analysis 

the benefit from chemotherapy was unclear due to large confidence intervals in the low and 

intermediate RS risk groups.  

Gianni et al, (2005) examined the correlation between Oncotype DXÊ RS and chemotherapy 

response. The study provided preliminary evidence that the RS had predictive power in 

assessing the likelihood of a complete pathological response (pCR) after pre-operative 

chemotherapy.  

Mina et al, (2007) found that the Oncotype DXÊ RS could not predict pCR after primary 

chemotherapy in advanced breast cancer patients.  

Chang et al, (2008) provided preliminary evidence from a small cohort study, that the RS 

from the Oncotype DXÊ assay had predictive value in assessing the likelihood of a clinical 

complete response (CR) to primary chemotherapy with docetaxel.  

                                                 
8
 Low risk-RS<18, intermediate risk =RS=18-30, high risk = RS>30 
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Oratz et al, (2007) reported that knowledge of the RS changed the cliniciansô treatment 

recommendations in 21% of patients, and the actual administered treatment in 25% of  

patients. It did not report what the patients (or doctors) were told or understood about the risk 

of recurrence. 

Summary: the authors concluded that the Paik et al, (2006) study represented the strongest 

evidence derived from already existing data regarding the clinical utility of the Oncotype 

DXÊ test. They also noted that, while prospective confirmation of these findings was 

required, this evidence provided reasonable justification in the interim for the use of the test 

by women in this specific population.  

A number of uncertainties relating to the optimal use of the test were reported:  

Á while current cut off points are valuable for test validation purposes, it was not clear 

whether the current thresholds correspond to the cut offs that would be derived using a 

formal decision-analytic approach based on utility assessments 

Á while the Oncotype DXÊ RS was shown to have more value than most clinical 

predictors, the same studies showed that clinical predictors retained some predictive 

value 

Á an improved prediction tool involving  a combination of gene expression and clinical 

predictors, was not systematically explored in any study 

Á absolute risks produced by regression models or stratified tables with all predictors 

included were generally not reported. 

Economic outcomes 

Hornberger et al, (2005) sought to estimate the incremental benefits, costs, and cost-

effectiveness of Oncotype DXÊ. The authors used the 21-gene RT-PCR assay to reclassify a 

cohort of patients who were defined by NCCN criteria as low risk to intermediate or high 

risk. The study showed that there would be an average gain in overall survival per reclassified 

patient of 1.86 years and a cost-utility for Oncotype DXÊ of US$31,452 per quality-adjusted 

life-year (QALY) gained. Reclassifying patients defined as high risk (by 2005 NCCN 

criteria) to low risk (using Oncotype DXÊ) was cost saving.  

An independent review of the study concluded that there was moderate confidence that the 

results of the economic analysis provided reasonable estimates of the potential cost-

effectiveness of using the 21-gene RT-PCR assay to guide the treatment of early stage breast 

cancer. 

Lyman et al, (2007) examined the cost-effectiveness of  RS guided treatment of patients with 

ER+,  LN0, early-stage breast cancer treated with either tamoxifen alone or chemotherapy 

plus tamoxifen. RS-guided therapy was associated with a gain of 0.97 QALYs, a cost-utility 

ratio of US$4,432 per QALY compared with tamoxifen alone, and a gain of 1.71 QALYs 

with net cost savings when compared with the chemotherapy and tamoxifen combination. 

However, upon review this study was regarded to be substandard and the review team had 

little confidence in the analysis. 

Summary: the systematic review authors concluded that little was known about the cost-

effectiveness of Oncotype DXÊ and that the current body of evidence relating to the 

economic outcomes associated with use of test was inconclusive. The review authors also 

noted that analyses should be performed by investigators who have not received financial 

support from manufacturers of the tests.  
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Outstanding Issues relating to the use of Oncotype DXÊ  

Marchionni, Wilson, Wolff, et al, (2008) listed six outstanding issues relating to Oncotype 

DXÊ that needed to be addressed in future studies: 

Á While Oncotype DXÊ separated patients into different risk groups, the stability of the 

observed absolute risk in patients with a given risk score across different populations 

was not clear. Of greatest interest was the observed risk in the lowest risk groups, since 

the absolute level of this risk was critical for informed decision making. 

Á Better information was needed about the predictions from combining the RS with current 

versions of clinicopathological risk predictors.  

Á Studies examining the use of Oncotype DXÊ should provide women and physicians 

with quantitative risk information and report how this alters clinical decision making. 

The manner in which this risk information is presented should also be studied.  

Á Formal development of cut off points to optimize patient utility was needed.  

Á The data reported related mainly to tamoxifen-treated and cyclophosphamide-

methotrexate-5-fluorocil chemotherapy treated patients. It was considered to be 

important to assess whether RS predictions applies to aromatase inhibitors and 

contemporary chemotherapy regimens using taxanes and anthracyclines.  

Á It was not clear whether RS could be used to help guide the treatment of HER2 positive 

patients and it was considered that additional studies were needed as most of these 

patients were classified in the high RS group in the initial trials.  

Á It was also considered that while awaiting the TAILORx results, the findings of the Paik 

2006 study predicting treatment benefit needed independent confirmation, particularly 

for low and intermediate risk groups. 

 

MammaPrint®  

Analytical validity  

Two technical studies (Ach, et al., 2007; Glas, et al., 2006) provided evidence relating to the 

analytic validity of MammaPrint®. Repeated gene expression measurements over time, 

within and across individual microarrays, across different laboratories, protocols instruments, 

and operators provided data on the variability and reproducibility of the test. Buyse et al, 

(2006) reported an overall success rate of the assay of 80.9%. 

The systematic review concluded that the manuscripts that used the 70-gene signature 

provided useful information about the validity of the biological correlations underlying the 

profile. However, while these studies suggested that MammaPrint® could be used in a 

clinical setting, they could not be considered to be direct validations of the assay. The review 

also noted that evidence underpinning the analytical validity of the test was obtained from a 

limited number of patients and a moderate number of replications. The only validation study 

using the MammaPrint® assay (rather than the underlying 70-gene signature) showed that 

only about 80% of fresh-frozen specimens were analysable. 

Clinical validity  

The systematic review distinguished between studies reporting on the clinical validity of the 

gene expression profile (ie 70-gene signature) and the marketed assay MammaPrint®).  

The review identified two studies reporting on the clinical validity of the 70-gene signature 

and two studies reporting on the clinical validity of the MammaPrint® test.  
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vanôt Veer et al (2002) reported on the development data for the 70-gene panel that formed 

the basis for the MammaPrint® test. Using multivariate analysis, the 70-gene signature was 

found to be an independent predictor of metastases within 5 years, with an odds ratio (OR) 

=18 (95% CI =3-94).  

van de Vijver et al, (2002) reported the first major validation of the 70-gene signature in a 

young (<52 years) population with small (<5cm) tumours that were heterogeneous with 

respect to lymph node positivity, ER status, chemotherapy, and tamoxifen treatment. 

Multivariate analysis showed that the MammaPrint® prognosis group, tumour size, and 

adjuvant chemotherapy were the strongest predictors of distant metastases. The ñpoor 

prognosisò MammaPrint® group had the largest hazard ratio (HR= 4.6, 95 % CI =2.3ï9.2). 

The authors demonstrated the prognostic value of the gene signature using survival curves 

stratified by conventional clinical indexes. The analyses showed substantial separation 

between 70-gene prognostic groups that were either low or high risk by clinical indices. 

Optimal prediction was achieved when the gene index and conventional clinical 

predictors were combined.  

Buyse et al, (2006) compared the MammaPrint® assay with conventional clinical 

combination risk predictors in  an independent, multicentre validation study. The specificity 

and sensitivity of the MammaPrint® assay and the Adjuvant! Online algorithm were 

compared for prediction of distant metastases within 5 years and for death within 10 years. 

Similar sensitivities were found in both methods, but a higher specificity was demonstrated 

for MammaPrint®. The areas under the Receiver Operating Characteristic (ROC) curves 

were comparable for MammaPrint® and Adjuvant! Online (0.68 vs 0.66 for distant 

metastases at 5 years).  However, with ROC values much closer to 0.50 than 1.00 neither 

prediction was particularly accurate.  

Glas et al, (2006) compared the commercial MammaPrint® assay results to that obtained 

with a generic 70-gene signature test using the same patients as vanôt Veer and van de Vijver.  

The results of the 70-gene signature used in the original cohorts applied equally to the 

commercial MammaPrint® assay based on the signature. 

Summary: the authors concluded that overall, the available published evidence supported 

MammaPrint® as a better predictor of the 5-year risk of distant recurrence than traditional 

clinical predictors. However, the cohorts used for the development and validation of 

MammaPrint® were considerably more clinically heterogeneous than those used for the 

Oncotype DXÊ test. Despite this, MammaPrint® had an 80% concordance with the 

Oncotype DXÊ array-based RS classification when applied to the same patients. There was 

some evidence to suggest that the commercial MammaPrint® test and a generic 70-gene 

signature assay produced comparable results. 

Clinical utility 

The systematic review did not identify any published studies evaluating the ability of the 70-

gene signature or the commercial MammaPrint® test to predict chemotherapy benefit.  

Economic outcomes 

One study was identified that reported on the cost-effectiveness of MammaPrint®. 

Oestericher et al, (2005) compared the cost-effectiveness  of the Netherlands Cancer Institute 

70-gene expression profiling assay to the National Institutes of Health (NIH) guidelines for 

the identification of early stage breast cancer patients who would benefit from adjuvant 
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chemotherapy based on risk of distal recurrence.   It was not clear if the commercial 

MammaPrint® test or the generic 70-gene signature assay was used.   

The NIH guidelines identified 96% of the study cohort as high risk (sensitivity = 98%, 

specificity = 5%), whereas the 70-gene expression profiling assay identified 61% of patients 

as high risk (sensitivity = 84%, specificity = 51%). With a 35% risk reduction in distant 

recurrence from use of chemotherapy, using NIH guidelines to identify high-risk women and 

treat with chemotherapy prevented 34% of distant recurrences compared to 29% for the 70-

gene assay. However, after including the negative impact on life expectancy and quality of 

life of chemotherapy and distant recurrence, the NIH guidelines and 70-gene assay yielded 

10.08 and 9.86 QALYs respectively. Total costs were US$32,636 for the NIH guidelines and 

US$29,754 for the 70-gene assay. Although the latter was projected to identify 35 % fewer 

women for chemotherapy than the NIH guidelines, the quality of life benefits in the women 

who did not need chemotherapy were outweighed by the decrease in life expectancy in the 

women who needed chemotherapy but did not receive it because of the 70-gene assayôs lower 

sensitivity9. An external review of this study indicated a high confidence in the results of this 

analysis. 

Summary: the systematic review concluded that no studies directly evaluated clinical utility 

of this test or explored the use of this test in clinical practice. A single study reporting on the 

cost-effectiveness of MammaPrint® concluded that quality of life benefits in the women who 

did not need chemotherapy were outweighed by the decrease in life expectancy in the women 

who needed chemotherapy but did not receive it because of the gene expression profiling 

testôs lower sensitivity. 

Outstanding Issues relating to the use of MammaPrint® 

Marchionni et al, (2008) listed a number of outstanding issues relating to MammaPrint® that 

needed to be addressed in future studies: 

Á there is a need to define the optimal patient populations for the use of the test, its 

performance in those populations, and to determine how many of its predictions would 

result in different therapeutic decisions  

Á there is a need for larger independent validation studies in therapeutically homogeneous 

groups. 

 

The authors noted that previous comments made in relation to Oncotype DXÊ also applied 

to MammaPrint®, including: 

Á a need for the presentation of data regarding the test in combination with standard 

predictors 

Á an examination of the use of risk categories vs a continuous risk measure 

Á confirmation of the stability of the testôs calibration in different populations. 

 

                                                 
9
 In order to improve quality of life (QoL) by allowing women to safely avoid chemotherapy while not missing 

women whose survival is compromised by avoiding therapy, it was estimated that the testôs sensitivity would 

have to be Ó 95% with a specificity of 51%. The 70-gene assay did not attain a sensitivity of 95% regardless of 

the test cut off used 
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 HOXB13:IL17BR ratio (H/I) 

Analytical validity  

The systematic review did not identify any studies reporting specifically on the analytical 

validity of the marketed H/I ratio assay.  

Ma et al, (2004) described the analytic test procedures and Goetz et al, (2006) Jerevall et al, 

(2008) and Ma et al, (2006) reported overall success rates for the test of 96%ï98%. 

Jerevall et al, (2008) assessed the reproducibility of the results between two different 

institutions.  One institution also assessed the correlation between RT-PCR and microarray- 

based gene expression measurements for HOXB13 and IL17RB. Good reproducibility of the 

measurement between institutions was documented for the individual genes and the ratio. 

Clinical validity  

Ma et al, (2004) studied ER+, LN0 or LN- breast cancer patients treated with adjuvant 

tamoxifen. In a multivariate analysis, with adjustment for tumour size, progesterone receptor 

(PgR) and HER210, the H/I ratio outperformed both existing biomarkers and either gene alone 

(OR = 7.3, 95% CI =2.1ï26.3). The area under the ROC curve for the ratio was 

approximately 0.8 indicating that the test has a relatively good performance. 

Reid et al, (2005) validated the two-gene ratio in an independent cohort of patients with ER+ 

breast cancer treated with tamoxifen therapy. These patients had larger tumours, a higher 

frequency of lymph node metastases, and a higher HER2 positivity than those in the original 

study (Reid, et al., 2005) that it was trying to validate. None of the analyses revealed any 

statistical relationship between the H/I ratio and outcome.  

Goetz et al, (2006) investigated ER+ patients treated with tamoxifen. The H/I ratio showed 

modest outcome prediction value over the entire cohort. Cross-validated hazard ratios near 

1.5 and P values around 0.05 were reported, with the predictive value being restricted to the 

node-negative sub-set of patients (HR= 1.7ï2.0, p = 0.04ï0.06). In the node positive group 

the ratio had no relationship with relapse or survival.  

Ma et al, (2006) validated the two-gene ratio gene expression profile, developed the two-gene 

index, and provided preliminary evidence for its prognostic value.  In a population of mostly 

(72%) node negative, ER+ (73%) patients, a higher H/I ratio was associated with a higher 

risk of relapse (HR= 1.5, p = <0.001). In a stratified analysis, univariate Cox regression 

indicated that the HOXB13:IL17BR index was only significant in LN0 patients (HR= 1.6, p 

= <0.001 vs HR= 1.2, p = 0.1,).  Further sub-setting indicated that the interaction with node 

status was statistically significant for the H/I ratio (p = 0.02) only in ER+ patients.  

Jansen et al, (2007) in the largest study carried out at the time, evaluated the ability of the H/I 

ratio to predict DFS in patients treated with tamoxifen. The study population was a mix of 

ER+ (73%), LN0 (52 %), tamoxifen-treated (14 %), and chemotherapy-treated (17 %) 

patients, with additional patients treated with tamoxifen or chemotherapy after relapse (55 

%). The ratio, as a univariate continuous variable, was significantly associated with a poor 

disease free survival (DFS) (hazard ratio = 1.6, p = 0.02) and a poor OS (p = <0.001). When 

traditional clinical factors were added to the model, the H/I ratio continued to contribute 

significantly to predicted DFS and OS. When the same analysis was performed on ER+, LN+ 

                                                 
10

 HER2 (also known as HER2/neu, ErbB-2, ERBB2) stands for "Human Epidermal growth factor Receptor 2" 

and is a protein giving higher aggressiveness in breast cancers 

http://www.genenames.org/data/hgnc_data.php?match=ERBB2
http://en.wikipedia.org/wiki/Breast_cancer
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tumours from untreated patients the H/I ratio was associated with a poor DFS and a poor OS. 

In the multivariate model for this population, the index was significantly associated with OS 

(P = 0.001), but less strongly with DFS (p = 0.065). An evaluation of the prognostic 

performance of the ratio in relapsed ER+ positive patients treated with first-line tamoxifen 

revealed that the H/I ratio  was strongly associated with progression free survival (PFS).  

Jerevall et al, (2008) examined the H/I ratioôs prognostic value in systemically untreated pre-

menopausal patients. The study produced additional developmental evidence of the 

prognostic value of the H/I ratio, and of the two individual genes, in ER+ breast cancer 

patients who received systemic adjuvant therapy. The results differed from previous reports, 

as the ratio predicted a worse outcome in LN0 patients. 

Clinical utility 

Jerevall et al, (2008) examined the ability of the H/I ratio to predict the benefit of 2 years vs 

five years of tamoxifen treatment in postmenopausal breast cancer patients. Kaplan-Meier 

analyses of ER+ patients demonstrated that a low H/I ratio was associated with a benefit to 

receiving five versus two years of tamoxifen treatment (p = 0.021). There was no benefit (p = 

0.9) in patients who had a high H/I ratio. The predictive significance of the two-gene ratio 

was maintained in a Cox proportional hazard analysis, adjusting for tumour size, PgR status, 

and lymph node status. 

Summary: the systemic review authors concluded that while the H/I ratio showed some 

promise, it must be regarded at present as being in a developmental phase and that consistent 

value of the H/I ratio in well-defined clinical settings has not at this time been firmly 

established. They also noted that  it was not clear in the Ma (2006) study whether samples 

were processed by Quest Diagnostics, Inc. which holds the current licence for the test.  
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Systematic Review Update  

Burden of breast cancer disease in New Zealand 

Breast cancer is a significant health issue for New Zealanders and is the leading cause of 

cancer mortality in New Zealand women. The cumulative five year survival rate, after 

adjusting for expected causes of death, is approximately 82%  (Ministry of Health, 2009).  

Internationally, New Zealand has a comparatively high breast cancer incidence and mortality: 

when compared to other Organisation for Economic Co-operation and Development (OECD) 

countries, it has the sixth highest death rate for female breast cancer. While the incidence of 

both female and male breast cancer is increasing in New Zealand, the female breast cancer 

mortality rate has reduced by 19% over the last decade, mirroring international trends. This 

reduction is generally attributed to earlier detection and the greater use and effectiveness of 

adjuvant treatment (Ministry of Health, 2009). 

In the most recently published NZ cancer statistics (2005) (Ministry of Health, 2008) breast 

cancer was the: 

Á second most commonly registered cancer site in 2005  

Á most commonly registered site for females with 2458 new registrations (27.4 % of all 

female registrations) 

Á third main cause of cancer deaths in New Zealand  

Á leading cause of cancer deaths (n = 647) among females (17.1 % of all female cancer 

deaths). 

 

Fifty-four per cent of new registrations in 2005 were under 60 years of age while the highest 

rates of new cancer registration was in females 60 years of age and under. 

The overall age-standardised registration rate for cancer of the breast in 2005 was 92.0 per 

100,000 females. In historical terms this was five per cent greater than the 1995 rate and four 

per cent greater than the 2004 rate, but five per cent less than the peak of 97% in 2000. The 

2005 age-standardised mortality rate (21.7 per 100,000 females) was nearly 24 % lower than 

in 1995. The deaths-to-registrations ratio for 2005 was 0.26. 

More detailed and recent data was available directly from an interrogation of the New 

Zealand Health Information Services cancer databases. Of 2,747 new registrations in 2007 

the New Zealand Cancer Registry recorded that 76% were ER+ (in 7% ER status was 

unknown), 13% were HER2 negative (19% unknown) and 51% had no nodal involvement 

(16% unknown); 1132 patients (41%) were both ER+ and LN0. The mean and median age of 

newly registered patients in NZ in 2007 was 59 years (range 21-100 years) the average 

tumour size was 2.2cm (range 0.1ï59cm), 14% of patients did not have a tumour size 

measurement. Using these data as a reference, the proportion of NZ new registrations with  

ER+, LN0 disease is similar (given the proportion of unknowns) to that reported in the 

literature cited in this review update and represents a significant proportion of all new breast 

cancer registrations in New Zealand. 
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Staging of breast cancer 

Breast cancer is usually staged clinically using the International Union Against Cancer 

(UICC) Tumour, Nodes and Metastases (TNM) classification to define the anatomical extent 

of the disease according to clinical tumour size, nodal status and clinical evidence of 

metastasis, and facilitate the planning of subsequent management (Ministry of Health, 2009).  

Treatment of early stage breast cancer 

Early breast cancer disease is detected only in the breast, or, in the case of women with node-

positive disease, the breast and locoregional lymph nodes, and all detected disease can be 

removed surgically. However, undetected deposits of disease may remain either locally or at 

distant sites that, if untreated, could over the next two decades develop into a life-threatening 

clinical recurrence. The main aim of systemic treatment is to control any remaining deposits 

of disease, reduce the recurrence rate, and improve long-term survival. 

Current New Zealand guidelines for the management of early breast cancer (Ministry of 

Health, 2009)  reports that women with early stage invasive breast cancer are usually offered 

breast conserving surgery or mastectomy. This may be followed by radiation therapy were 

indicated (eg following breast conserving surgery or following mastectomy for patients with 

a high risk of recurrence). For some women surgery may be preceded by pre-operative 

(neoadjuvant) chemotherapy to reduce tumour bulk. Following surgery ER+ premenopausal 

women may be offered adjuvant endocrine therapy while in ER+ postmenopausal women 

adjuvant chemotherapy may also be considered. For ER- women with early breast cancer 

adjuvant chemotherapy is advised. Adjuvant chemotherapy provides a significant 

proportional benefit for women with early stage breast cancer. The absolute benefit of 

chemotherapy depends on the baseline risk of recurrence.  

Women with the best prognosis have small tumours that are estrogen-receptor (ER) positive, 

and disease that is lymph-node negative. After tamoxifen therapy, these women have an 

approximately 15% baseline risk of recurrence. On average, this population also receives a 

small, but significant, absolute benefit from chemotherapy. However, approximately 85% of 

these patients would be disease free at 10 years with tamoxifen treatment alone. Current risk 

classifiers do not accurately identify which early stage patients are at low risk of recurrence, 

as a result, more patients are treated with chemotherapy than can benefit. 
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Methods 

Search procedures 

The search strategy developed for the original systematic review was used for this review 

update (see Appendix B).  

Identification of eligible publications 

To efficiently identify citations that were obviously not relevant the article titles were 

scanned. For a title to be eliminated at this level, the publication had to be clearly ineligible.  

Articles were considered to be ineligible if the study: 

Á only applied to breast cancer biology (ie were not clinical studies) 

Á did not involve OncotypeDXÊ or MammaPrint® or H/I gene expression profiling tests 

Á did not involve original data or original data analysis 

Á did not involve breast cancer patients 

Á was not reported in English  

Á did not apply to any of the key questions of the review 

Á other (give reason) 

Á eligibility was unclear. 

 

Publications remaining after the title review were subjected to an abstract review to identify 

articles that reported on the analytic validity, clinical validity, and/or clinical utility and 

economic implications of the gene expression profile tests of interest. If eligibility was 

unclear from the title and/or there was no abstract the publication was flagged for review (ie 

full text recovery).  

In general, letters, editorials, comments and news articles were excluded from the review; 

however, relevant editorials in key journals (ie informed commentaries) were examined for 

relevant background information).  

Conference abstracts identified in the search procedure were included if they presented data 

that was relevant to one or more review questions. Due to resource and time limitations only 

ASCO conferences and the Journal of European supplements were searched specifically for 

relevant conference abstracts. 

Statistical methods and measures 

A number of special statistical methods and measures were used to assess the performance of 

genetic tests. Those most commonly reported in the reviewed studies are summarised below. 

 

Sensitivity and specificity 

The sensitivity of the test is the fraction of people with the disease that the test correctly 

identifies as positive.  

The specificity of the test is fraction of people without the disease that the test correctly 

identifies as negative. 
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Receiver Operating Characteristics (ROC)/ Area under the ROC Curve (AUC) 

Test Accuracy is measured by the area under the ROC curve. ROC space is defined by the 

false positive (FPR) and true positive (TPR) rates for a test relative trade-offs between true 

positive (benefits) and false positive (costs). Since TPR is equivalent with sensitivity and 

FPR is equal to 1 - specificity, the ROC graph is sometimes called the sensitivity vs (1 - 

specificity) plot. 

The area under a ROC curve quantifies the overall ability of a test to discriminate between 

those individuals with the disease and those without the disease. An ineffective test (ie a test 

which is no better at identifying true positives than flipping a coin) has an area of 0.5. A 

perfect test (one that has zero false positives and zero false negatives) has an area of 1.00. 

Most tests have an area between 0.50ï1.00; a value of 0.90 may be interpreted as a ñgoodò 

test, a value of 0.65 may be interpreted as a relatively ñpoorò test. The area under a ROC 

curve can never be less than 0.50, see Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 : Area under the curve for different receiver operating characteristic 

curves (a) the AUC for a test with perfect accuracy, (b) the AUC for 

tests with accuracy  no better than random choice, (c) the AUC for a 

highly accurate test  and (d) the AUC for a test with relatively low 

overall accuracy  

 

Survival analysis and Cox proportional hazards 

Survival analysis is the generic name given to a class of statistical procedures commonly used 

in clinical studies for estimating the survival function (function of time, starting with a 

population 100% well at a given time and providing the percentage of the population still 

well at later times). The survival analysis is then used for making inferences about the effects 

of treatments, prognostic factors, exposures, and other covariates on the survival function. 

The mostly commonly used method is that of Kaplan-Meier which is presented as a survival 
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plot/survival curves for different groups. Kaplan-Meier plots and the associated logrank tests 

are most useful when the predictor variable is categorical (eg, drug vs placebo), or takes a 

small number of values that can be considered to be categorical. Survival analysis methods 

do not work easily with continuous predictors such as gene expression values. In the latter 

case Cox Proportional Hazards Regression Analysis may be used where the effect on survival 

times of a continuous variable such as gene expression is examined and results reported as 

the relative risk (RR) or hazard ratio for a unit change in the variable. The statistic is 1.0 for 

equivalent risk of a specified event <1.00 for lower risk of a specified and >1.00 for higher 

risk when comparing two variables. 

Quality assessment 

There are no validated tools for the assessment of the quality of tumour marker/gene 

expression profiling studies. 

Marchionni et al, (Marchionni, Wilson, Wolff, et al., 2008) used a synthesis of the general 

principles of the reporting recommendations for tumour marker prognostic studies 

(REMARK) and STARD guidelines to assess the quality of the studies.  

The REMARK guidelines were developed to encourage transparent and relevant reporting of 

study design, pre-planned hypotheses, patient and specimen characteristics, assay methods, 

and statistical analysis methods, in order to help others judge the usefulness of the data 

presented (McShane, Altman, Sauerbrei, & al., 2005). 

STARD was developed to improve the accuracy and completeness of studies reporting 

diagnostic accuracy, in order to allow readers to assess the potential for bias in a study and to 

evaluate the generalisability of the results (Bossuyt, et al., 2003).  

Because of the extreme variability of the articles included in the original systematic review, 

the authors did not systematically apply the general principles of these guidelines.  

Since it was not clear exactly how the quality of studies was assessed by Marchionni et al; 

(2008) in the current systematic review update for prognostic papers, the REMARK criteria 

were converted to a checklist of 44 items (see Appendix C) and each paper scored 

accordingly in order to give some general guide to the quality of the study in terms of the 

reporting of the tumour marker/gene signature. Since there are no cut offs or thresholds for 

the REMARK criteria to define poor, average or good studies in the present report the raw 

scores have been used to compare the extent to which the studies reviewed have abided by 

the reporting criteria. It should be noted that the REMARK criteria do not include any items 

relating to the type of study (cohort, case series, RCT etc.), which is an important indicator of 

study quality. 

Given the current limitations of the REMARK criteria and the general lack of validated 

instruments for the assessment of tumour marker the REMARK criteria were used in 

conjunction with the STARD criteria to determine the comparative quality of reviewed 

studies. 
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Search Update Results 

The updated search undertaken for this report identified 12 additional primary research 

studies published in full in peer reviewed journals (Akashi-Tanaka, et al., 2009; Asad, et al., 

2008; Bueno-de-Mesquita, et al., 2007; Goldstein, et al., 2008; Henry, et al., 2009; Kok, et 

al., 2009; Ma, et al., 2008; Mook, Schmidt, Viale, et al., 2009; Rayhanabad, Difronzo, Haigh, 

& Romero, 2008; Wittner, et al., 2008; Wolf, et al., 2008) and one BlueCross BlueShield 

technology review (Piper, 2008). These additional studies are classified by gene expression 

profile test and evidence type in Table 4. 

Table 4 : Additional gene profiling studies identified by the systematic review 

update  

  

Publication Test(s) Evidence type Overall quality 

Oncotype DXÊ  

Goldstein, L.J., et al, (2008) 

Prognostic utility of the 21-gene assay 
in hormone receptor-positive operable 
breast cancer compared with classical 
clinicopathologic features. 

Oncotype DXÊ 
Clinical validity. 

Clinical utility. 
P 

Wolf, I., et al, (2008) 

Association between standard clinical 
and pathologic characteristics and the 
21-gene recurrence score in breast 
cancer patients.  A population-based 
study.  

Oncotype DXÊ 

 

Clinical validity/ utility. 

Association between 
RS and 
clinicopathological 
tools. 

x 

Akashi-Tanaka, S., et al, (2009) 

21-Gene expression profile assay on 
core needle biopsies predicts 
responses to NAET in breast cancer 
patients. 

Oncotype DXÊ 
Clinical utility: 

response to NAET. 
x 

Asad, J., et al, (2008) 

Does Oncotype DXÊ recurrence score 
affect the management of patients with 
early-stage breast cancer? 

Oncotype DXÊ 

Clinical utility: 

impact on clinical 
decision making. 

x 

Henry, L.R., et al, (2009) 

The influence of a gene expression 
profile on breast cancer decisions.  

Oncotype DXÊ 

Clinical utility: 

impact on clinical 
decision making. 

x 

Kok, M., et al, (2009) 

Comparison of gene expression 
profiles predicting progression in breast 
cancer patients treated with tamoxifen.  

Oncotype DXÊ 

H/I 

Clinical utility: 

response to tamoxifen. 

x 

Li, L.F., et al, (2009) 

Integrated gene expression profile 
predicts prognosis of breast cancer 
patients. 

Oncotype DXÊ 

70-gene signature 

Clinical utility: 

response to therapy 

x 

Rayhanabad, J.A., et al, (2008) 

Changing paradigms in breast cancer 
management: introducing molecular 
genetics into the treatment algorithm. 

Oncotype DXÊ 

Clinical utility: 

impact on clinical 
decision making. 

x 



28 

A comparison of gene expression profiling tests for breast cancer 
 

Table 4 : Additional gene profiling studies identified by the systematic review 

update  (continued)  

P = well conducted retrospective studies (reasonably sound evidence) 

X = studies with significant or potentially significant shortcomings (low quality evidence) 

NR = not reviewed 

 

The technology assessment carried out by the BlueCross BlueShield Association (Piper, 

2008) and published in 2008 was not mentioned in the original systematic review by 

Marchionni et al, (2008).  The search conducted for the BlueCross BlueShield Association 

technology assessment did not extend beyond 2007 (ie beyond the search date limit of the 

original systematic review, this publication is not considered further). 

Oncotype DXÊ 

Studies reporting on clinical validity 

Goldstein et al, (2008) 

Rationale and objectives: The Adjuvant! Online (Adjuvant inc., 2008; Cufer, 2008) tool 

predicts  patient outcome at ten years based on classical clinicopathologic features and 

therapy. Although ten year's outcome is generally accepted as fully reflective of the clinical 

utility of an adjuvant therapy, it was argued that precise estimation of shorter-term outcomes 

at five years may offer advantages if found to be reflective of longer-term outcomes. In this 

nested case control study the authors evaluated the prognostic utility of Oncotype DXÊ in 

Publication Test(s) Evidence type Overall quality 

MammaPrint® 

Mook, S., et al, (2009) 

The 70-gene prognosis-signature predicts 
disease outcome in breast cancer patients 
with 1-3 positive lymph nodes in an 
independent validation study.  

MammaPrint® Clinical validity. P 

Wittner, B.S., et al, (2008) 

Analysis of the mamma print breast cancer 
assay in a predominantly postmenopausal 
cohort.  

MammaPrint® Clinical validity. X 

Bueno-de-Mesquita, J.M., et al, (2007) 

Use of 70-gene signature to predict 
prognosis of patients with node-negative 
breast cancer: a prospective community-
based feasibility study (RASTER).  

MammaPrint® Clinical utility. P 

HOXB13:IL17BR 

Ma, X.J., et al, (2008) 

A five-gene molecular grade index and 
HOXB13:IL17BR are complementary 
prognostic factors in early stage breast 
cancer.  

H/I Clinical validity. X 

Gene profiling tests 

Piper, M (2008) 

Gene expression profiling of breast cancer 
to select women for adjuvant chemotherapy. 

Oncotype DXÊ 

MammaPrint® 

H/I 

Technology 
Assessment. 

 

NR 
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patients with HR+, LN0 or LN+ breast cancer treated with doxorubicin-containing 

chemotherapy. In addition, using an algorithm similar to Adjuvant! Online adjusted to 5-year 

outcome (clinical predictor), they sought to determine whether it could more reliably predict 

outcome than standard clinicopathologic features. 

 The patient population and eligibility criteria: The study employed tumour specimens and 

clinical information from the Eastern Cooperative Oncolgy Group (ECOG ) 2197 trial 

(Baum, et al., 2007) for patients with operable tumours measuring at least 1.1 cm and LN0, or 

LN1_3. The study population comprised a sample of 465 HR+ patients taken from 2885 

eligible and assessable trial patients. This sample was divided into cases (99 patients who 

relapsed at five years) and controls (366 who had not relapsed at five years). The median 

follow-up was six years, the median age was not given but 59% of cases were post 

menopausal. Fifty-four per cent of cases had tumours of two centimetres or more and 56% 

had negative nodes, 22% were HER2 positive. Patients were treated with chemotherapy plus 

hormone therapy.   

Endpoints and analyses: The primary endpoint was recurrence-free interval defined as the 

time from trial entry to the first evidence of invasive breast cancer in local, regional, or 

distant sites, including the ipsilateral breast, but excluding new primary breast cancers in the 

opposite breast. The primary test for the relationship between RS and recurrence risk at five 

years was the weighted partial
 
likelihood Wald test. Kaplan-Meier analysis and Cox 

proportional hazard modelling were used to estimate event free rates and hazard ratios. Both 

central and local pathology reviews and power calculations were carried out.  

Results: Cases and controls were similar in all respects with the exception of estimated 

menopause distributions (p = < 0.03) and the proportion of patients with two to three positive 

nodes (p = <0.05). 198 patients (46%) had a low RS (<18), 142 patients (30%) had an 

intermediate RS (18ï30) and 125 patients (24%) had a high RS (Ó31).  

RS, as either a continuous or categorical variable and without considering other variables, 

was a highly significant predictor of recurrence overall and for LN0 and LN+ patients (p = 

<0.001). The risk of recurrence was elevated in LN2-3 compared with LN0-1 patients but 

was not elevated in patients with LN1 compared with LN0 patients.  For patients with a low 

RS, approximately 3.3% (95% CI =, 2.2% to 5.0%) of all LN0-LN1 patients experienced 

recurrence within five years, and 7.9% (95% CI = 4.3% to 14.1%) of all LN2ï3patients 

experienced recurrence.  

When linear recurrence risk was adjusted for clinical variables in a proportional hazards 

model there was a strong trend in favour of RS (HR for a 50-point difference in RS = 2.12; 

95% CI = 0.97ï4.65; p = 0.06). When the outcomes for RS and the five year clinical 

predictor algorithm were compared the overall concordance was 36%ï38% depending on 

whether local or centrally determined histology was used. When RS and the five year clinical 

predictor were subject to the proportional hazards model the estimated effect was HR= 2.64 

(95% CI = 1.80ï3.87; p = <0.001) for RS and HR=1.34 (95% CI = 0.94ï1.91; p = 0.11) for 

the clinical predictor using local grade and HR = 2.51 (95% CI = 1.71ï3.70; p =  <0.001) for 

RS and HR= 1.51 (95% CI = 1.07ï2.13; p =0.02) for the clinical predictor using central 

grade. 

The ROC AUC was 0.69 for RS used alone, 0.56 for the clinical predictor using local grade, 

and 0.61 for the clinical predictor using central grade, indicating that RS performed most 
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accurately in predicting recurrence at five years. However, an AUC of 0.69 indicates 

relatively low test accuracy11. 

An evaluation was carried out to determine if the RS provided additional information with 

regard to the relative risk of recurrence for each five year clinical predictor group. Low RS 

was the referent and the central histology grade was used when calculating clinical predictor 

risk.  For the 43% of those who were in the low clinical predictor risk group, the risk of 

recurrence was increased 2.6-fold and 4.0-fold for intermediate and high RS, respectively. 

For the 30% of patients in the intermediate clinical risk group, the risk of recurrence was 

increased 9.4-fold and 5.8-fold for intermediate and high RS, respectively. For the 24% of 

patients in the high clinical risk group, only high RS was associated with a significantly 

increased risk of relapse (2.6-fold). 

Limitations: In this retrospective study of trial data a large number of analyses were carried 

out increasing the chance of a spuriously significant result. In addition, the possibility of 

systematic selection bias cannot be ruled out due to the retrospective nature of the study and 

the study design12. Because there was no arm without chemotherapy treatment, it was not 

possible to directly evaluate whether the excellent outcome in those with low RS was related 

to good prognosis, chemotherapy benefit, or both. There appeared to be some selective 

reporting of results. A high proportion of the authors had a potential conflict of interest due to 

their relationship with Genomic Health and/or Aventis. 

Quality: The study itself was a well conducted retrospective study of tissue collected from 

trial patients. As reported the study fulfilled 35 (80%) of 44 REMARK criteria for the 

reporting of tumour marker prognostic studies indicating a relatively high adherence to the 

reporting guidelines. The large number of analyses and the retrospective nature of the study 

were the main threats to study validity. 

Conclusion: Oncotype DXÊ was found to predict recurrence more accurately than individual 

clinicopathologic features and an integrated algorithm modelled after Adjuvant! Online 

adjusted to 5-year outcomes. Oncotype DXÊ provided information which was 

complementary to classical clinicopathologic features in patients with up to three positive 

axillary nodes. For the 46% of patients with a low RS, there was a less than three per cent  

risk of relapse at five years if there were zero to one positive nodes and eight per cent if there 

were two to three positive nodes. RS provided the greatest discriminatory value in patients 

estimated to be at a low and intermediate risk by the clinical predictor risk assessment.  

Wolf et al, (2008) 

Rationale and objectives: Although the association between the Oncotype DXÊ RS and 

various clinical endpoints has been assessed in a number of selected patients (clinical trials) it 

had not been assessed at this time in a general population of patients referred to undergo the 

test. The authors sought to assess the correlation between standard clinical and pathologic 

breast cancer characteristics and the RS in a cohort of Israeli breast cancer patients and to 

compare the stratification of patients using RS that of with commonly used clinical 

guidelines. 

The patient population and eligibility criteria: This was a prospectively studied cohort of 300 

newly diagnosed Israeli breast cancer patients who were consecutively referred to receive the 

                                                 
11

 AUC=0.50 corresponding to no discrimination and AUC = 1.0 corresponding to perfect prediction.  
12

 A drawback of nested case-control studies is that non-diseased persons from whom the controls are selected 

may not be fully representative of the original cohort, due to death or failure to follow-up cases. 
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Oncotype DXÊ test. Patients with ER+, LN0 disease recruited between October 2004 and 

October 2006 were eligible for the study. HER2 overexpression and lymph node 

micrometastases (Ò2 mm) in patients were allowed. Two male breast cancer patients who 

underwent the test were excluded. The median age of patients was 54 years and the median 

tumour size was 1.6 cm. 

Endpoints and analyses:  Patientôs need for chemotherapy was assessed using three different 

clinical tools; the NCCN clinical practice guidelines, the 2005 St Gallen recommendations 

and Adjuvant! Online. Study variables were compared between groups using the Studentôs t-

test for continuous variables and Fisherôs exact test for categorical variables. Pearsonôs 

correlation coefficient (r) was used to determine the correlation between continuous 

variables.  

Results: One hundred and nine (36%) patients had a low RS, 134 (45%) patients had an 

intermediate RS, and 57 (19%) patients had a high RS score. High tumour grade, low 

progesterone receptor expression, infiltrating ductal histology, and HER2 overexpression 

were found to be associated with a high RS. Patient age, tumour size, ER expression, and 

lymph node micrometastasis were found to correlate poorly with the RS. The ability of any of 

these variables, either alone or in combination, to predict the RS was limited. Similarly, 

neither of the guidelines nor the Adjuvant! Online software could predict the RS.  

Limitations: The reasons why patients were referred to undergo the Oncotype DXÊ test were 

not reported and it was not clear why the particular guidelines were chosen as comparators. 

There were some inconsistencies in the reporting of the comparisons between the different 

tests.  

Quality: A lack of detail about the methods used and a lack of clarity in the reporting of some 

of the results made an assessment of the quality of the study difficult. As reported the study 

fulfilled 24 (55%) of 44 REMARK criteria for the reporting of tumour marker studies 

indicating a relatively poor adherence to the reporting guidelines. 

Conclusion: This study reported on a selected population of patients who were referred to 

undergo the Oncotype DXÊ test. No association was noted between the RS and patient age 

or ER intensity and only a modest association was noted between the RS and tumour size. 

Neither standard clinicopathologic features nor the chosen clinical guidelines/assessment 

tools could reliably predict the RS among referred breast cancer patients. The clinical utility 

of these comparisons was not made clear.  

Studies reporting on clinical utility 
 

Akashi-Tanaka et al, (2009) 

Rationale and objectives: Recently published data have shown that patients with low RS 

benefit from adjuvant tamoxifen.  In this study the authors sought to determine if Oncotype 

DXÊ RS could predict NAET response, and, more specifically, if the clinical response rate 

to NAET is associated with a lower RS.  

The patient population and eligibility criteria: The study population comprised 87 post-

menopausal women with operable ER+ and PgR+ breast tumours >3cm who had received 

NAET with tamoxifen or anastrozole at the National Cancer Centre Hospital, Tokyo between 

2002 and 2007. The cohort comprised 37 (43%) patients from a neoadjuvant pre-operative 

tamoxifen study (neoTAM) and 50 (57%) patients from a pre-operable anastrozole study (neo 

ANZ). Patients who failed NAET received adjuvant chemotherapy. The mean age of 
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participating patients was 61 years, 47% of patients were node negative, 63% of patients 

received anastrozole. The median follow-up was 45 months. Tumour samples were obtained 

from core needle biopsies. 

Endpoints and analyses: Relapse-free survival (RFS) was the primary endpoint, defined as 

the time to local, regional or distant relapse. Kaplan-Meier survival analysis and the log rank 

test were used to estimate RFS and its significance.  

Results: RS was obtained in 43 (49%) of 87 eligible patients, nine patients were lost to follow 

up or refused consent, five tumour samples were inadequate for analysis and the total RNA 

yields were insufficient to assay in 29 patients. Response rates for low risk, intermediate risk 

and high risk of recurrence were 64%, 31% and 31% respectively (p = 0.11). Response rates 

by RS were similar for tamoxifen and anastrozole. Relapse-free survival at five years was 

100%, 84% and 73% for low, intermediate and high RS respectively. 

Limitations: The definition of failure/relapse was very broad and included local and regional 

recurrence as well as distant metastases. The follow-up period was not long enough to 

adequately detect distance relapse. The sample size was small and there were RNA sampling 

problems. The tested population was very heterogeneous in terms of therapy and 18 patients 

who received chemotherapy were not reported separately. The study was supported in part by 

a grant from Genomic Health. 

Quality: A number of methodological shortcomings threatened the internal and external 

validity of this study. Genomic Health provided funding support and an honorarium for the 

lead author of the publication. As reported the study fulfilled 26 (59%) of 44 REMARK 

criteria for the reporting of tumour marker studies indicating a relatively poor adherence to 

the reporting guidelines 

Conclusion: This study combined data from two small prospective trials of neoadjuvant 

tamoxifen and anastrozole therapy for breast cancer. Response rates by RS were similar for 

both therapeutic groups. Response rate and five year survival were highest for patients with a 

low RS and lowest for patients with a high RS suggesting that RS may predict clinical 

response to NAET.  

Asad et al, (2008) 

Rationale and objectives: The Oncotype DXÊ RS is designed to predict 10 year distant 

recurrence and response to chemotherapy in patients with LN0, ER+ breast cancer. Following 

the inclusion of advice relating to the use of Oncotype DXÊ in the 2007 NCCN guidelines13, 

the purpose of this study was to determine if the results of Oncotype DXÊ influenced the 

decision to administer chemotherapy. 

The patient population and eligibility criteria: All ER+, LN0 patients who had Oncotype 

DXÊ RS obtained at St. Lukeôs-Roosevelt Hospital and Beth Israel Medical Centre (New 

York,) between February 2006 and January 2008 were included in the analysis. Eighty-five 

patients were eligible for the study. The mean age of patients was 54 years; the mean tumour 

size was 1.5 cm. All patients were ER+ but 11 patients were found to have micrometastases 

after immunohistochemistry tests. 

Endpoints and analyses: A retrospective chart review was carried out. The endpoints of the 

study were not clearly stated. Details of the statistical analyses used were not stated. 

                                                 
13

 http://www.nccn.org/professionals/physician_gls/PDF/breast.pdf 
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Results: According to the Oncotype test 40 (47%) of patients had low risk tumours (RS<18), 

32 (38%) were intermediate risk (RS=18ï30) and 13 (15%) were high risk (RS>30). There 

was no relationship between tumour size and RS. Tumour grade and Her2/Neu over 

expression were significantly related to RS. Sixty-three (74%) of tumours were classified as 

high risk according to the 2007 NCCN guidelines; these patients would have been 

recommended for chemotherapy if the guidelines had been followed; 33(52%) of these 

patients had a low RS.  The results of the Oncotype DXÊ test influenced recommendations 

concerning chemotherapy in 37 (44%) of patients; 4 patients classified as low risk by the 

NCCN guideline were advised to have chemotherapy and 33 patients classified as high risk 

by the NCCN guideline were advised to undergo hormone treatment only. 

Limitations: This brief paper did not give enough details of the methods used to fully 

evaluate the quality of the study. Although the authors reported that there was a change in 

advice relating to treatment, the actual treatment administered to the patients was not reported 

and there was no evidence that the Oncotype DXÊ changed clinical outcomes. 

Quality: This was a small retrospective chart review with little detail of the methods used to 

conduct the study and the validity and applicability of the results were difficult to determine. 

As reported the study fulfilled 18 (41%) of 44 REMARK criteria for the reporting of tumour 

marker studies indicating a relatively poor adherence to the reporting guideline. 

Conclusion: The authors concluded that the Oncotype DXÊ RS influenced treatment advice 

in 44% of  ER+ LN0 patients who had the test at two hospitals in New York and that the RS 

should be integrated into the treatment algorithm for these patients.  

Henry et al, (2009) 

Rationale and objectives: The majority of patients with ER+, LN0 breast cancer receive 

chemotherapy despite a relatively small chance of benefit. In this study the authors sought to 

determine the influence of RS on treatment recommendations in a free access US government 

healthcare system.  

The patient population and eligibility criteria: All newly diagnosed patients presenting to the 

National Capitol Area Breast Care Centre, Maryland between December 2004 and December 

2006 with ER+, LN0 disease were eligible for the study. Patientôs recurrence score was 

obtained at the treating oncologistôs discretion for those patients who had no 

contraindications or personal opposition to chemotherapy. The median age of eligible patients 

was 51 years (31-74 years), 90% had low-intermediate grade tumours of Ò 2cm.   

Endpoints and analyses: The primary endpoint was a change in recommendation for, or 

against, chemotherapy based on RS. Adjuvant! Online estimates of 10 year recurrence were 

recorded prospectively and six months later salient clinical data (without RS but including 

Adjuvant! Online results) were assessed by a panel of breast cancer experts. They made 

recommendations for or against, chemotherapy. Two months later the same data together 

with the RS were presented to the panel and their recommendations recorded. The 

recommendation of the panel, before and after RS was known, was compared to that of the 

treating oncologist. Due to the small sample size only descriptive statistics were employed. 

Results: Of 139 newly diagnosed patients with invasive breast cancer, 81 (58%) were ER+, 

LN0. In 29 (36%) patients the treating oncologist considered that the RS would be useful. RS 

predicated that 41% of patients were at high-intermediate risk of relapse and 59% at low risk 

of relapse. The Oncotype DXÊ results altered the plan for chemotherapy in nine patients 

(31%); seven of 13 patients (54%) initially recommended for chemotherapy did not receive it, 
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and 2 of 16 (13%) received chemotherapy following initial recommendations against it. 

Adjuvant! Online predicted 18% recurrence (distance and local) at 10 years, Oncotype DXÊ 

RS predicted a 10% distant recurrence rate at 10 years.  

Limitations: There was strong possibility of selection bias and assessment bias in this study. 

Patients only received the RS test at the treating oncologist discretion, and some members of 

the expert panel had treated the patients; the ñwash outò period of 2 months was unlikely to 

have removed the likelihood of positive recall bias. In addition, the sample was too small for 

statistical analysis and no definite conclusions can be drawn from the data. 

Quality: This was small prospective study with a number of serious flaws that challenge the 

validity of the study results. As reported the study fulfilled 22 (50%) of 44 REMARK criteria 

for the reporting of tumour marker studies. 

Conclusion: The study was designed to demonstrate the potential impact of the Oncotype 

DXÊ RS on clinical decision making. The authors reported that in 31% of patients clinical 

decisions were changed as a result of knowledge of the RS.  

Kok et al, (2009) 

Rationale and objectives: Although adjuvant tamoxifen has been shown to reduce the risk of 

breast cancer death by 31% in ER+ patients (Early Breast Cancer Collaborative Trialistsô 

Group (EBCTCG), 2005) a substantial proportion develop metastatic disease and over half of 

recurrences are resistant to tamoxifen (Pritchard, 2003). In this study the authors assessed the 

likelihood of response to tamoxifen as predicated by three gene profiling tests. Results for 

two of these tests, the 21-gene profile and the H/I ratio were relevant to this update.  

The patient population and eligibility criteria: A consecutive series of 246 patients from the 

Dutch Cancer Institute (NKI) and diagnosed between 1984ï1997 formed the patient 

population from which the sample was drawn. Eligible patients comprised 158 (62%) 

adjuvant treatment-naive patients with invasive breast carcinoma who relapsed prior to 2002 

and were treated for at least 4 weeks with tamoxifen at relapse. Frozen tumour samples were 

available for 77 (49%) of the eligible patients and 69 (44%) of these had samples of good 

enough quality to perform the test.  The median age of patients was 64 years (range 37-84 

years). Thirty-two per cent of study patients were node positive, 48% had tumours >2cm, 

72% were postmenopausal and 81% had been disease free for two or more years. 

Endpoints and analyses: Time to tumour progression (TTP) was the primary endpoint. Data 

analyses included Kaplan-Meier survival, the log rank test and Coxôs proportional hazards 

modelling. The disease-free interval (DFI) was compared using the Mann-Whiney U or 

Kruskal-Wallis test. The sensitivity and specificity of the 21-gene set test and the H/I ratio 

were calculated and the concordance between tests examined. 

Results: High, intermediate and low risk groups identified using the 21-gene set had a median 

TTP of 10, 21 and 28 months respectively (p = 0.003), with patients in the high risk group 

having the worst outcome (HR= 2.31, 95% CI = 1.32ï4.02, p = 0.003). The TTP for high and 

low risk groups defined by the H/I ratio differed by 10 months (three vs 13 months, p = 

0.004), with a HR of 4.20 (95% CI = 1.43ï12.29, p = 0.009). Patients who had a TTP of less 

than six months were considered to be non-responders.  

The 21-gene set had a sensitivity of 73.7% (95% CI = 53.9ï93.5), while the HOXB13-

IL17BR ratio had specificity of 95.2% (95% CI = 83.8ï99.4)14. Concordance between the two 

                                                 
14

 The sensitivity of H/I and the specificity of the 21-gene set were not reported. 
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tests was low with only 27 (45%) classified in the same risk group by both tests. In 

multivariate analysis only the 21-gene signature added predictive value to ER and PgR status, 

(HR= 1.94 (95% CI = 1.01-3.73, p = 0.048 adjusted for HER2 and other traditional 

confounders).  Both the 21-gene signature (p = 0.002) and the H/I ratio (p = 0.038) predicted 

DFI. 

Limitations: This was a small retrospective cohort of highly selected patients. The study 

group was heterogeneous for most factors. The 21-gene signature test was used not the 

marketed Oncotype DXÊ test and the results reported may not reflect the capability of the 

marketed test. Most of the patients were high risk (93%) based on H/I ratio. Not all test 

accuracy results were reported. Only patients who had relapsed were eligible for the study 

and only a small proportion of eligible patients had frozen tumours available.  

Quality: This study had a number of significant methodological limitations in design and 

execution that limited the strength of the evidence provided and compromised its validity.   In 

particular, the small study group was diagnosed and treated up to 20 years ago and all data 

were retrospective and thus assessment bias cannot be ruled out. The value of the new gene 

profiling test was not compared to current guidelines. As reported the study fulfilled 33 

(75%) of 44 REMARK criteria for the reporting of tumour marker prognostic studies. 

indicating a relatively high adherence to the reporting guidelines 

Conclusion: This study compared and evaluated the 21-gene profile and the H/I ratio in an 

independent historical adjuvant treatment-naive cohort treated with tamoxifen at relapse.  

Both profiles were significantly associated with TTP, however, only the 21-gene test 

remained an independent predictor after multivariate analysis.  The authors suggested that the 

21-gene signature captured both prognosis and tamoxifen response (ie a mixed effect), as also 

reported by Paik, Shak, Tang, et al., (2004) and Habel (2006), while H/I was suggested to be 

more predictive of risk of relapse than of tamoxifen response. 

Li et al, (2009) 

Rationale and objectives: Tumour recurrence is responsible for the majority of cancer related 

deaths in women with breast cancer. Adjuvant chemotherapy can significantly improve 

survival for some patients. Genomic data such as the 70-gene signature, the 76-gene signature 

and Oncotype DXÊ have been successfully used to predict prognosis in these patients. The 

authors hypothesised that an ñintegrated gene expression profileò including the ñpoor 

signatureò and genes associated with chemotherapy resistance could predict patients' 

response to chemotherapy. Only results of relevance to this update are reported below. 

The patient population and eligibility criteria: Breast cancer samples were collected from 

120 patients operated upon at the Fudan University Cancer Hospital, China between 2002 and 

2004. Patients were required to have stage IïII I breast cancer and no previous history of other 

tumours. Patients were heterogeneous for ER, PgR, HER2 and lymph node status. Adjuvant 

chemotherapy was administered to all patients (cyclophosphamide-adriamycin or epirubicin-

5-fluorouracil), radiotherapy and endocrine therapy were administered based on the NCCN 

guidelines. The median follow-up was 47.4 months; the median/mean age of patients was not 

reported. 

Endpoints and analyses: Endpoints included disease recurrence, defined as local and regional 

recurrence and distance metastases. Disease-free survival was estimated using Kaplan-Meier 

survival plots and compared using the log rank test. ROC analyses were carried out with 

recurrence as the defining point. 
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Results: The AUC for Oncotype DXÊ
 
and the 70-gene signature was relatively low at  0.590 

and 0.691 respectively15. The sensitivity of Oncotype DXÊ was 68% (17/25), the sensitivity 

of the 70-gene signature was 72.0% (18/25). The specificity of Oncotype DXÊ was 50.0% 

(34/68) and the 70-gene signature was 66.2% (45/68). Thus in this study, performance of the 

70-gene signature was superior to that of Oncotype DXÊ 

Limitations: The main purpose of this study was the validation of a new gene signature which 

overlapped in part with Oncotype DXÊ and the 70-gene signature. Details relating to the 

signatures of interest were sparse and the tests were used in populations that were very 

different to those that the signatures were validated in. There was inadequate follow-up time 

for the development of the endpoint and the number of potentially eligible patients who were 

not reported was not given. It was not clear what treatment, apart from adjuvant 

chemotherapy, the patient population was given. Some language/expression limitations were 

apparent. 

Quality: The study had a number of significant methodological limitations in its design and 

execution which severely limits the strength of the evidence that it provides and therefore its 

usefulness and validity. As reported the study fulfilled 16 (36%) of 44 REMARK criteria for 

the reporting of tumour marker studies indicating a poor adherence to the reporting 

guidelines. 

Conclusion: When used to predict recurrence following adjuvant chemotherapy with 

cyclophosphamide-adriamycin or epirubicin-5-fluorouracil (+/- other undisclosed 

radiotherapy and endocrine therapy) in this heterogeneous stage I-III breast cancer population 

the 70-gene signature had a larger AUC (indicating higher accuracy) and higher sensitivity 

and specificity than Oncotype DXÊ.  

Rayhanabad et al, (2008) 

Rationale and objectives: Following the success of Oncotype DXÊ in the prediction of 

breast cancer recurrence in tamoxifen treated patients in the NSABP B14 trial (Habel, et al., 

2006; Paik, Shak, Tang, et al., 2004) and the demonstration of a linear relationship between 

the Oncotype DXÊ score and the degree of benefit from chemotherapy (Paik, et al., 2006) 

the authors examined the utility of Oncotype DXÊ in their own institution. 

The patient population and eligibility criteria:   Eligible patients included all patients who had 

tumour tissue evaluated by Oncotype DXÊ in the Southern California Kaiser Permanente 

Institution in 2006, who had no prior history of breast cancer, with ER+, LN0 tumours of Ò5 

cm. The average age of the patient population was 54 years (range 26-78 years). 

Endpoints and analyses: The study endpoints were (a) a change in patient management 

(defined as deviation in the treatment received based on RS compared with traditional NCCN 

guidelines) and (b) risk of disease recurrence. The primary analysis was a retrospective chart 

review of study patients. Patients were divided into two groups based on the NCCN 

guidelines (tumour size Ò 1cm vs > 1 cm) and RS (low risk score vs high risk score). The 

NCCN guidelines recommended hormonal treatment for patients with small tumours and 

hormonal treatment plus chemotherapy in patients with the larger (>1 cm) tumour size. 

Oncotype DXÊ guidelines recommended hormonal treatment for patients with low RS (<18) 

scores and hormonal plus chemotherapy for those with the highest RS score (>31). The 

optimal treatment for patients with an intermediate RS score had not been determined at the 
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time the study was carried out.  Association between groups was assessed using the chi-

squared test. 

Results: Sixty-one of 1365 patients presenting between January and December 2006 

underwent the Oncotype DXÊ test, 58 patients were eligible for the study. The test classified 

23 patients (40%) as low risk (RS<18) and five patients (9%) as high risk (Ó31); 30 patients 

(51%) were classified as intermediate risk (RS = 18-30). In contrast the NCCN guidelines 

classified 16 (28%) as low risk and 42 (72%) as high risk16. The difference between Oncotype 

and the NCCN guidelines in the number of patients classified as low risk, was not significant 

(seven patients, 12%, p = 0.13). The difference between the two guidelines for patients 

classified as high risk was significant (p = 0.003) with 35 patients reassigned to a lower stage 

by Oncotype DXÊ.  

Overall, there was a change in the management of 15 (26%) patients based on the Oncotype 

DXÊ test results (p = 0.05); 13 did not receive chemotherapy (high risk NCCN, low risk on 

RS, p = <0.001). For 30 patients with an intermediate RS score, nine were classified in the 

low risk category and 21 in the high risk category by NCCN, 11 (37%) of these patients 

underwent chemotherapy. 

Limitations:  This was a retrospective chart review in which only 58 patients, of an unknown 

number of potentially eligible patients, were included in the study. The criteria for selection 

of patients who had the Oncotype DXÊ test were not clear/not given. There was no evidence 

that the two classifications were independent (ie that blinding of results was achieved in the 

assignment of patients to the groups) and it was not clear how many specimens were not 

suitable for the Oncotype DXÊ test. Although the number of patients with a change in 

management as a result of the Oncotype DXÊ results was significant, there was no evidence 

that this changed the clinical outcome. It was not clear if those carrying out the retrospective 

review and the treating clinicians interpreted the NCCN guidelines in the same way17.  

Quality: There were a number of potential threats to the validity of the study results. There 

was a high possibility of selection and assessment bias in this study and the small study size 

may have led to an over- or under-estimation of effects. As reported the study fulfilled 20 

(45%) of 44 REMARK criteria for the reporting of tumour marker studies indicating a poor 

adherence to the reporting guidelines. 

Conclusion: The inclusion of the Oncotype DXÊ test was reported to have altered RS 

stratification and the decision for chemotherapy in a significant number of patients allowing 

clinicians to better individualise treatment for their patients. However, the clinical 

significance of the changes was not reported. 

MammaPrint® 

Studies reporting on clinical validity 

Mook, Schmidt, Viale, et al, (2009) 

Rational and objective: Patients with axillary lymph node metastases are generally 

considered to have a poor prognosis and most will be treated with adjuvant chemotherapy. 

However, up to 30% of these patients would remain free of distant metastases without 

adjuvant chemotherapy (Early Breast Cancer Collaborative Trialistsô Group (EBCTCG), 
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 The NCCN guidelines do not have an intermediate risk category 
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 Also it is not clear which version of the guidelines were used. The current guidelines sets out advice about the 

use of Oncotype DXÊ see http://www.nccn.org/professionals/physician_gls/PDF/breast.pdf 
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2005). In this study the authors sought to validate the prognostic value and accuracy of 

MammaPrint® in an independent cohort of 241 patients with axillary lymph node metastases.  

The patient population and eligibility criteria: An independent cohort of 241 patients under 

the age of 71 years and with a mean follow-up of 7.8 years was recruited between 1994 and 

2001 from two Cancer institutes18. Patients with unilateral T1, T2 or operable T3 invasive 

breast cancer, with 1ï3 positive lymph nodes, no prior malignancies or neoadjuvant therapy 

and available fresh frozen tissue were eligible for the study.  Patient treatment included 

surgery (mastectomy, breast conserving surgery and axillary lymph node dissection), 

radiotherapy and adjuvant endocrine and/or chemotherapy. A second cohort of 106 patients 

with 1ï3 positive nodes from a previously described series (van de Vijver, et al., 2002) was 

updated to give an extended follow-up period (median 10.3 years) and to further validate the 

use of MammaPrint® in this test cohort. 

Endpoints and analyses:  Study endpoints were 10-year distant metastasis-free survival 

DMFS and breast cancer specific mortality (BCSS). Clinical data were retrieved blinded to 

the MammaPrint® results and the MammaPrint® analysis was carried out blinded to clinical 

data. Kaplan-Meier survival analyses and Cox proportional hazards regression analyses were 

carried out and the clinicopathological risk of recurrence at 10 years for each patient 

calculated using Adjuvant! Online.   

Results: Forty-one per cent of patients in the independent cohort (n = 241) had a good 

prognosis gene signature and 59% had a poor prognosis gene signature. There was a 

significant difference in DMFS (as the first event) and BCSS between the good and poor 

prognosis gene signature groups at both five and 10 years (p = <0.001). The poor prognosis 

signature group was associated with a shorter BCSS (HR= 5.70, 95% CI = 2.01ï16.23; p = 

<0.001).  The probability of distant metastases as the first event was significantly greater in 

the poor gene-signature group (HR= 4.13, 95% CI = 1.71ï9.96; p = 0.002).  

In univariate analysis significant predictors of BCSS were the number of positive nodes, 

tumour grade, ER status, HER2 status endocrine treatment and MammaPrint® risk group. 

Only the number of positive nodes, endocrine therapy and MammaPrint® risk group 

remained significant predictors in multivariate analysis. MammaPrint® was the most 

powerful independent predictor in this analysis (HR= 7.17, 95% CI = 1.81ï28.43; p = 0.005).   

Predictors of DMFS in univariate analysis were the number of positive nodes, tumour size, 

histological grade, ER and HER2 status, endocrine therapy and MammaPrint® risk group. 

Only endocrine therapy was a significant independent predictor of DMFS in a multivariate 

analysis (HR= 0.31 (95% CI = 0.12ï0.80; p = 0.02). MammaPrint® risk group and number 

of positive nodes tended to be prognostic with HR= 2.99 (95% CI = 0.996ï8.99; p = 0.051) 

and 2.29 (95% CI = 0.99-5.29; p = 0.053), respectively.  

Adjuvant! Online classified 13% of patients as low risk and 87% as high risk; Adjuvant! 

Online and MammaPrint® risk assessments were discordant for 77 patients (32%), 72 of 

these discordant patients were assessed as having a high risk of relapse by Adjuvant! Online 

and a good prognosis gene signature.   

When 209 Adjuvant! Online high risk patients were stratified by MammaPrint® the 10 year 

BCSS probability was 94% for the good  prognosis gene signature group and 76% for the 

poor prognosis gene signature group (HR= 4.12, 95% CI = 1.45ï11.76; p = 0.008). Subgroup 
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 The Netherlands Cancer Institute-Antoni van Leeuwenhoek hospital, Amsterdam (213 consecutive patients), 

and the European Institute of Oncology, Milan (79 consecutive patients).   
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analysis suggested that MammaPrint® was predictive for BCSS in patients in different 

treatment groups and patients with ER+ tumours. 

The second cohort of 106 previously studied patients (with 1ï3 positive nodes from a 

previously described series (van de Vijver, et al., 2002) differed significantly from the 

independent cohort in terms of age (younger), axillary procedures, adjuvant systemic therapy 

and overall and median survival (10.3 years, range 1.6ï21.2 years). The 10 year BCSS 

probability was 98% for the good prognosis gene profile and 64% for the poor prognosis 

profile. The poor prognosis signature was associated with shorter BCSS (HR= 6.60, 95% CI 

= 1.97ï22.10; p = 0.002) and a multivariate HR of 3.63 (95% CI = 0.88ï14.76; p = 0.07). 

Limitations: There was a strong possibility of selection bias in this study due to its 

retrospective design and the fact that only patients with fresh frozen tissue were eligible for 

the study and that 17.5% of patients with small tumours were rejected because of poor sample 

quality. The cohort was heterogeneous in terms of treatment, number of positive nodes, type 

of surgery performed. Subjects were recruited from patients presenting to cancer institutes. 

This latter feature in particular, may limit the external validity19 of the results. It was not clear 

if  blinded assessments were carried out.  

Quality: Overall, this was a well conducted retrospective cohort study that fulfilled over 80% 

of 44 REMARK criteria for the reporting of tumour marker prognostic studies. The main 

threat to study validity was selection bias. 

Conclusion: MammaPrint® predicted disease outcome better than traditional clinical 

prognostic factors in patients with 1ï3 positive nodes and was able to accurately identify 

node positive patients with an excellent prognosis. The potential clinical utility of 

MammaPrint® was demonstrated in 72 clinically high risk (34%) patients with a good 

prognosis signature who had a 10 year BCSS of 94% and therefore might be spared 

chemotherapy.  

Wittner et al, (2008) 

Rationale and objectives: Most patients with breast cancer are older and present with smaller 

early stage ER+ tumours than the cohorts of patients used to define and evaluate the 

MammaPrint® gene signature. Decisions relating to the use of adjuvant chemotherapy in 

these older patients may be complicated by co-morbidity. To explore these issues the authors 

carried out a retrospective evaluation of the prognostic value of MammaPrint® in 100 older 

patients diagnosed and treated at the Massachusetts General Hospital (MGH) between 1985 

and 1997. The study cohort of 100 patients was compared to the original Dutch cohort (NKI) 

of 151 LN0 patients used to validate the MammaPrint® signature (van de Vijver, et al., 

2002). 

The patient population and eligibility criteria:  Eligible MGH patients were consecutively 

diagnosed and treated patients with LN0 breast cancer and frozen primary tumour samples 

for whom histopathological and clinical information could be retrieved. The median age of 

the cohort was 62.5 years and the median duration of follow-up was 11.3 years (range 1.2ï

18.5 years).  Seventy-two percent of patients had small tumours (Ò2cm), 94% were of 

histological grade IIïIII. Twenty-one per cent of patients received chemotherapy and 24% 

hormonal therapy. Surgery included mastectomy (56%) and breast conservation (44%).  
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Endpoints and analyses: Study endpoints were five and 10-year DMFS. Statistical analyses 

included Kaplan-Meier survival, the log rank test and Fisherôs exact test. The 

clinicopathological risk for each patient was calculated using Adjuvant! Online, the gene 

signature risk was obtained using MammaPrint®. Blinding of assessment was not reported. 

Results:  The MGH cohort was significantly older (p = <0.001) than the original 

MammaPrint® cohort (van de Vijver, et al., 2002). There were also significant differences (p 

= <0.005) in tumour size, histological grade and the proportion of patients undergoing 

systemic treatment.  

MammaPrint® classified 27% of the MGH patients as low risk and 73% as high risk of 

distant metastases as the first event. The cohort had a significantly lower event rate than the 

original NKI cohort (p = <0.001); there was no difference in overall survival in the older 

MGH cohort due to death from other causes.  Survival analysis discriminated between the 

high and low risk gene-signature with non-overlapping confidence intervals, however, due to 

the low event rate the difference was not significant.  This contrasted with the significant 

difference between the low and high risk groups reported for the original Dutch NKI cohort.  

The negative predictive value (NPV) of MammaPrint® in the MGH cohort was 100% 

(overall and at five and 10 years) compared to 88% in the original NKI cohort. The positive 

predictive value (PPV) was only 12% in the MGH cohort (due to the large number of patients 

classified as high risk who did not have distant metastases as the first event) compared to 

52% in the NKI cohort. Sensitivity analysis varying the cut off/classification threshold of 

MammaPrint® did not improve the PPV. In a comparison between the Adjuvant! Online 10 

year relapse risk for each MGH patient and MammaPrint®, the latter identified an additional 

21 patients who did not develop distant metastases as the first event, and an additional five 

patients when considering DMFS per se. 

Limitations: It was not clear how the endpoints were defined in this study. Blinding of 

assessment was not reported and this together with the retrospective nature of the study and 

restrictions placed on patient selection by availability of samples suggested that selection bias 

and assessment bias could not be ruled out. It was also not clear if the study sample could be 

considered as representative of the group of patients that MammaPrint® would be used for in 

routine clinical practice. A number of the authors were either employed by Agendia or had 

equity interests in the company.  

Quality: This retrospective cohort study fulfilled 31 (70%) of 44 REMARK criteria for 

reporting in prognostic tumour marker studies indicating a reasonably high adherence to the 

reporting guidelines. However, the study had a number of potentially serious flaws. The lack 

of blinding and the fact that a number of the authors were closely linked with the 

MammaPrint® manufacturers potentially compromised the validity and independence of the 

study. The cohort also had low recurrence rates which limited the statistical power of some of 

the analyses and the prognosis determined by MammaPrint® was confounded by therapeutic 

interventions.  

Conclusion: MammaPrint® had a high NPV and provided some information that was 

additional to that provided by Adjuvant! Online. However, with an extremely low PPV and 

insignificant differences in overall survival between MammaPrint® high and low risk 

patients the prognostic utility of MammaPrint® in this population remained unproven. 

Moreover, while MammaPrint® classified a significant proportion of study patients as high 

risk, few of these developed metastatic disease. 
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Studies reporting on clinical utility 

Bueno-de-Mesquita et al, (2007) 

Rationale and objective: In most hospitals tumour samples are routinely fixed in formalin and 

embedded in paraffin blocks. MammaPrint® requires fresh tumour samples and one of the 

potential difficulties in the implementation of the test in daily clinical practice is the ease with 

which sample requirements can be met.  In this prospective multicenter study the authors set 

out to evaluate (a) whether MammaPrint® was suitable for use in routine clinical practice in 

the Netherlands, (b) the effect of the test on the use of adjuvant systemic treatment, (c) the 

proportion of patients with ñpoorò versus ñgoodò prognosis and (d) the concordance between 

risk predicted by MammaPrint® and commonly used clinicopathological tools. 

The patient population and eligibility criteria: Patients were enrolled in this prospective 

multicentre study if they had unilateral primary operable invasive adenocarcinoma of the 

breast (TNM classification = T1-4, N0, M0) and were under 61 years of age. Sixteen 

participating Dutch hospitals contributed 812 women to the trial between 2004 and 2006. 

Eighty-one of patients had breast conserving surgery, 70% had small (<2 cm) tumours, 81% 

had ductal histology, 80% had grade IIïIII tumours, 80% were ER+, 84% ERBB-2 negative 

and 85% were lymph node negative.  Adjuvant systemic treatment varied, 39% of patients 

received no adjuvant treatment, 18% received chemotherapy, 13% endocrine treatment and 

29% received both chemotherapy and endocrine therapy. The median age of patients was 49 

years and the median follow up 14 months (range 0.3ï36.4 months). Hospitals were eligible 

to participate only if they had structured multidisciplinary breast cancer care, used standard 

operating procedures, treated at least 100 patients a year and had a dedicated physician as the 

local co-ordinator. 

Endpoints and analyses: Differences between MammaPrint® and commonly used 

histopathological guidelines were assessed using Pearsonôs chi-squared
 
test and the Cochrane 

ïArmitage test for trends. The level of agreement between different risk assessment 

techniques was assessed using Cohenôs Kappa. In addition to MammaPrint®, the Dutch 

Institute for Healthcare Improvement (CBO) guidelines, Adjuvant! Online, the Nottingham 

Prognostic Index (NPI) and the St Gallen guidelines were used to assess clinical risk. 

MammaPrint® analyses were carried out blinded to clinical data and an initial 

recommendation for treatment using clinical criteria carried out prior to the disclosure of the 

MammaPrint® results. 

Results: Of the original 812 enrolled patients, 585 (72%) were eligible for the study. 

MammaPrint® profiles were obtained in 427 (73%) of eligible patients. During follow-up 

five patients had distant metastases as the first event. According to MammaPrint® 51% of 

patients had a good prognosis signature compared to 57%, 31%, 58% and 17% respectively 

for the (CBO), Adjuvant! Online, the NPI and St Gallen risk assessments. 

Clinical and molecular risk assessments were discordant in 27%ï39% of patients depending 

on the clinical assessment tool used. The amount of discordance between the clinical 

guidelines themselves was between 7ï40%.  Adjuvant treatment was recommended for 48% 

of patients based on the Dutch guideline alone, this increased to 62% when the guideline was 

used with the prognostic gene signature. Overall, and once patient preferences had been taken 

into account, adjuvant systemic treatment was administered to 61% of patients. An increase 

in systematic therapy occurred in patients whose risk according to the Dutch guidelines and 

MammaPrint® were discordant. In the final analysis, 50 (12%) more patients received 

endocrine treatment; 54 (13%) patients had endocrine treatment added, and four (1%) 
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patients had endocrine treatment withheld. 1Sixteen (4%) more patients had chemotherapy;  

in 35 (8%) patients chemotherapy was added and withheld in 19 (4%) patients. 

Limitations: There was an early protocol change reducing the age of eligibility to <55 years. 

It was not clear how representative the hospital sample was and the short follow-up time and 

low number of events precluded survival analyses. 

Quality: This was a well conducted prospective clinical trial which demonstrated the 

feasibility of conducting the MammaPrint® test routinely in Dutch Hospitals. As reported the 

study fulfilled 35 (80%) of 44 REMARK criteria for the reporting of tumour marker 

prognostic studies indicating a high level of adherence to the reporting guidelines. 

Conclusion: The study demonstrated a lack of congruence between well-known clinical 

guidelines for risk assessment in breast cancer. In approximately one third of patients there 

was discordance between MammaPrint® and clinical guidelines in the assessment of risk. 

The addition of MammaPrint® to the standard Dutch clinical assessment of risk (modified by 

patient preference) increased 20 the number of patients receiving adjuvant systemic therapy. 

However, while the study was able to demonstrate that MammaPrint® had an impact on 

clinical decision making the follow-up was not long enough to provide evidence of its effect 

on clinical endpoints such as DMFS or its utility in predicting treatment benefit. 

HOXB13:IL17BR  

Studies reporting on clinical validity 

Ma et al, (2008) 

Rationale and objectives: High HOXB13 and low IL17BR expression levels have been 

associated with recurrence in breast cancer and the HOXB13:IL17BR ratio is used to predict 

risk of recurrence (prognosis) and response to tamoxifen. In this study the authors examined 

the effect on clinical outcome of the addition of the H/I ratio to a new 5-gene signature. Only 

the information contributing to the clinical validity of H/I is relevant to this update and is 

reported here. 

The patient population and eligibility criteria: A training set to test the clinical validity of the 

new signature was selected from a sub-set of a previously published retrospective cohort of 

683 stage I, II, and III patients with ER+ primary breast cancer treated at the MGH from 1991 

to 1999. Clinical follow-up data were obtained from tumour registry and hospital records. The 

sub-set comprised 93 ER+, LN0 patients treated with tamoxifen. No further details of the 

characteristics of this sub-set were reported. 

Endpoints and analyses: The primary endpoint was DMFS. An H/I ratio cut-off point of 0.06 

was used to stratify patients into high and low risk of recurrence. Kaplan-Meier survival 

analysis and the log rank test were used to assess the association of the H/I ratio with disease 

recurrence. 

Results: The H/I ratio was strongly associated with DMFS (p = 0.00028) with a HR of 5.56 

(95% CI = 2.05_15.03). 

Limitations: An assessment of the clinical validity of the H/I ratio was not the primary 

purpose of this study and the data relating to H/I ratio was very limited. The sub-cohort used 
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to assess H/I was small, poorly described and diagnosed and treated 10-20 years ago which 

limits its current relevance. The study was, on the whole, well conducted. 

Quality: As reported for H/I, the study fulfilled 23 (52%) of 44 REMARK criteria for the 

reporting of tumour marker prognostic studies indicating a relatively low adherence to the 

reporting guidelines. 

Conclusion: The clinical validity of the H/I ratio in relation to the assessment of risk of 

DFMS was demonstrated in a small retrospective cohort of ER+, LN0 breast cancer patients. 

The applicability of the information to other, or more current cohorts is unclear. Strong 

selection bias and assessment bias cannot be ruled out. 

Studies reporting on clinical utility 

No studies were identified that reported on the clinical utility of HOXB13:IL17BR  ratio in 

breast cancer. 

 

Conference Abstract Review 

Abstracts identified by the search procedure were included if the studies reported were 

relevant to one or more of the key questions of the review. Fourteen eligible abstracts were 

identified.  

Five abstracts related to Oncotype DXÊ or the 21-gene profile (Erb, et al., 2007; Gold, et al., 

2009; Lo, et al., 2007; Prisco, Saad, Carvalho, Ojopi, & Bacchi, 2009; Shak, et al., 2009). 

Six abstracts reported on studies relating to MammaPrint® or the 70-gene profile (Bender, et 

al., 2009; de Snoo, et al., 2009; Glas, et al., 2008; Knauer, et al., 2009; Saghatchian, et al., 

2009; Zarca, et al., 2009). One abstract reported on the H/I or two-gene ratio (McKean, et al., 

2009), one abstract reported on both Oncotype DXÊ and MammaPrint® (Esserman, et al., 

2009), and one abstract compared all three signatures (Pinto, et al., 2008). 

The findings of these studies (as reported in the conference abstracts) are summarised below. 

The overall quality of the studies could not be determined from the abstracts. 

 

Oncotype DXÊ (21-gene signature) 

Studies examining the effect of Oncotype DXÊ on patient management 

Erb et al, (2007) 

In this study the authors evaluated the changing practice patterns and frequency of 

chemotherapy administration in patients with breast cancer with the advent of the Oncotype 

DXÊ assay. Patients treated in 2003 were compared to patients evaluated in 2005 and 2006, 

that is, after Oncotype DXÊ  was introduced but prior to the opening of the TAILORx study.  

One hundred and twenty-two patients with ER+, LN0 breast cancer were evaluated in 2003, 

and 203 patients were evaluated in 2005-2006. Patient characteristics were well-matched 

between the two groups with respect to age, tumour size, and histological grade. One hundred 

and twenty-nine (64%) of patients evaluated in 2005 and 2006 had the Oncotype DXÊ test. 

Sixty-four (52%) had a low RS, 45 (38%) had an intermediate RS, 15 (12%) had a high RS, 

five patients did not have test results. Chemotherapy was given to one (2%) of the patients 

with a low RS, 12 (80%) with high RS, and in 14 patients (38%) with intermediate RS. 
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In 2003, chemotherapy was recommended for 55% of patients, while in 2005-6 after the 

introduction of the Oncotype DXÊ test only 25% of patients were recommended for 

chemotherapy. Patients evaluated in 2005-6 for whom the Oncotype DXÊ test was not 

performed tended to be older and to have larger tumours. For these patients (n=74) the 

frequency of chemotherapy recommendation was 42%. All patients received 

recommendations for adjuvant hormonal therapy. It was concluded that the recommendation 

for, and use of adjuvant chemotherapy for ER+, LN0 patients declined significantly after the 

institution of the Oncotype assay in 2005.  

Gold et al, (2009) 

In this retrospective study the authors sought to determine how clinicians integrate the 

Oncotype DXÊ, RS and standard clinicopathologic data when choosing adjuvant 

chemotherapy.  The study population comprised 269 females with ER+, HER2 negative, LN0 

breast cancer seen at the Dana-Farber Cancer Institute, Boston, who had the Oncotytpe DXÊ 

test between November 2004 and October 2008. Relevant data were collected from the 

medical record and a multivariate model used to examine which factors drove the decision to 

administer chemotherapy.  

Fifty per cent of patients were classified by Oncotype DXÊ as low risk (RS <18). Forty-one 

percent as intermediate risk (RS = 18ï30) and nine percent as high risk (RS >31). 

Chemotherapy was administered to seven percent of women with low RS, compared to 42% 

and 86% of women with intermediate and high RS, respectively. Tumour grade, tumour 

stage, progesterone receptor expression and RS were associated with chemotherapy treatment 

in univariate analyses but age, lymphovascular invasion and menopausal status were not.  

In a multivariate logistic regression model, tumour grade, size, and RS were independent 

predictors of chemotherapy administration, Table 5. 

 

Table 5: Multivariate analysi s of 269 females with ER+, HER2 negative , LN0 

breast cancer  

Predictors for chemotherapy administration/ multivariable model 

Variable OR CI p 

Age (x+10 vs x) 0.6 0.4ï 1.0 0.06 

Grade  II vs I 5.0 1.2-20.5 0.30 

Grade III vs I 9.6 1.9-48.0 0.01 

PgR neg vs PgR pos/low 1.5 0.4-6.6 0.57 

LVI (Y vs N) 2.4 1.0-6.0 0.05 

Multifocality (Y vs N) 1.0 0.4-2.5 0.97 

Size (x+1 vs x) 2.6 1.6-4.3 0.0002 

RS (x+10 vs x) 15.7 7.1-34.9 <0.0001 

   LVI= lymphovascular invasion 

 

It was concluded that Oncotype DXÊ RS played a critical role in medical decision making 

for women with early stage breast cancer at this single academic institution. However, other 

tumour and clinical features independently contributed to chemotherapy decisions, suggesting 

that tailored treatment should, integrate both traditional and molecular pathological factors.  

Lo et al, (2007) 

The 21-gene assay has been validated to quantify the risk of distant recurrence in tamoxifen 

treated with ER+, LN0 breast cancer and predict the magnitude of chemotherapy benefit. 
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There is little information regarding the impact of RS on medical oncologists' and patients' 

decision making. In this multi-centre study the authors prospectively examined whether the 

RS derived from the 21-gene assay affects medical oncologists' and patients' adjuvant 

treatment selection.  

Medical oncologists and patients stated their treatment recommendation/choice and 

confidence in it, pre- and post-RS assay. Fifteen medical oncologists at one community and 

three academic practices consecutively enrolled 93 patients (89 evaluable) with ER+, LN0 

breast cancer. The treatment plan was changed by 31.5% of medical oncologists and 27% of 

patients. The frequency of treatment changes are shown in Table 6 below. The largest change 

induced by RS results was conversion from pre-test chemotherapy to post-test hormonal 

therapy by 22.5% of medical oncologists and 10.1% of patients. Medical oncologists stated 

that the RS results increased confidence in 68 (76%) recommendations and 90% of patients 

felt the RS assay influenced their treatment choice; 95% were glad they took the test.  

 

Table 6: Treatment changes as a result of knowledge of the Oncotype DXÊ 

recurrence score (RS) for 89 evaluable patients  

Pre-Post Treatment Option MOs (%) Patients (%) 

Treatment plan did not change 61 (68.5) 65 (73.0) 

Hormone Therapy (HT) to Chemotherapy/Hormonal Therapy (CHT) 3 (3.4) 7 (7.9) 

CHT to HT 20 (22.5) 9 (10.1) 

CHT or HT to Equipoise 5 (5.6) 0 

HT to Observation 0 2 (2.2) 

Observation to HT 0 1 (1.1) 

Undecided to CHT or HT 0 4 (4.5) 

Undecided to Equipoise 0 1 (1.1) 

Total 89 (100.0) 89 (100.0) 

 MOs= medical oncologists 

 

It was concluded that the Oncotype DXÊ test did impact on medical oncologistôs adjuvant 

treatment recommendations, patient treatment choice, and confidence in the treatment plan in 

the patients recruited to this study. This investigator initiated trial was supported by an 

unrestricted clinical trial grant from Genomic Health Inc. 

Health economics 

Prisco et al, (2009) 

In this study the authors investigated the impact of tumour size on the health economics of 

the 21-gene test.  A model of direct medical expenses in two hypothetic cohorts (one without 

and one with access to the 21-gene test) of Brazilian women with LN0, ER + breast cancer 

was developed. The perspective adopted was that of third-party payers.  

A web-based questionnaire assessed (a) patterns of care relating to chemotherapy regimens in 

each tumour size category, (b) the type of pre-medication used, (c) use of G-CSF, and (d) use 

of intravenous antibiotics for febrile neutropenia. Medication and 21-gene test costs were the 

manufacturers' recommended prices at the time of the survey. Tumour size and recurrence 

score distributions followed those reported by Paik et al (2004). Chemotherapy use in the 

cohort with no access to the 21-gene test was modelled using the results of the survey. In the 

cohort with access to the test, it was assumed that patients with an intermediate or high RS 

would receive chemotherapy, whereas patients with a low RS would not.  
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Costs were determined for two hypothetic cohorts of 100 patients one with, and one without 

access to the 21-gene test. The economic analysis suggested that the 21-gene test overall 

would be cost-saving in Brazil, from the perspective of third-party payers. However, testing 

could actually increase direct medical costs in patients with ER+, LN0, T1 tumours, and 

decrease costs in those with tumours >2 cm, Table 7. 

 

Table 7 : Costs for hypothetical cohorts with and without access to Oncotype 

DXÊ 

Parameters 21-gene 
panel 
available 

T</=1.0 cm T1.1ï2.0 cm T 2.1ï4 cm T>4 cm Total 

N patients receiving CT No 5 41 33 5 84 

Yes 7 23 16 3 49 

Costs (US$) No 12,557.01 190,226.63 389,392.88 89,395.73 681,572.25 

Yes 54,843.91 212,853.33 270,251.21 64,262.37 602,210.82 

Cost difference (US$) -42,286.90 -22,626.70 119,141.67 25,133.36 79,361.43 

 

Other ï descriptive case series 

Shak et al, (2009) 

Because male breast cancer is rare, there is little known about the disease and treatment is 

extrapolated from female breast cancer. In this study the authors examined the RS generated 

from the Oncotype DXÊ test quantitative gene expression by gender. 

All ER+ tumour specimens successfully examined in the Genomic Health laboratory from 

June 2004 through December 2008 were included in the study. Quantitative expression for 

each gene was measured by the Oncotype DXÊ assay on a scale relative to reference genes 

which ranged from zero to 15; a one unit increment was associated with a two-fold change in 

gene expression.  

The study comprised 347 male and 82,434 female breast cancers. The male patients were 

older than the female patients (mean age 63.8 vs 57.4 yrs). Standard histopathology was 

similar, although slightly more males had ductal cancers (83% vs 78%). The distribution of 

RS in males and females was similar with an RS mean (± SD) of 18.1 (± 11.2) in males and 

19.1 (± 10.2) in females (p = NS). The proportion of tumours with RS <18, 18ï30, and Ó 31 

was 53.6%, 35.2%, and 11.2% in males and 53.4%, 36.3%, and 10.3% in females.  

There were some notable differences. Mean expression of certain of the hormone receptors 

and some of the proliferation genes were 0.5 units higher in males. Mean expression of the 

STMY3 gene was 0.9 units higher in males. Of note, whereas the level of quantitative ER 

significantly increased with increasing patient age in females (0.4 units per decade), little 

increase was observed in males (<0.1 units per decade).  

It was concluded that in this large genomic study of male breast cancer, there was a 

heterogeneous biology as measured by Oncotype DXÊ, similar to that observed in females. 

Some differences, which may reflect the differences in hormone biology between males and 

females, were noted. 

Summary of reported conference abstracts ï Oncotype DXÊ 

At least two of the five studies reported were supported by the company that markets 

Oncotype DXÊ (Genomic health). Four studies (80%) examined or modelled the impact of 
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the RS on clinical decision making in relation to adjuvant chemotherapy. Erb et al, (2007) 

reported a significant decline in the use of adjuvant chemotherapy after the introduction of 

the test in the authorôs institution. Gold et al, (2009), reporting on how clinicians integrated 

RS into their decision making found that RS, tumour grade and size were all independent 

predictors of chemotherapy administration. Lo et al, (2007) examined the effect of knowledge 

of the RS on both patients and medical oncologists in relation to their adjuvant therapy 

choice.  Twenty-two percent of oncologists and 10% of patients changed from chemotherapy 

to hormone therapy. The change in the other direction (ie from hormone therapy to 

chemotherapy) was three per cent and eight percent respectively. Prisco et al, (2009) 

examined the impact of tumour size on the health economics of the test. The model predicted 

an overall decrease in the number of patients receiving chemotherapy and the cost of 

treatment but noted that in patients with small tumours the cost may be increased.  In the last 

study reported, Shak et al (2009) demonstrated that the distribution of RS was similar for 

males and females with breast cancer. 

 

MammaPrint® and the 70-gene signature 

Clinical validity studies  

Glas et al, (2008)  

Current clinicopathological guidelines assign patients with grade two, ER+ early-stage breast 

cancer to an ñindeterminateò risk category.  In this study the authors focused on 

MammaPrint® performance in this subgroup of patients.  

Patients with ER+, LN0 from the original validation series (van de Vijver, et al., 2002) were 

analysed for MammaPrint® outcome according to grade. Kaplan-Meier analysis of 106 

patients21 for DMFS at 10 years showed a significant different between low risk (56 patients, 

53%) and high risk (50 patients, 47%) with HR = 4.7, 95% CI = 2.1ï10.4. Good prognosis 

(low risk) patients had a 10 year survival of 86%. In patients with grade two, ER+, LN0 

breast cancer a significant separation of patients with good or poor prognoses according to 

MammaPrint® was observed (p = 0.001). The probability of developing distant metastasis in 

the good prognosis group was <10%; in the poor prognosis group it was 44%. MammaPrint® 

provided a significant separation in recurrence risk in these patients which improved 

guidance for the requirement of adjuvant therapy. 

de Snoo et al, (2009)  

According to the NCCN consensus guidelines molecular profiling for breast cancer prognosis 

may be used in ER+, LN0, Her2-negative patients. NCCN clinical risk assessment guidelines 

suggest adjuvant treatment for the majority of these patients. Prognosis prediction by 

MammaPrint® may be more suitable to indicate who needs adjuvant chemotherapy in 

addition to endocrine therapy  

Five hundred and sixty-six tumour samples of women with b ER+, LN0, Her2-negative 

breast cancer from five previously reported studies were classified using MammaPrint® and 

the 10-year breast cancer-specific survival (BCSS) determined according to MammaPrint® 

and the NCCN guidelines.  

                                                 
21

 It is not clear from the abstract if these are just grade 2 patients.  
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MammaPrint® classified 380 (57%) samples as good prognosis and 186 (33%) as poor 

prognosis. The NCCN guidelines classified seven per cent as low risk and 93% as high risk. 

MammaPrint® also identified approximately 66% of NCCN high risk patients as having a 

good prognosis. There was an overall discordance between the two tools in 62% of cases.  

Three hundred and forty-nine patients (62%) received no adjuvant treatment, 17% received 

hormonal treatment only, 2% chemotherapy only and 20% both respectively. 

MammaPrint® predicted a 10 year BCSS of 91% vs 67% for the good and poor prognosis 

groups respectively (HR= 4.0, 95% CI = 2.0ï7.9, p = <0.001). NCCN guidelines predicted a 

BCSS of 86% vs 83% for the low and high risk groups respectively (HR= 1.11, 95% CI = 

0.3ï.6], p = 0.888). Median follow-up was 3.5 years (range 0.1-21.1). In multivariate analysis 

(adjusted for known prognostic factors and adjuvant therapy), only MammaPrint® and 

histological grade were independent predictors for 10-year-BCSS with HRs of 2.8, 95% CI = 

1.3ï6.1, p = 0.008) and 1.9 (95% CI = 1.1ï3.1, p = 0.015), respectively. It was concluded that 

MammaPrint® was a strong and independent prognostic indicator in ER+, LN0, HER2 

negative breast cancer. 

Knauer et al, (2009)  

Small breast cancers are often considered as low risk tumours in clinico-pathologic risk 

assessment and treatment guidelines. However, the ability to metastasize is an early and 

inherent genetic property of breast cancer and small tumours may metastasize. The 

identification of prognostic subgroups for patients with small tumours would help to optimize 

treatment strategies in these patients. In this study the authors used MammaPrint® to assess 

prognosis, BCSS and DMFS in 965 pT1 breast cancer tumour samples from 7 previous 

studies.  

MammaPrint® classified 526 patients (55%) as having a good prognosis and 439 (45%) as 

having a poor prognosis . 562 patients (59%) received no adjuvant treatment, 19% received 

hormonal treatment only, 10% received chemotherapy only and 12% both hormone therapy 

and chemotherapy.  MammaPrint® accurately predicted differences in 10-year DDFS (HR= 

2.7, 95% CI = 1.9ï3.9, p = <0.01) and BCSS (HR= 4.0, 95% CI = 2.6ï6.3, p = <0.01) for all 

T1 tumours. Similar results were obtained by multivariate analysis for all patients, adjusted 

for known prognostic factors and adjuvant therapy, as well as for adjuvant untreated patients.  

For the pT1a/b subgroup (n = 140), 10-year DDFS was 93% vs 78% for the good and poor 

prognosis groups (HR= 3.9, 95% CI = 1.0ï15.2, p = 0.048), while in the T1c subgroup 

(n=825) DDFS was 86% vs 72% (HR= 2.6, 95% CI = 1.8ï4.0], p = <0.01). BCSS was 87% 

vs 73% for the good and poor prognosis groups in the T1a/b subgroup (HR= 2.4, 95% CI - 

0.8ï7.7, p = 0.128) and 92% vs 72% (HR= 4.4, 95% CI= 2.7ï7.1, p = <0.01) in T1c subgroup 

respectively. 

It was concluded that MammaPrint® was a strong and independent prognostic indicator in 

small breast tumours. Patient subgroups with T1a/b or T1c tumours and a genomic high risk 

gene signature for developing distant metastases may be selected for additional adjuvant 

hormonal and chemotherapy. 

Saghatchian et al, (2009) 

It has been shown that MammaPrint® TM, predicts disease outcome in patients with one to 

three positive and four to nine positive-nodes. In this study the authors report a further 

analysis of 519 LN+ patients from a consecutive series of patients from two hospitals based 

on adjuvant treatment received. Female patients diagnosed between 1984 and 1995 with 

LN+, unilateral T1, T2 or operable T3 primary invasive breast carcinoma who received 
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mastectomy or breast conserving therapy and for whom fresh frozen tumour material was 

available, were eligible for this study.  

Three hundred and forty-six patients had one to three positive lymph nodes and 173 had four 

to nine positive lymph nodes. Tumours were classified by MammaPrint® as good 

prognosis/low risk in 212 patients (41%) and poor prognosis/high risk in 307 patients (59%) 

with strictly equal proportions among the two lymph node groups.  With a median follow-up 

of 10.3 years, distant metastases occurred in 141 (27%) patients (116 as first event) and 103 

(20%) died of their disease. It was concluded that combining nodal status and MammaPrint® 

profiling allowed patients to be stratified for tailored treatment strategies.  Patients with an 

elevated number of lymph nodes and high genomic risk had a very poor prognosis and might 

need to be considered for stronger treatment combinations. 

Studies reporting clinical utility 

Bender et al, (2009) 

In this study the authors present the results of a meta-analysis of 1,637 patients with 

MammaPrint® outcomes (T1-2, node-negative and positive invasive breast cancer and 

median follow-up (FU) 7.1 yrs) to determine the chemotherapy benefit of patients treated 

with adjuvant chemotherapy in addition to endocrine therapy. Patient samples were recruited 

from seven large datasets from multiple institutions across Europe.  

MammaPrint® assigned 772 (47%) patients to a low risk and 865 (53%) to a high risk 

category. In total, 349 patients (21%) were treated with endocrine therapy, 226 (14%) were 

treated with chemotherapy- and endocrine therapy. In patients with a poor prognosis 

MammaPrint® profile the five years DMFS was improved from 69% to 88% (HR= 0.28: 

95% CI = 0.14-0.56; p = <0.001) when chemotherapy was added to hormonal therapy. In 

multivariate analysis patients classified by MammaPrint® as good prognosis had no 

significant benefit from chemotherapy (p = 0.962).  

It was concluded that MammaPrint® poor prognosis/high risk patients demonstrated a benefit 

when adjuvant chemotherapy was added to hormonal therapy. Patients classified by 

MammaPrint® as good prognosis/low risk for recurrence do not appear to benefit from the 

addition of chemotherapy to hormonal treatment. 

Economic studies 

Zarca  et al, (2009) 

MammaPrint® has been shown to provide additional prognostic information for early stage 

breast cancer patients, however, the cost-effectiveness of this strategy is not well understood. 

The authors studied the budgetary impact of MammaPrint® using a Markov model. The 

study was designed to show that the cost of MammaPrint® was offset by the saving from a 

lower number of administered chemotherapy treatments.  The model estimated a mean saving 

of 9,043 Euros per 100 patients per year in the base case scenario. Results were sensitive to 

the price of chemotherapy, the guideline used (eg, St Gallen or Adjuvant!) and to the risk 

reduction associated with chemotherapy. As more costly systemic therapies are likely to 

become standard in the future, the authors suggested that economic advantages of 

MammaPrint® may become even greater. 

Summary of reported conference abstracts - MammaPrint® 

In all six MammaPrint® studies reported, one or more authors had associations with the 

MammaPrint® marketing company Agendia. At least four of these studies reported sub-set 
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analyses of data reported in earlier studies. Four of the six studies reported on the ability of 

MammaPrint® to predict outcome in specific patients groups (sub-set analyses) which 

included  grade two early stage ER+, LN0  breast cancer (Glas, et al., 2008), ER+, Her2-, 

LN0  breast cancer (de Snoo, et al., 2009), small (pT1) breast cancers (Knauer, et al., 2009) 

and LN+, T1-3 breast cancer (Saghatchian, et al., 2009). Outcomes improved in patients with 

T1-2, LN+ or LN0  breast cancer when chemotherapy was added to hormone therapy in poor 

prognosis but not good prognosis groups according to MammaPrint® (Bender, et al., 2009).  

All of these retrospective studies reported positive results in favour of MammaPrint®, 

however, these positive results need to be interpreted with care given the potential conflict of 

interest of the studyôs authors. 

 

Abstracts reporting on Oncotype and MammaPrint® 

One conference abstract reported a study which included both Oncotype DXÊ and 

MammaPrint® tests. 

Studies reporting clinical validity 

Esserman et al, (2009) 

I-SPY is a multi-center trial designed to identify predictive markers of pathological complete 

response (pCR) and survival of women with locally advanced breast cancers Ó3cm.  

Two hundred and sixteen of 237 women enrolled, completed serial imaging and core 

biopsies. A range of pre-treatment assays22 were used and all women received neoadjuvant 

doxorubicin and cyclophosphamide followed by paclitaxel. Associations among molecular 

markers and survival were evaluated using the chi-square test, Kaplan-Meier curves and the 

log-rank test. Only the results relevant to the biomarkers of interest in this study are reported 

below 

Several molecular subtypes, including NKI 70-gene low risk and 21-gene set defined 15ï

28% of patients with 3ï10% pCR, yet excellent early survival. Immunohistochemistry results 

were included for comparison. The 21-gene set risk categories placed patients in significantly 

different groups in relation to pathological complete response and residual cancer burden, 

Table 8. 

  

                                                 
22

 Which included: Agilent expression arrays, MIP aCGH, p53 gene chip and sequencing, IHC and reverse 

phase protein arrays. 



51 

A comparison of gene expression profiling tests for breast cancer 
 

Table 8: Association between the 70 -gene and 21 -gene signatures and 

pathological complete response and residual cancer burden following 

treatment  with neoadjuvant doxorubicin and cyclophosphamide 

followed by paclitaxel  

Profile rates of pCR and RCB 

 Group Distribution pCR RCB  pCR p-value RCB 
p-value 

NKI 70 gene 
n=144 

Good 
Poor 

15% 
85% 

10% 
27% 

 17% 
 39% 

0.16 
. 

0.07 
. 

21 gene set 
n=144 

Low 
Intermediate 
High 

22% 
10% 
68% 

 3% 
 0% 
36% 

 12% 
 20% 
 46% 

<0.001 
. 
. 

0.002 
. 
. 

IHC 
n=189 

HR+ Her2- 
HR+ Her2+ 
HR- Her2- 
HR- Her2- 

29% 
20% 
34% 
17% 

10% 
28% 
36% 
48% 

 21% 
 48% 
 41% 
 79% 

Effect HR =0.0002 
Effect Her2 =0.0090 

  pCR=pathological complete response, RCB=residual cancer burden, NKI = Nederlands Kanker Instituut 

  IHC immunohistochemistry 

  

It was concluded that for locally advanced breast cancers with aggressive biology response to 

therapy and outcome can be predicted by many biomarkers. The I-SPY data set provided a 

platform to compare, contrast and combine marker signatures. 

 

Abstracts reporting HOXB13:IL17BR (H/I ratio) 

Only one conference abstract was identified reporting a study on the H/I ratio in breast 

cancer. 

Studies reporting clinical validity 

McKean et al, (2009) 

This study examined the H/I ratio and the molecular grade index (MGI). Only the former is 

relevant to this review update and is reported below. 

There are no validated markers that identify patients at risk for invasive recurrence following 

lumpectomy for ductal carcinoma in situ (DCIS). HOXB13:IL17BR (H/I) is expressed in 

both DCIS and invasive cancer and is associated with recurrence in stage I cancer. In this 

study authors sought to determine whether H/I was associated with invasive recurrence in 

resected DCIS.  

Patients who underwent lumpectomy with or without radiation for DCIS between 1988 and 

2001 at Mayo Rochester were entered into this nested case-control study. Cases were patients 

with ipsilateral invasive recurrence, matched to controls based on age, surgery date, length of 

follow-up, and adjuvant radiation.  The association of H/I with case-control status was 

assessed.  

Four hundred and twenty-seven patients underwent lumpectomy for DCIS, and 33 were 

identified as possible cases. Histological review excluded eight cases (non-sufficient tissue or 

DCIS recurrence without invasion) and 25 cases were matched to 48 controls (two controls 

for 23 cases, one control for two cases). H/I was significantly correlated (r = 0.43, p = 

0.0001) with nuclear grade. Positive H/I was associated with trend towards higher recurrence 

(OR 1.9, p = 0.22) that was most pronounced in cases/controls (15/28) treated with 

lumpectomy alone (OR 3.3, CI: 0.8ï13.2, p = 0.09).  






































































































