
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Who needs adjuvant systemic treatment? Predicting prognosis in node-negative
breast cancer; from bench to bedside

Bueno de Mesquita, J.M.

Publication date
2009
Document Version
Final published version

Link to publication

Citation for published version (APA):
Bueno de Mesquita, J. M. (2009). Who needs adjuvant systemic treatment? Predicting
prognosis in node-negative breast cancer; from bench to bedside. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/who-needs-adjuvant-systemic-treatment-predicting-prognosis-in-nodenegative-breast-cancer-from-bench-to-bedside(d6ab04e7-414a-4311-a041-47955eff4357).html




Who Needs Adjuvant Systemic Treatment?

Predicting Prognosis in Node-negative Breast Cancer;

from Bench to Bedside

Jolien M. Bueno de Mesquita



The studies described in this thesis were performed at the Pathology Department of the 
Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands. 
The RASTER study was funded by a grant of the Dutch Health Care Insurance Board.
For publication of this thesis � nancial support by the Netherlands Cancer Institute, Academic 
Medical Center, Amgen, AstraZeneca, GlaxoSmithKline, Novartis Oncology, P� zer, Roche 
and Sanovi Aventis is gratefully acknowledged.
It is clearly stated that the donations did not in� uence any aspects of the execution of the 
studies or interpretation of the results.

All rights reserved. No parts of this thesis may be reproduced, stored in a retrieval of any 
nature, or transmitted in any form by any means, electronic, mechanical, photocopying, 
recording or otherwise, without permission of the author.

Who needs adjuvant systemic treatment? Predicting prognosis in node-negative breast 
cancer; from bench to bedside.

© 2009 J.M. Bueno de Mesquita, Amsterdam, the Netherlands

Cover:  Wilfried Meun, Wim van Est en Jolien Bueno de Mesquita 
Layout:  Wilfried Meun en Wim van Est, afdeling Pathologie, AMC, Amsterdam
Printed by: Buijten & Schipperheijn, Amsterdam
ISBN/EAN : 978-90-9024293-4

An online-pdf version of this thesis is available at: http://dare.uva.nl/record/312520



Who Needs Adjuvant Systemic Treatment?

Predicting Prognosis in Node-negative Breast Cancer; 

from Bench to Bedside

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magni� cus

prof.dr. D.C. van den Boom
ten overstaan van een door het college voor promoties

ingestelde commissie, 
in het openbaar te verdedigen in de Agnietenkapel

op donderdag 10 september 2009, te 14.00 uur

door 

Jolien Madeleine Bueno de Mesquita

geboren te Hyderabad, India



Promotiecommissie:

Promotores:  Prof.dr. M.J. van de Vijver
   Prof.dr. S. Rodenhuis
Co-promotor:  Dr. S.C. Linn
Overige leden:  Prof.dr. D.J. Richel
   Prof.dr. R. Versteeg
   Prof.dr. B.B.R. Kroon
   Prof.dr. E. van der Wall
   Prof.dr. J.G.M. Klijn
   Prof.dr. J. Morreau

Faculteit der Geneeskunde



The motive that will conquer cancer will not be pity nor horror;
it will be curiosity to know how and why…….

Pity never made a good doctor,
Love never made a good poet. 

Desire for service never made a discovery.”

H.G. Wells, 1927
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Introduction & Outline Thesis

Prognostic factors and clinical guidelines for adjuvant systemic 
treatment selection in lymph node-negative breast cancer 
patients

Breast cancer - general features
In the Netherlands, breast cancer is the most common malignancy in women. 
Currently, the breast cancer incidence is 13.000 and annually over 3.000 women die 
this disease.1 The lifetime risk to develop breast cancer is even one in nine.2

The primary treatment of localised breast cancer is either complete tumour excision 
followed by radiation therapy (breast conserving therapy) or mastectomy with or 
without radiotherapy.3 Adjuvant systemic treatment (chemotherapy, endocrine 
therapy and/or trastuzumab) is used to control micrometastatic disease and leads 
to improved survival. The addition of systemic adjuvant therapies to the primary 
treatment of localised oestrogen receptor positive breast cancer has been shown 
to reduce the 15-year breast cancer speci� c mortality rate by approximately 50% 
in middle aged women.4  Prognostic factors are used to identify those patients at 
relatively high risk of developing distant metastases, as those patients bene� t most 
from adjuvant systemic treatment. However, systemic treatment has a wide range 
of acute and long-term toxicities. The Oxford Overviews of systemic treatments 
demonstrate that a signi� cant proportion of patients who have not received adjuvant 
systemic therapy are long-term survivors; and also that a proportion of patients will 
develop metastatic disease despite undergoing adjuvant systemc therapy. 4 Using 
these clinicopathological guidelines it has been estimated that up to 33 patients may 
have to be treated with adjuvant systemic treatment to save one life.5 Therefore, an 
accurate selection of patients who will bene� t from adjuvant systemic treatment is 
essential. 

Prognostic factors
Strong adverse prognostic factors in breast cancer are tumour size and the presence 
of lymph node metastases.6 In all clinical treatment guidelines, the presence of lymph 
node metastases is considered a strong indication for undergoing adjuvant systemic 
therapy. For lymph node-negative breast cancer patients, other clinico-pathological 
factors are used to guide adjuvant systemic therapy. 
The main clinically used prognostic factors in lymph node-negative breast cancer are 
age, tumour diameter and histological grade.6  Clinicopathological risk (‘clinical risk’) 
assessment is based on these factors and is used to guide decisions on adjuvant 
systemic treatment. Choice of adjuvant systemic therapy is also dependent on the 
oestrogen receptor, progesterone receptor and HER2 status.
A large number of potential prognostic factors have been investigated to predict 
disease outcome. Even the strongest prognostic factors (e.g. lymph node status, 
tumour diameter and histological grade) are moderately precise in classifying breast 
tumours according to their clinical behaviour. 
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Clinical guidelines for adjuvant systemic treatment
Various clinical and pathological factors have been carefully evaluated as prognostic 
indicators of clinical course. Most of these variables have been combined into 
prediction models, such as the Nottingham Prognostic Index (NPI)7-10 and Adjuvant 
Online (www.adjuvantonline.com)11;12, or included in algorithms used for the 
development of guidelines for treatment decision-making, such as the Sankt-Gallen 
guidelines13-15 and the Dutch CBO-guidelines16-18. Using these predictions models or 
guidelines a patients’ prognosis can be estimated. Most of these guidelines subdivide 
patients in intermediate/high or low risk based on what their estimated l long term 
overall survival is. A poor prognosis or intermediate/high clinical risk is de� ned as a 
relatively high likelihood that a patient will develop distant metastasis and eventually 
die of breast cancer. Depending on what guideline is used, a 10-year overall risk of 
dying of breast cancer of more than 10% is considered a intermediate/high risk. In 
general, a intermediate/high clinical risk is viewed to be an indication for adjuvant 
systemic treatment. 
Despite providing valuable information about the risk of recurrence, such prognostic 
tools have only limited ability to predict individual patient outcomes.3 Patients with the 
same clinicopathological parameters or breast cancer phenotype can have markedly 
different clinical courses and are associated with different survival rates. In addition, 
these prognostic tools are derived from the analysis of patient cohorts, which offer no 
information about treatment effects on outcome. Additional tools for determining an 
individual patient’s need and potential bene� t from systemic therapy will be of great 
clinical bene� t.

Gene expression pro� ling in breast cancer
Thousands of genes coordinate the behaviour of a tumour and the course of the 
disease of the patient. Analysis of differential gene-expression patterns across 
thousands of genes in a single experiment (as opposed to hundreds to thousands of 
experiments measuring the expression of one gene at a time), and extrapolation of 
these data to answer clinically pertinent questions such as those relating to tumour 
metastatic potential, can help de� ne the best therapeutic regimens for particular 
patient subgroups.
Gene expression pro� ling using microarray-based technology has provided 
researchers with an ideal opportunity to begin taking steps towards performing 
comprehensive molecular and genetic pro� ling of breast cancer; hereby learning 
more about the genotype of a breast cancer tumour and a patient’s individual disease 
outcome. 
Currently, microarray technology is in a transition phase whereby scienti� c 
information is beginning to guide clinical practice decisions. Before microarrays 
qualify as a useful standard clinical tool, however, they must demonstrate reliability 
and reproducibility. The high-throughput nature of microarray experiments imposes 
numerous limitations, which apply to simple issues such as sample acquisition and 
data mining, to more controversial issues that relate to the methods of biostatistical 
analysis required to analyze the enormous quantities of data obtained. Methods for 
validating proposed gene-expression pro� les and those for improving trial designs 
represent some of the recommendations that have been suggested.19
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Prognostic signatures could help us selecting poor prognosis patients for adjuvant 
systemic treatment. Several research groups have used gene expression pro� ling to 
de� ne subgroups of tumours associated with good or poor outcome.20-34 For breast 
cancer in particular, several independent groups have conducted comprehensive 
gene expression pro� ling studies identifying prognosis signatures with the objective 
of improving on traditional prognostic markers.3;23;30;35-37 In most studies validation in 
a suf� ciently large independent patient series is suboptimal, and this constitutes one 
of the major limiting factors to transfer this technique from bench to bedside.38 
Recently, the 70-gene prognosis signature was identi� ed by performing gene 
expression pro� ling on 78 breast cancer tumours selected from the tissue bank of the 
Netherlands Cancer Institute.23 This prognosis signature appeared a more powerful 
prognostic factor for distant metastasis and death than current clinicopathological 
factors. Van de Vijver et al. validated this signature in a series of 151 lymph node-
negative breast cancer patients(<53 years; 40% good vs. 60% poor prognosis 
signature).24 Buyse et al. performed a second international validation in 302 patients 
(<61 years; 37% good vs. 63% poor prognosis signature).32 In these two validation 
studies, the prognosis signature appeared a strong independent prognostic factor in 
node-negative breast cancer patients.  
 
Outline Thesis
The aim of the research described in this thesis was to asses the clinical relevance 
and value, the feasibility of clinical implementation, and the potential clinical use 
and impact on adjuvant systemic treatment decisions of the microarray-based 70-
gene prognosis signature as a diagnostic test in lymph node-negative breast cancer 
patients in anticipation of level ‘one’ evidence from large international randomized 
controlled clinical trials.

Chapter two of this thesis is a review discussing microarray-based gene expression 
pro� ling techniques for different cancer types, the accompanying limitations and 
its potential use in answering clinical questions. Chapter three provides the results 
of an independent representative validation of the 70-gene prognosis signature in 
more recently diagnosed (1996-1999) node-negative breast cancer patients and in 
patients of an earlier validation study with prolonged follow-up. In Chapter four and 
� ve, the feasibility of implementation of the 70-gene prognosis signature in node-
negative breast cancer is addressed by presenting the results of the RASTER-study 
(MicroarRAy PrognoSTics in Breast CancER) and re� ecting on these results. 
The adherence to adjuvant systemic treatment guidelines, which are based on 
clinicopathological prognostic factors, was investigated in several Dutch Hospitals 
and these results are presented in Chapter six. The inter-observer variation of 
pathological examination of breast cancer is discussed in Chapter seven. Chapter 
eight discusses the clinical relevance and the potential use of the 70-gene prognosis 
signature as a diagnostic test in node-negative breast cancer in anticipation of the 
results of prospective randomised controlled trials with suf� cient follow-up (e.g. 
MINDACT trial). A summary of the results presented in this thesis is given in chapter 
nine.
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Technology Insight: tuning into the genetic orchestra 
using microarrays-limitations of DNA microarrays in 
clinical practice

Ambreen Abdullah-Sayani, Jolien M Bueno-de-Mesquita and Marc J van de Vijver

Department of Pathology, Netherlands Cancer Institute, Amsterdam, the Netherlands

Abdullah-Sayani A, Bueno de Mesquita JM, Van De Vijver MJ. Tuning into the Genetic 
Orchestra using Microarrays; limitations of DNA microarrays in clinical practice. Nature 
Clinical Practice Oncology, Sept 2006: 3(9):501-516

Summary

Scienti� c advances in the � eld of genetics and gene-expression pro� ling have 
revolutionized the concept of patient-tailored treatment. Analysis of differential gene-
expression patterns across thousands of biological samples in a single experiment 
(as opposed to hundreds to thousands of experiments measuring the expression of 
one gene at a time), and extrapolation of these data to answer clinically pertinent 
questions such as those relating to tumor metastatic potential, can help de� ne the 
best therapeutic regimens for particular patient subgroups. The use of microarrays 
provides a powerful technology, allowing in-depth analysis of gene-expression 
pro� les. Currently, microarray technology is in a transition phase whereby scienti� c 
information is beginning to guide clinical practice decisions. Before microarrays qualify 
as a useful clinical tool, however, they must demonstrate reliability and reproducibility. 
The high-throughput nature of microarray experiments imposes numerous limitations, 
which apply to simple issues such as sample acquisition and data mining, to more 
controversial issues that relate to the methods of biostatistical analysis required to 
analyze the enormous quantities of data obtained. Methods for validating proposed 
gene-expression pro� les and those for improving trial designs represent some of the 
recommendations that have been suggested. This review focuses on the limitations 
of microarray analysis that are continuously being recognized, and discusses how 
these limitations are being addressed.
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Introduction

The discovery of 25,000 human genes as a result of the completion of the Human 
Genome Project has greatly accelerated the research into genotypic–phenotypic 
correlations in an aim to elucidate the functional taxonomy of genes in both normal 
tissues and disease states. The use of microarray technology to perform gene-
expression pro� ling is an important adjunct to our current knowledge of genetics, 
because microarrays allow the study of thousands of genes simultaneously in a 
single, standardized, and cost-ef� cient experiment. Gene expression is a broad term 
used to describe the transcription of information encoded within DNA sequences into 
mRNA, and the subsequent translation of the mRNA information into proteins that 
regulate cell function. The gene expression of all cells is a highly dynamic process 
that alters in response to cell requirements and environment changes, and as a 
consequence of disease. A brief summary of the applications of gene-expression 
pro� ling by microarray analysis and additional application of microarray platforms 
are described in Table 1.

Table 1: Examples of current applications of microarray technologya.

a Table adapted from the National Center for Biotechnology Information website.68 Abbreviations: CGH, comparative 
genomic hybridization; SNP, single nucleotide polymorphisms.

Gene-expression pro� ling has been used to study infectious and immunological 
diseases, but the predominant focus of microarray-based research has been in 
the study of cancer. Microarray analysis has made it possible to identify groups of 
genes according to their expression pattern or ‘genetic signature’, and this could 
potentially ameliorate the clinical management of a patient. Despite the vast amount 
of research in this � eld, a disparity exists between the quantity of publications and 
the quality of their interpretation. The quantity of articles that document the discovery 
of new gene pro� les is as plentiful as the number of publications that scrutinize their 
interpretation.1 In this article we will brie� y describe the methods of microarray-based 
gene-expression pro� ling and highlight the technique’s limitations, demonstrate the 
various levels at which both inter-experimental and intra-experimental variability can 
occur, summarize the suggestions that have been proposed to limit these problems, 
and describe the current status of genetic pro� ling in oncological practice.2 The 
different steps involved in gene-expression-pro� ling using microarray technology 
and the major limitations of this method are depicted in Figure 1.
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Figure 1: Key considerations when performing gene-expression pro� ling using microarray analysis. The 
different steps in this process and their limitationsare summarized. There are seven major steps in the 
development of a gene-expression signature using microarrays before it is ready for implementation 
as a test in clinical practice. The � rst step consists of de� ning the scienti� c question that should be 
answered by the output data. The accompanying hypothesis will help to construct a solid study design 
and to determine the type of samples and the applicable inclusion criteria (steps 2 and 3). Step 4 
includes the actual microarray experiment by which the gene-expression data are obtained. The 
statistical analysis of the data generated in the experiment and the construction of the actual gene-
expression pro� le is addressed in step 5. Step 6 includes the independent validation of the results, 
which is indispensable for the transition to step 7, the clinical implementation of the gene-expression 
pro� le. Figure modi� ed with permission from reference 21 © (2002) Nature Publishing Group.21

DNA microarray technology
A DNA microarray is an ordered arrangement of equidistant microscopic DNA spots 
attached to a solid surface, such as a glass, plastic or silicon chip. Hybridization 
is performed using corresponding probes that recognize and attach to the solid 
support; these can be complementary DNAs (cDNAs), oligonucleotides of varying 
length, or genomic sequences that are either radioactively or � uorescently labeled 
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(Figure 2). An array containing thousands of spots immobilized at predetermined 
locations can be generated by applying the DNA (e.g. cDNA or oligonucleotides) to 
the array using pins3 or inkjet technology,4 or by in situ photolithographic synthesis of 
oligonucleotides.5 For example, if inkjet technology is being used, an adapted color 
inkjet printer is used to synthesize oligonucleotides: each of the four color reservoirs 
is � lled with a solution containing one of the four nucleotides from which DNA is 
made. The oligonucleotide sequences for each gene can then be assembled using a 
simple text � le. Thus, the probes of a microarray are made of DNA and these probes 
are then used to detect the abundance of speci� c mRNA (transcripts) from the genes 
that correspond to the sequence of the probes on the array.

Figure 2: Gene-expression pro� ling using microarray analysis. The main steps involved and limitations 
of microarray analysis will be encountered. Two stages can be distinguished in microarray experiments: 
a pre-microarray experiment phase (tissue handling) and the microarray experiment phase (labeling of 
the RNA). In a microarray experiment the glass slide with the labeled DNA of interest plays a key role. 
As can be seen, a solid surface (in this example a glass microscope slide) contains thousands of spots. 
Each spot contains a large number of identical DNA fragments. Fluorescently labeled RNA from the 
samples are subsequently hybridized to the arrays. In this way, the amount of DNA fragments per spot 
indicates the expression level of a gene. The expression level of thousands of � uorescently labeled 
genes or spots on one microscope slide can be visualized with a � uorescent scanner. For each gene on 
the array, the amount of � uorescently labeled RNA bound represents the expression level of that gene 
in the tumor sample. The intensity of � uorescent signal can be measured and used in the statistical 
analysis. For each spot, the DNA fragments are derived from one speci� c gene. Figure courtesy of Dr 
R Kerkhoven. Abbreviations: DHFR, dihydrofolate reductase; E2F1, E2F transcription factor 1; RB, 
retinoblastoma; SRC, sarcoma. 
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The concept of DNA or oligonucleotide arrays began in the mid-1980s. The � rst 
DNA arrays comprised nylon � lters on a glass slide containing cDNA probes; these 
� lters contained a much lower number of probes than the arrays that are currently 
used and were typically used with radioactively labeled targets. The introduction of 
pin-based robotic systems made it possible to dispense smaller volumes of DNA 
(approximately 150 microns) onto a glass slide, thus enabling a higher throughput 
system that represented one of the � rst microarrays.6, 7 A summary of the developments 
in microarray-based gene-expression pro� ling is provided in Table 2.

Table 2: The evolution of microarrays for gene-expression analysis over the years6

Microarray analysis of cDNAs spotted onto glass slides was developed at Stanford 
University and has been used to study the expression levels of large numbers of 
mRNAs in cell lines and tumors.8 In brief, mRNA is isolated from cells and reverse 
transcribed in the presence of red-� uorescent-labeled nucleotides. The resulting 
� uorescent cDNA is then mixed with a green-� uorescent-labeled reference cDNA 
and the mixture is hybridized to the microarray. The reference mRNA is usually 
prepared from a mixture of cell lines, tumor samples, or normal tissues. Using a 
� uorescent scanner, the � uorescence level is digitized, and for each cDNA on the 
microarray the level of gene expression, relative to the reference, is determined and 
transferred to a linked computer database.
Similar methodology is used for oligonucleotide-based arrays. With this system of 
microarray analysis, the expression of each gene in a sample is also measured relative 
to the expression of the same gene in the reference mRNA. The photolithographic 
synthesis of oligonucleotides is a procedure developed by Affymetrix (Santa Clara, 
CA); for each gene, several different oligonucleotides are present on the array.5 
In this technique, the hybridization on the array platform is carried out using RNA 
from the sample to be analyzed, without the use of a reference RNA; instead, 
oligonucleotides containing one mismatch in their sequence are used to correct for 
background hybridization. An array containing 25,000 probes can provide information 
on the expression of all genes present in the genome. For many genes, multiple 
splice variants have been identi� ed, and for suf� cient array detection an increasing 
numbers of probes are being developed.
Gene-expression pro� les can provide an enormous amount of information on cell 
function; however, it is important to realize that these pro� les can only be used to 
interpret cellular changes that affect mRNA synthesis. After translation of mRNA into 
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protein, many secondary protein modi� cations also play an important role in cell 
regulatory processes. Therefore, high-throughput analysis of proteins (‘proteomics’) 
will also contribute greatly to cancer research, an issue that was recently reviewed by 
Gulmann et al.9 Proteomic experiments can be tedious and have a lower throughput 
than RNA-based experiments;10 however, recent advances in proteomics have 
greatly increased the throughput of proteomic experiments.
Recently, small RNA molecules that do not code for proteins, such as microRNA, 
RNA interference, small interfering RNA (siRNA), and small modulatory RNA, have 
been discovered; these small RNAs have an important role in gene regulation.11 
Genes that regulate the expression of molecules such as microRNA are found in 
the non-coding regions (or introns) of the genome. Although these RNAs do not 
code for proteins, they can control gene expression at the post-transcriptional 
level by degrading or repressing mRNA,11 thus in� uencing critical functions and 
biological processes.12 Although microRNA consists of only 1–5% of human genes 
(which equates to about 1,000 microRNA genes), each microRNA might regulate 
as many as 200 genes, which implies that over one-third of the genes that encode 
for proteins are regulated by microRNAs.11, 13 MicroRNA expression pro� les can be 
used to classify human cancers12 because they re� ect the developmental lineage 
and differentiation state of the tumors. Compared with normal tissue, microRNAs 
in tumors are generally downregulated and could thereby provide promising insight 
into tumor development and recurrence. For example, microRNA pro� les are better 
predictors of metastatic origin for carcinomas of unknown primary (CUPs) than are 
conventional gene-expression signatures using mRNA.14

Statistical analysis of gene-expression data
Although not necessarily based on a gene-speci� c mechanistic hypothesis, good 
gene-expression pro� ling experiments should be planned and conducted with a 
clear objective, design and statistical analysis strategy.15 The main strategies used 
to identify categories of tumors by gene-expression pro� ling are unsupervised and 
supervised classi� cation (Box 1). An important difference between these two methods 
is that for supervised classi� cation clinical or pathologic information is used to � nd 
correlations with gene-expression patterns, whereas with unsupervised methods the 
tumors are grouped on the basis of their gene-expression pattern independent of the 
clinicopathological status.16, 17 A commonly used unsupervised method for examining 
gene-expression data is two-dimensional hierarchical cluster analysis. In this method, 
the tumors and genes are ordered according to similarities in their gene regulation, 
resulting in the clustering of tumors according to similarity in gene expression. This 
ordering often results in clustering of genes responsible for cellular processes, such 
as proliferation or in� ammation. In this manner, several ‘signatures’ can be analyzed 
that reveal speci� c properties that the tumor cells and non-tumor cells contribute to 
the tumor mass. With time it is expected that an increasing number of signatures will 
be identi� ed, making the correlation between gene-expression signatures in tumors 
and clinical behavior a powerful prognostic and predictive approach.

To � nd gene-expression patterns that can predict the clinical behavior of tumors (as 
in class comparison and class prediction), it is more appropriate to use a supervised 
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classi� cation that can distinguish specimens on the basis of prede� ned clinical and 
pathologic information, because the classes are already known. Several methods 
for supervised classi� cation have been developed, and although these techniques 
were not speci� cally designed for the analysis of gene-expression data they have 
already shown their usefulness for this purpose.16 Fundamental to each of these 
techniques is the identi� cation of the pattern of expression of a combination of genes 
that can predict tumor behavior (e.g. the risk for development of distant metastases, 
or responsiveness to speci� c treatments).
A third classi� cation method is functional annotation of gene-expression algorithms 
based on data obtained from in vitro and in vivo experiments. An example of such 

Box 1 De� nitions of terms used in microarray technology.
 
Unsupervised clustering (unsupervised classi� cation)
The purpose of any clustering method is to group entities based on similarity of 
features. Gene-expression data derived from multiple microarray experiments, 
genes and tumor samples can be clustered on the basis of similar expression 
pro� les. Hierarchical clustering produces a representation of the data in the 
shape of a binary tree, in which the most similar patterns are clustered in a 
hierarchy of nested subsets, resulting in the grouping together of tumors that are 
similar in their overall gene-expression pro� les. Binary trees are two-dimensional 
diagrams also known as dendrograms, which illustrate the fusions or divisions 
made at each successive stage of analysis.
 
Supervised clustering (supervised classi� cation)
Supervised clustering is a statistical method used to assess similarities between 
certain tumor types. This method can be de� ned as grouping of variables (e.g. 
genes) controlled by information about the Y variables (i.e. variable of interest), 
such as the tumor types of the tissues or clinical outcome of a disease. Supervised 
clustering is applied to classi� ed samples with the objective of identifying clusters 
that have a high probability of sharing certain features characteristic of the class 
of interest.
 
Metagenes
Metagenes are linear combinations of individual gene-expression values, and 
have the potential to classify and predict cellular phenotypes resulting from 
deregulation of oncogenic pathways.
 
Adjuvant systemic therapy
A treatment that is used in addition to the primary therapy, such as surgery, to 
ensure that all microscopic disseminated cancer cells are destroyed. Adjuvant 
therapy for cancer can include cytotoxic chemotherapy and/or hormone 
therapy.
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an algorithm is the ‘wound response signature’. Chang et al. compared the gene-
expression pro� le of � broblasts exposed to 10% serum with � broblasts growing at 
low serum conditions; this gene-expression signature was termed ‘wound response 
signature’ because of the fact that � broblasts are only exposed to serum in a 
wound.18 Based on the expression pattern in this ‘wound response signature’, breast 
carcinomas can also be divided into ‘wound response signature activated’ and ‘wound 
response signature quiescent’ tumors. Other gene-expression signatures discovered 
using in vitro experiments can in a similar way be applied to gene-expression data 
in malignant tumors. Chang et al.19 have combined three algorithms—the molecular 
subtypes or portraits (derived from unsupervised hierarchical clustering of breast 
carcinomas),20 ‘wound response signature’,18 and the ‘70-gene signature’21, 22—to 
reveal links between wound healing and cancer progression in breast cancer. A 
gene-expression pro� le based on the wound response signature provides the basis 
for prospectively assigning a prognostic score to patients and can be scaled to suit 
different clinical purposes. The wound response signature improves risk strati� cation 
independently of known clinicopathological risk factors such as tumor size, histologic 
tumor grade and nodal status, and previously established prognostic signatures 
based on unsupervised hierarchical clustering (i.e. ‘molecular subtypes’20) or 
supervised predictors of metastasis (i.e. the ‘70-gene signature’21, 22).
Even when distinct subgroups are de� ned using gene-expression pro� les, 
considerable heterogeneity within the broadly de� ned groups can confound the 
ability of the classi� er to accurately predict outcomes for individual patients. One 
strategy by which to circumvent this heterogeneity is to combine or integrate 
multiple gene-expression patterns rather than a single gene-expression pattern, 
which provides a more powerful and robust classi� er. Such de� ned sets of genes 
have also been termed ‘metagenes’ (Box 1); such metagenes can be combined 
with clinicopathological data to obtain optimal prognostic and predictive classi� ers.23 
Moreover, this framework provides a mechanism for combining multiple forms of 
data—both genomic and clinical—to characterize most individual patients’ gene 
pro� le and achieve the goals of personalized treatment.

Limitations of microarray technology

The complexity of biological systems
Gene-expression pro� ling studies of human malignancies are highly complex, and 
the successful execution of such a study requires close collaboration between 
surgeons, pathologists, molecular biologists and bioinformaticists.24, 25 The high-
throughput nature of this technology combined with the expected plethora of data 
results in a high opportunity for errors.26 To ensure the accuracy and reliability of 
the resulting data, it is essential, therefore, that experiments are tightly regulated 
and quality controlled.27 At present, the sophistication of microarrays renders this a 
costly technology and consequently it is only available to specialized institutions.6, 

28 Microarray technologies, however, are rapidly improving and the costs of the 
technique continue to fall, thus paving the way for wider access and more-generalized 
usage.



26

Who needs adjuvant systematic treatment

2

The tissue sample
Frozen tumor tissue is indispensable for microarray experiments because the rapid 
� xation method ensures that the RNA quality remains optimal, with the result that 
subtle alterations in levels of differentially expressed genes can be accurately 
detected. Frozen tumor samples, however, are not widely available, because in most 
hospitals the tumor samples are directly � xed in formalin and embedded in paraf� n 
blocks; storage of tissue in this way has been shown to result in RNA degradation.29 
Paraf� n-embedded tissue is not, therefore, ideally suitable for � nding new gene-
expression signatures, but may be more adequate for the validation of new gene-
expression pro� les for which the differentially expressed genes are already known.
Experiments making use of mRNA have distinct problems. To begin with, there may 
be very small amounts of mRNA within the cell itself,30 which can be a signi� cant 
problem in smaller sized tumors.28 mRNA is a very fragile molecule that can degrade 
within minutes of surgical manipulation,31 drastically affecting the interpretation of 
microarray data.32 Likewise, subtle variations in tissue handling and method of RNA 
extraction from samples can result in different levels of gene expression.1 Although 
there are no systematic studies of this subject, it is clear that measurements of 
speci� c mRNAs with a short half-life will be greatly affected by the interval between 
surgical removal and freezing of the specimen. These technical issues are also 
compounded by the added complexity of the heterogeneity of the tumor,31 and this 
heterogeneity expands as we consider the different individuals and populations that 
harbor the same genetically unstable tumor.1 In addition, the expression pattern 
in tumor cells is also determined by gene expression in the many other cell types 
present in varying degrees in clinical tumors, such as � broblasts, endothelial cells, 
and in� ammatory cells. Rigid adherence to experimental technique, consistency in 
the timing and sampling of tissue,27 careful documentation of the amount of tumor 
cells in a sample and duplication of the experiment using a single reference RNA1 
are all means by which sources of error can be eliminated. Technological advances 
also enable standardization of this process.

The search for differentially expressed genes
The hunt for differentially expressed genes involves a number of steps, including 
chip production, probe hybridization, image quanti� cation, normalization and data 
interpretation, before the biological question can be addressed.33 Until a consensus 
is reached to standardize each process, inter-experimental variability will remain 
commonplace, inhibiting the transfer of microarrays from the bench to the bedside.33 
Pitfalls that clinicians should be aware of include unstable molecular signatures and 
gene misclassi� cation.
The list of genes included in a molecular signature (based on a training set and the 
proportion of misclassi� cation seen in one validation set) depends not only on the 
statistical methods (discussed in the next section), but also to an even larger extent 
on the selection of the patients in the training sets. Michiels et al. found that � ve of 
the seven largest published studies addressing cancer prognosis did not classify 
patients better than chance.34 Another important issue is that results from different 
microarrays are expressed as levels in relation to a nonstandardized reference RNA. 
It has been recognized that the implementation of standardized units for the level of 
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gene expression will be an important advance towards regulation of microarray data.2 
Not all microarray problems, however, are of such a large scale. Simple experimental 
errors such as the mishandling of plates can give rise to subsequent errors in data. 
The importance of tracking all levels of an experiment to allow evaluation and 
correction (if needed) has been shown by investigators in Stanford University who 
created an algorithm called MuFu (MixupFixup) to facilitate recognition of production 
errors prior to hybridization.26 Technical errors in an experiment can give rise to 
missing data, and this will eventually affect the statistical outcome of a study.35 Tools 
such as LinCmb,35 GMC (Gaussian mixture clustering),36 and BPCA (Bayesian 
principal component analysis)37 have been developed to input the missing values of 
an experiment and improve the signi� cance of a study.

Statistical analysis
The proposed association of a genetic signature with disease outcome has been 
observed to be signi� cantly stronger in preliminary studies than in subsequent 
research.38 This outcome can be partially explained by ‘over� tting’, which is one 
of the major limitations of supervised clustering methods. Over� tting indicates 
that the number of parameters in a model is too great relative to the number of 
cases or specimens available. Because the gene-expression pattern is optimized 
to predict tumor behavior, the model will � t the original data but might predict poorly 
for independent data. Consequently, it is essential to obtain an unbiased estimate of 
the true error rate of the predictive power or accuracy of a gene-expression pattern. 
Methods for obtaining improved predictors include ‘leave-one-out’ cross-validation; 
with this method, a gene-expression predictor for a speci� c clinical behavior is built 
by leaving out one or more samples. Cross-validation involves repeatedly splitting 
the data into a training set containing most of the samples and a test set containing 
the remaining samples, and this process is repeated for the many training-set and 
test-set partitions. The resulting error rates observed for the test sets are then 
averaged, and the predictions for each test set are unbiased estimates of the true 
prediction error because the test-set samples are not used in the development of 
the model used for their prediction.39 Subsequently, it is tested whether the gene-
expression pattern correctly predicts the clinical behavior of the left-out sample(s). A 
predictor that is produced as a result of a small, properly cross-validated error rate 
for a collection of tumor specimens is a potentially important � nding, but one that 
still requires further validation.16 Although in studies with a small sample size (which 
can be arbitrarily de� ned as <50 cases) cross-validated error estimates are nearly 
unbiased, they tend to have large variance and con� dence intervals.
A study with a sample size in the thousands is better equipped to understand the 
degree of biological variation within an experiment,31 and the resulting genetic 
signature will also have greater statistical signi� cance and clinical applicability.40 It 
is essential to validate a predictive gene-expression pattern in a suf� ciently large 
independent series of patients. Unfortunately, a major limitation is the unavailability 
of large amounts of frozen tumor samples. One limitation of unsupervised cluster 
analyses is that it provides qualitative and not statistically valid quantitative 
information on differences in expression level between genes or classes. Although 
unsupervised clustering gives insight into the differentially expressed genes (quality), 
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it does not quantify the level of upregulated or downregulated expression (quantity). 
Many authors make the mistake of performing Kaplan–Meier statistical analyses 
on series of samples that do not belong to a cohort of unselected patients. For a 
good and profound validation of prognostic or predictive gene-expression pro� les, 
an unselected patient cohort is indispensable.

The applicability of microarrays in clinical practice
Microarrays have been used to study several tumor types, most notably breast,21, 22, 41, 

42 ovary,43 colon,44 gastric, leukemias,45, 46 malignant lymphoma,47 prostate,48, 49 lung,50, 

51 CUP,52 and malignant melanoma.53 Analysis and accurate clinical interpretation 
from the currently available data is a challenging task, as there are numerous inter-
experimental variations that can signi� cantly in� uence the interpretation of results. 
Proper statistical analysis and independent validation in large series of patients is the 
only way to address this dilemma. To understand the current status and relevance 
of the gene-expression pro� les that have been developed, we have chosen to 
highlight a few important examples. Since current clinical trials evaluating the use of 
microarrays in the management of patients with breast cancer are ongoing, we have 
chosen to separate this subject for purposes of detailed discussion in a separate 
section.

Hematologic malignancies
Acute leukemia is divided into histologic subgroups of clinical relevance—for 
example, lineage (B-cell or T-cell) and molecular subtypes—that differ with respect 
to clinical outcome and response to treatment. Current methods of cytogenetic and 
morphological analysis, however, are tedious and not widely available. Microarrays 
can revolutionize this diagnostic process, because all relevant histopathological 
abnormalities can be assayed in a more standardized manner.54 Recent studies 
using microarrays have revealed more-re� ned classi� cation of disease subtypes 
than provided by currently used methods.
Yeoh et al.45 studied 360 cases of pediatric acute lymphoblastic leukemia. Using 
unsupervised hierarchical cluster analysis, these researchers were able to correctly 
identify the leukemia subtypes of prognostic signi� cance, namely T-cell acute 
lymphoblastic leukemia, E2A-PBX1, BCR-ABL, TEL-AML, mixed-lineage leukemia 
rearrangement, and hyperdiploid with more than 50 chromosomes. The authors 
also identi� ed another subgroup with a unique genetic signature, the signi� cance 
of which is yet unknown. The same group was able to develop a class discriminator 
that had a diagnostic accuracy of 97% upon reanalysis of their data.46 This gene-
expression pro� le holds great promise in clinical practice, and efforts should be made 
to re� ne the signature for general application. Gene-expression pro� ling is not only 
aimed at better classifying disease entities, but can also lead to the identi� cation of 
novel targets for therapy. For example, mixed-lineage leukemia cells have distinctly 
elevated levels of the receptor tyrosine kinase FLT3, and thereby represent an 
opportunity for targeted therapy. Armstrong et al.55 studied the effect of the small 
molecule inhibitor of FLT3, and showed that it halted tumor progression.
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Gene-expression pro� ling of diffuse large B-cell lymphoma (DLBCL) has allowed the 
categorization of this cancer into groups based on cellular origin;47 in one group the 
gene expression was characteristic of germinal-center B cells (i.e. germinal-center 
B-like DLBCL), whereas the other group consisted of genes normally induced during 
in vitro activation of peripheral blood B cells (i.e. activated B-like DLBCL). Patients 
with germinal-center B-like DLBCL have signi� cantly better overall survival (5-year 
overall survival of 76%) than those with activated B-like DLBCL (5-year overall 
survival of 16%; P <0.01); this knowledge can allow strati� cation of patients for 
clinical management.16 Attempts at validation of these results have shown that the 
BCL6 and HGAL (GCET2) genes are speci� cally expressed in the germinal-center 
B cells and predict overall survival,56 while other differentially expressed genes, such 
as CD10 (also known as MME), do not predict for overall survival.57

In 2004, Lossos et al.58 used information from microarray studies to assess a set 
of six genes that were predictive of outcome in patients with DLBCL using reverse 
transcription polymerase chain reaction (RT-PCR) assays. This is the same group 
that previously de� ned the active and germinal-center B-cell prognostic groups; 
however, in this current study these researchers showed that only two genes from 
the germinal-center B-cell signature—LMO2 and BCL6—and three genes from the 
activated B-cell signature—BCL2, CCND2 and CCL3 (previously named SCYA3)—
had any predictive value.

Prostate cancer
Prostate cancer is an extremely dif� cult disease to judge clinically. The prevalence of 
this cancer is vast, and in men over 80 years of age a prevalence of as high as 80% 
has been reported in autopsy series.59 The majority of these men will die from causes 
unrelated to the cancer itself, indicating that many of these tumors are indolent. The 
introduction of prostate-speci� c-antigen screening has increased the identi� cation 
and therefore the perceived incidence of early-stage prostate tumors, many of which 
are destined to remain indolent. Identifying patients with indolent tumors can spare 
many unnecessary radical treatment and its associated morbidity. Yu et al. studied 
152 prostate tissue specimens, including frozen tissue samples from tumor, adjacent 
non-tumor and donor tissue.49 Using an Affymetrix® platform (Affymetrix, Inc., Santa 
Clara, CA), they analyzed 37,777 probe elements, and, using a combination of 
principal component analysis, supervised hierarchical clustering and 10-fold cross-
validation, they developed a 70-gene expression pro� le predictor of aggressiveness 
with an accuracy of 93%. The results were independently validated in a small group 
of 23 patients.
In the same year, Lapointe et al. studied 121 frozen tissue samples that comprised 62 
cases of prostate cancer, 41 normal tissue specimens, and 9 specimens of lymph node 
metastasis.48 Using a GenePix® platform (Astros Acquisition Sub II, LLC, Sunnyvale, 
CA), they studied 39,711 gene probes and used unsupervised hierarchical clustering 
to analyze the groups. These investigators were able to distinguish malignant from 
normal tissue, and further categorize the malignant tumors into groups based on 
risk of recurrence. They were able to streamline immunohistochemical analysis for 
MUC1 on 225 independent prostate tumors, and showed that elevated levels of 
MUC1 were correlated with aggressiveness of the prostate tumors in the training set 
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and concurrent high risk of recurrence in the independent validation set (P= 0.003).
These data show that gene-expression pro� ling cannot only identify those genes 
that discriminate indolent from aggressive tumors, but can also quickly screen for 
genes of interest, which can be adapted to widely available clinical tests such as 
immunohistochemistry. Although gene-expression pro� ling in prostate cancer is 
possible, it is not yet ready for clinical use as its validation is still lacking.

Carcinoma of unknown primary
The accurate diagnosis and targeted management of patients with (adeno)CUP 
(also called tumors of unknown origin) can sometimes in� uence patient survival. 
Standard histopathological measures are often incapable of solving the problem of 
diagnosing tumors of unknown origin, and this makes CUP a very attractive area 
for gene-expression pro� ling, as this technique could reveal more information about 
the tumor origin and help de� ne suitable treatment options. At present, no literature 
on gene-expression pro� ling using microarrays in CUPs is available, although 
recent studies using Serial Analysis of Gene Expression (SAGE) have been able 
to generate expression patterns that can be used to trace the origin of the tumors. 
Buckhaults et al. used SAGE to select a group of genes that could substantially 
discriminate between tissues of different origins.52 A � ve-gene panel was developed 
that could distinguish between ovarian, breast and colon tumors and pancreatic 
adenocarcinoma, with a predictive accuracy of 81%; this model was validated in 
an independent series of 62 samples using quantitative real-time PCR. One of the 
major problems with SAGE analysis is that huge effort is required to study just one 
sample, thereby limiting the applicability of the technique for clinical use. Companies 
such as Arcturus and Agendia have already established commercially available 
gene-expression pro� les using paraf� n-embedded material, but rigorous scienti� c 
experimentation and validation is required for proper placement of this test in clinical 
practice. It is likely that microarray tests based on microRNAs will be superior to 
those based on mRNA.

Gastrointestinal tumors
The ability to accurately assess a patient’s risk of metastasis can profoundly alter 
clinical management. This statement is especially true for intermediate-stage tumors 
such as colon cancers of Dukes stages B for which treatment options are not clear. 
A patient categorized into a high-risk group can undergo treatment with adjuvant 
systemic therapy (Box 1); patients identi� ed as low risk can be spared the side effects 
of an unwarranted treatment. Eschrich et al. studied 78 colon cancer specimens, 
and developed a 43-gene prognostic classi� er that could predict with 90% accuracy 
the likelihood of survival at 36 months (93% sensitivity; 84% speci� city).44 These 
results hold promise for tailored therapy for individual patients, which is currently not 
possible on a biological level. Unfortunately, we feel that not enough work has been 
done in this important � eld as very few relevant articles can be found in the literature, 
and thus more promising research in this clinically relevant � eld is warranted.
For patients with esophageal carcinoma, lymph-node metastasis is a determinant 
of the therapeutic strategy. Current methods such as CT scanning and endoscopic 
ultrasound, however, do not provide accurate information on patient status. 
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Kan et al.60 studied 28 primary esophageal squamous cell carcinomas and applied 
a supervised classi� cation technique called ‘arti� cial neural networks’ to develop a 
gene signature that showed 86% accuracy in predicting lymph-node metastasis. 
Tamoto et al.61 performed a similar analysis using 36 esophageal tumor specimens. 
These investigators developed a 44-gene signature that was predictive of lymph-node 
metastasis in approximately 90% of cases. Some genes present in this signature 
are known to have a biological role in metastasis. Like many current microarray 
experiments, the differences occur in similar types of studies because of a lack of 
consensus amongst the researchers. For example, in the above-mentioned studies 
in esophageal cancer, one pertinent difference is that Kan et al.60 used normal 
esophageal tissue as a reference RNA, whilst Tamoto et al.61 used tumor tissue. 
An apparent problem with current microarray studies is that the results have been 
obtained from relatively small groups of patients. Studies can have discordant data 
because the sample size in either the study or reference group is too small to allow 
the generation of a classi� cation scheme that represents the biological complexity 
of a tumor.

Breast cancer
Results form gene-expression pro� ling studies for breast cancer are gradually being 
implemented in the clinic. The fact that prognostic factors have been used for the 
last 20 years to guide adjuvant systemic treatment of breast cancer means that 
gene-expression pro� ling can become an important adjunct to the known prognostic 
factors. For breast cancer, three relevant gene-expression pro� les associated with 
prognosis have been identi� ed: a 70-gene classi� er,21, 22 a 21-gene signature,41 and a 
76-gene expression pro� le.42 Table 3 shows the relevant similarities and differences 
between the three signatures. New additional signatures are being developed all the 
time, such as the recently identi� ed signature from Pawitan and colleagues.62

In 2002, a 70-gene prognostic signature was identi� ed by the Netherlands Cancer 
Institute in Amsterdam.21, 22 The investigators initially studied the frozen samples of 
78 tumors on an Agilent® platform (Agilent Technologies, Inc., Palo Alto, CA; 25,000 
probes).21 Using supervised classi� cation, they found that in patients under the age 
of 53 years the expression of a set of 70 genes best correlated to distant metastases 
as a � rst event in node-negative cancer. This 70-gene expression signature was 
subsequently validated in a second partially independent validation series of 295 
breast cancer patients from the same institute.22 For the node-negative patients 
in the validation series, 61 tumor samples overlapped with the training series. 
The 70-gene signature also proved to correlate with the outcome of 144 node-
positive breast cancer patients (10-year overall survival rates for ‘poor’ and ‘good’ 
prognosis signature were 59.5% and 92.0%, respectively).22 This 70-gene signature 
outperformed the traditional clinicopathological features, with a hazard ratio of 4.6 
(95% CI 2.3–9.3, P < 0.001) in a multivariable analysis. A ‘good’ prognosis signature 
was present in 39% of the patients, and was associated with a 94.7% probability 
of freedom from distant metastases in the � rst 10 years, and an overall survival 
of 97.4% independent of nodal status. A ‘poor’ signature was present in 61% of 
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patients, and at 10 years 60.5% of these patients remained free of distant metastasis 
and the overall survival was 74.1%. A gene-expression-pro� ling-based commercial 
test, called MammaPrint®, is offered by Agendia (Amsterdam, The Netherlands).
In 2004, the American National Surgical Adjuvant Breast and Bowel Project (NSABP) 
in cooperation with the company Genomic Health identi� ed a recurrence score 
including 21 genes that quanti� ed the likelihood of distant recurrence in tamoxifen-
treated patients with node-negative, estrogen-positive breast cancer.41 Fixed, 
paraf� n-embedded tumor tissue was assessed and gene-expression measured,63 
resulting in the development of the Oncotype DX® assay (Genomic Health, Inc., 
Redwood City, CA). The list of 21 genes (16 cancer-related genes and � ve controls) 
in this assay and the recurrence-score algorithm were designed by analyzing data 
from three independent preliminary studies involving 447 patients and 250 candidate 
genes identi� ed in earlier (including microarray-based) studies. 

Table 3: Comparison between the three classi� ed expression pro� les: the 70-gene classi� er,21, 22 the 76
gene expression pro� le,42 and the 21-gene signature41. 
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The 16 cancer-related genes were selected based primarily on the correlation of 
their performance with outcome in three trials—one of the trials is the NSABP B-20 
trial, but the other two are not speci� ed.41 Detailed descriptions of how the 16 genes 
were selected are lacking; the weight attributed to each of the 16 genes differs, but 
how the investigators arrived at these different weights has not been described in 
any detail.
To test the prognostic value of the recurrence score, RT-PCR was successfully used 
in 668 paraf� n-embedded tumor blocks out of a larger study population of tamoxifen-
treated patients in the NSABP B-14 study.63 Tumor and patient characteristics in this 
subpopulation were similar to those of the total study population. The patients were 
of all ages and had tumors that were pT1–T2 estrogen receptor (ER)-positive, and 
were treated with tamoxifen. Using this 21-gene recurrence score, 338 patients (51%) 
had a low-risk, 22% an intermediate-risk, and 27% a high-risk pro� le. Multivariable 
analysis showed that the hazard ratio of this recurrence score was 2.81 (95% CI 
1.70–4.64, P < 0.001). Clinicians in the US are using the 21-gene recurrence score 
in clinical practice based on validation studies described on the Genomic Health 
website (www.genomichealth.com). Only one study, however, has been published 
in the literature, and ironically this study failed to validate the recurrence-score 
algorithm.64

In 2005, the Erasmus Medical Centre in Rotterdam in cooperation with the American 
company Veridex identi� ed a signature of 76 genes that could identify node-negative 
breast cancer patients at high risk of distant recurrence who were therefore eligible for 
adjuvant systemic therapy.42 Using a retrospective study design, the Affymetrix chip 
U133A, which contains 22,000 genes, was used on frozen samples of 286 untreated 
node-negative T1–T3/4 breast cancer patients of all ages.42 This prognostic signature 
was identi� ed using a training series of 171 tumors and consists of two separate 
pro� les, one for ER-positive (60 genes) and one for ER-negative (16 genes) breast 
carcinomas. The gene-expression levels were analyzed using the log rank test, and 
validated in an independent set of 115 tumors without any overlap with the training 
set. After 60 months, the distant-metastasis-free survival in the 65% of patients with 
a ‘poor’ pro� le was 53%, and this number dropped to 49% after 80 months. A ‘good’ 
pro� le was observed in 35% of patients, the disease-free survival of whom was 93% 
after 60 months, and 88% after 80 months. After 60 months the patients with a ‘poor’ 
pro� le had an overall survival of 70%; the rate decreased to 63% after 80 months. 
Conversely, for patients with a ‘good’ pro� le the overall survival rates for 60 months 
and 80 months were 97% and 95%, respectively.
Although the 70-gene pro� le from the Amsterdam group and the 76-gene pro� le of 
the Rotterdam group have only three genes in common, most genes are involved 
in the same regulatory pathways. A reason why the overlap between these two 
signatures is small is that different microarray platforms were used (i.e. Agilent® 
and Affymetrix®). Among the differences between these two platforms is the fact 
that different DNA probes are used for the detection of the expression of speci� c 
mRNAs—the Agilent® platform is a dual color hybridization using a reference RNA 
for each sample, whereas the Af� metrix® platform only uses RNA from the tumor 
sample.
There are disadvantages in assessing gene-expression pro� les identi� ed from 
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frozen tumor tissue. First, frozen tumor tissue is not widely available in clinical 
practice, and second, the assay is dif� cult to perform. These factors give the RT-
PCR assay of Genomic Health an advantage over the other assays, since this assay 
can be performed more easily on readily available paraf� n-embedded material. For 
samples that can be analyzed using paraf� n-embedded tumor tissue, validation of 
the prognostic value can be established retrospectively from clinical trial material. 
For tests requiring frozen material, prospective studies are needed for validation. At 
present, the 70-gene signature21, 22 is being used in The Netherlands in the RASTER 
trial (Netherlands Cancer Institute collaboration with the Dutch Health Care Insurance 
Board), and soon the MINDACT trial (TRANSBIG consortium in collaboration with 
the European Organisation for Research and Treatment of Cancer) is expected to 
start using this signature.
All three signatures outperform classical clinicopathological parameters in a 
multivariable analysis, but insuf� cient independent validation has been performed 
to assess the reproducibility of the results.21, 22, 41, 42 It will be interesting to determine 
whether or not the three pro� les categorize patients into the same prognostic groups. 
Although gene-expression pro� ling using microarray technology is very promising, 
there are still issues regarding its clinical applicability, and it is not yet known whether 
these pro� les will genuinely improve the selection of those patients best eligible for 
adjuvant systemic treatment.
A key concern is when these gene-expression-based prognostic classi� ers will 
be ready for clinical use. In the past 15 years there have been hundreds, even 
thousands, of studies attempting to identify novel prognostic factors in breast cancer, 
often employing molecular techniques. The factors used to predict prognosis and 
guide adjuvant treatment in most clinical guidelines are nodal status, tumor size, 
histologic grade, patient age and hormone-receptor status; recently, HER2 status 
has also been included. The reason that none of the factors has been implemented 
in clinical practice is that validation of the prognostic value often failed, and few 
prospective studies were properly planned. It appears that the gene-expression-
based classi� ers are more appealing to clinicians and patients, leading to a pressure 
to implement them in the clinic as soon as possible. Prospective validation of each 
of these classi� ers in suf� ciently large representative patient cohorts, however, is 
required before these tests can be used in the clinic. Premature use of these tests 
could lead to inappropriate advice on adjuvant systemic treatment, resulting in both 
undertreatment and overtreatment of patients with breast cancer.

Future directions
Microarray analysis is a rapidly evolving technology that has yielded enormous 
quantities of data, which are not yet fully understood. Leading scienti� c journals 
require investigators carrying out DNA microarray research to deposit their data in an 
appropriate international database,65 following a set of guidelines (MIAME guidelines, 
or Minimum Information About a Microarray Experiment;2 Table 4). This approach 
offers an opportunity to propose alternative analyses for these data. Michiels et 
al. took advantage of this repository to analyze different datasets from published 
studies of gene expression as predictors of cancer outcome.34 They observed that 
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most molecular signatures and misclassi� cations are unstable, and their main 
conclusion was that the list of genes included in a gene-expression pro� le (based on 
one training set and the proportion of misclassi� cations seen in one validation set) 
depends greatly on the selection of patients in the training sets.

Table 4: Useful websites with URLs for microarray-based research.

With the recognition of the limitations of microarray analysis, but also of the measures 
that can be taken to reduce these limitations, and an understanding of the power of 
this technology, there is no reason why microarrays should not become a useful, if 
not essential, clinical tool. Until optimal gene-expression pro� ling is suitable for the 
clinic, the prognostic value of published microarray results in cancer studies should 
be interpreted with caution.
Technical issues should be addressed before this technology is translated into clinical 
practice. New methods of data analysis will increase the possibility of � nding reliable 
prognostic and predictive pro� les. Reproducibility and quality control are essential 
issues when using this technology as a standard assay in hospitals. In our opinion, 
the best way to improve analysis of microarray data is to start out with a clear study 
objective (e.g. class comparison, class prediction or class discovery study). If a 
prognostic or predictive pro� le is being built (class comparison or prediction), studies 
should be performed with statistical rigor and be reported clearly and with unbiased 
statistics.66 Usage of the REMARK tumor guidelines for reporting of tumor marker 
studies could be a good start.67 Currently, many studies have included only a small 
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number of patients; however, for the future, adequate study size in combination with 
appropriate clinical design, adjustment for known predictors and proper validation 
will yield more reliable results and less overestimation of the predictive value of 
a classi� er.38, 40 These features are essential in order for this highly promising 
technology to move from bench to bedside.
Simon et al. recommend that supervised methods rather than cluster analyses be 
used for class prediction and class comparison studies, as cluster analyses are 
less powerful than supervised methods for distinguishing prede� ned classes, and 
do not provide valid statistical identi� cation of differentially expressed genes.15 If 
cross-validation is being used to estimate the prediction accuracy, the entire model-
building process that includes selection of informative genes should be repeated for 
each cross-validation training set. Even after a successful cross-validation strategy 
is used, independent validation in an unselected patient cohort is indispensable.34 
If a separate dataset is being used for validation, it should be an unselected cohort 
that is suf� ciently large to provide meaningful con� dence intervals for prediction 
accuracy. Inadequate validation leads to the publication of overoptimistic results. 
Finally, the investigators should be urged not to make strong claims about the value 
of new prediction algorithms without comparing them against standard prediction 
methods.

Conclusion
Microarray technology is a very promising and quickly developing area of expertise 
that is leading to the discovery of numerous new signatures in a very short period of 
time. Although the use of gene-expression pro� les in clinical practice is very appealing, 
we should be very cautious in interpreting all the high-throughput data and results 
before we start using any of the identi� ed gene-expression signatures in daily clinical 
practice. Lack of frozen material from patients that are treated has been an important 
limiting factor preventing proper validation of reported gene-expression pro� les. An 
ideal way to solve this problem is by incorporating gene-expression pro� ling into 
prospective randomized clinical trials. With proper validation and standardization of 
the microarray process, we expect that tests based on discoveries through gene-
expression pro� ling will gradually enter the clinic in the next 10 years as an important 
adjunct to current clinical parameters.



37

Technology insight

2

Key points
Gene-expression microarrays are tools that can be used to simultaneously ��
measure the level of gene expression of all genes within a cell
Recent advances in technology and science are propelling microarray-based ��
tests into the forefront of medicine
In the last 5 years, numerous gene-expression pro� les predicting prognosis and ��
response to speci� c therapies for several malignancies have been reported
Current limitations in the technology as well as in the biostatistical methods ��
of analysis of the large quantities of data generated from microarray tests 
predispose the results to misinterpretation
Standardization of protocols and validation of current pro� les will have to ensure ��
that gene-expression pro� les are reliable and reproducible, and therefore ready 
for clinical implementation
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Abstract

Purpose: The 70-gene prognosis signature (van ‘t Veer, Nature 2002) may improve 
the selection of lymph node-negative breast cancer patients for adjuvant systemic 
therapy. Optimal validation of prognostic classi� ers is of great importance and 
we therefore wished to evaluate the prognostic value of the 70-gene prognosis 
signature in a series of relatively recently diagnosed lymph node negative breast 
cancer patients. 

Methods: We evaluated the 70-gene prognosis signature in an independent 
representative series of patients with invasive breast cancer (N=123; <55 years; 
pT1-2N0; diagnosed between 1996 and 1999; median follow-up 5.8 years) by 
classifying these patients as having a good or poor prognosis signature. In addition, 
we updated the follow-up of the node-negative patients of the previously published 
validation-series (Van de Vijver, NEJM 2002; N=151; median follow-up 10.2 years). 
The prognostic value of the 70-gene prognosis signature was compared with that 
of four commonly used clinicopathological risk indexes. The endpoints were distant 
metastasis (as � rst event) free percentage (DMFP) and overall survival (OS). 

Results: The 5-year OS was 82± 5% in poor (48%) and 97±2% in good prognosis 
signature (52%) patients (HR 3.4; 95%CI 1.2-9.6; P=0.021). The 5-years DMFP was 
78±6% in poor and 98±2% in good prognosis signature patients (HR 5.7; 95%CI 1.6-
20; P=0.007). In the updated series (N=151; 60% poor vs. 40% good), the 10-year 
OS was 51± 5% and 94±3% (HR 10.7; 95%CI 3.9-30; P<0.01), respectively. The 
DMFP was 50±6% in poor and 86±5% in good prognosis signature patients (HR 5.5; 
95%CI 2.5-12; P<0.01). In multivariate analysis, the prognosis signature was a strong 
independent prognostic factor in both series, outperforming the clinicopathological 
risk indexes. 

Conclusion: The 70-gene prognosis signature is also an independent prognostic 
factor in node-negative breast cancer patients for women diagnosed in recent 
years.
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Introduction

Adjuvant systemic treatment substantially improves distant metastasis-free survival 
and overall survival in lymph node-negative breast cancer patients.1 It is generally 
agreed upon that patients with poor prognosis bene� t most from this treatment.1,2 
However, it has a wide range of acute and long-term toxicities. Using traditional 
risk indexes it has been estimated that 33 patients are treated to save one life.3 
Therefore, an accurate selection of patients who will bene� t from adjuvant systemic 
treatment is essential. 
The main prognostic factors in breast cancer are axillary lymph node involvement, 
age, tumour diameter and histological grade.4 Clinicopathological risk assessment 
is based on these factors and is used to guide decisions on adjuvant systemic 
treatment. A large number of potential prognostic factors have been investigated 
to predict disease outcome. Even the strongest prognostic factors (e.g. lymph 
node status, tumour diameter and histological grade) are moderately accurate in 
classifying breast tumours according to their clinical behaviour. The Oxford Overviews 
of systemic treatments demonstrate that a signi� cant proportion of patients are long-
term survivors without adjuvant systemic therapy.1,5,6 Furthermore, there are patients 
that will develop metastatic disease despite this treatment. 

Several research groups have recently used gene expression pro� ling to de� ne 
subgroups of tumours associated with good or poor outcome.7-21 One of these gene 
expression pro� les predicting breast cancer recurrence is the 70-gene prognosis 
signature.10 This prognosis signature potentially is a more powerful prognostic 
factor for distant metastases than current used clinicalopathological factors in node-
negative breast cancer patients. Van de Vijver et al. validated this signature in a 
series of 295 breast cancer patients.11 Buyse et al. performed a second international 
validation in 302 patients.19 
To obtain a reliable estimate of the prognostic value of the 70-gene prognosis 
signature, validation in several series is essential. The three objectives of this study 
therefore were: (I) to assess the prognostic value of this prognosis signature in a 
relatively recently diagnosed, representative node-negative breast cancer patient 
series; (II) to evaluate its prognostic value in the initial validation-series after 
expanding the follow-up11; and (III) to compare its prognostic value with commonly 
used clinicopathological risk indexes.

Methods

Patients, tumours and histopathology 
Fresh frozen tumour samples (stored at minus 70°C) and clinical data were collected 
from a consecutive patient series treated at two Dutch centres, the Netherlands Cancer 
Institute-Antoni van Leeuwenhoek Hospital (NKI; Amsterdam) and the Reinier de 
Graaf Hospital (RdGG; Delft) between 1996 and 1999. Patients included (<55 years) 
had received adequate local therapy for early stage breast cancer, de� ned as node-
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negative, tumour diameter pT1-2. Patients with prior malignancies (except basal cell 
carcinomas and cervical dysplasia) or bilateral breast cancers were excluded. 
Hereafter this validation series is referred to as ‘the NKI-RdGG validation series’. 
Institutional approval from the medical-ethical committee of the NKI was obtained for 
conduct of this study. 
Collection of clinical and pathological data, as well as central review of paraf� n-
embedded tumour samples was performed at the NKI blinded to the prognosis 
signature. Histological grade according to the Elston & Ellis method22, oestrogen 
receptor and progesterone receptor (assessed by immunohistochemistry) were 
determined by two experienced breast pathologists (JW and MJvdV). In case of 
discordance between the original pathological examination and central review 
with regard to grade, the examination was performed again by a panel of three 
experienced breast pathologists (JW, MJvdV, JLP) who then agreed on a � nal grade. 
The oestrogen and progesterone receptor were considered positive if 10% or more 
of tumour cells stained positive using an immunohistochemical assay. 

RNA extraction & microarray analysis
A patient’s (good or poor) 70-gene prognosis signature was determined using frozen 
samples. Frozen sections were stained with H&E and analyzed by an experienced 
breast pathologist (MJvdV). Eligible samples had to contain at least 50% tumour 
cells. Thirty-seven patients (24 NKI and 13 RdGG patients) were excluded because 
the percentage of tumour cells was insuf� cient; however, the clinical and pathological 
characteristics of the excluded patients were not signi� cantly different from those in 
the study population (data not shown).  
Details of RNA isolation, microarray analysis and correlation of microarray data with 
the prognosis signature have previously been described.10,11,23 Microarray analysis 
for obtaining the 70-gene prognosis signature (MammaPrint®) was performed at 
Agendia laboratories, a spin-off company of the NKI, blinded to clinical outcome 
data. Agendia’s ‘MammaPrint diagnostic service’ is cleared by the Food and Drug 
Administration as a medical device and is ISO-17025 accredited, utilizing a custom 
designed array chip “MammaPrint®”. This array chip assesses the mRNA expression 
of the 70 genes in triplicate using the Agilent oligonucleotide microarray platform. 

Established clinical risk classi� cation indexes
Hereafter clinicopathological risk is referred to as ‘clinical risk’, which was based 
on data of centrally reviewed tumour samples. Clinicopathological risk indexes 
included: St Gallen guidelines24-28, Nottingham Prognostic Index29-31, Dutch CBO 
guidelines 2004-available at www.oncoline.nl-32,33 and Adjuvant! Online-available at 
www.adjuvantonline.com.34-36 In this study, a moderate or high clinical risk was an 
indication for adjuvant systemic treatment.
According to St Gallen guidelines, a low clinical risk was de� ned as oestrogen and/or 
progesterone positive and all of the following features: tumour size smaller or equal 
to 2 cm, grade 1 (Elston&Ellis), and age equal or above 35 years24-28. All others were 
considered as moderate or high risk.
The Nottingham Prognostic Index (NPI) computes a score using the following 
algorithm: 0.2*size (cm) +grade +nodal status.29-31
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The Adjuvant! Online Software calculates a 10-year survival probability based on the 
patient’s age, tumour size, histological tumour grade, oestrogen receptor status and 
nodal status.34-36 A low clinical risk was de� ned as patients with a 10-years survival 
probability of at least 90%. 
According to the Dutch CBO guidelines 2004, a low clinical risk was de� ned as being 
above the age of 35 years and having a tumour of grade 1 with size less than 30 mm, 
grade 2 and size less than 20 mm, or grade 3 with size 10 mm or less.32,33

Each of the clinical risk indexes was combined with the prognosis signature, resulting 
in groups of patients as clinical low risk-good prognosis signature, clinical low risk-
poor prognosis signature, clinical high risk-good prognosis signature, and clinical 
high risk-poor prognosis signature patients. 

Statistical analysis
Calculations were performed using the S+ (version 6.2) statistical package and SPSS 
(version 14.0 for Windows). The differences in patients and tumour characteristics 
between the 70-gene prognosis signature good and poor patients were tested using 
the Pearson Chi-Square test. In case of ordinal variables (year of diagnosis, age, 
and histological grade) with more than two groups, we tested for trends (using 
Cochran-Armitage test). The level of agreement between the guidelines and the 
prescription of adjuvant systemic treatment was expressed by means of a Cohen’s 
kappa. A kappa of one indicates perfect agreement, where a kappa of zero indicates 
no agreement. The two main endpoints were: time from surgery to distant metastasis 
as � rst event, which was the endpoint used to identify the 70-gene signature10; and 
overall survival, de� ned as time from surgery to death.
In the analysis of distant metastasis, patients whose � rst failure was distant metastasis 
were counted as failures; all other patients were censored at the date of their last 
follow-up, death, contralateral breast cancer, other second primary or loco-regional 
recurrence. P-values have not been corrected for multiple comparisons. 

Metastasis as � rst event
Unadjusted metastasis-free curves were drawn using the method of Kaplan Meier37 
and compared using the Wald test based on Cox’s Proportional Hazard regression 
analysis.38 Values are expressed as percentages ±SE, calculated according to the 
method of Tsiatis.39

Proportional hazard regression analysis was also used to adjust the association 
between the prognosis signature and metastasis for other variables. For this 
adjustment we chose on a-priori grounds the variables used in the four mentioned 
clinical risk assessment methods for the prediction of recurrence. These are age, 
tumour diameter, histological grade and oestrogen receptor status. We added 
adjuvant chemo- and hormonal treatment and clinical risk as well. Categorical 
variables (centre, year of surgery, tumour diameter, Grade and clinical risk) were 
used as factors, using the � rst category as reference. 
Logistic regression analysis was performed to estimate the additional value of the 
70-gene prognosis signature to traditional prognostic clinicopathological risk factors 
(age, tumour size, histologic grade, oestrogen receptor, progesterone receptor, and 
HER2-receptor). The traditional prognostic model, based on the above mentioned 
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prognostic factors, was compared to a new model also including the prognosis 
signature. Time dependent receiver operator characteristic (ROC-) curves were 
computed for both distant metastasis as � rst event and overall survival by using the 
70-gene prognosis signature outcome and the above mentioned prognostic factors.

Update follow-up initial validation series
The follow-up of the 151 node-negative patients of the initial validation series 
was updated until January 2005, blinded to the 70-gene prognosis signature and 
clinical risks.11 The same statistical analyses were performed as described above. 
In the logistic regression analysis only age, tumour size, histologic grade, and 
oestrogen receptor were used as prognostic parameter in the traditional model while 
progesterone receptor and HER2 status were not available for this dataset.

Results

NKI-RdGG validation series
For 123 node-negative invasive breast cancer patients (NKI-RdGG validation series) 
a 70-gene prognosis pro� le was obtained. Patient characteristics are summarized 
in table 1. Median follow-up was 5.8 years (range: 0.1-9.0), mean age was 47 years 
(range: 27-55) and the mean tumour diameter was 20 mm (range: 5-50). Adjuvant 
systemic treatment was administered to 37% (45/123) of the patients; 15% (18/123) 
chemotherapy, 11% (14/123) endocrine treatment and 11% (13/123) both. During 
follow-up 30 cancer-related � rst events occurred [14 distant metastases (47%), 5 
local recurrences (17%), 3 regional recurrences (10%), 4 contralateral breast cancers 
(13%), and 4 second primary cancers (13%; other types of cancer)]. Eighteen patients 
died (17 breast cancer related and 1 due to another cancer).
Fifty-two percent of the patients had a tumour with a good and 48% with a poor 
prognosis signature. The poor prognosis signature was associated with larger 
tumours, a high histological grade, and a negative oestrogen and progesterone 
receptor; these patients received more often adjuvant systemic treatment (table 1). 
In the sub-group of patients that did receive any form of adjuvant systemic treatment 
(45; 37%), 42% (19/45) had a good and 58% (26/45) a poor prognosis signature 
(data not shown).
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Table 1: Relations of clinical and pathological variables with 70-gene prognosis signature in the NKI-
RdGG validation series and the updated initial validation series.
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Clinical risk and prognosis signature
According to the Adjuvant! Online, the NPI, the St Gallen guidelines and Dutch
CBO guidelines 2004 respectively 76%, 51%, 87% and 55% of the patients were 
assessed as moderate or high risk (table 1). In 38% of the patients (47/123; 
kappa 0.25) the clinical risk according to the Adjuvant! Online was discordant with 
the prognosis signature. Six patients (5%) were Adjuvant! Online clinical low risk 
and had a poor prognosis signature; and 41 patients (33%) were clinical high risk 
and had a good prognosis signature (suppl. table 1). If CBO guidelines 2004, St 
Gallen guidelines or NPI were used, respectively in 30% (37/123; kappa 0.40), 41% 
(50/123; 0.21) and 26% (32/123; kappa 0.48) of the patients the risk assessment was 
discordant with prognosis signature. Figures 1A-1D show the Kaplan Meier curves 
with distant metastasis as � rst event and overall survival respectively, for prognosis 
signature and clinical risk using Adjuvant! Online for the NKI-RdGG series. 

Figure 1: Kaplan-Meier Curves of metastasis as � rst event (A, B) and overall survival (C, D) of the 
70-gene prognosis signature (good prognosis signature versus poor prognosis signature) (A, C) and 
Adjuvant! Online (low risk versus high risk)(B, D) in the NKI-RdGG validation series. 

At 5 years, the probability of remaining free of distant metastasis (as � rst event) 
was 98% (SE 2%) for good and 78% (SE 6%) for poor prognosis signature patients 
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with an estimated hazard ratio (HR) of 5.7 (95% CI: 1.6-20; P=0.007; table 2) in the 
univariate analysis. The 5-year overall survival probability was 97% (SE 2%) for 
good and 82% (SE 5%) for poor prognosis signature patients with an estimated HR 
of 3.4 (95% CI: 1.2-9.6; P=0.021). In this series none of the four clinical risk indexes 
did have prognostic power (table 2) for distant metastasis as � rst event or overall 
survival; and neither did the combined clinical risk-prognosis signatures for each of 
the clinical risk indexes (data not shown).

Table 2: Results of univariate analysis with distant metastasis as � rst event and overall survival for 
patients of the NKI-RdGG validation series

Multivariate analysis with clinical risk indexes
The prognostic value of the prognosis signature remained strongly signi� cant in the 
multivariate analysis for distant metastasis as � rst event and overall survival when 
adjusted for the four clinical risk indexes. Its HR with distant metastasis as
� rst event in the univariate analysis was 5.7 and ranged in the multivariate analysis 
from 4.8 to 5.8 dependent on what index was used (table 3A). For overall survival 
the univariate HR was 3.4 and in the multivariate analysis it ranged from 2.7 to 3.3. 
If the performance of these four clinical risk indexes was adjusted for the prognosis 
signature, none of the clinical risk indexes were found to have an independent 
association with distant metastasis as � rst event or with overall survival (table 3B).
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Table 3: Results of multivariate analysis with distant metastasis as � rst event and overall survival. 
Performance of prognosis signature adjusted for prognostic clinical risks in the NKI-RdGG validation 
series (A) and updated initial validation series (C); and performance of other prognostic clinical risk 
indexes adjusted for prognosis signature in the NKI-RdGG validation series (B) and updated initial 
validation series (D).

Logistic regression analysis and ROC curves
In the logistic regression analysis, comparing the traditional prognostic model (based 
on age, tumour size, histologic grade, oestrogen receptor, progesterone receptor, 
and HER2 status) in the presence versus the absence of the prognosis signature, the 
change in log likelihood for distant metastasis was 5.2 (p=0.023). The area under the 
ROC curve (AUC; � gure 2) for the predicted probability in the absence and presence 
of the prognosis signature was 0.66 (95% C.I. 0.50-0.82)
and 0.75 (95% C.I. 0.61-0.89), respectively. The AUC for the prognosis signature 
alone was 0.69 (95% C.I. 0.56-0.82). Although the con� dence intervals overlap there 
appears to be additional value for the model in which the prognosis signature is 
combined with the traditional prognostic factors, as shown by the larger AUC. The 
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ROC curve for overall survival showed that the prognosis signature did not add value 
to the prognostic model as the AUC’s did not differ substantially and 95% con� dence 
intervals overlap almost completely for the different models (� gure 2). The AUC of 
the predicted probability of the model in the absence and presence of the prognosis 
signature were respectively 0.69 (95% C.I. 0.56-0.82) and 0.69 (95% C.I. 0.55-0.84); 
the AUC for the prognosis signature was 0.64 (95% C.I. 0.51-0.77)

Figure 2: Receiver operating characteristic (ROC-) curves of prognosis signature, prognostic factors 
and both for the NKI-RdGG validation series. Prognostic factors used in model were age, tumour size, 
histologic grade, oestrogen receptor, progesterone receptor, and HER2 status for distant metastasis as 
� rst event (left) and overall survival (right).

Updated initial validation series
By updating the median follow-up from 7.3 years to 10.2 years (range: 0.7-21.3), for 
the 151 node-negative patients of the initial validation series11 8 additional deaths 
occurred. During the 10.2 years of follow-up 74 breast cancer-related � rst events 
and 51 deaths (48 breast cancer related and 3 deaths due to other causes) occurred. 
The � rst events were: 48 distant metastases (65%), 8 local recurrences (11%), 6 
regional recurrences (8%), 10 contralateral breast cancers (14%), and 2 second 
primary breast cancers (3%). 
Poor prognosis signature patients in this series were more often high risk patients 
according to the clinical indexes mentioned above than the good prognosis signature 
patients (table 1). 
Using the Adjuvant! Online, NPI, the St Gallen guidelines, and CBO guidelines 
2004, respectively 75%, 56%, 87%, and 63% were at moderate or high risk for 
recurrence. In 34% of the patients (51/151; kappa 0.24), the clinical risk according to 
the Adjuvant! Online was discordant with the prognosis signature. Fourteen patients 
(9%) were Adjuvant! Online clinical low risk and had a poor prognosis signature; 
and vice versa, thirty-seven patients (25%) were clinical high risk and had a good 
prognosis signature. If CBO guidelines 2004, St Gallen guidelines or NPI were used 
respectively 29%, (44/151; kappa 0.38), 32% (49/151; kappa 0.23) and 26% (39/151; 
kappa 0.47) was discordant with the prognosis signature.



53

Validation 70-gene signature

3
Figure 3: Kaplan-Meier curves of metastasis as � rst event (A, B) and overall survival (C, D) of the 
70-gene prognosis signature (good prognosis signature versus poor prognosis signature) (A, C) and 
Adjuvant! Online (low risk versus high risk) (B, D) in the updated initial validation series.

Figures 3A-3D show the Kaplan Meier curves of distant metastasis as � rst event 
and overall survival for the prognosis signature and clinical risk index (Adjuvant! 
Online). At 10 years, the distant metastasis (as � rst event) free survival was 86% 
(SE 5%) for good and 50% (SE 6%) for poor prognosis signature patients with an 
estimated HR of 5.5 (95% CI: 2.5-12, P<0.001; univariate analysis; table 4). The 
estimated 10-year overall survival was 94% (SE 3%) in good and 51% (SE 5%) in 
poor prognosis signature patients with an estimated HR of 10.7 (95% CI: 3.9-30; 
P<0.001; univariate analysis).

In this updated initial validation series the NPI clinical risk had prognostic power for 
both distant metastasis as � rst event and overall survival (table 4). The clinical risk 
using Adjuvant! Online (90%) and Dutch CBO guidelines 2004 only had prognostic 
value for overall survival. The combined clinical risk- prognosis signatures (for each 
of the clinical risk indexes) had a performance in between the clinical risk indexes 
and the prognosis signature (table 4 and data not shown).  The performance of the 
prognosis signature adjusted for the four clinical risk indexes using distant metastasis 
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as � rst event or overall survival remained stable (table 3C). If the performance of these 
clinical risk indexes was adjusted for the prognosis signature, none of the clinical risk 
indexes retained an independent association with distant metastasis as � rst event 
or overall survival (with the exception of the CBO guidelines 2004 regarding overall 
survival; table 3D).  In the logistic regression analysis the traditional prognostic 
model in the presence versus the absence of the prognosis signature, the change in 
log likelihood for distant metastasis was 15.8 (p<0.001). The AUC of the ROC curve 
(� gure 4) for the predicted probability in the absence and presence of the prognosis 
signature was, respectively 0.70 (95% C.I. 0.61-0.79) and 0.76 (95% C.I. 0.68-0.85). 
The AUC for the prognosis signature alone was 0.68 (95% C.I. 0.60-0.77). Although 
the con� dence intervals overlap there appears to be additional value for the model in 
which the prognosis signature was combined with the traditional prognostic factors 
as the AUC was larger. The change in log likelihood for overall survival was 19.7 
(p<0.001) and showed that the prognosis signature adds additional value to the 
prognostic model. The AUC for overall survival of the predicted probability of the 
model in the absence and presence of the prognosis signature were respectively 
0.74 (95% C.I. 0.66-0.82) and 0.82 (95% C.I. 0.75-0.89); the AUC for the prognosis 
signature is 0.74 (95% C.I. 0.66-0.82).

Table 4: Results of univariate analysis with distant metastasis as � rst event and overall survival in the 
updated initial validation series.
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Figure 4: Receiver operating characteristic (ROC) curves of prognosis signature, prognostic factors and 
both for the updated initial validation series. Prognostic factors used in model were age, tumour size, 
histologic grade, and oestrogen receptor for distant metastasis as � rst event (left) and overall survival. 
In both curves the diagonal segments are produced by ties (right).

Discussion

In the NKI-RdGG validation-series of relatively recently diagnosed breast cancer 
patients as well as in the updated initial validation series, the 70-gene prognosis 
signature was a prognostic factor for distant metastasis as � rst event (respectively 
HR 5.7 and 5.5) and overall survival (respectively HR 3.4 and 10.7) in the univariate 
analysis. After adjustment for commonly used clinical risk indexes, the prognosis 
signature remained an independent prognostic factor. In contrast, if the clinical 
risk indexes were adjusted for the prognosis signature, their prognostic value was 
lost. The logistic regression analysis suggests that the prognosis signature would 
have additional value in clinical practice if the traditional prognostic factors would 
be combined with the prognosis signature. The con� dence intervals did overlap, 
probably because of small sample size in both series and relatively short follow 
up in the NKI-RdGG validation series.Buyse et al. had previously con� rmed the 
prognostic value of the 70-gene prognosis signature in the � rst international and 
independent validation study in 2006 (TRANSBIG validation; N= 302; median follow-
up: 13.6 years; suppl. table 3).19 These patients had been selected for not having 
received any form of adjuvant systemic treatment, in order to be able to study the 
true prognostic value not confounded by adjuvant systemic treatment and were 
diagnosed between 1990 and 1998. The HR of the prognosis signature for distant 
metastasis free survival was 2.3 (P=0.002; univariate) and for overall survival it was 
2.8 (P<0.001). Remarkably, in this series classical clinicopathological factors did 
not have prognostic value for distant metastases as � rst event and overall survival 
(univariate analysis); the only exception was the oestrogen receptor (respectively, 
HR 2.2 (95% CI 1.4-3.5; P=0.001) and HR 2.4 (95% CI 1.5-3.7; P<0.001). In our 
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updated initial validation series with comparable follow-up these factors did perform 
as prognostic factors for both distant metastasis and overall survival. The classical 
clinicopathological factors did not have prognostic value in the NKI-RdGG validation 
series. This was probably due to the small number of events in this series. In this 
series 37% of the patients received some form of adjuvant systemic treatment. 
The proportion of poor signature patients (58%) in this treated group was slightly 
larger than the good prognosis signature patients (42%; P<0.01). Interestingly, if we 
assume that the proportional risk reduction of adjuvant systemic treatment is similar 
for both poor and good prognosis signature patients, then the prognostic value of the 
prognosis signature would even have been higher with only untreated patients.
In this validation study only 7% and 5% of the patients with oestrogen-receptor-
negative tumours in the NKI-RdGG and updated initial validation series, respectively, 
had a good prognosis signature. The prognosis signature has less discriminative 
value regarding prognosis in this subgroup. Additional prognostic tests might be 
needed for these patients. 
In breast cancer, two other prognostic gene expression pro� les have been reported, 
the 76-gene signature17,18,20 and the 21-gene recurrence score (Oncotype DX® 
assay)14,15,21. The 76-gene signature identi� ed node-negative breast cancer patients 
at high risk of recurrence. The 21-gene recurrence score quanti� ed the likelihood 
of distant recurrence in tamoxifen-treated patients with node-negative, oestrogen-
receptor positive breast cancer. A recent comparison of the 70-gene signature and 
an estimation of the 21-recurrence score using microarray data suggests that these 
two prognostic signatures identify partly overlapping series of patients.40 
For these promising gene expression pro� les, prospective studies will ultimately 
show that indeed a survival bene� t can be achieved while avoiding unnecessary 
adjuvant systemic treatment. The 70-gene prognosis signature has been used in the 
Dutch RASTER-study (Netherlands Cancer Institute in collaboration with the Dutch 
Health Care Insurance Board)41 and is currently used in the international MINDACT-
trial (TRANSBIG consortium in collaboration with the European Organisation for 
Research and Treatment of Cancer).42 

In conclusion, the results of this representative independent validation of the 70-gene 
signature are in agreement with our previous � ndings11 and those of the TRANSBIG 
validation study19 now also including more recently diagnosed patients. It provides 
evidence that this prognosis signature is an independent prognostic factor in node-
negative breast cancer and outperforms current traditional clinical indexes. Using 
this prognosis signature in addition to the traditional clinical indexes may improve the 
selection of patients bene� ting from adjuvant systemic treatment.
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Summary

Background: A microarray-based 70-gene prognosis signature might improve 
the selection of patients with node-negative breast cancer for adjuvant systemic 
treatment. The main aims of this MicroarRAy PrognoSTics in Breast CancER 
(RASTER) study were to assess prospectively the feasibility of implementation of the 
70-gene prognosis signature in community-based settings and its effect on adjuvant 
systemic treatment decisions when considered with treatment advice formulated 
from the Dutch Institute for Healthcare Improvement (CBO) and other guidelines.
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Methods: Between January, 2004 and December, 2006, 812 women aged under 
61 years with primary breast carcinoma (clinical T1–4N0M0) were enrolled. Fresh 
tumour samples were collected in 16 hospitals in the Netherlands within 1 h after 
surgery. Clinicopathological factors were collected and microarray analysis was 
done with a custom-designed array chip that assessed the mRNA expression index 
of the 70 genes previously identi� ed for the prognostic signature. Patients with a 
“good” signature were deemed to have a good prognosis and, therefore, could be 
spared adjuvant systemic treatment with its associated adverse effects, whereas 
patients with a “poor” signature were judged to have a poor prognosis and should 
be considered for adjuvant systemic treatment. Concordance between risk predicted 
by the prognosis signature and risk predicted by commonly used clinicopathological 
guidelines (ie, St Gallen guidelines, Nottingham Prognostic Index, and Adjuvant! 
Online) was assessed.

Findings: Of 585 eligible patients, 158 patients were excluded because of sampling 
failure (n=128) and incorrect procedure (n=30). Prognosis signatures were assessed 
in 427 patients. The 70-gene prognosis signature identi� ed 219 (51%) patients 
with good prognosis and 208 (49%) patients with poor prognosis. The Dutch CBO 
guidelines identi� ed 184 patients (43%) with poor prognosis, which was discordant 
with those � ndings obtained with the prognosis signature in 128 (30%) patients. 
Oncologists recommended adjuvant treatment in 203 (48%) patients based on Dutch 
CBO guidelines, in 265 (62%) patients if the guidelines were used with the prognosis 
signature, and in 259 (61%) patients if Dutch CBO guidelines, prognosis signature, 
and patients’ preferences for treatment were all taken into account. Adjuvant! Online 
guidelines identi� ed more patients with poor prognosis than did the signature alone 
(294 [69%]), and discordance with the signature occurred in 160 (37%) patients. St 
Gallen guidelines identi� ed 353 (83%) patients with poor prognosis and discordance 
with the signature in 168 (39%) patients. Nottingham Prognostic Index recorded 179 
(42%) patients with poor prognosis and discordance with the signature in 117 (27%) 
patients.

Interpretation: Use of the prognosis signature is feasible in Dutch community 
hospitals. Adjuvant systemic treatment was advised less often when the more 
restrictive Dutch CBO guidelines were used compared with that � nally given after 
use of the prognosis signature. For the other guidelines assessed, less adjuvant 
chemotherapy would be given when the data based on prognosis signature alone 
are used, which might spare patients from adverse effects and con� rms previous 
� ndings. Future studies should assess whether use of the prognosis signature could 
improve survival or equal survival while avoiding unnecessary adjuvant systemic 
treatment without affecting patients’ survival, and further assess the factors that 
physicians use to recommend adjuvant systemic treatment.
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Introduction

In the treatment of patients with lymph-node-negative breast cancer, adjuvant 
systemic treatment decreases the risk of developing distant metastases and death 
by around 50%.[1], [2] and [3] Prognostic factors are used to identify patients at relatively 
high risk of developing distant metastases because those patients bene� t most from 
such treatment. The main clinically used prognostic factors in lymph-node-negative 
breast cancer are age, tumour diameter, and histological grade.4 Several commonly 
used clinicopathological guidelines have been developed on the basis of these 
prognostic factors.5-12 However, these factors do not predict accurately the exact 
clinical behaviour of breast tumours, and therefore, patients can be over-treated or 
under-treated depending on what clinicopathological guidelines are used for advising 
adjuvant systemic treatment. According to one study, as many as 33 patients would 
need to be treated for one patient to remain alive when these clinicopathological 
guidelines are used.13 Therefore, additional factors are needed to guide decisions 
on adjuvant systemic treatment. 

A 70-gene prognosis signature was identi� ed by gene expression pro� ling on 78 
patients with breast cancer selected from the tissue bank of the Netherlands Cancer 
Institute.14 Five of these patients had received some form of adjuvant systemic 
treatment (three patients had received chemotherapy, two patients had received 
endocrine treatment). All patients had been followed up at least annually for at least 
5 years. Patients classi� ed by the prognosis signature as having poor prognosis had 
an odds ratio (OR) of 15 (95% CI 4–56, p<0·0001) to develop a distant metastasis 
within 5 years compared with patients who had good prognosis.14 This signature 
seemed a more powerful prognostic factor for distant metastasis and death than 
current clinicopathological factors, and seemed a strong independent prognostic 
factor in multivariate analysis.14 The prognostic value of this signature was validated 
in three retrospective studies of patients with node-negative breast cancer: Van de 
Vijver and colleagues15 studied the signature in 151 patients (aged <53 years; 40% 
good prognosis signature vs 60% poor prognosis signature); Buyse and co-workers16 
assessed 302 untreated patients (aged <61 years; 37% good prognosis signature vs 
63% poor prognosis signature); and Bueno-de-Mesquita and colleagues17 studied 123 
patients from two Dutch institutes (aged <55 years; 52% good prognosis signature 
vs 48% poor prognosis signature). Van de Vijver’s group showed that the 10-year 
overall survival in patients with lymph-node-negative cancer and poor prognosis 
signatures was 50% (SE 6) versus 97% (SE 2) for patients with good prognosis 
signatures.15 In these three studies, the prognosis signature seemed a strong 
independent prognostic factor in comparison with current clinicopathological factors 
in the multivariate analysis. By use of the prognosis signature, up to 13 patients 
might be treated to save one life; however, whether this modelling13 is accurate is a 
subject of ongoing research. 

A major dif� culty in the technical implementation of the prognosis signature in daily 
clinical practice will be the feasibility of collecting good-quality breast tumour RNA, 
which is necessary for obtaining the prognosis signature. In most hospitals, tumour 
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samples are routinely and directly � xed in formalin and embedded in paraf� n blocks; 
however, storage of tissue in this way results in RNA degradation. 

To evaluate whether the prognosis signature could be suitable for use in clinical 
practice, we undertook the MicroarRAy PrognoSTics in Breast CancER (RASTER) 
study. We aimed to assess: feasibility of implementation of a 70-gene prognosis 
signature as a diagnostic test in community hospitals in the Netherlands; effect of the 
prognosis signature on use of adjuvant systemic treatment; proportion of patients 
with “poor” versus “good” prognosis in a series of unselected patients with node-
negative breast cancer; and concordance between risk predicted by the prognosis 
signature and risk predicted by commonly used clinicopathological guidelines. We 
report here the � ndings of the RASTER study. 

Methods

Patients
Women were enrolled in this study after giving informed consent if they had 
histologically con� rmed unilateral primary operable invasive adenocarcinoma of the 
breast (clinically T1–4N0M0 according to the Tumour, Nodes, and Metastases [TNM] 
staging system, sixth edition) and were aged under 61 years at diagnosis. Exclusion 
criteria were previous history of a malignancy (with exception of basal-cell carcinoma 
or cervical dysplasia) or neoadjuvant systemic treatment. 
By the end of 2004, after accrual of 242 patients, the study coordinators decided to 
change the maximum allowed age to 54 years (ie, <55 years). The study coordinators 
amended the protocol because the prognostic value of the prognosis signature had 
been obtained in patients aged under 55 years, and, at that time, a planned validation 
of the prognostic value in patients aged over 55 years was not yet available. The 
central Investigative Review Board of the Netherlands Cancer Institute approved this 
amendment. However, all patients were included in the analysis reported here. 

Procedures
To participate in this study, hospitals had to have uniformly structured multidisciplinary 
breast cancer care that used standard operating procedures; they had to treat at 
least 100 patients with breast cancer a year, and had to have at least one dedicated 
physician (surgeon, pathologist, or medical oncologist) as a local coordinator. 
Since collection of tumour tissue from surgical specimens by the pathologist for 
obtaining the prognosis signature was not a standard procedure, patients’ permission 
and informed consent before surgery were needed. Therefore, patients were enrolled 
before surgery to ensure permission was obtained. After enrolment, patients received 
surgery as their primary treatment. 
Immediately after the breast tumour was surgically removed, it was stored in a 
container without any preserving solution (eg, formalin), taken to the pathology 
department under supervision of the surgeon, and processed by the attending local 
pathologist. The surgeon, the pathologist, and the assisting staff were trained in 
these procedures. Within 1 h after surgery, a tumour sample was taken by the local 
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pathologist for quality control checks of the RNA in accordance with the guidance 
of the US Food and Drug Administration (FDA) for the assessment of the 70-gene 
prognosis signature (MammaPrint, Amsterdam, Netherlands). For this purpose, 
biopsy punches (6 mm diameter) were distributed by the trial coordinator at the 
Netherlands Cancer Institute to participating pathology departments to ensure 
standardised tumour sampling. The samples were stored by the local pathologist 
directly after its removal in a container with RNAlater (RNA preservation � uid; name 
has since changed to RNARetain; Asuragen, Austin, TX, USA) and sent by regular 
mail to the pathology department of the Netherlands Cancer Institute. Samples from 
patients that were postoperatively eligible for analysis of the prognosis signature 
were sent to Agendia Laboratories, Amsterdam, Netherlands. The samples from 
postoperatively ineligible patients were stored at the pathology department of the 
Netherlands Cancer Institute. Quality checks of the RNA in each sample were 
done routinely at Agendia Laboratories where the prognosis signature test was 
undertaken.18 
After surgery, patients with any of the following were excluded from analysis: node-
positive disease (de� ned as a lymph-node metastasis >2 mm), non-permitted 
histology, less than 50% invasive tumour cells in the sample, or insuf� cient quality 
of tumour RNA.18 
In patients with “non-permitted histology”, the patients were considered to have 
invasive breast cancer before surgery and therefore asked to participate in the 
RASTER study; after surgery and de� nitive pathological examination, the diagnosis 
proved to be different than invasive carcinoma (eg, ductal carcinoma in situ, adenoid 
cystic carcinoma, myoepithelial tumour, or no malignancy). 
The treating physician ascertained patients’ prognoses and corresponding advice 
on adjuvant systemic treatment (chemotherapy [with or without immunotherapy], or 
endocrine treatment [or both]) by use of the Dutch Institute for Healthcare Improvement 
(CBO) guidelines and registered this treatment advice on Clinical Registration Form 
(CRF) 1.5-6 Subsequently, the prognosis signature result was obtained, weighed in 
this treatment decision, and � nal treatment advice was registered on CRF 2. This 
adjuvant systemic treatment advice was discussed with the patient. The patient’s 
preference for treatment was included and the actual adjuvant systemic treatment 
given was registered on CRF 3. Follow-up was obtained annually for all accrued 
patients up to April, 2007. 
Paraf� n-embedded tumour samples were analysed at the pathology department 
of the participating hospitals by pathologists who were blinded to the result of the 
prognosis signature. Histological tumour grade according to Elston and Ellis,19 
oestrogen-receptor status, progesterone-receptor status, and ERBB2-receptor status 
were established by each participating hospital according to locally used methods. 
According to Dutch guidelines, oestrogen and progesterone receptors were deemed 
positive if at least 10% of tumour cells stained positive in immunohistochemical assay. 
Samples were deemed ERBB2-positive if the score was 3+ in immunohistochemical 
assay. If the score was 2+ in immunohistochemical assay and a � uorescent in-situ 
hybridisation result (FISH) was available, the FISH result (positive or negative) was 
used. The initial histopathology data, without central review of paraf� n-embedded 
tumour samples, were used for clinical-risk assessment by the treating physician 
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and in the statistical analysis. 
After tumour samples were received at the Netherlands Cancer Institute, they 
were snap frozen in liquid nitrogen and stored at �70°C. Frozen sections of each 
sample were obtained and stained with haematoxylin and eosin and analysed by an 
experienced breast pathologist (MJvdV or JLP). Eligible samples had to contain at 
least 50% tumour cells. Details of RNA isolation, microarray analysis, and correlation 
of microarray data with the prognosis signature have previously been described. 

14,15,18 Microarray analysis for obtaining the prognosis signature (MammaPrint) was 
done by staff at Agendia Laboratories who were blinded to clinical and pathological 
data. Agendia’s MammaPrint diagnostic service is recognised by the US Food and 
Drug Administration as a medical device and is ISO-17025 accredited with use of 
MammaPrint; this array chip assesses the mRNA expression of the 70 genes in 
triplicate by use of the Agilent (Santa Clara, CA, USA) oligonucleotide microarray 
platform.18 The sensitivity of the 70-gene signature was initially set to allow 9% of 
the patients with poor outcome in the series on which the signature was developed 
to be identi� ed as low risk. In the current study, the cut-off between the “good” and 
“poor” prognosis signatures was the same as that used to � rst identify the prognosis 
signature and in subsequent validation studies. 14-16 
Hereafter, risk assessment by use of clinicopathological factors is referred to as 
“clinical risk”. Clinical risk indexes included: Dutch CBO guidelines,5-6 St Gallen 
guidelines,7 Nottingham Prognostic Index (NPI),8-10 and Adjuvant! Online, www.
adjuvantonline.com, version 8.0).11-12 In this study, a moderate or high clinical risk was 
an indication for adjuvant systemic treatment. Clinical guidelines vary substantially in 
their selection criteria of which patients should receive adjuvant systemic treatment. 
The Dutch CBO guidelines and the NPI are more restrictive in selecting patients 
for adjuvant systemic treatment compared with the other guidelines outlined above. 
The Dutch CBO guidelines are primarily based on the assumption that adjuvant 
chemotherapy is only justi� ed if an absolute survival bene� t of more than 5% at 10 
years can be expected. These guidelines were formally adapted in 2004 and led to 
minor changes in risk assessment for adjuvant systemic treatment. If a patient was 
treated before the adaptation of the guidelines, the risk assessment for adjuvant 
systemic treatment was based on the previous guidelines of 2002.5 In the 2002 
guidelines, low clinical risk was de� ned as age over 35 years, tumour grade 1, and 
smaller than 30 mm, or grade 3 smaller than 10 mm. For tumours smaller than 30 mm 
and of grade 2, low risk was de� ned as fewer than 13 mitotic � gures every 2 mm2. If 
a patient’s risk assessment for treatment was done after this adaptation, the adapted 
2004 guidelines were used.6 According to these 2004 guidelines, low clinical risk 
was de� ned as age over 35 years, tumour of grade 1 and 30 mm or smaller, grade 
2 and smaller than 20 mm, or grade 3 and 10 mm or less. Additionally, age of 35 
years or under with grade 1 tumour of 10 mm or less was deemed low risk. All other 
patients aged 35 years or under were deemed high risk. Notably, in the Dutch CBO 
guidelines, adjuvant endocrine treatment is advised only in clinically high-risk patients 
with hormone-receptor-positive tumours in combination with chemotherapy. 
According to the St Gallen guidelines, low clinical risk was de� ned as oestrogen-
receptor positive or progesterone-receptor-positive status (or both) and all of these 
criteria: tumour size of 2 cm or smaller, grade 1, and age 35 years or over.7 All 
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others tumours were deemed to be associated with a moderate or high risk of 
distant metastasis and death. The NPI computes a score with the algorithm: 0·2*size 
(cm)+grade+nodal status. A moderate or high risk was de� ned as a score greater 
than 3·4.8-10 The Adjuvant! Online software calculates a 10-year survival probability 
based on the patient’s age, tumour size, tumour grade, oestrogen-receptor status, 
and nodal status.[11-12] Patients were assigned to a high clinical risk if their 10-year 
survival probability was less than 90%, as estimated by Adjuvant! Online software. 
Institutional approval for this study was obtained centrally from the Institutional 
Review Board of the Netherlands Cancer Institute, and locally from the Institutional 
Review Boards of the participating hospitals. This prospective feasibility study is 
registered on the International Standard Randomised Controlled Trial Register, 
number ISRCTN71917916. All patients gave written informed consent. The analyses 
reported here were done (JMBdM, SCL, MJvdV and HvT) centrally at the Netherlands 
Cancer Institute. 

Statistical analysis
Calculations were done by use of SPSS (version 14.0). Differences between the 
groups of interest were tested with the Pearson �2 test. Ordinal variables (age, 
pathological T stage of TNM, histological grade, and nodal status) with more than 
two groups were tested for trends (by Cochran-Armitage test). A signi� cant � nding 
was de� ned as p value lower than 0·05. Level of agreement between clinical-risk 
assessment and prognosis signature was expressed by means of a Cohen’s kappa. 
A kappa of one suggests perfect agreement, and a kappa of zero suggests no 
agreement. 

Role of the funding source
This study was � nancially supported by the Dutch Health Care Insurance Board. 
The funding source had no role in the study design, data collection, data analysis, 
data interpretation, in writing the report, or in the decision to submit for publication. 
JMBdM, HvT, MJvdV, and SCL had access to all of the raw data. JMBdM, MJvdV, 
and SCL had � nal responsibility for the decision to submit for publication. 

Results

812 patients were enrolled in the 16 participating Dutch hospitals between 2004 
and 2006. After exclusion of preoperative and postoperative non-eligible patients 
(19 protocol violations, 182 patients had node-positive cancer, and 26 patients had 
histology that was not permitted; � gure 1), 585 (72%) eligible patients remained. 
Of these patients, another 158 patients were excluded because of sampling failure 
(128 patients) and incorrect procedure (30 patients). In 427 of the 585 (73%) eligible 
patients, prognosis pro� les were obtained.
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Figure 1: Patients enrolled, excluded, and tested for the 70-gene signature
DCIS=ductal carcinoma in situ. Note: Tumour too small for biopsy means that if a tumour sample had 
been taken to obtain a 70-gene prognosis signature, too little tumour tissue would remain for standard 
pathological examination.

Mean age of eligible patients was 48 years (median 49; SD 7; range 27–60) and 
mean tumour diameter was 17 mm (median 15; SD 8; range 2–80). We did not note 
any difference in age between eligible patients for whom a prognosis signature was 
or was not obtained (webtable 1). By contrast, the mean diameter (SD) was larger in 
patients for whom the prognosis signature could be obtained (17 mm [8] vs 14 mm 
[8]), and tumour was more often grade 3 (136 of 427 [32%] vs 37 of 158 [23%]). 
Patient and tumour characteristics of the 427 patients in whom a prognosis signature 
was assessed are summarised in table 1. Median follow-up was 14 months (range 
0·3–36·4). During follow-up, ten � rst events occurred consisting of three regional 
recurrences, � ve distant metastases as � rst event, one contralateral breast cancer, 
and one second primary malignancy (bronchoalveolar carcinoma).
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Table 1: Characteristics of patients and tumours in the analysis of the 70-gene prognosis signatures.
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219 of the 427 (51%) patients in this series had a good prognosis signature and 208 
(49%) patients had a poor prognosis signature. Table 1 shows the association of the 
70-gene prognosis signature with clinical and pathological characteristics. A good 
prognosis signature was infrequently noted in oestrogen-receptor-negative tumours 
(3 of 85 [4%] patients), in grade 3 tumours (16 of 136 [12%] patients), and in ERBB2-
positive tumours (9 of 48 [19%] patients). By contrast, poor prognosis signatures 
were not often found in grade 1 tumours (15 of 87 [17%] patients) and lobular breast 
carcinomas (9 of 47 [19%] patients). According to the Dutch CBO guidelines, 184 of 
427 (43%) patients were at high risk; Adjuvant! Online, 294 of 427 (69%) patients; 
the NPI, 179 of 427 (42%) patients; and the St Gallen guidelines, 353 of 427 (83%) 
patients. 
Clinical risk was discordant with the prognosis signature for 128 patients (30%; kappa 
0·398) according to the Dutch CBO guidelines; 160 patients (37%; kappa 0·258) 
according to Adjuvant! Online; 117 patients (27%; kappa 0·450) according to the NPI; 
and 168 patients (39%; kappa 0·226) according to the St Gallen guidelines (table 2). 
We would like to emphasise that these comparisons between clinicopathological 
risk assessment and prognosis signature risk assessment are theoretical and are 
based on the fact that only one of the risk-assessment methods would be chosen for 
use. These comparisons show that for about one-third of the patients, the patients 
identi� ed as high risk differed when the clinical-risk pro� le and the prognosis-
signature-risk pro� le were compared. This amount of discordance was similar to 
the amount of discordance between � ndings from the clinical guidelines used in this 
paper (which varied between 7–40%; data not shown). 

Table 2: Discordances between 70–gene prognosis pro� le and risk assessment according to other
clinicopathological risk indexes.
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According to the Dutch CBO guidelines, 184 of 427 (43%) patients were at clinical 
high risk and 243 of 427 (57%) were at clinical low risk (table 3). Based on these 
guidelines, the oncologist recommended adjuvant systemic treatment for 203 patients 
(48%), chemotherapy for 71 patients (16%), endocrine therapy for 17 patients (4%), 
and both for 115 patients (27%; table 3 and � gure 2); these recommendations were 
registered on CRF1. In 26 of 427 (6%) patients, more adjuvant systemic treatment 
was advised than theoretically needed according to the Dutch CBO guidelines. 
In 11 of 427 (3%) patients, less adjuvant systemic treatment was advised than 
theoretically needed according to the Dutch CBO guidelines (table 3). Therefore, the 
oncologist’s treatment advice was compliant with clinical Dutch CBO guidelines in 
390 of 427 (91%) patients. If the clinical risk and the prognosis signature were taken

Table 3. Adjuvant systemic treatment advice formulated with the Dutch CBO guidelines (CRF 1)

into account (table 4 and � gure 2), the oncologist recommended adjuvant systemic 
treatment for 265 of 427 (62%) patients, chemotherapy for 80 (19%) patients, 
endocrine treatment for 46 (11%) patients, and both for 139 (33%) patients; these 
recommendations were registered on CRF 2 and show that 62 more patients (15%) 
were recommended for treatment on CRF 2 than on CRF 1.

Table 4: Adjuvant systemic treatment advice formulated with the Dutch CBO guidelines and prognosis 
signature (CRF 2).
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Figure 2: Adjuvant systemic treatment recommendations 
(A) For all patients (n=427); (B) patients in whom the clinical risk based on Dutch CBO guidelines was 
concordant with the prognosis signature based risk (n=299); and (C) patients in whom the two methods 
of risk assessment were discordant (n=128).

If clinical risk, prognosis signatures, and patients’ preferences for treatment were 
all taken into account, adjuvant systemic treatment was actually given in 259 of 
427 (61%) patients and registered on CRF 3: chemotherapy in 77 (18%) patients, 
endocrine treatment in 57 (13%) patients, and both given in 125 (29%) patients (table 
5 and table 6, and � gure 2). 56 (13%) patients had more adjuvant systemic treatment 
than the 203 (48%) patients who had initially been advised and registered on CRF 
1 based on only the Dutch CBO guidelines (table 4, table 5 and table 6). Overall, 83 
(19%) patients received another adjuvant systemic treatment when the combined 
Dutch CBO guidelines, prognosis signature � ndings, and patients’ preference for 
treatment (CRF 3) were used compared with treatment advice based only on the 
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Dutch CBO guidelines registered on CRF 1 (table 6). 
As shown in � gure 2, in patients for whom the risk assessment and 70-gene prognosis 
signature gave concordant � ndings, advice on adjuvant systemic treatment remained 
the same. Consequently, the increase in adjuvant systemic treatment was mainly 
noted in patients for whom the risk according to the clinical Dutch CBO guideline was 
discordant with that according to the prognosis signature (n=128; � gure 2). Based 
on the risk according to the clinical Dutch CBO guidelines, some form of adjuvant 
systemic treatment was advised for 61 (48%) of these patients, chemotherapy for 
� ve (4%) patients, endocrine treatment for six (5%) patients, and both for 50 (39%) 
patients (webtable 2).

Table 5: Adjuvant systemic treatment advice formulated with Dutch CBO guidelines, prognosissignature, 
and patients’ treatment preference (CRF 3).

Table 6:Treatment advice of the Dutch CBO guidelines (CRF 1) versus actual treatment given (CRF 3)

As shown in � gure 2, in patients for whom the risk assessment and 70-gene prognosis 
signature gave concordant � ndings, advice on adjuvant systemic treatment remained 
the same. Consequently, the increase in adjuvant systemic treatment was mainly 
noted in patients for whom the risk according to the clinical Dutch CBO guideline was 
discordant with that according to the prognosis signature (n=128; � gure 2). Based 
on the risk according to the clinical Dutch CBO guidelines, some form of adjuvant 
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systemic treatment was advised for 61 (48%) of these patients, chemotherapy for 
� ve (4%) patients, endocrine treatment for six (5%) patients, and both for 50 (39%) 
patients (webtable 2). If the Dutch CBO guidelines, prognosis signature � nding, and 
patient’s preference for treatment were all considered, 114 of the 128 (89%) patients 
actually received adjuvant systemic treatment, 11 (9%) received chemotherapy, 40 
(31%) patients received endocrine treatment, and 63 (49%) received both (webtable 
2). Compared with CRF 1, the decision to use adjuvant systemic treatment was 
changed in 69 of 128 (54%) patients, which resulted in an increase of 19 (4%) patients 
receiving chemotherapy and 47 (37%) patients receiving endocrine treatment. 

Discussion

The � ndings of this study show that implementation of the 70-gene prognosis 
signature as a diagnostic test is feasible in community hospitals in the Netherlands. 
Postoperatively, 208 of the 812 (26%) patients were excluded, mainly because of 
lymph-node metastases (182 of 208). Generally, 30% of the invasive breast cancers 
are node-positive and 70% are node-negative. Only a small proportion of the patients 
are already clinically node-positive (about 10%) before surgery. Consequently, a large 
proportion of the patients who are clinically node-negative are deemed to be node-
positive after surgery and pathological assessment of the lymph nodes (around 20%). 
In our study, 22% of patients were node-positive after surgery, as expected. The 
remaining 3% of patients were excluded because of histology that was not permitted 
(eg, ductal carcinoma in situ without invasion), which can be assessed only after 
pathological assessment of the surgical specimen. In future, these exclusions could 
be prevented by collecting frozen tumour samples from all patients with breast cancer 
as a standard clinical procedure. In that way, the need for a prognosis signature can 
be assessed postoperatively when the patient’s pathological tumour characteristics 
are known, thereby preventing unnecessary logistical dif� culties. Furthermore, more 
emphasis on adequate sampling of tumours during pathological assessment could 
decrease the number of tumours with a low tumour cell percentage. 

At the start of the RASTER study, 35 patients aged 56–60 years were included before 
the amendment of protocol at the end of 2004 to lower the upper age limit to 55 years. 
However, because the number of patients aged 55–61 years only represented 8% 
(35 of 427 patients) of the whole study population, we did not undertake sub-group 
analyses to assess the effect of inclusion of these 35 patients on our study � ndings. 

Prognosis signatures were obtained for 427 (73%) eligible patients. This proportion 
could be improved by optimising the required logistics; however, low tumour- cell 
percentage in specimens and insuf� cient RNA quality cannot always be avoided. 

Of the tumours assessed (427 patients), 49% showed a good prognosis signature and 
51% showed a poor prognosis signature. This � nding con� rms previous � ndings.17 We 
noted discordance between the prognosis signature and the clinical risk assessment 
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in about one-third of patients, regardless of the clinical risk index used. When the 
prognosis signature was used in combination with the Dutch CBO guidelines for 
adjuvant systemic treatment decisions, adjuvant systemic treatment would have 
been advised in 56 (13%) additional patients, chemotherapy in six (1%) additional 
patients, endocrine treatment in 40 (9%) additional patients, and both in ten (2%) 
additional patients compared with use of the Dutch CBO guidelines alone (table 6). 
These increases were mainly caused by 12% more (50 of 427 patients) receiving 
endocrine treatment (54 [13%] had endocrine treatment added, and four [1%] had 
endocrine treatment withheld). Chemotherapy was added in 35 (8%) patients and 
withheld in 19 (4%) patients (net 16 (4%) patients had more chemotherapy). 

The original purpose of the research project was to improve selection of patients at 
very low or high risk of developing distant metastases, thereby optimising advice on 
adjuvant systemic treatment. Clinical guidelines differ substantially in such advice. 
The Dutch CBO guidelines are restrictive in the recommendation of adjuvant systemic 
treatment (endocrine and chemotherapy) compared with the Adjuvant! Online and St 
Gallen guidelines. 

Initially, based on the validation by van de Vijver and colleagues,15 we expected 
that less chemotherapy would be advised if the prognosis signature was used in 
clinical practice. In our study, more patients received adjuvant systemic treatment; 
this was mainly endocrine treatment (12% of patients) and chemotherapy (only 4% 
of patients). These � ndings can be explained by the fact that Van de Vijver and 
co-workers used the St Gallen guidelines to estimate the effect of the prognosis 
signature on decisions on use of adjuvant systemic treatment. The St Gallen 
guidelines classi� ed 83% of the patients in our current study as clinically high risk, 
whereas the more restrictive Dutch CBO guidelines classi� ed 43% as clinically high 
risk. If the prognosis signature was used, 49% of the patients would be classi� ed 
as having poor prognosis. This prediction would have resulted in less treatment if 
the St Gallen guidelines had been used, but more adjuvant systemic treatment in 
comparison with the Dutch CBO guidelines. 

Overall, in comparison with all risk assessment tests, in about one-third of the patients 
the clinicopathological risk assessment was discordant with the prognosis signature. 
For 19% of patients, systemic adjuvant treatment management differed between that 
recommended by the Dutch CBO guidelines and that actually given based on the 
prognosis signature, Dutch CBO guidelines, and patients’ preferences. This � nding 
might result in improved selection of patients and survival outcome, as has been 
shown in retrospective studies.[15-17] Furthermore, this study does not show how we 
should combine the prognosis signature with traditional prognostic and predictive 
factors to give advice on adjuvant systemic treatment. Also, we do not know yet the 
exact predictive value of the prognosis signature. The MINDACT-trial (TRANSBIG 
consortium in collaboration with the European Organisation for Research and 
Treatment of Cancer) in which the prognosis signature is prospectively studied, is 
currently underway and will provide � ndings on the exact prognostic and predictive 
value of the prognosis signature.20 
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This study shows that in patients with oestrogen-receptor-negative tumours, only 4% 
have a good prognosis signature. In view of this, the use of the prognosis signature 
is not needed to classify oestrogen-receptor-negative tumours as poor prognosis 
because the likelihood of a good prognosis signature is very low. Obviously, the 
prognosis signature has less discriminative value regarding prognosis in this subgroup. 
Additional prognostic tests might be needed for these patients. The performance 
of the 76-gene prognosis signature would be interesting in this respect.21 ERBB2-
gene ampli� cation is an adverse prognostic factor; however, we know that not all 
ERBB2-positive tumours will develop distant metastases after adequate locoregional 
treatment only.22-23 In our study, 19% of the ERBB2-positive tumours had a good 
prognosis signature. The need for chemotherapy and trastuzumab in this subgroup 
of patients needs to be studied. 

Worldwide, many patients with node-negative breast cancer and oestrogen-receptor-
positive tumours receive adjuvant hormonal treatment. Often, prognostic tests are 
used to decide which patients should also receive adjuvant chemotherapy. However, 
over 70% of patients with node-negative breast cancer are treated successfully 
without any adjuvant systemic treatment. Tests that improve the selection of patients 
who will bene� t from adjuvant systemic treatment (including hormonal treatment) are 
needed urgently for optimum individualised treatment of breast cancer.13 The clinical 
research community will have an important role in this process by freezing and storing 
breast cancer tissue, enabling the generation of prognostic (and predictive) gene-
expression pro� les. The RASTER-study reported here has shown that this process 
is possible in large numbers of hospitals. 

The 21-gene recurrence score (Oncotype DX assay) is another prognostic gene-
expression pro� le and quanti� es the likelihood of distant recurrence in patients 
treated with tamoxifen who have node-negative, oestrogen-positive breast cancer 
with paraf� n-embedded material.24-27 The TAILORx (Trial Assigning IndividuaLized 
Options for Treatment) trial will assess whether genes that are frequently associated 
with risk of recurrence for women with early-stage breast cancer can be used to 
assign patients to the most appropriate and effective treatment. Comparison of the 
prognostic value of the 70-gene prognosis signature studied here and the 21-gene 
recurrence score would be useful, as would assessment of their performances in a 
patient series. 

Another interesting question is why did some physicians choose not to base their 
treatment decisions on the prognosis signature when the risk assessment was 
discordant between the Dutch CBO guidelines and the prognosis signature? 
Additionally, would patients’ knowledge of their prognosis signatures affect their 
decisionmaking? We are currently studying these behavioural analyses and � ndings 
will be published later in a separate report. 

A pilot for a formal cost-effectiveness analysis has not been done in the RASTER-
study. However, this analysis is planned in conjunction with the MINDACT (Microarray 
In Node negative Disease may Avoid ChemoTherapy) trial. 
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The implementation of the 70-gene prognosis signature is feasible in Dutch 
community hospitals. The fact that frozen tissue is needed to undertake this test is 
not an obstacle for clinical use, as has been shown in this study. The most important 
question remains whether the prognosis signature studied here will avoid unnecessary 
adjuvant systemic treatment without compromising overall patient survival. We 
expect that for optimum use of adjuvant systemic treatment, the prognosis signature 
should be integrated with current clinicopathological risk assessments. 
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Webtable 1: Comparison of eligible patients (n=585) with (n=427) and without (n=158) 70-gene 
prognosis signatures

Webtable 2: Adjuvant systemic treatment advice for patients for whom Dutch CBO guidelines were 
discordant with � ndings of the prognosis signature result (n=128)
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Refl ection & Reaction

Are gene signatures better than traditional clinical factors?

Neven P, Van Belle V, Brouckaert O, Pintens S, Paridaens R, Christiaens MR, et al. 
Are gene signatures better than traditional clinical factors? The Lancet Oncology 
2008 Mar; 9(3):197-8.

&

Are gene signatures better than traditional clinical factors? – Authors’ reply

Linn SC, Bueno-de-Mesquita JM, van de Vijver MJ. Are gene signatures better 
than traditional clinical factors? - Authors’ reply. The Lancet Oncology 2008 
Mar;9(3):198-9.

Re� ection & Reaction to:
Jolien M Bueno-de-Mesquita, Wim H van Harten, Valesca P Retel, et al. Use of 70-gene 
signature to predict prognosis of patients with node-negative breast cancer: a prospective 
community-based feasibility study (RASTER). The Lancet Oncology, 2007 December; 8(12): 
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Are gene signatures better than traditional clinical factors?

Patrick Neven, Vanya Van Belle, Olivier Brouckaert, Saskia Pintens, Robert 
Paridaens, Marie-Rose Christiaens, Karen Deraedt, Philippe Moerman

Multidisciplinair Borstcentrum and Gynaecologische Oncologie, Leuvens Kanker Instituut, UZ 
Leuven, B-3000 Leuven, Belgium 

In a recent Article in The Lancet Oncology, Bueno-de-Mesquita and colleagues 
assessed concordance between the 70-gene prognostic signature and commonly 
used clinicopathological indices in 427 patients with lymph-node-negative breast 
cancer from 16 hospitals in the Netherlands.1 Overall, discordance between the 70-
gene prognostic signature and any of the assessed clinical risk indices was noted in 
about one-third of patients. Although the Nottingham Prognostic Index (NPI) scored 
best of the indices studied, the 73% concordance rate with the 70-gene prognostic 
signature clearly shows that there is a need for improvement. 

We disagree with the researchers’ opinion that their � ndings relate to all node-negative 
breast cancers, and explain here why the data from the study by Bueno-de-Mesquita 
and co-workers might only relate to the subgroup of moderately differentiated (grade 
2) tumours. On the basis of the NPI de� nition, all grade 1 tumours in this study were 
in the low NPI risk group and all grade 3 lesions were in the moderate or high NPI risk 
group.1 Concordance between NPI and the 70-gene prognostic signature in grade 
1 and grade 3 lesions was high (192 of 223 [86·1%] patients; kappa=0·7085 [95% 
CI 0·6135–0·8035]). By use of the NPI guidelines, only 15 of 223 (6·7%) patients 
would have been undertreated and only 16 of 223 (7·2%) patients would have been 
overtreated. The remaining 204 patients had grade 2 lesions and were distributed 
between low risk (n=161; pT1, grade 2 lesions) and moderate or high risk (n=43; 
pT2, grade 2 lesions) groups on the basis of tumour size. In this way, we were able 
to assess concordance between � ndings for the NPI risk index and the 70-gene 
prognostic signature for grade 2 lesions separately from those for grade 1 and grade 
3 lesions (table). 

Table: Grade 1 and 3 and grade 2 breast cancers assessed by NPI and the 70-gene signature.



90

Who needs adjuvant systematic treatment

5

Our � ndings suggest that grade 2 lesions rather than grade 1 or 3 lesions are 
responsible for the poor concordance between NPI and the 70-gene prognostic 
signature that was noted in the study by Bueno-de-Mesquita and colleagues for the 
entire group because only 103 of 161 (64·0%) patients with a pT1 lesion and 28 of 43 
(65·1%) patients with a pT2 lesion had a good prognosis according to � ndings with 
the 70-gene signature. About one in � ve of patients with grade 2 breast cancers (28 
of 131) that had a good prognosis according to the 70-gene signature were classi� ed 
as high risk by the NPI guidelines. By contrast, about 80% (58 of 73) of grade 2 
breast cancers with a poor prognosis according to the 70-gene signature were 
classi� ed as low risk by the NPI guidelines, which might indeed lead to substantial 
undertreatment. The kappa statistic for discordant � ndings con� rms this observation 
(kappa=�0·0091 [�0·1370–0·1188]). We conclude that � ndings by use of the NPI 
guidelines compare fairly well with those from use of the 70-gene signature for grade 
1 or grade 3 tumours, but not for grade 2 lesions. Furthermore, tumour size, at 
least on its own, does not differentiate between a good and poor prognostic 70-
gene signature in patients with early node-negative breast cancer of an intermediate 
tumour grade. 
Histological grade 2 tumours have a heterogeneous gene-expression pro� le that 
differs to that seen in grade 1 and grade 3 tumours.2 Other researchers have suggested 
that gene-expression pro� les speci� c for histological tumour grades can be used as 
a substitute for, or to complement, histological grade alone that is currently used in 
the NPI.2 This is of particular importance given that pathologists and institutions often 
differ in their assessment of histological tumour grading of breast cancers.3

The prognostic value of NPI in lymph-node-negative breast cancer might be further 
improved when other markers—such as vascular-space involvement—are combined 
into the index.4 Researchers have also shown that panels of proteins assessed by 
immunohistochemistry—such as Bcl-2, vascular endothelial growth factor, and Ki-
67—might be useful to improve the accuracy of the NPI.5-7 Additionally, early relapse 
in patients with breast cancer depends on increased expression and ampli� cation 
of steroid-receptor and ERBB2.8,9 In our own database at the University Hospital 
of Leuven (Leuven, Belgium), where new patients with breast cancer have been 
registered since January, 2000, 30 of 573 women with grade 2 node-negative breast 
cancer had a relapsed after a mean follow-up of 3·5 years (median 3·47 [range 0·06–
6·64]; data not shown). In these grade 2 breast cancers, an early event (relapse) 
was three times more likely in those patients with a ERBB2-ampli� ed tumour than 
in those patients with an oestrogen-receptor (ER)-positive, progesterone-receptor 
(PR)-positive, and ERBB2-negative lesion (4 of 27 [14·8%] patients vs 26 of 546 
[4·8%] patients; p=0·055 [�2]). However, the number of early events in each group 
were too small to reliably use the log-rank assess to further test the time to events. 
Although ERBB2 overexpression as an early prognostic marker might be affected 
by adjuvant treatment with trastuzumab, interestingly, nine of 48 (18·8%) ERBB2-
ampli� ed breast cancers in the Bueno-de-Mesquita study were classi� ed by the 70-
gene signature in the good-prognosis group. 
Therefore, we urge the Dutch researchers not only to centrally review data for all 
204 patients with grade 2 lesions for consistency in tumour grading, because some 
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individuals might be reclassi� ed on the basis of conventional assessments, but also 
to combine traditional clinical factors with immunohistochemical expression of ER, 
PR, and ERBB2, and other surrogate markers of proliferation, such as Ki-67. This will 
optimise the value of the traditional clinical prognostic markers.10 For now, whether 
microarray gene-expression pro� ling for breast-cancer prognosis is better than an 
optimised panel of clinical, objectively measured, prognostic markers remains an 
open question. 

The authors declared no con� icts of interest. 
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Are gene signatures better than traditional clinical factors?
Authors’ reply

Sabine C Linna, Jolien M Bueno-de-Mesquitab and Marc J van de Vijver b

a Department of Medical Oncology and b department of Pathology, Netherlands Cancer 
Institute, 1066 CX Amsterdam, Netherlands

Neven and co-workers emphasise in their letter that � ndings with use of the 70-gene 
prognostic signature and Nottingham Prognostic Index (NPI) are mainly discordant 
for patients with histological grade 2, node-negative breast cancers. These data 
are, of course, in agreement with our � ndings. As can be seen from table 1 in our 
original article,1 the 70-gene prognostic signature adds more prognostic information 
to the histological grade-2 subgroup and to the oestrogen-receptor-positive breast 
cancers than to other categories. Neven and colleagues state that only 6·7% would 
be undertreated and 7·2% overtreated with use of the NPI instead of the 70-gene 
signature. They calculated these percentages by dividing the number of patients with 
low NPI risk and poor prognosis according to the 70-gene signature (n=15) or those 
with high NPI risk and good prognosis according to the 70-gene signature (n=16) by 
the number of grade 1 and grade 3 tumours combined (n=223). However, we propose 
that these calculations should be done for grade 1 and grade 3 tumours separately, 
resulting in 17% (15 of 87) undertreatment for patients with grade 1 tumours and 
12% (16 of 136) overtreatment for patients with grade 3 tumours. Based on these 
numbers, we suggest that use of the 70-gene prognostic signature might also provide 
substantial additional information for patients with grade 1 and 3 tumours, albeit the 
� ndings are less informative than in the group with grade 2 tumours. 

We agree with Neven and colleagues that the accuracy of histological tumour grading 
is affected by large inter-observer (and potentially also intra-observer) variations, 
especially when distinguishing grade 1 tumours from grade 2 tumours, and grade 2 
tumours from grade 3 tumours. We are currently studying inter-observer variations in 
histological grade, scoring of oestrogen-receptor expression, progesterone-receptor 
expression, and ERBB2 expression for all patients from the 16 participating centres 
enrolled in the RASTER (MicroarRAy prognoSTics in Breast CancER) study and are 
comparing the original assessments for these parameters with � ndings obtained at 
central review at the Netherlands Cancer Institute. 

Finally, Neven and colleagues ask whether the 70-gene prognostic signature is 
any better than traditional clinical prognostic markers. The RASTER study was a 
feasibility study assessing the use of the 70-gene prognostic signature in community 
hospitals and was not designed to answer this important question. The MINDACT 
trial (Microarray in Node-Negative Disease may Avoid Chemotherapy trial), which 
is currently recruiting patients, has the optimum design to answer this question in 
a prospective setting. Meanwhile, we can only make some general comments on 
this issue. A major problem with traditional clinical prognostic markers is a paucity of 
standardisation in the techniques used to assess these factors, most notably for the 



93

Refl ection & Reaction

5

histological grading. In the original Nature publication,2 most of the well-established 
prognostic factors mentioned by Neven and colleagues have been assessed in 
various multivariate models. However, the 70-gene prognostic signature remained the 
strongest independent prognostic factor in all of these comparative calculations. 

MJvdV is a named inventor on a patent application for the 70-gene signature used in 
the RASTER study. All other authors declared no con� icts of interest. 

References

JM Bueno-de-Mesquita, WH van Harten and VP Retel 1. et al., Use of 70-gene signature to predict 
prognosis of patients with node-negative breast cancer: a prospective community-based feasibility 
study (RASTER), Lancet Oncol 8 (2007), pp. 1079–1087.
LJ van’t Veer, H Dai and MJ van de Vijver 2. et al., Gene expression pro� ling predicts clinical outcome 
of breast cancer, Nature 415 (2002), pp. 530–536.



94

Who needs adjuvant systematic treatment

5



66

Adherence to Dutch clinical guidelines for 
adjuvant systemic treatment in node-negative
breast cancer in the Netherlands (1998-2006)



96

Who needs adjuvant systematic treatment

6

Adherence to Dutch clinical guidelines for adjuvant 
systemic treatment in node-negative breast cancer in 
the Netherlands (1998-2006)

Jolien M Bueno-de-Mesquita,  Dimitry SA Nuyten,  Harm van Tinteren,  Marc J van 
de Vijver,  Sabine C Linn 

Department of Pathology(JMBdM, JW, MJvdV) Department of Radiation Oncology, (DSAN)
Biometric Department (HvT), and Division of Medical Oncology(SCL), Netherlands Cancer 
Institute, Amsterdam, the Netherlands 
Department of Pathology(MJvdV), Academic Medical Centre, Amsterdam, the Netherlands

 
Submitted

Abstract

Background: The aim of this study was to evaluate the adherence of Dutch medical 
oncologists with Dutch (CBO) guidelines for adjuvant systemic treatment in lymph 
node-negative breast cancer patients and compare this with the period before the 
guidelines were introduced. Furthermore, clinicopathological risk assessment guided 
by Dutch CBO guidelines was compared with risk assessment based on various 
international clinicopathological guidelines.

Methods: We performed an observational study in a consecutive series of 1197 
female primary breast cancer patients (T1-4N0M0) < 61 years (diagnosed 1998-
2006) treated in 16 hospitals. Dutch CBO guidelines were introduced in 2002. Data 
collection was performed by chart review, linkage with administrative databases, and 
queries in pathological registration systems (PALGA). 

Results: Required prognostic factors were available in 97% of patients. The 
prescription of adjuvant systemic treatment was not compliant with CBO guidelines 
in 14% of patients subdivided in 6% under-treatment and 8% over-treatment. 
Adherence with CBO guidelines increased over time from 58% in 1998 to 91% in 
2006. 

Conclusions: Adherence to Dutch adjuvant systemic treatment guidelines in primary 
breast cancer increased to 91% in 2006. However, the guidelines are restrictive 
compared to international guidelines. Formal introduction of national guidelines 
resulted in a more uniform treatment advice.
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Introduction

In the treatment of lymph node-negative breast cancer, adjuvant systemic treatment 
(chemotherapy and/or endocrine treatment) reduces the relative risk of developing 
distant metastasis and death within 15 years of diagnosis by approximately 30-50%.1 
Prognostic clinical and histopathological factors are used to identify those patients 
at relatively high risk of developing distant metastasis to receive adjuvant systemic 
treatment. In primary breast cancer, lymph node status, age, histological grade, and 
tumour diameter are the most important prognostic factors and are therefore used to 
guide adjuvant systemic treatment decisions. 2 
Guidelines are used to ensure and improve quality of care, reduce inappropriate 
interventions and undue treatment toxicity, and control costs.3-6 National and 
international adjuvant systemic treatment guidelines have been developed for the 
management of patients with breast carcinoma; e.g. St Gallen guidelines,7;8 Adjuvant! 
Online (www.adjuvantonline.com),9;10 Nottingham Prognostic Index11-13 and the Dutch 
national CBO guidelines (www.oncoline.nl).14;15 
In the Netherlands the CBO guidelines (Dutch Institute for Health Care Improvement; 
CBO) are used for the selection of breast cancer patients for adjuvant systemic 
treatment (the use of chemotherapy, endocrine therapy and/or immunotherapy). In 
these evidence based consensus guidelines, one of the basic consensus agreements 
for adjuvant chemotherapy is that administering is only justi� ed when an absolute 
survival bene� t of at least 5% at 10 years can be expected. Since 2002, the CBO 
guidelines for the treatment of breast cancer are considered best practice in the 
Netherlands.14 This implies that deviating from the guidelines is allowed only when 
motivated. Every two years the guidelines are updated. In 2004 minor changes in the 
risk assessment for adjuvant systemic treatment were adopted.15

In the current study, the adherence to Dutch CBO guidelines was evaluated in node-
negative breast cancer patients. The following aims were investigated: 
I) to evaluate the adherence of treating oncologists with the Dutch CBO guidelines 
for adjuvant systemic treatment in the Netherlands in patients treated for primary 
lymph node-negative breast cancer between 2002 and 2006;
II) to evaluate to what extent the prescription of adjuvant systemic treatment between 
1998 and 2001 deviated from the Dutch CBO guidelines before the introduction of 
these guidelines, and to evaluate the in� uence of the introduction of guidelines on 
adjuvant systemic treatment advice; 
III) to compare the use of adjuvant systemic treatment guided by the Dutch CBO 
guidelines with the use of this treatment based on patients’ prognosis de� ned 
theoretically by various clinicopathological guidelines (Adjuvant! Online Program 
(www.adjuvantonline.com; version 8.0),9;10 the St Gallen guidelines7;8 and the 
Nottingham Prognostic Index11;12;16).
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Methods

Study design
For this retrospective observational study, the clinical and pathological data were 
analysed from three consecutive (unselected) patient series diagnosed between 
1998 and 2006; the � rst series consisted of patients diagnosed between 1998 and 
2001 (before introduction of guidelines), the second series was diagnosed between 
2002 and 2003, and the third series was diagnosed between 2004 and 2006. The 
latter series is a sub-series of patients from the RASTER-study; hereafter referred to 
as ‘the RASTER-series’.17

Patient eligibility Criteria
Female patients younger than 61 years with primary breast cancer diagnosed between 
1998 and 2006, who had received adequate local therapy for unilateral lymph node-
negative invasive breast cancer (pT1-4N0M0) in hospitals in the Netherlands, were 
included. Patients with prior malignancies (with the exception of basal cell carcinomas 
and cervical dysplasia), bilateral breast cancers or neoadjuvant systemic treatment 
were not considered eligible.

Patients diagnosed between 1998 and 2001
Patients (n=251) of this consecutive series were diagnosed with node-negative 
breast cancer between 1998 and 2001 at the NKI (Amsterdam, the Netherlands). 
The 2002 version of the Dutch CBO guidelines for adjuvant systemic treatment 
were used. Data were retrieved from the scienti� c administration of the NKI and 
crosschecked for completeness with PALGA (Pathological-Anatomical National 
Computerised Archive). 

Patients diagnosed between 2002 and 2003
Patients (n=361) of this consecutive series were diagnosed with node-negative 
breast cancer between 2002 and 2003 in one of four Dutch hospitals who later also 
participated in the RASTER-study: NKI, Amstelland Hospital (Amstelveen), Spaarne 
Hospital (Hoofddorp), Reinier de Graaf Hospital (Delft). In this diagnosis period, the 
2002 version of the national Dutch CBO guidelines for adjuvant systemic treatment 
was used. Data of the NKI patients were retrieved from the electronic register of the 
NKI and crosschecked with PALGA. Data of the Amstelland patients were retrieved 
from a breast cancer database and crosschecked with PALGA. Reinier de Graaf and 
Spaarne patients were selected by examining all breast cancer pathology reports 
in PALGA and patient data received from registries of the Comprehensive Cancer 
Centres West and Amsterdam, respectively. Patients were selected based on the 
eligibility criteria.

Patients diagnosed between 2004 and 2006 (RASTER series)
The RASTER-series consisted of a sub-series of 585 patients, diagnose between 
2004 and 2006 in 16 Dutch hospitals, of the RASTER-study (ISRCTN71917916; 
suppl. table 1).17 For this study only eligible RASTER-patients who met the above 
mentioned eligibility criteria were taken into consideration in the analysis (N=585). 
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Histopathology
Paraf� n-embedded tumour samples were analyzed at the pathology department 
of the participating hospitals. Histological tumour grade according to Elston & 
Ellis18, oestrogen receptor, progesterone receptor, and HER2-receptor status 
were determined by each of the participating hospitals according to locally used 
methods. According to Dutch guidelines, the oestrogen and progesterone receptor 
were considered positive if 10% or more of tumour cells stained positive using an 
immunohistochemical assay. The HER2-receptor status was considered positive if 
the score was 3+ using an immunohistochemical assay. If the score was 2+ in
immunohistochemical assay and a � uorescent in-situ hybridisation result (FISH) 
was available, the FISH result (positive or negative) was used. If the FISH was not 
available, a score of 2+ was considered negative for HER2. A score of 0 or 1+ was 
always considered negative for HER2.
The initial histopathology data, without central review of paraf� n-embedded tumour 
samples, were used for clinical risk assessment by the treating physician and in the 
statistical analysis.

National Dutch CBO guidelines
According to the Dutch CBO guidelines clinical low risk patients do not receive 
any form of adjuvant systemic treatment, while clinical high risk patients receive 
chemotherapy and chemotherapy followed by endocrine treatment when hormone 
receptor positive. Patients of 60 years or older with a hormone receptor positive 
high risk node-negative tumour are advised to undergo only adjuvant endocrine 
treatment without preceding chemotherapy. For patients older than 70 years, no 
recommendation can be given. The advice on targeted therapy (e.g. trastuzumab) is 
based on the same risk factors as that for adjuvant system treatment in general, but 
limited to patients with a HER2-positive tumour. 
The version of the Dutch national CBO guidelines (www.oncoline.nl) applied was 
related to the time of diagnosis. The Dutch CBO guidelines were introduced in 200214 
and adapted in 2004 (table 1A)15 resulting in minor changes in the risk assessment 
for adjuvant systemic therapy (table 1B). 

In this study, over-treatment was de� ned as the prescription of some form of adjuvant 
systemic treatment (chemotherapy and/or endocrine treatment) in a CBO low risk 
patient. Under-treatment was de� ned as the prescription of no adjuvant systemic 
treatment in a high risk patient or only chemotherapy in a high risk patient with an 
oestrogen and/or progesterone positive tumour.

International adjuvant systemic treatment guidelines
International guidelines to assess the clinical risk and need for adjuvant systemic 
treatment used were: St Gallen-guidelines7;8, Nottingham Prognostic Index (NPI)11-

13, and Adjuvant! Online (www.adjuvantonline.com, version 8.0).9;10 In this study, a 
moderate or high clinical risk was considered to be an indication for adjuvant
systemic treatment.
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Table 1: The Dutch 200214 (A) and adapted 2004 CBO-guidelines15 (B) for adjuvant systemic treatment 
for node-negative breast cancer patients. A high risk for distant metastasis or death is considered an 
indication for adjuvant systemic treatment (chemotherapy and if hormone receptor positive, then in 
combination with endocrine treatment).

For patients diagnosed between 1998-2001, the St Gallen guidelines published in 
1998 (suppl. table 2A-B) were used.7 For patients diagnosed between 2002-2006, 
the St Gallen guidelines published in 2001 were used (suppl. table 2C-D).8  
The Nottingham Prognostic Index (NPI) computes a score using the following 
algorithm: 0.2*size (cm) +grade +nodal status.11-13;16 
The Adjuvant! Online Software does not give an advice, but returns risk estimates 
and theoretical bene� ts of adjuvant systemic treatment. The software calculates 
a 10-year survival probability based on the patient’s age, tumour size, histological 
tumour grade, oestrogen receptor status and nodal status.9;10 A low clinical risk was 
de� ned as patients with a 10-years survival probability of at least 90%.17;19

Statistical Analysis
Calculations were performed using the statistical package SPSS (version 14.0 for 
Windows, SPSS inc. Chicago, IL, USA). The differences in patients and tumour 
characteristics among the three patient series were tested using the Pearson Chi-
Square test. In case of ordinal variables (year of diagnosis, age, pT-stage of TNM, and 
histological grade) with more than two groups, we tested for trends (using Cochran-
Armitage test). The level of agreement among the guidelines and the prescription of 
adjuvant systemic treatment was expressed by means of a Cohen’s kappa score. 
A kappa score of one indicates perfect agreement, where a kappa of zero indicates 
no agreement.
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Results

Total patient series (1998-2006)
Tumour and patient characteristics are summarised in table 2. The patient series 
consisted of 1197 patients of whom 251 patients (21%) were diagnosed between 
1998 and 2001, 361 patients (30%) between 2002 and 2003, and 585 patients (49%) 
between 2004 and 2006 (RASTER-series)(suppl. table 3). The latter cohort consisted 
of younger patients who had more often poorly differentiated tumours and received 
more often adjuvant systemic treatment (table 2). All � ve prognostic factors required 
by the guidelines for adjuvant systemic treatment (age, nodal status, tumour size, 
histological grade and oestrogen receptor; suppl. table 4) could be retrieved in 97% 
of patients (1168/1197). Age and nodal status could be retrieved in all patients. 

Table 2: Patient and tumour characteristics (N=1197).

N % N % N % N %
Number of patients 1197 100% 251 21% 361 30% 585 49% n.a.*
Year of Diagnosis n.a.*
1998 53 4% 53 21% … … … … …
1999 81 7% 81 32% … … … … …
2000 59 5% 59 23% … … … … …
2001 58 5% 58 23% … … … … …
2002 164 14% … … 164 45% … … …
2003 197 16% … … 197 55% … … …
2004 148 12% … … … … 148 25% …
2005 169 14% … … … … 169 29% …
2006 268 22% … … … … 268 46% …
Age p<0.0001
� 35 years 66 6% 21 8% 13 4% 32 5% …
36-40 years 107 9% 16 6% 33 9% 58 10% …
41-45 years 185 16% 30 12% 45 12% 110 19% …
46-50 years 337 28% 72 29% 72 20% 193 33% …
51-55 years 319 27% 63 25% 109 30% 147 25% …
> 55 years 183 15% 49 19% 89 25% 45 8% …
Tumour size (pTNM) 0.21
pT1 (� 20 mm) 906 76% 189 75% 287 80% 430 74% …
pT2 (> 20-50 mm) 288 24% 62 25% 72 20% 154 26% …
pT3 (> 50 mm) 2 0.2% … … 1 0.3% 1 0.2% …
Missing 1 0.1% 1 0.3%
Histologic grade 0.009
1 (good) 298 25% 77 31% 91 26% 130 22% …
2 (intermediate) 550 47% 111 45% 158 45% 281 48% …
3 (poor) 331 28% 57 23% 101 29% 173 30% …
Missing 18 2% 6 3% 11 3% 1 0.2%
Oestrogen-receptor status 0.16
Negative 239 20% 48 20% 83 24% 108 18% …
Positive 946 80% 200 80% 269 76% 477 82% …
Missing 12 1% 3 1% 9 2%
Progesterone-receptor status 0.42
Negative 367 31% 76 31% 117 34% 174 30% …
Positive 808 69% 170 69% 228 66% 410 70% …
Missing 22 2% 5 2% 16 4% 1 0.2%
HER2-receptor status 0.029
Negative 846 85% 203 84% 166 80% 477 88% …
Positive 147 15% 39 16% 41 20% 67 12% …
Missing 204 17% 9 4% 154 43% 41 7%
Adjuvant systemic treatment p<0.0001
None 718 60% 159 63% 236 66% 323 55% …
Chemotherapy 180 15% 35 14% 58 16% 87 15% …
Endocrine therapy 90 8% 41 16% 21 6% 28 5% …
Both 208 17% 16 6% 45 13% 147 25% …
Missing 1 0.1% 1 0.3%

Note that the percentages in tables and text may not add up to 100% or add up over 100% due to rounding off.

Year of diagnosis
between 2002-2003

Year of diagnosis
between 2004-2006

Total
Year of diagnosis

between 1998-2001

* n.a.: not applicable

P-value
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Table 3: Adherence to prescribed adjuvant systemic treatment and based on Dutch CBO guidelines 
in total patient series (A), in patients diagnosed between 1998-2001 (B), between 2002-2003 (C) and 
between 2004-2006 (D). Not compliant consists of under-treatment (grey) and over-treatment (grey with 
red letters).

The Dutch CBO guidelines classi� ed 65% (768/1185) of the patients as low risk and 
35% (417/1185) as high (table 3A). In 40% (478/1185) of patients, adjuvant systemic 
treatment was prescribed and in 60% none (707/1185). Treatment advice was compliant 
in 86% (1014/1185) and not compliant in 14% (171/1185) with treatment advice based 
on the Dutch CBO guidelines. Ninety-eight clinical low risk patients (8%) were treated 
and 73 clinical high risk patients (6%) did not receive adjuvant systemic treatment 
according to the guidelines (table 3A).
The adherence to Dutch CBO guidelines increased over time from 58% in 1998 to 
91% in 2006 (� gure 1B, suppl. table 5A, suppl. � gure). A slight decrease in adherence 
was seen in 2004 compared to 2003 (84% versus 89% respectively) when adapted 
guidelines were introduced. From 2005 onwards the adherence increased (� gure 1B). 
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guidelines (B) in the prescription of adjuvant systemic treatment between 1998 and 2006.

Before the introduction of the Dutch CBO guidelines (1998-2001), adjuvant systemic 
treatment was in 73% (182/248) of patients concordant with these guidelines (table 
3, � gure 2). After its introduction, the treatment was compliant with these guidelines 
in 89% (832/937) of patients.
No signi� cant difference was present in patient and tumour characteristics between 
patients in whom the treatment advice was and was not compliant with Dutch CBO 
guidelines (suppl. table 6).

Figure 2: The adherence before (1998-2001) and after (2002-2003 and 2004-2006) the introduction of 
the Dutch CBO guidelines.
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The clinical risk classi� cation according to the Dutch CBO guidelines was discordant 
for 374 patients (31%; kappa 0.419) with Adjuvant! Online, for 550 patients (46%; 
kappa 0.220) with St Gallen guidelines, and, for 99 patients (8%; kappa 0.818) with 
NPI (suppl. table 7). If the St Gallen guidelines, Adjuvant! Online and NPI were 
compared to one another, a similar amount of discordance was observed (which 
varied from 21%–45%; suppl. table 8).  
When data on over- and under-treatment per year in the NKI were compared with 
those of all other centres (suppl. table 5) the percentages demonstrated a slightly 
higher adherence rate for NKI patients in 2002-2006.

Discussion

When the Dutch CBO guidelines (1998-2001) were introduced, the suggested 
treatment � tted 73% of the patients. In the years after implementation (2002-2006), 
the adherence increased to 91%. In almost similar numbers more or less adjuvant 
systemic treatment was given than recommended, although a small preference for 
(over-) treatment was present consistently over the years. 
The formal introduction of national and evidence-based guidelines resulted in a 
more uniform treatment advice in lymph node-negative breast cancer patients in 
the Netherlands. Whether this will lead to survival improvement of these breast 
cancer patients can not be deducted from our data. In a hospital-based investigation 
in Rhode Island, Lash et al. showed higher recurrence rates and mortality at 5 
years among women who received less than de� nitive prognostic evaluation and 
therapy.20 Hébert-Croteau et al. showed in a series of 1,541 node-negative breast 
cancer patients diagnosed between 1988 and 1994 that treatment according to 
guidelines is associated with improved survival. The treatment was compliant with 
treatment guidelines in approximately two-third of the patients in this study. In their 
conclusion they state that promoting the adoption of guidelines for treatment is an 
effective strategy for disease control (even after adjustment for age, co-morbidity 
and locoregional treatment in multivariate analysis).21 Based on the latter study we 
expect that treatment according to evidence-based guidelines will lead to better 
health care and improved survival.
The adherence to the treatment guidelines in this study may have been biased by 
the composition of the patient series. The adherence before the introduction of the 
guidelines (1998-2001) was studied in patients from one single national cancer 
centre. The adherence after the introduction was studied in patients from four 
hospitals (2002-2003) and a third patient series (2004-2006) was derived from 16 
hospitals. All these 16 institutes participated in the RASTER study and were therefore 
probably more willing to participate in the development of treatment guidelines, 
to anticipate or act on new innovations and in general re� ect on their actions.17 
Therefore their adherence to guidelines could be higher. However, � ndings from our 
national cancer registries regarding the prescription of adjuvant systemic treatment 
and adherence to guidelines in 2005 and 2006 are comparable to our � ndings 
(internal report, ‘Evaluation of the use of guidelines for the diagnosis and treatment 
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of breast carcinoma’, Association of Comprehensive Cancer Centres, Utrecht, the 
Netherlands). In addition, when adherence over the years for NKI patients was 
compared with these for patients from other centres (2002-2006) essentially similar 
numbers were observed with a slightly higher adherence rate for NKI patients.

Eisinger et al. studied the adherence to regional network guidelines in France 
and found an adherence rate of 84% for adjuvant chemotherapy prescription 
in a retrospective study in patients treated between 1997 and 2003 (N=4,533).22 
Landercasper et al. showed in a retrospective study of 200 new consecutive breast 
cancer patients diagnosed in 2004, that the prescription of adjuvant systemic 
treatment was compliant in 63% with NCCN (National Comprehensive Cancer 
Network) guidelines.23 The adherence described in our study was higher (90% in 
2004-2006; table 3D) in the same time period. One explanation may be the rather 
young (and possibly healthy) patient population in our study with a relatively long life 
expectancy compared to both discussed studies. 
Palazzi et al. performed a study investigating the prescription of adjuvant treatment in 
1,610 patients (treated in 1997) and found that deviations from guidelines existed in 
half of the node-negative patients and was more frequent in intermediate-prognosis 
patients.6 In our study, deviations from the guidelines occurred equally in patients 
with a good and poor prognosis.
None of the analyses considered co-morbidity or patient preference. The � rst aspect 
will more often be associated with ‘under-treatment’, while the patient’s preference 
may lead to ‘over-treatment’.24

Nowadays, medical oncologists have more easily access to all international adjuvant 
systemic treatment guidelines and may develop their own treatment preferences 
for node-negative breast cancer patients. Prognostic and predictive selection 
criteria and treatment recommendations vary among the various guidelines. The 
Dutch CBO guidelines (2004 version) are restrictive in the prescription of adjuvant 
systemic treatment, especially endocrine treatment, in comparison with international 
guidelines. They only advise adjuvant endocrine treatment in clinical high-risk 
patients with hormone receptor-positive tumours in combination with chemotherapy; 
with the exception of patients of 60 years and older. This is in contrast with guidelines 
used in other countries, especially Southern Europe and United States (e.g. St 
Gallen guidelines or Adjuvant! Online!), where adjuvant endocrine treatment is 
advised to the majority or even all patients with oestrogen receptor-positive tumours. 
A number of Dutch medical oncologists may therefore disagree with these restrictive 
Dutch CBO guidelines and base their treatment advice rather on the international 
guidelines, which may serve another explanation for over-treatment. We would like 
to emphasise that these comparisons among clinical risk estimates based on various 
treatment guidelines are theoretical and are based on the fact that only one of the 
risk-assessment methods would be chosen for use. Risk assessment and adjuvant 
systemic treatment advice using CBO guidelines was in this study discordant with 
Adjuvant! Online, Nottingham Prognostic Index and St Gallen guidelines in 31%, 8% 
and 46% of patients, respectively. 
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Conclusion

Adherence to national treatment guidelines for adjuvant systemic treatment in breast 
cancer is high in the Netherlands. Formal introduction of the Dutch CBO guidelines 
resulted in a more uniform treatment advice. However, there is a substantial difference 
in risk classi� cation and treatment recommendations between the Dutch CBO 
guidelines and international guidelines, positioning the Netherlands as a country 
in the world with a rather restrictive attitude towards the use of adjuvant systemic 
therapy in the treatment of node-negative breast cancer patients. 
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Supplementary tables and fi gure

Suppl. table 1: Distribution of patients over hospitals and diagnosis period.

Suppl. table 2: Adjuvant systemic treatment based on the risk category according to the 19987(A) and 
the 20018(C) version of the Sankt Gallen-guidelines for the treatment of breast cancer. An intermediate 
or high risk is considered an indication for adjuvant systemic treatment (see B and D, respectively).

A.

Minimal/low risk Intermediate risk High risk

Factors (1998) (has all listed factors) (risk classified between the other 
2 categories) (has at least 1 listed factor)

Tumour size (pT) � 1 cm > 1-2 cm > 2 cm

Oestrogen receptor (ER) and/or

progesterone receptor (PgR) status

Grade Grade 1 Grade 1-2 Grade 2-3

Age � 35 years < 35 years

B.

Minimal/low risk Intermediate risk High risk

None or Chemotherapy + Chemotherapy +

endocrine therapy endocrine therapy endocrine therapy

ER and PgR negative Not applicable Not applicable Chemotherapy

None or Chemotherapy + Chemotherapy

endocrine therapy endocrine therapy + endocrine therapy

ER and PgR negative Not applicable Not applicable Chemotherapy

C.

Endocrine-Nonresponsive*

D.

Risk Group Premenopausal Postmenopausal Premenopausal Postmenopausal

Tamoxifen, or Tamoxifen, or

Tamoxifen + chemotherapy Tamoxifen + chemotherapy

Tamoxifen, or Tamoxifen, or

Tamoxifen + chemotherapy Tamoxifen + chemotherapy

Positive Positive Negative

Patient group (1998)

Premenopausal
ER or PgR positive

Postmenopausal
ER or PgR positive

Minimal low risk not applicable

Risk category (2001)

Average/high risk ER- and PgR-negative

Treatment according to responsiveness to endocrine therapies (2001)

Endocrine Responsive Endocrine-Nonresponsive

ER- and/or PgR-positive, and at least 1 of the following features:

Chemotherapy Chemotherapy

Node-positive Chemotherapy Chemotherapy

Tamoxifen or none Tamoxifen or none not applicable not applicableNode-negative, minimal low risk

Node-negative, average/high risk

ER- and/or PgR-positive, and all of the following features:

Endocrine Responsive*

pT � 2 cm, and

grade 1, and

age � 35 years

pT > 2 cm, or

grade 2-3, or

age < 35 years
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Suppl. table 3: Baseline descriptive statistics of continuous patient and tumour characteristics.

Suppl. table 4: Presence of required prognostic factors for clinical risk assessment (age, lymph node 
status, tumour size, histologic grade and oestrogen receptor). Tumour size was retrievable in 99.8% of 
patients (1195/1197), histological grade in 98% (1179/1197) and oestrogen receptor in 99% (1185/1197).
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Suppl. table 5: Adherence to Dutch CBO guidelines for adjuvant systemic treatment per year and the 
resulting under- and over-treatment in all patients (A), in NKI patients (B) and not NKI patients (C).
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Suppl. table 6: Patient and tumour characteristics of patients in which the adjuvant systemic treatment 
was and was not compliant with the Dutch CBO guidelines.
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Suppl. table 7: Theoretical comparison between risk assessment based on Dutch CBO guidelines and 
versus A.) Adjuvant Online! guidelines, B) St Gallen guidelines, and C) Nottingham Prognostic Index 
(NPI) in total patient series. See methods section for what version of guidelines was use
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Suppl. table 8: Overview of the theoretical comparison and discordances between risk assessment 
based on Dutch CBO guidelines, Adjuvant Online, St Gallen guidelines and Nottingham Prognostic 
Index (NPI) in total series.

Suppl. fi gure: “The adherence before (1998-2001) and after (2002-2003 and 2004-2006) the 
introduction of the Dutch CBO guidelines.” Compliance and non-compliance with Dutch CBO guidelines 
regarding adjuvant systemic treatment between 1998 and 2006.
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Abstract

Introduction: It is well known that there is considerable inter-observer variability in 
assessment of the pathological parameters that are used to select node-negative 
breast cancer patients for adjuvant systemic treatment. There is only limited data 
available in how many patients this leads to differences in treatment decisions.

Methods: Clinical and pathological data of 694 patients <61 years with primary 
unilateral T1-4N0M0 breast cancer were analysed. Grade, oestrogen receptor (ER), 
and HER2 status were � rst assessed locally; subsequent central re-evaluation of 
these parameters was performed. Clinicopathological low or high risk was assessed 
using national Dutch guidelines and the Adjuvant! Online (www.adjuvantonline.
com). 

Results: The local pathological examination was discordant with central review for 
grade, ER and HER2 in 28% (kappa 0.56; grade 2 tumours 35% discordant), 5% 
(kappa 0.85), and 4% (kappa 0.81), respectively. If clinical risk was assessed based 
on Dutch guidelines or Adjuvant! Online, respectively 15% (1 out of 7 patients; kappa 
0.70) or 8% (kappa 0.83) of patients would have been assigned to a different clinical 
risk group.

Conclusion: Inter-observer variation in pathological examination of breast carcinomas 
results in signi� cant differences in grade, ER status, HER2 status, clinicopathological 
risk and subsequently in adjuvant systemic treatment advice.



119

 Impact of inter-observer variation

7

Introduction

In breast cancer, prognostic factors are used to identify patients who are at relatively 
high risk of developing distant metastases because these patients will potentially 
bene� t most from adjuvant systemic treatment (e.g. chemotherapy, endocrine 
treatment and targeted therapy); predictive factors are used to select the optimal type 
of treatment. Currently used prognostic and predictive factors in breast cancer include 
age, tumour diameter, lymph node status, histologic grade, oestrogen receptor status, 
progesterone receptor status and HER2 status.1 For decision making on adjuvant 
systemic treatment most treatment guidelines advice adjuvant systemic treatment 
for patients with lymph node metastases; for lymph node-negative breast cancer 
patients, various algorithms based on age, tumour diameter and histologic grade are 
used.1 Several clinico-pathological guidelines for adjuvant systemic treatment have 
been developed on the basis of these factors (e.g. St Gallen guidelines, Adjuvant! 
Online and Nottingham Prognostic Index).2-10 With the exception of age, these factors 
are determined by pathological examination of the breast cancer specimen. Several 
studies have shown considerable inter-observer variation in the assessment of these 
factors between pathologists.11-23 Lack of reproducibility and reliability of pathological 
examination and laboratory assays affect clinico-pathological risk assessment and 
potentially adjuvant systemic treatment advice and decision making, and could 
therefore affect patient outcome. 
Concordance between pathologists in assessing grade was found to range from 
50% to 85%.11-23 In general, these studies concluded that despite being subject to 
considerable inter-observer variation, which can be decreased by using standardized 
protocols, grade was a valuable prognostic indicator. 
The most important predictive factors that are used for treatment decision making in 
breast cancer are oestrogen receptor (ER) status and HER2 status. Also for these 
predictive factors, considerable inter-observer variation for the assessment results 
has been observed ranging from 11% to 28%.24-26 In part these differences are due 
to methodological differences in the staining technique used, and in part they are 
due to differences in the interpretation of the staining results.22;23 Intra-laboratory and 
inter-laboratory variation in ER assay methodology and reporting of results have 
varied considerably since the ER test was � rst introduced in clinical practice in the 
1970s.27 
None of the studies investigating the inter-observer variation of prognostic and 
predictive markers have directly evaluated the impact on clinico-pathological risk 
assessment and patient selection for adjuvant systemic treatment. Therefore, the 
aim of the present study was to assess the effect of inter-observer variation in 
pathological examination of node-negative breast cancer on the selection of patients 
for adjuvant systemic treatment using various clinicopathological guidelines (i.e., 
national Dutch CBO guidelines, St Gallen guidelines, Nottingham Prognostic Index, 
and Adjuvant! Online). 
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Methods

Study design
For this retrospective study, the clinical and pathological data from two consecutive 
patient series diagnosed between 1996 and 2006 were analysed. The � rst series 
consisted of 123 patients of a validation study of the 70-gene prognosis signature 
performed by Bueno-de-Mesquita et al.; hereafter referred to as the ‘validation-
series’.28 The second series is a sub-set of 585 patients from the previously reported 
RASTER-study (ISRCTN71917916); hereafter referred to as ‘the RASTER-series’.29 
Clinical and pathological data retrieved from the patient � les for the 14 patients for 
whom tumours samples could not be retrieved did not signi� cantly differ from the 
694 patients analysed for this study (data not shown). This study was part of the 
RASTER study. Institutional approval for the RASTER study was obtained from the 
Institutional Review Board of the Netherlands Cancer Institute.29 

Patients
Validation-series
The “validation-series” consisted of a consecutive series of patients younger than 
55 years of age who had received adequate local therapy for early stage breast 
cancer, de� ned as node-negative, tumour diameter < 5 cm (pT1-2). Patients in this 
series were treated at two Dutch hospitals, the Netherlands Cancer Institute (NKI; 
Amsterdam) and the Reinier de Graaf Hospital (RdGG; Delft) between 1996 and 
1999. Details on the validation-series have been reported previously.28 Paraf� n 
embedded tumour blocks with a representative tumour sample could not be retrieved 
in 1 out of 123 (0.8%) patients in this series.

RASTER-series
Details on the patient series of the RASTER-study (ISRCTN 71917916). have been 
reported previously.29 For this study only patients who were eligible according to 
inclusion and exclusion criteria from the RASTER-study were included in the 
analysis (N=585). Patients were diagnosed with node-negative breast cancer 
between 2004 and 2006 at 16 Dutch hospitals. Paraf� n embedded tumour blocks 
with a representative tumour sample could not be retrieved in 13 out of 585 (2%) 
patients in this series.  

Local pathological examination
H&E stained sections were assessed at the pathology department of the participating 
hospitals by local pathologists for both series. In the RASTER-series two hospitals 
utilised the same pathology department therefore the original histopathological 
examination was performed at 15 pathology departments.  Histological tumour grade 
according to the Elston & Ellis method30, oestrogen receptor (ER), progesterone 
receptor (PR), and HER2 status were determined according to locally used 
methods. 
According to Dutch guidelines, the oestrogen and progesterone receptor were 
considered positive if at least 10% of tumour cells stained positive using an 
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immunohistochemical assay. 3 Samples were deemed HER2-positive if the score was 
3+ in immunohistochemical assay (de� ned as uniform intense membrane staining of 
>10% of invasive tumour cells).3 If the score was 2+ in immunohistochemical assay 
(de� ned as uniform membrane staining of >10% of invasive tumour cells with a 
moderate intensity of staining) and a � uorescent in-situ hybridisation result (FISH) or 
chromogenic in situ hybridisation (CISH) result was available, the FISH/CISH result 
(positive or negative) was used. For FISH, a ratio of HER2 to centromer chromosome 
17 ratio more than 2.0 was considered positive; for a CISH a result of more than � ve 
HER2 gene copies per nucleus was considered positive.3;31 If FISH/CISH was not 
available, a score of 2+ was considered negative for HER2. A score of 0 (de� ned as 
uniform intense membrane staining of <10% of invasive tumour cells) or 1+ (de� ned 
as weak uniform or partial membrane staining of >10% of invasive tumour cells) was 
always considered negative for HER2.3

Central histopathology review
For each tumour in the study, one paraf� n block containing a representative part of 
the tumour was collected at the Netherlands Cancer Institute. An H&E stained section 
was used to assess histological grade according to the Elston & Ellis method30, 
and oestrogen receptor, progesterone receptor and HER2 status (assessed by 
immunohistochemistry) were determined by three experienced breast pathologists 
(MJvdV, JLP and JW). In case of discordance between the original pathological 
examination and central review with regard to grade, the examination was performed 
again by a panel of experienced breast pathologists who then agreed on a � nal 
grade. For the validation-series this panel consisted of MJvdV, JPL and JW and for 
the RASTER-series the panel consisted of MJvdV and JW. MJvdV performed the 
central review in 75% (523/694) of the patients, JLP and JW in 12% (86/694) and 
12% (85/694) of patients, respectively. 
Immunohistochemical staining was performed on 3�m thick paraf� n embedded 
tumour sections after microwave antigen retrieval (citrate buffer, pH 6.0 for 15 
minutes) using commercially available monoclonal mouse antibodies to ER (1D5+ 
6F11, 1:200 dilution; NeoMarkers, LabVision, Fremont, CA), monoclonal mouse 
antibodies to PR (PR-1, 1:400 dilution; ImmunoLogic, Duiven, the Netherlands) 
and monoclonal rabbit antibodies to HER2 (SP332, 1:3000 dilution; NeoMarkers, 
LabVision), and using the Power Vision detection kit (ImmunoLogic), and the Stainer 
Lab Vision 2D (LabVision). 
For determination of oestrogen receptor, progesterone receptor and HER 2 status the 
same criteria were used as for the local assessment. However, in case of an HER2 
2+ score in the absence of locally performed FISH or CISH, CISH was performed on 
5�m paraf� n embedded tumour sections. Sections were heated for 90 minutes at 90 
minutes at 75�C in an incubator, de-paraf� nised in fresh xylene twice for 10 minutes 
each time, dehydrated in three changes of absolute ethanol for 5 minutes and air-
dried. Pre-treatment, hybridisation and post-hybridisation washes were performed 
according to the manufacturers description using Zymed SpoT-Light® HER2 CISHTM 
Kit. If less than 6 copies per tumour cell were present, a tumour was considered 
HER2 negative; if 6 or more copies were present, a tumour was considered HER2 
ampli� ed.31  
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Patient and tumour characteristics of the local and centrally reviewed histopathological 
� ndings (N=694) are summarized in table 1. In situ hybridisation was available in 71% 
(29/41; 9 FISH and 20 CISH) of samples with HER2 2+ score after central review, 
the in situ hybridisation result was positive in 13 (4 FISH/9 CISH) and negative in 16 
samples (5 FISH/ 11CISH). Due to technical problems we were not able to obtain 
a FISH or CISH result in 12 samples; these samples (2+ in immunohistochemical 
assay) were considered negative for HER2. 

Table 1: Patient and tumour characteristics, based on local and central pathological examination

No signi� cant difference was present in patient and locally assessed tumour 
characteristics between patients in whom a representative tumour sample was and 
was not available (data not shown). Mean age was 47 years (range 26-60; SD 7), 
and the mean tumour diameter was 17 mm (range 2-80; SD 8).
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National Dutch CBO guidelines (2004 version) for adjuvant systemic treatment
The risk assessment using clinico-pathological factors is referred to as ‘clinical 
risk’.
Clinical risk assessment (high versus low) using the national Dutch CBO guidelines 
(2004 version; formulated by the Dutch Institute for Healthcare Improvement (CBO); 
www.oncoline.nl) was based on the following factors: age, lymph node status, 
tumour size (pT), and histologic grade (Elston & Ellis method)30. Patients with a 
clinical high risk tumour will bene� t most from adjuvant systemic treatment (e.g. 
chemotherapy, endocrine therapy or both; Oxford Overview) and therefore adjuvant 
systemic treatment is advised in these patients.33;34 The use of the Dutch ‘CBO-
guidelines’ has been described in detail by Bueno-de-Mesquita et al.29 

International adjuvant systemic treatment guidelines
International guidelines used in this study to assess the clinical risk and need for 
adjuvant systemic treatment were: St Gallen-guidelines4, Nottingham Prognostic 
Index (NPI)5-8, and Adjuvant! Online (www.adjuvantonline.com, version 8.0).9;10 
A moderate or high clinical risk was considered to be an indication for adjuvant 
systemic treatment.
For patients included in the validation-series the St Gallen guidelines published in 
199835 were used as described in Bueno-de-Mesquita et al.28 For patients of the 
RASTER-series the St Gallen guidelines published in 2005 were used. 4 
The Nottingham Prognostic Index (NPI) computes a score using the following 
algorithm: 0.2*size (cm) +grade +nodal status.5-8 
The Adjuvant! Online Software calculates a 10-year survival probability based on 
the patient’s age, tumour size, histological tumour grade, oestrogen receptor status 
and nodal status. A low clinical risk was de� ned as patients with a 10-years survival 
probability of at least 90%. The application of the Adjuvant! Online Software was 
conform the use of this guideline as described in Bueno-de-Mesquita et al . 29 The 
Adjuvant! Online Software does not give an advice, but returns risk estimates and 
the calculated bene� ts of adjuvant systemic treatment.9;10

Statistical analysis
Analyses were performed using the statistical package SPSS (SPSS for Windows, 
Release 15.0.1. (22-11-2007); Chicago: SPSS Inc.). The differences in patient and 
tumour characteristics between the two patient series were tested using the Pearson 
Chi-Square test. In case of ordinal variables (age, pT-stage of TNM, histological 
grade and nodal status) with more than two groups, we tested for trends (using 
Cochran-Armitage test). A signi� cant � nding was de� ned as a P-value smaller 
than 0.05. The level of agreement between the original pathological examination 
and the central pathological review was expressed by means of a Cohen’s kappa. 
Level of agreement between clinical risk assessment based on original pathological 
examination and central pathological review, and its impact on adjuvant systemic 
treatment advice, was also expressed by means of a Cohen’s kappa. A kappa of one 
indicates perfect agreement, where a kappa of zero indicates no agreement.
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Results

Inter-observer variation between local pathological evaluation and central review
The results of the original pathological examinations were discordant with the results 
of the central review for histologic tumour type (ductal, lobular or other) in 12% 
(82/687) of patients (kappa 0.56), grade in 28% (195/689) of patients (kappa 0.56), 
oestrogen receptor in 5% (33/685) of patients (kappa 0.85), progesterone receptor in 
12% (83/679) of patients (kappa 0.72), and HER2 status in 4% (25/589) of patients 
(kappa 0.81; table 2). 

Table 2: Original histopathology examination of paraf� n embedded tumour samples versus central 
histopathology review for histological tumour type (A), grade (B), oestrogen receptor (C), progesterone 
receptor (D) and HER2 status (E). In cells with a grey background the central review does not correspond 
with the original examination.
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The discordance between the original pathological evaluation and the central review 
has been analysed for separate prognostic factors. Four percent (21/564; 95% CI 
2-5%; table 2) of tumours originally classi� ed as “ductal type” were scored as lobular 
or another non-ductal type histology at central review and 21% (14/67; 95% CI 11-
31%) of the tumours classi� ed as lobular type were classi� ed as ductal or another 
special histology at central review. Grade 2 tumours were most sensitive to inter-
observer variation (35% (115/328) discordance; 95% CI 30-40%) compared to grade 
1 (25% (36/144) discordance; 95% CI 18-32%) and grade 3 tumours (20% (44/217) 
discordance; 95% CI 15-26%; table 2B). 

Inter-observer variation in the assessment of oestrogen receptor status was higher 
in tumours originally assessed as oestrogen receptor negative (14% (19/139) were 
re-classi� ed as ER positive; 95% CI 8-19%) compared to oestrogen receptor positive 
tumours (3% (14/546) were re-classi� ed as ER negative; 95% CI 1-4%). Assessment 
of originally progesterone receptor negative tumours were more sensitive to inter-
observer variation (16% (33/212) were re-classi� ed as PR positive; 95% CI 11-
20%) at central review compared to tumours originally assessed as progesterone 
positive (11% (50/467) were re-classi� ed as PR negative; 95% CI 8-14%). Tumours 
that were originally assessed as HER2 positive were scored  as HER2 negative at 
central review in 21% of cases (17/80; 95% CI 12-30%); tumours that were originally 
assessed as HER2 negative were assessed as HER2 positive at central review in 
2%  of cases (8/509; 95% CI 0.5-3%).
Effect of discordance of histopathological evaluation on clinical risk assessment
When the clinicopathological risk factors were used to assess recurrence risk according 
to the Dutch CBO guidelines, there was discordance in the risk assessment (high 
versus low) between the original evaluation and the central review 15% (102/689) 
of patients (kappa 0.70; table 3A). Clinical CBO risk based on centrally reviewed 
data resulted in a change from high risk to low risk in 9% (61/689) of patients; based 
on the local evaluation adjuvant systemic treatment was advised to these patients, 
but based on the central review no adjuvant systemic treatment would have been 
advised. On the other hand, for 6% (41/689) of the patients the local assessment 
was a low clinical risk, but based on the central review results, a high risk would be 
assigned and adjuvant systemic treatment would have been advised. This implies 
that original clinical CBO high risk was more sensitive to inter-observer variation 
(19% (61/319; 95% CI 15-23%) at central review than CBO low risk (11% (41/370); 
95% CI 8-14%).

Using Adjuvant Online, 8% (54/689) of patients (kappa 0.83; missing 4) would have 
had a different clinical risk and adjuvant systemic treatment advice after central 
review (5% (32/689) high to low risk, and 3% (22/689) low to high risk; table 3B). 
Originally clinical low risk (10%; 22/229; 95% CI 6-13%) based on Adjuvant Online 
was equally sensitive to inter-observer variation as originally high risk (7% (32/461); 
95% CI 5-9%) at central review.
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Table 3: Clinical risk assessment based on the Dutch CBO guidelines (A), Adjuvant Online (B), St Gallen 
guidelines (C) and Nottingham Prognostic Index (NPI) (D) using original histopathology data versus 
centrally reviewed histopathology data.

According to St Gallen guidelines, 12% of patients (kappa 0.58) would have been 
given a different clinical risk and treatment advice after central review (7% high to 
low risk, and 5% low to high risk; table 3C). Originally clinical low risk (29%; 33/113; 
95% CI 21-38%) tumours based on St Gallen guidelines were more sensitive to 
inter-observer variation than originally high risk (9%; 51/575; 95% CI 7-11%). Based 
on the NPI, 14% (95/689; missing 5) of patients (kappa 0.72) would have been given 
a different clinical risk and treatment advice after central review (7% originally high 
to low risk, and 7% originally low to high risk; table 3D). Originally high risk tumours 
based on the NPI were equally susceptible to inter-observer variation (16% (48/300); 
95% CI 12-20%) as originally low risk patients (12% (47/389); 95% CI 9-15%). 
The impact of inter-observer variation for clinico-pathological risk assessment 
was most apparent in histological grade compared to the other factors evaluated. 
Especially grade 2 tumours were sensitive to inter-observer variation compared to 
grade 1 and 3 tumours as kappa’s differed substantially (table 4).
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Table 4: Impact (clinical relevance) of inter-observer variation on clinical risk assessment

Discussion

The � ndings of our study show that inter-observer variation in pathological examination 
of breast carcinomas results in substantial differences in clinico-pathological risk 
assessment and subsequently in adjuvant systemic treatment advice. Histologic 
tumour grading was most sensitive to inter-observer variation among pathologists. 
Central review changed the histologic tumour grade in 28% of patients. Especially, 
grade 2 tumours were susceptible (35%) to inter-observer variation. In other studies, 
the concordance between pathologists in assessing grade was found to range from 
50% to 85% which is in line with our results (72%).11-23  

Central review changed the clinical risk assessment and adjuvant systemic treatment 
advice of 102 out of 689 patients (15% or approximately 1 in 7 patients) if Dutch 
CBO guidelines (2004 version) were used. For 61 of these patients (9%) the central 
review resulted in a change from a high to a low risk and as a consequence the 
treatment advice to undergo adjuvant systemic treatment would change into the 
advice not to undergo adjuvant systemic treatment. For 41 (6%) of the patients 
adjuvant systemic treatment would have been advised after central review, but was 
not advised based on the original evaluation. Clinical CBO low risk tumours (based 
on local assessment) were less sensitive to inter-observer variation (11%; 1 in 10 
patients) than high risk tumours (19%; 1 in 5 patients). If Adjuvant Online was used, 
clinical risk and adjuvant systemic treatment advice would change in 1 in 12 patients 
(8%). The discordance in clinical risk and treatment advice based on the St Gallen 
guidelines and NPI was respectively, 12% (1 in 8) and 14% (1 in 7) of patients. Dutch 
CBO guidelines, St Gallen and Nottingham Prognostic Index were more sensitive to 
inter-observer variation than Adjuvant Online! suggesting that tumour diameter and/
or age are more heavily weighed for risk assessment by Adjuvant Online!, than by 
other guidelines. It is of note that St Gallen low risk tumours were most sensitive 
to inter-observer variation (29%; 1 in 3 patients) compared to St Gallen high risk 
tumours (9%; 1 in 11 patients) and compared to other guidelines. This is probably 
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due to the fact that grade 2 tumours are intermediate/high risk tumours according 
to the St Gallen guidelines, while grade 2 tumours were more sensitive to inter-
observer variation than grade 1 or 3 tumours.
The distribution of grade and frequency of oestrogen receptor, progesterone receptor 
and HER2 positive tumours was similar to that of other populations, indicating that 
patients included in this study were representative of the general breast cancer 
population. 

We found a false positive HER2 assessment in 21% of the cases, a number that 
is very similar to that reported in other series. 24  Paik et al postulated that a bias 
is introduced by local pathologists in small volume laboratories who overestimate 
HER2 positive and thereby may cause a high degree of discordance.24 This supports 
the importance of using a high volume laboratory, experienced pathologists and 
rigorous application of standardized procedures for HER2 testing.
Paik et al. studied the degree of agreement in the assignment of tumour grade 
among three pathologists as a pre-speci� ed secondary objective in a larger study 
in which they validated the prognostic 21-gene recurrence score. 19 This 21-gene 
recurrence score quanti� es the likelihood of distant recurrence in oestrogen receptor 
positive node-negative tamoxifen treated breast cancer. They observed that the 
concordance among pathologists for poorly differentiated tumours was moderate 
(kappa 0.61) and for well-differentiated and moderately differentiated grades was low 
(kappa 0.23 and 0.36, respectively). They concluded that a possible advantage of 
the recurrence score or comparable gene expression pro� les over tumour grading in 
clinical practice is that it is less susceptible to inter-observer variability and therefore 
more reproducible.

The inter-observer variation was higher in grade 2 tumours than in  grade 1 and 3 
tumours, subsequently the impact of inter-observer variation on clinico-pathological 
risk assessment, regardless of what guideline was used, was higher in grade 2 
tumours compared to grade 1 and 3 tumours. Gene expression analyses performed 
by Sotiriou et al. showed that gene expression in grade 2 tumours resembles that 
of grade 1 tumours in half of the cases and resembles gene expression of grade 3 
tumours in the other half.21 This observation supports our conclusion that grade 2 
tumours are a mixed tumour group and hard to reproducibly classify.

Viale et al. reported the results of a central pathological review of the oestrogen 
and progesterone receptor status in patients included in the BIG I-98 trial.22 In this 
trial, only postmenopausal women with oestrogen and/or progesterone receptor 
positive tumours were included. The central review con� rmed 97% as ER positive 
and 82% as PR positive, implying an inter-observer variation of 3% (95% CI 3-4%) 
and 18% (95% CI 17-19%) for a change in hormone receptor status from positive 
to negative. Our study is in line with these results as the inter-observer variation for 
ER assessment was 5% (95% CI 3-6%) for the change from positive to negative. 
The inter-observer variation for PR assessment was lower in our study (12%; 95% 
CI 10-15%).
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Conclusion

We conclude that inter-observer variation in pathological examination of breast 
carcinomas results in considerable differences in clinico-pathological risk assessment 
and subsequently in adjuvant systemic treatment advice. Rigorous quality control 
programs should guarantee the reliability of pathological assessment of breast 
cancer.
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Summary

Background: The 70-gene prognosis signature has strong prognostic value in node-
negative breast cancer, independent of established prognostic factors.  It is unclear 
whether all node-negative patients should receive a signature result. We therefore 
evaluated its additional prognostic information to a combination of established 
prognostic guidelines.

Methods: We evaluated 701 patients from three previous described series in whom 
a signature result was available. Clinical risk was based on Adjuvant! Online (AO), 
St Gallen guidelines (St G) and Nottingham Prognostic Index (NPI). Overall survival 
(OS) analyses were performed in all patients treated at the Netherlands Cancer 
Institute (NKI; Amsterdam) who did not receive adjuvant systemic treatment (AST).

Findings: Only 6% (10/156) of oestrogen receptor (ER)-negative tumours had a 
good prognosis signature. The signature was not useful for ER-positive tumors 
and concordant high AO, high St G and/or high NPI clinical risks (N=139). The 10-
year OS estimate for good signature tumours with these characteristics was below 
80% and AST would therefore be appropriate irrespective of the signature result. In 
contrast, for patients with a concordant low AO, low St G and/or low NPI risk, and 
in discordant clinical risk patients, the signature identi� ed low risk patients in whom 
AST could be safely withheld (10-year OS>90%).

Interpretation: The 70-gene prognosis signature provides additional prognostic 
information especially in ER-positive lymph node-negative breast cancer patients 
with a predominant low or discordant clinical risk based on AO, St G and/or NPI.
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Introduction

The majority of patients with lymph node-negative breast cancer can be cured 
by surgery or radiotherapy alone without any potential toxic and costly adjuvant 
systemic treatment.1 Identi� cation of patients who would bene� t from adjuvant 
systemic treatment is crucial. 
A 70-gene prognosis signature was identi� ed by gene expression pro� ling of 78 
breast cancer tumours selected from the tissue bank of the Netherlands Cancer 
Institute (Amsterdam, the Netherlands).2 This prognosis signature appeared a 
strong independent prognostic factor in three retrospective validation studies in 
comparison with clinicopathological factors in multivariate analysis.3-5 To aid the 
prognosis signature’s diagnostic use, a customized microarray (MammaPrintTM) 
was commercially developed by Agendia (Amsterdam, the Netherlands).6 Several 
questions remain regarding the optimal integration of this prognosis signature into 
routine clinical practice.
In 2007, the results of the RASTER (microarRAy prognoSTics in breast cancER) 
study provided evidence that the procedures for acquiring tumour material for 
genomics (e.g. collecting frozen samples) - the major obstacle for broad “real time” 
application in a community-based setting - are feasible.7 
Whether patients will bene� t from the use of the 70-gene prognosis signature versus 
classical prognostic factors is addressed in the ongoing MINDACT (Microarray in 
Node-negative Disease May Avoid Chemotherapy) trial; an international prospective 
randomised trial launched in 2007 by the TRANSBIG consortium in collaboration with 
the European Organisation for Research and Treatment of Cancer (EORTC).8;9 The 
most important issue studied in the MINDACT trial is to show whether the prognosis 
signature safely selects fewer patients for adjuvant chemotherapy compared with 
traditional prognostic guidelines and indexes.8;9 It will however take several years 
before suf� cient follow-up will be collected and results will be available for clinical 
practice. Meanwhile, the additive value of the 70-gene prognosis signature in node-
negative patients remains a matter of debate. An important question in this respect 
is for which subgroups of patients the 70-gene prognosis signature could be of value 
in clinical practice and how this signature should be integrated with existing tools 
that are used to guide decisions on adjuvant systemic treatment. We evaluated 
three patient series, in which a 70-gene prognosis signature result was available, to 
address these questions.

Methods

Patients
For this observational study, the clinical, pathological and follow-up data were analysed 
from three consecutive patient series diagnosed between 1984 and 2006. The � rst 
series consisted of 151 patients of a validation study regarding the 70-gene prognosis 
signature (‘NEJM-series’);3;5;10 the second series consisted of 123 patients of another 
validation study of the 70-gene prognosis signature (‘validation-series’);5 the third 
series consisted of 427 patients from the RASTER-study (‘the RASTER-series’).7 
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Female patients younger than 61 years with primary breast cancer diagnosed 
between 1984 and 2006, who had received adequate local therapy for unilateral 
lymph node-negative invasive breast cancer (pT1-4N0M0) in hospitals in the 
Netherlands, were included. Patients with prior malignancies (with the exception 
of basal cell carcinomas and cervical dysplasia) or neoadjuvant systemic treatment 
were not considered eligible. The 70-gene prognosis signature (MammaPrintTM) was 
available in all patients. A patient’s (good or poor) 70-gene prognosis signature was 
determined on frozen samples at Agendia Laboratories blinded to clinical outcome 
data.6 The analysis was performed on 701 patients, in whom clinical, pathological 
and follow-up data were available. If central review of paraf� n-embedded tumour 
samples was performed, these data were used (n=695); in six other cases the data 
of the original pathological examination were used.

Adjuvant systemic treatment guidelines
International guidelines used in this study to assess the clinical risk and need for 
adjuvant systemic treatment were St Gallen-guidelines11, Nottingham Prognostic 
Index (NPI)12-15, and Adjuvant! Online (www.adjuvantonline.com, version 8.0).16;17 
A moderate or high clinical risk was considered to be an indication for adjuvant 
systemic treatment. According to St Gallen guidelines, a low clinical risk was de� ned 
as node negative and all of the following features: tumour size smaller or equal to 2 
cm, grade 1 (Elston&Ellis), absence of peritumoral vascular invasion, ERBB2 gene 
neither over-expressed nor ampli� ed and age equal or above 35 years.11 All others 
were considered as intermediate or high risk. The NPI computes a score using the 
following algorithm: 0.2*size (cm) +grade +nodal status.12-15 Lymph node stage is 
either 1 (if there are no nodes affected), 2 (if up to 3 nodes are affected), or 3 (if more 
than 3 nodes are affected). A score of 3,4 or less indicates low clinical risk. All other 
scores are intermediate or high risk. The Adjuvant! Online Software calculates a 10-
year overall survival probability based on the patient’s age, tumour size, histological 
tumour grade, oestrogen receptor (ER) status and nodal status.16;17 A low clinical risk 
was de� ned as a 10-year overall survival probability of at least 90%, because bene� t 
of adjuvant systemic treatment is supposed to be less than 5% in these patients 
assuming that this treatment reduces the mortality risk with approximately 50%.1

Statistical analysis
Differences in patient and tumour characteristics between the three patient series 
were tested using the Pearson Chi-Square test. In case of ordinal variables (age and 
histological grade) with more than two groups, we tested for trends (using Cochran-
Armitage test). A signi� cant � nding was de� ned as a P-value smaller than 0.05. 
Level of agreement between clinical-risk assessment and prognosis signature, as 
well as among the mentioned clinical-risk assessment based on St Gallen guidelines, 
Adjuvant Online Software and NPI, was expressed by means of a Cohen’s kappa. 
A kappa of one indicates perfect agreement, and a kappa of zero indicates no 
agreement over chance. 
Survival analyses were performed with data of patients who had not received any form 
of adjuvant systemic treatment, and had been treated for their breast cancer at least 
5 years before the data collection was performed for this study in order to guarantee 



137

Additional value and potential use 

8

substantial follow-up. All these patients (NEJM- (n=151) and validation-series (n=71)) 
had been treated at the Netherlands Cancer Institute (Amsterdam, the Netherlands). 
These patients form a consecutive patient series from one institute. The two survival 
endpoints were time from surgery to distant metastasis as � rst event (DMFS), which 
was the endpoint used to identify the 70-gene signature2; and overall survival (OS), 
de� ned as time from surgery to death. In the analysis of distant metastasis, patients 
whose � rst failure was distant metastasis were counted as failures; all other patients 
were censored at the date of their last follow-up, death, contralateral breast cancer, 
other second primary or loco-regional recurrence. 
Kaplan Meier survival curves18 were drawn and compared using a log-rank test 
(Mantel-Cox). 19 Values are expressed as percentages ± standard error (SE). 
Logistic regression analysis was performed to estimate the additional value of the 
70-gene prognosis signature to traditional prognostic clinicopathological risk factors 
(age, tumour size, histologic grade, ER, progesterone receptor, and ERBB2-receptor). 
A traditional prognostic model, based on all above mentioned prognostic factors, was 
compared to a new model also including the prognosis signature. The change in 
log-likelihood was tested using a Chi-square test. Calculations were performed using 
the statistical package SPSS (SPSS for Windows, Release 15.0.1; Chicago: SPSS 
Inc.).

Results

Patients
Patient characteristics are summarised in table 1. Mean age of 701 patients was 47 
years (SD 6.5, range 26-60). Mean age in NEJM-patients was 44 (SD 5.6, range 28-
52), in validation-patients 47 years (SD 6.5, range 26-54), and in RASTER-patients 
47 years (SD 6.5, range 27-60). Patients of the validation- and RASTER-series were 
older compared to patients in the NEJM-series. Mean tumour diameter was 19 mm (SD 
8, range 2-80). Mean tumour diameter in patients of the NEJM-series was 22 mm (SD 
9, range 2-50), in the validation-patients 20 mm (SD 8, range 5-50) and in RASTER-
series 17 mm (SD 8, range 5-80). Adjuvant systemic treatment was administered to 
45% (314/701) of the patients; 14% (97/701) chemotherapy, 11% (75/701) endocrine 
treatment and 20% (142/701) both. Forty-nine percent (343/701) of the patients had a 
tumour with a good and 51% (358/701) with a poor prognosis signature. 

Clinical risk indexes and prognosis signature
According to the Adjuvant! Online, the St Gallen guidelines and NPI respectively 71%, 
83%, and 49% of the patients were assessed as moderate or high risk. In 37% of 
the patients (259/701; kappa 0.25; table 2) the clinical risk according to the Adjuvant! 
Online was discordant with the prognosis signature (webtable 1A).If St Gallen 
guidelines or NPI were used, respectively in 38% (261/696; kappa 0.25; table 2) and 
27% (186/701; kappa 0.47; table 2) of the patients the risk assessment was discordant 
with the prognosis signature (webtable 1B-1C). Webtable 2 shows the discordance 
between Adjuvant! Online, St Gallen guidelines, and Nottingham Prognostic Index 
(N=701).
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Table 1: Relations of clinical and pathological variables with 70-gene prognosis signature for all patients 
(N=701) and for untreated NKI patients of the NEJM- and validation-series (N=186).

Table 2: Agreement as expressed by a Cohen’s kappa among 70-gene prognosis signature, Adjuvant! 
Online, St Gallen guidelines, and Nottingham Prognostic Index.

Survival analyses and regression analyses in untreated NKI patients
Sixteen percent (36/222) of the NKI patients of the NEJM and validation series 
received some form of adjuvant systemic treatment and were excluded for the survival 
analyses. Patient and tumour characteristics of the 186 untreated NKI patients are 
summarised in table 1. Mean age was 45 years (SD 6) and mean tumour diameter 
was 22 mm (SD 8). Median follow up in the untreated NKI patients was 9.0 years 
(interquartile range (IQR) 7.0). During follow up 84 cancer related � rst events occurred 
[11 local recurrences (13%), 8 regional recurrences (10%), 48 distant metastases 
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(57%), 12 contralateral breast cancers (14%), and 5 second primary cancers (6%; 
other types of cancer)]. Fifty-three (28%) patients died (49 breast cancer related and 
4 due to other cancers). 
At 10 years the probability of remaining free of distant metastasis (as � rst event) was 
88 % (SE 4%) for good and 55 % (SE 6%) for poor prognosis signature patients. The 
10-year survival probability was 91% (SE 3%) for good and 56 % (SE 5%) for poor 
prognosis signature patients. The performance of regression models to predict either 
DMFS or OS based on clinical parameters (age, tumour size, histologic grade, ER, 
progesterone receptor, and ERBB2 receptor status) signi� cantly improved if the 70-
gene signature was added to the respective models. This was shown by statistically 
signi� cant change in log likelihood for both DMFS (p<0.001) and OS (p=0.005). 

Additional value of prognosis signature, subgroup analyses
Only six percent (10/156; table 1) of all patients with an ER negative tumour had a 
good prognosis signature. Therefore the additional value of the prognosis signature 
is very limited in ER negative patients. The additional value of the 70-gene prognosis 
signature was therefore studied in untreated patients with an ER positive tumour. 
Median follow-up of these patients was 9.1 years (IQR 6.4). Fifty-� ve percent (76/139) 
had a tumour with a good and 45% (63/139) with a poor prognosis signature.
Three patient groups were analysed: I) patients with a concordant low clinical risk 
for the three prognostic risk indexes (Adjuvant! Online, St Gallen guidelines and 
Nottingham Prognostic Index) (the so-called low-low-low group); II) patients with a 
concordant high clinical risk for the three prognostic indexes (the so-called high-high-
high group); and III) patients in whom the three prognostic indexes were discordant 
(the so-called discordant group). 
A high-high-high clinical risk pro� le was associated with younger age, a larger 
tumour and with a poor prognosis signature (table 3). One in four patients (23%; 
7/31) with a low-low-low clinical risk pro� le had a poor prognosis signature tumour. 
Vice versa, one in four patients (27% (13/49); with a high-high-high clinical risk had a 
good prognosis signature tumour. In patients with clinical discordant risk pro� le, 66% 
(39/59) had a good and 34% (20/59) a poor prognosis signature tumour (P<0.001). 

For each clinical risk group (low-low-low, high-high-high and discordant) the additional 
value of the prognosis signature within the subgroup was studied. Figure 1 shows 
the Kaplan Meier curves with DMFS and OS for the three patient groups.

The 10-year estimated DMFS and the OS percentages for patients with a low-
low-low clinical risk were 83% (SE3%) and 97% (SE 3%). For the small number 
of patients in these subgroups, the prognosis signature distinguishes within the 
low-low-low clinical risk patients, the good from the poor prognosis patients despite 
small numbers (� gure 1A and B). The low-low-low clinical risk patients with a poor 
prognosis signature outcome have a 10-year estimated DMFS of 70% (SE 18%) 
versus 87% (SE 9%) in good prognosis signature patients. Their estimated OS is 
86% (SE 13%) and 100%, respectively.
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Table 3: Clinical and pathological variables of untreated NKI patients with an ER positive tumour of the 
NEJM- and validation-series (N=139) strati� ed for a concordant low clinical risk based on Adjuvant! 
Online, St Gallen guidelines and Nottingham Prognostic Index, a concordant high risk for these three 
prognostic indexes or a discordant clinical risk.

The 10-year DMFS and OS in patients with a discordant clinical risk is 82% (SE 6%) 
and 79% (6%) respectively. The good prognosis signature patients with a discordant 
clinical risk have a 10-year estimated DMFS of 91% (SE 5%) versus 63% (SE 13%) 
in poor prognosis signature patients (� gure 1C and D). The 10-year estimated OS 
for good prognosis signature patient is 88% (SE 6%) versus 58% (15%) for poor 
prognosis signature patients. The DMFS survival is higher than the OS because 2 
out of 11 deaths in this subgroup were due to another cancer without having had 
breast cancer related distant metastasis before developing the other cancer.

The 10-year DMFS and OS in high-high-high clinical risk patients is 53% (8%) and 
60% (8%) respectively. In these patients the 10-year estimated DMFS and OS for 
both good (respectively, 77% (2%) and 77% (12%)) and poor (respectively, 45% 
(10%) and 53% (9%)) prognosis signature outcome was less than 80% (� gure 1E 
and 3F). Obtaining the prognosis signature in clinical high-high-high patients would 
not alter the adjuvant systemic treatment advice.
Combining two clinical risk indexes

n % n % n % n %
Total 139 31 22% 49 35% 59 42%
Age 0.032
Mean (SD)

<0.001
Mean (SD)
Histologic grade 0.24
1 (well) 42 30% 31 100% 0 0% 11 19%
2 (intermediate) 56 40% 0 0% 10 20% 46 78%
3 (poor) 41 29% 0 0% 39 80% 2 3%

0.24
Negative 21 15% 2 6% 10 20% 9 15%
Positive 118 85% 29 94% 39 80% 50 85%
ERBB2-receptor 0.011
Negative 115 86% 31 100% 34 76% 50 86%
Positive 19 14% 0 0% 11 24% 8 14%
Missing: 5 (4%)

<0.001
Good 76 55% 24 77% 13 27% 39 66%
Poor 63 45% 7 23% 36 73% 20 34%
Adjuvant! Online <0.001
Low risk 48 35% 31 100% 0 0% 17 29%
High risk 91 65% 0 0% 49 100% 42 71%

<0.001
Low risk 31 22% 31 100% 0 0% 0 0%
Intermediate/high risk 108 78% 0 0% 49 100% 59 100%

<0.001
Low risk 88 63% 31 100% 0 0% 57 97%
Moderate/high risk 51 37% 0 0% 49 100% 2 3%

Total Low-low-low risk
High-high-high

risk

45 (5.4) 47 (4.6) 44 (5.2) 45 (5.7)

24 (7.3)

Discordant
clinical risk

P-value

Nottingham Prognostic Index

Note: percentages in tables and texts may not add up to 100% or add up over 100% due to rounding off.

19 (7.1)

Progesterone receptor

70-Gene Prognosis Signature

St. Gallen guidelines

Tumour size (mm)
19 (7.1) 14 (3.7)
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Figure 1: Kaplan Meier curves with distant metastasis as � rst event and overall survival for patients with 
clinical concordant low (LLL) (A,B), concordant high (HHH) (C,D) and discordant clinical risk pro� le (E,F) 
based on Adjuvant! Online (AO), St Gallen guidelines (St Gal), and Nottingham Prognostic Index (NPI).

The additional value of the prognosis signature to any combination of two of the three 
mentioned clinical risk indexes instead of three was studied as well. Table 4 shows 
that a combination of the NPI with any of the other two risk indexes instead of three 
risk indexes performs equally well and is in fact similar to a combination of all three 
indexes together: in concordant low-low and in discordant patients, the estimated 
OS in poor prognosis and good prognosis is <80% and �85%, respectively. Thus, 
in these patients the prognosis signature adds clinical useful prognostic information 
that may alter treatment decision. Also, the prognosis signature adds no prognostic 
information in high-high risk patients as estimated 10-year DMFS and OS are less 
than 80% for both a good and a poor prognosis signature. 
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Table 4: Analyses in untreated NKI patients with an ER positive tumour of the NEJM- and validation 
series (n=139). The estimated 10- year distant metastasis as � rst event free survival (A) and overall 
survival (B) for patients with a low-low (-low), high-high (-high) and discordant clinical risk pro� le, and 
the additional value of the 70-gene prognosis signature on the survival estimates.

Discussion

The microarray-based 70-gene prognosis signature (MammaPrintTM) is a validated 
molecular test for all lymph node-negative breast cancer patients. The prognosis 
signature appeared to be an independent additional prognostic test in the logistic 
regression analyses in untreated lymph node-negative patients in this study. More 
importantly, this study helped to identify patients for whom the additional value of the 
prognosis signature to a combination of clinical risk indexes is high and for whom it 
is limited. 
The prognosis signature was discordant with clinical risk based on the Adjuvant! 
Online, the St Gallen guidelines and NPI in approximately one third (27-38%) of the 
patients. This implies that in one third of the patients the prognosis signature would 
assign the patients to a different prognosis category and as a result these patients 
may receive a different adjuvant systemic treatment advice. 
This study shows that only 6% of patients with ER-negative tumours have a good 
prognosis signature. In view of this, the prognosis signature adds only very limited 
prognostic information in ER-negative tumours. 
In untreated patients with an ER-positive tumour, a combined clinical risk assessed 
using two or three prognostic indexes (e.g. NPI with either Adjuvant! Online or St 
Gallen guidelines, or all three together), can classify a patient’s risk as concordant 
low-low (-low), concordant high-high (-high) or discordant for these guidelines. Our 
results show that the additional value of the 70-gene prognosis signature in patients 
with a clinical high-high (-high) is limited as estimated 10-year DMFS and OS are less 
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than 80% for both a good and a poor prognosis signature. Obtaining the prognosis 
signature in clinical high-high (-high) patients will thus not alter the adjuvant systemic 
treatment advice. 
In patients with a concordant low-low-low and discordant clinical risk comprising 
65% (90/139) of the ER positive, lymph node-negative breast cancer patients, the 
prognosis signature has discriminative value as outlined in � gure 2. The prognosis 
signature adds prognostic information as well in above mentioned combinations of 
two prognostic indexes for concordant low and discordant patients. 

For the purpose of this study we have assumed that adjuvant systemic therapy 
bene� ts mostly patients with a 10-year mortality risk of more than 10%.1 Therefore 
a 10-year estimated OS of less than 90% was used as cut-off to consider adjuvant 
chemotherapy. The vast majority of these patients will also receive endocrine 
treatment which will lead to a relative risk reduction of 50% in this patient group.1 
In the MINDACT trial, ER positive patients are considered low risk if their 10-year 
survival is at least 88%.8;9 This cut-off was chosen to re� ect the fact that in current 
clinical practice patients with ER-positive tumours receive adjuvant endocrine 
therapy (with an estimated absolute 10-year bene� t of approximately 4% overall). 
Based on the presented results, if patients have a low-low-low clinical risk and a 
poor prognosis signature outcome or a discordant clinical risk and a good prognosis 
signature outcome, advising only endocrine treatment may be considered (� gure 2), 
in particular when a patient classi� es as ‘completely endocrine responsive’ according 
to St Gallen de� nitions.11

The 21-gene recurrence score (Oncotype DX assay) is another prognostic gene-
expression pro� le and quanti� es the likelihood of distant recurrence in patients 
treated with tamoxifen who have node-negative, ER positive breast cancer using 
paraf� n-embedded material.20-22 Paik et al compared the performance of the 21-gene 
recurrence score with the histological grading performance of three pathologists.20 
They concluded that the 21-recurrence score was more robust in the multivariate 
analyses as substantial inter-observer variation (discordance 57%, kappa 0.23-
0.36) existed between the three pathologists in that study. As long as inter-observer 
variation between pathologists is large,20;23 however, there is a need for molecular 
prognostic tests such as the 70-gene prognosis signature.

Another important issue before genomic pro� ling can be integrated in daily clinical 
practice is the socioeconomic assessment of the introduction in clinical practice, 
in terms of cost-effectiveness, expectations and attitude of patients and clinicians 
towards genomics. The answers to these questions will be available in several years 
when the results of the MINDACT trial become available. Until then, collecting frozen 
tumour samples should be standard clinical practice in hospitals as to not only boost 
the expected application of this prognosis signature in clinical practice, but also to 
address other major issues including the identi� cation of gene expression signatures 
predictive of response to a speci� c chemotherapy, hormonal therapy and targeted 
therapy regimens. This is crucial if we want to accelerate the transition between 
empirical and tailored oncology.
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We conclude that the 70-gene prognosis signature adds prognostic information in 
patients with lymph node-negative and ER positive breast cancer with a predominant 
low or discordant clinical risk based on Adjuvant! Online, St Gallen guidelines, and 
the Nottingham Prognostic Index.

Figure 2: Flow chart to identify those patients in whom the 70-gene prognosis signature would add 
signi� cant prognostic information and a proposed adjuvant systemic treatment advise based on clinical 
risk and, when indicated, the 70-gene prognosis signature. 
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Supplementary tables

Webtable 1: Theoretical 
comparison between 70-gene 
prognosis signature outcome 
and risk assessment based 
on A.) Adjuvant! Online!, B) 
St Gallen guidelines, and C) 
Nottingham Prognostic Index.

Webtable 2: Theoretical 
comparison between risk 
assessment based on 
Adjuvant! Online, St Gallen 
guidelines, and Nottingham 
Prognostic Index mutually.



148

Who needs adjuvant systematic treatment

8



Summary / Samenvatting

99



150

Who needs adjuvant systematic treatment

9

Summary / Samenvatting

J.M. Bueno-de-Mesquita



151

Summary / Samenvatting

9

Summary / Samenvatting

Adjuvant systemic treatment (chemotherapy, endocrine therapy and/or trastuzumab) 
is used to eradicate micrometastatic disease and leads to improved survival in 
breast cancer patients. However, these adjuvant treatments have a wide range of 
acute and long-term toxicities. Prognostic factors are used to identify those patients 
at relatively high risk of developing distant metastases, as those patients bene� t 
most from adjuvant systemic treatment. The presence of lymph node metastases 
is considered to be an important adverse prognostic factor; the main clinically used 
prognostic factors in lymph node-negative breast cancer are age, tumour diameter 
and histological grade. 
Clinicopathological (‘clinical’) risk assessment is based on prediction algorithms 
(e.g. Adjuvant! Online Software (www.adjuvantonline.com), St Gallen guidelines, 
Nottingham Prognostic Index, and Dutch CBO guidelines) which are based on various 
clinical and pathological factors. Adjuvant systemic treatment decisions are based 
on this clinical risk. A poor prognosis or high clinical risk is de� ned as a relatively 
high likelihood that a patient will develop distant metastasis and eventually will die of 
breast cancer and is viewed to be an indication for adjuvant systemic treatment. Such 
prognostic tools have only limited ability to predict individual patient outcomes as 
patients with the same clinical risk can have markedly different clinical courses. Using 
gene expression pro� ling by microarray analysis, a 70-gene prognosis signature has 
been identi� ed, that is associated with outcome in breast cancer patients. The 70-
gene prognosis signature appeared a more powerful prognostic factor for distant 
metastasis and death than current clinicopathological factors in several validation 
studies. This thesis focuses on the validation, the feasibility of clinical implementation, 
the prognostic value and the impact on adjuvant systemic treatment decisions of the 
70-gene prognosis signature in clinical breast cancer care.

In Chapter two a review is given describing microarray-based gene expression 
pro� ling techniques in general and in particular in breast cancer, together with their 
limitations and how these limitations are being addressed. Analysis of differential 
gene-expression patterns across thousands of genes in a single experiment, and the 
extrapolation of these data to answer clinically pertinent questions can help de� ne 
the best therapeutic regimens for particular patient subgroups. Currently, microarray 
technology is in a transition phase whereby scienti� c information is beginning to 
guide clinical practice decisions. Before microarrays qualify as a useful clinical tool, 
however, they must demonstrate reliability and reproducibility. 

Chapter three provides the results of an independent validation study of the 70-
gene prognosis signature in 123 node-negative breast cancer patients diagnosed 
between 1996 and 1999. In addition, the follow-up of the 151 node-negative patients 
of the previously published validation-series was updated (Van de Vijver, New 
England Journal Medicine, 2002). The prognosis signature appeared to be a strong 
prognostic factor in univariate analysis for distant metastasis free survival and overall 
survival in both patient series. In multivariate analysis, the value of the prognosis 
signature was compared to that of four commonly used clinicopathological risk 
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indexes and appeared to be a strong independent prognostic factor, outperforming 
the clinicopathological risk indexes. 

The feasibility of implementation of the 70-gene prognosis signature in community 
hospitals and its effect on adjuvant systemic treatment decisions is addressed in 
Chapter four by presenting the results of the multicentre RASTER study (MicroarRAy 
PrognoSTics in Breast CancER). Between January, 2004 and December, 2006, 812 
women aged less than 61 years with cN0 primary breast carcinoma were enrolled, 
fresh tumour samples collected, and prognosis signatures were obtained. Lymph 
node-negative patients with a “good” signature were deemed to have a good 
prognosis and, therefore, could be spared adjuvant systemic treatment with its 
associated adverse effects, whereas patients with a “poor” signature were judged to 
have a poor prognosis and should be considered for adjuvant systemic treatment. 
Concordance between risk predicted by the prognosis signature and risk predicted 
by commonly used clinicopathological guidelines (national Dutch (CBO) guidelines, 
Adjuvant! Online, St Gallen guidelines, and Nottingham Prognostic Index) was 
assessed. Of 585 eligible patients, 158 patients were excluded because of sampling 
failure or incorrect procedure. Prognosis signatures were assessed in 427 patients. 
Use of the prognosis signature appeared feasible in Dutch community hospitals. 
The prognosis based on the Dutch CBO guidelines, Adjuvant! Online, St Gallen 
guidelines and Nottingham Prognostic Index was discordant with the prognosis 
signature outcome in respectively 30% (128/427), 37% (160/427), 39% (168/427), 
and 27% (117/427). Adjuvant systemic treatment was advised less often when the 
restrictive Dutch CBO guidelines were used compared with what was � nally given 
after additional information of the prognosis signature had been received. Compared 
with other clinical guidelines, less adjuvant chemotherapy would theoretically have 
been given, had the prognosis signature solely been used for risk assessment, which 
would have spared patients toxic side-effects. 

To compare the impact of the 70-gene prognosis signature on adjuvant systemic 
treatment decisions, the adherence to Dutch (CBO) guidelines for adjuvant systemic 
treatment in lymph node-negative breast cancer patients was evaluated and 
compared with the period before the guidelines had been introduced were evaluated. 
The results of an observational study in a consecutive series of 1197 breast cancer 
patients, diagnosed between 1998 and 2006, treated in 16 hospitals are presented 
in Chapter � ve. The Dutch CBO guidelines were introduced in 2002. Adherence to 
Dutch adjuvant systemic treatment guidelines increased to 91% in 2006. Formal 
introduction of national guidelines resulted in a more uniform treatment advice.

It is well known that there is considerable inter-observer variability in assessment 
of the pathological parameters that are used to select node-negative breast cancer 
patients for adjuvant systemic treatment. There is only limited data available describing 
in what proportion of patients this leads to differences in treatment decisions. The 
inter-observer variation of pathological examination in 694 breast cancer patients 
is discussed in Chapter seven. The local pathological examination was discordant 
with the central review for histologic grade, oestrogen receptor and HER2 status 
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in respectively 28%, 5% and 4% of the patients. If clinical risk had been assessed 
based on Dutch guidelines or Adjuvant! Online, respectively 15% or 8% of patients 
would have been assigned to a different clinical risk group. Inter-observer variation 
in pathological examination of breast carcinomas results in signi� cant differences 
in grade, ER status, HER2 status, clinicopathological risk and subsequently in 
signi� cantly different adjuvant systemic treatment advice. 

Chapter eight discusses the additive value and the potential use of the prognosis 
signature as a diagnostic test in node-negative breast cancer. Although validated in 
several retrospective studies, the additional value of the prognosis signature and its 
potential use to guide adjuvant systemic treatment decisions in node-negative patients 
in clinical practice remains a matter of debate as long as we are in anticipation of results 
of randomised controlled trials. We therefore evaluated the additional prognostic 
information of the prognosis signature in the context of three prognostic indexes in 
701 patients for whom the prognosis signature result was available. Clinical risk was 
based on Adjuvant! Online (AO), St Gallen guidelines (St Gallen), and Nottingham 
Prognostic Index (NPI). Survival analysis was performed in 186 untreated patients 
at the Netherlands Cancer Institute (NKI, Amsterdam, the Netherlands). Only 6% 
(10/156) of oestrogen receptor negative tumours had a good prognosis signature; 
therefore the prognosis signature provides only limited additional prognostic 
information in oestrogen receptor negative tumours. In untreated oestrogen receptor 
positive NKI patients, the signature had limited additional prognostic value in case of 
a concordant high AO, high St Gallen and/or high NPI clinical risk as the 10-year OS 
estimates for patients with tumours with either a poor or good prognosis signature 
were below 80% and adjuvant systemic treatment would be advised despite the 
signature outcome. In contrast, for patients with concordant high AO and high St 
Gallen risk the overall survival of good versus poor prognosis signature is 85% versus 
58%. In concordant low AO, low St Gallen and/or low NPI, and in discordant clinical 
risk patients however, the signature identi� ed patients in whom adjuvant systemic 
treatment could be safely withheld. Our results show that the prognosis signature 
provides additional prognostic information especially in patients with lymph node-
negative and oestrogen receptor positive breast cancer with a predominant low or 
discordant clinical risk based on Adjuvant! Online, the St Gallen guidelines and the 
Nottingham Prognostic Index.

In summary, the studies presented in this thesis have demonstrated that the 70-gene 
prognosis signature is a strong, independent and reproducible prognostic molecular 
test in lymph node-negative breast cancer patients. Use of the 70-gene prognosis 
signature is feasible in Dutch community hospitals. The clinical use of the 70-gene 
prognosis signature is currently evaluated in a large prospective randomised clinical 
trial. As long as we are in anticipation of results of this randomised controlled trial, 
it can be considered that the prognosis signature provides additional prognostic 
information in current clinical practice especially in patients with lymph node-negative 
and oestrogen receptor positive breast cancer with a predominant low or discordant 
clinical risk based on Adjuvant! Online, the St Gallen guidelines and the Nottingham 
Prognostic Index.
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Samenvatting

Adjuvante systemische therapie (chemotherapie, endocriene therapie en/of 
trastuzumab) wordt gegeven om micrometases te elimineren en leidt tot verbeterde 
overleving in patiënten met primair operabel mammacarcinoom. Echter, deze 
behandeling is geassocieerd met veel toxiciteit op de korte en lange termijn. 
Prognostische factoren worden gebruikt om die patiënten te identi� ceren met 
een relatief grote kans op het ontwikkelen van metastasen op afstand, omdat 
aangenomen wordt dat deze patiënten de meeste baat hebben bij adjuvant 
systemische behandeling. De aanwezigheid van lymfkliermetastasen is geassocieerd 
met een relatief ongunstige prognose; de meest gebruikte prognostische factoren 
bij patiënten met lymfeklier negatieve borstkanker zijn leeftijd, tumor grootte en 
histologische graad. Voor de klinische risico-inschatting wordt gebruikt gemaakt 
van richtlijnen en/of algoritmen gebaseerd op verschillende prognostische factoren 
(e.g. Adjuvant! Online Software (www.adjuvantonline.com), St Gallen richtlijnen, 
Nottingham Prognostic Index en de Nederlandse CBO richtlijnen). Besluitvorming 
over de adjuvant systemische therapie wordt gebaseerd op de inschatting van dit 
klinische risico. Een ongunstige prognose of hoog klinisch risico wordt gede� nieerd 
als een relatief grote kans dat een patiënte afstandmetastasen zal ontwikkelen en 
uiteindelijk zal komen te overlijden aan de borstkanker, en dit wordt gezien als een 
indicatie voor adjuvante systemische behandeling. Deze prognostische algoritmen 
hebben een beperkte voorspellende waarde voor het voorspellen van de prognose 
in individuele patiënten aangezien patiënten met eenzelfde klinische risico-
inschatting een evident verschillend klinisch beloop van hun ziekte en overleving 
kunnen hebben. Het 70-genen prognose pro� el is een prognostische test die is 
ontwikkeld met studies die gebruik hebben gemaakt van microarray technologie. 
Dit prognose pro� el bleek in verschillende validatie studies een sterkere voorspeller 
van de prognose van patiënten met borstkanker te zijn dan de andere op dit moment 
gebruikte klinische en pathologische factoren. Het onderzoek beschreven in dit 
proefschrift richt zich op de validatie van het 70-genen pro� el, de haalbaarheid van 
klinische implementatie, de aanvullende klinische waarde ten op zichtte van huidige 
prognostische factoren en de impact op besluitvorming over adjuvant systemische 
behandeling in de dagelijkse oncologische praktijk. 

In hoofdstuk twee wordt een overzicht gegeven van studies naar genexpressie 
pro� elen die gebruik maken van de microarray techniek in het algemeen en meer in 
het bijzonder bij borstkanker. Tevens worden de tekortkomingen en beperkingen van 
deze genexpressie pro� elen besproken en op welke wijze deze tekortkomingen of 
beperkingen in de toekomstondervangen kunnen worden. De genexpressie analyse 
van een serie tumoren maakt het mogelijk om de prognostische of voorspellende 
waarde van het expressiepro� el van duizenden genen in één enkel experiment 
te bepalen, om hiermee behandeling op maat voor speci� eke patiënten groepen 
te realiseren. Op dit moment staat de microarray analyse aan de vooravond van 
implementatie van sommige van deze genexpressie pro� elen in de klinische praktijk. 
Maar voordat de microarray als een standaard klinische test gebruikt kan worden, 
dienen de betrouwbaarheid en reproduceerbaarheid getoetst te zijn.
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Hoofdstuk drie beschrijft de resultaten van een onafhankelijke validatie studie van 
het 70-genen pro� el in 123 borstkanker patiënten zonder lymfeklier uitzaaiingen 
gediagnosticeerd tussen 1996 en 1999. In aanvulling hierop is de follow-up van een 
eerder beschreven validatie studie (Van de Vijver, New England Journal of Medicine, 
2002) aangevuld en zijn deze data opnieuw geanalyseerd. Het 70-genen pro� el 
blijkt een sterke prognostische factor te zijn in de univariate  analyse van metastase 
vrije overleving en algehele overleving in beide patiënten series. In de multivariate 
analyse is de aanvullende waarde onderzocht van het 70-genen pro� el ten opzichte 
van vaak gebruikte klinische richtlijnen voor de behandeling van borstkanker. Het 
70-genen pro� el bleek opnieuw een sterke onafhankelijke prognostische factor 
en had een grotere voorspellende waarde dan andere klinische en pathologische 
factoren. 

De haalbaarheid van klinische implementatie van het 70-genen pro� el in algemene 
ziekenhuizen voor borstkanker patiënten zonder lymfeklier uitzaaiingen en de 
impact van het 70-genen pro� el op de besluitvorming over adjuvant systemische 
behandeling wordt beschreven in hoofdstuk vier aan de hand van de resultaten van 
de multicenter RASTER-studie (MicroarRAy PrognoSTics in Breast CancER). Tussen 
januari 2004 en december 2006 werden 812 vrouwen jonger dan 61 jaar met een 
klinisch lymfeklier negatieve primaire borstkanker aangemeld voor de studie, werd 
vriesmateriaal van de tumor verzameld van deze patiënten en het 70-genen pro� el 
bepaald. Patiënten met een gunstig 70-genen pro� el werden geacht een gunstige 
prognose te hebben, en op die basis zou adjuvante systemische behandeling 
hen bespaard kunnen worden. Lymfeklier negatieve patiënten met een ongunstig 
70-genen pro� el zouden een ongunstige prognose hebben en op basis daarvan 
in aanmerking komen voor adjuvante systemische behandeling. De concordantie 
tussen de prognose gebaseerd op het 70-genen pro� el en op basis van frequent 
gebruikte klinische en pathologische factoren werd onderzocht (Adjuvant! Online 
Software, St Gallen richtlijnen, Nottingham Prognostic Index en de Nederlandse 
CBO richtlijnen). Van de aanvankelijk 585 in de studie geïncludeerde patiënten, 
zijn 158 patiënten alsnog geëxcludeerd omdat sprake was van een incorrecte 
procedure of van inadequate sample afname. Het 70-genen pro� el werd bepaald 
in 427 patiënten. Uit deze studie bleek dat het haalbaar was om gebruik te maken 
van het 70-genen pro� el in algemene ziekenhuizen. De klinische risico-inschatting 
op basis van de Nederlandse CBO richtlijnen, Adjuvant! Online, St Gallen richtlijnen 
en de Notthingham Prognostic Index was discordant met de uitkomst van het 
70-genen pro� el bij respectievelijk 30% (128/427), 37% (160/427), 39% (168/427) 
en 27% (117/427) van patiënten. Adjuvant systemische behandeling werd minder 
vaak geadviseerd indien alleen de Nederlandse CBO richtlijnen zouden worden 
gehanteerd in vergelijking met het uiteindelijke behandel advies gebaseerd op zowel 
de CBO richtlijnen als het 70-genen pro� el. Indien het behandeladvies op basis van 
het 70-genen pro� el werd vergeleken met de andere richtlijnen, dan zou theoretisch 
minder chemotherapie geadviseerd worden wanneer het 70-genen pro� el gebruikt 
zou worden. 
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Om de impact van het 70-genen pro� el in de klinische praktijk beter te kunnen 
beoordelen, is de navolging van de Nederlandse CBO richtlijnen voor en na hun 
introductie geëvalueerd bij 1197 consecutieve borstkanker patiënten zonder 
lymfeklier uitzaaiingen uit 16 ziekenhuizen en gediagnosticeerd tussen 1996 en 2006. 
De resultaten van deze observationele retrospectieve studie worden beschreven 
in hoofdstuk vijf. De CBO richtlijnen werden in 2002 geïntroduceerd. De navolging 
van de CBO richtlijnen nam toe tot 91% in 2006. Het introduceren van nationale 
behandelrichtlijnen resulteerde dan ook in een meer uniform advies met betrekking 
tot adjuvante systemische behandeling.

Het is algemeen bekend dat er een substantiële inter-observer variabiliteit bestaat in 
de beoordeling van pathologische parameters die gebruikt worden voor de selectie 
van borstkanker patiënten zonder lymfeklieruitzaaiingen voor adjuvant systemische 
behandeling. Er zijn slechts weinig gegevens beschikbaar over in welke mate 
dit de besluitvorming over de noodzaak van adjuvante systemische behandeling 
beïnvloedt. De inter-observer variatie in pathologische beoordeling bij 694 lymfeklier 
negatieve borstkanker patiënten wordt besproken in hoofdstuk zeven. De lokale 
pathologische beoordeling was discordant met de centrale revisie voor histologische 
graad, oestrogeen receptor en HER2 status in respectievelijk 28%, 5% en 4% van 
de patiënten. Indien het klinische risico zou zijn gebaseerd op de Nederlandse 
CBO richtlijnen en op Adjuvant! Online, dan zou respectievelijk 15% en 8% van 
de patiënten een andere klinisch risico toegekend zijn, hetgeen ook een ander 
adjuvant systemisch behandeladvies inhoudt. Inter-observer variatie tussen lokale 
beoordeling en centrale revisie resulteert in signi� cante verschillen voor graad, 
oestrogeen receptor en HER2 status, en daarmee in klinische risico-inschatting en 
adjuvant systemisch behandeladvies.

Hoofdstuk acht beschrijft de aanvullende waarde en het potentiële gebruik van het 
70-genen pro� el als een prognostische test voor lymfeklier negatieve borstkanker 
patiënten in de dagelijkse oncologische praktijk op dit moment, terwijl we in 
afwachting zijn van de resultaten van grote gerandomiseerde dubbelblinde studies. 
Hiertoe hebben we de additionele prognostische waarde van het 70-genen pro� el ten 
opzichte van drie klinische richtlijnen geëvalueerd aan de hand van de data van 701 
patiënten bij wie het 70-genen pro� el beschikbaar was met als doel een leidraad te 
ontwikkelen voor de selectie van patiënten voor adjuvant systemische behandeling. 
Voor de klinische risico-inschatting  werd gebruik gemaakt van Adjuvant! Online 
(AO), de St Gallen richtlijnen (St Gallen) en de Nottingham Prognostic Index (NPI). 
De analyses voor het bepalen van de algehele overleving is uitgevoerd bij 186 
patiënten uit het Nederlands Kanker Instituut (NKI, Amsterdam) die geen  adjuvant 
systemische behandeling hadden ontvangen. Slechts 6% (10/156) van de patiënten 
met een oestrogeen receptor negatieve tumor bleek een gunstig prognose pro� el 
te hebben. De toegevoegde prognostische waarde van het 70-genen pro� el lijkt 
daarom beperkt bij deze groep patiënten. De resultaten laten zien dat het 70-genen 
pro� el vooral toegevoegde waarde heeft bij patiënten zonder lymfeklier uitzaaiingen 
met een oestrogeen receptor positieve tumor als sprake is van een overwegend 
laag of discordant klinische risico-inschatting op basis van Adjuvant! Online, St 
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Gallen richtlijnen en/of Nottingham Prognostic Index. De toegevoegde waarde van 
het 70-genen pro� el lijkt beperkt voor patiënten met een concordant hoog risico 
op basis deze drie richtlijnen aangezien de 10-jaars overleving voor zowel een 
gunstig als een ongunstig 70-genen pro� el onder de 80% blijft en in beide gevallen 
adjuvant systemische behandeling geadviseerd zou worden onafhankelijk van de 
uitkomst van het prognose pro� el. Het prognose pro� lel geeft alleen bij patiënten 
met een concordant hoog risico pro� el op basis van Adjuvant! Online en St Gallen 
aanvullende prognostische informatie aangezien de 10-jaars algehele overleving 
van een gunstig versus een ongunstig pro� el respectievelijk 85% en 58% is. Men 
zou kunnen overwegen bij de gunstige 70-genen pro� el uitkomst de chemotherapie 
achterwege te laten en alleen endocriene behandeling te adviseren.

Samengevat, tonen deze studies aan dat het 70-genen pro� el een sterke, 
onafhankelijke en reproduceerbare prognostische moleculaire test is voor 
borstkanker patiënten zonder lymfeklier metastases. Het is haalbaar om in de 
dagelijkse oncologische praktijk van algemene Nederlandse ziekenhuizen deze 
moleculaire test te gebruiken. Op dit moment wordt de prognostische waarde van 
het 70-genen pro� el geëvalueerd in een grote prospectieve gerandomiseerde 
dubbelblinde studie. Zolang we in afwachting van de resultaten van deze studie, is 
de toegevoegde waarde van het 70-genen pro� el het meest evident bij borstkanker 
patiënten zonder lymfeklier metastasen en een oestrogeen receptor positieve tumor 
waarbij de klinische risico-inschatting overwegend laag of discordant is gebaseerd 
op Adjuvant! Online, St Gallen richtlijnen en/of Nottingham Prognostic Index.
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Abstract

Objectives: Constructive Technology Assessment (CTA) is a means to guide early 
implementation of new developments in society, and can be used as an evaluation 
tool for Coverage with Evidence Development (CED). We used CTA for the 
introduction of a new diagnostic test in the Netherlands, the 70-gene prognosis 
signature (MammaPrintTM) for node-negative breast cancer patients.

Methods: Studied aspects were (organisational) ef� ciency, patient-centeredness and 
diffusion scenarios. Pre-post structured surveys were conducted in 15 community 
hospitals concerning changes in logistics and teamwork as a consequence of the 
introduction of the 70-gene signature. Patient-centeredness was measured by 
questionnaires and interviews regarding knowledge and psychological impact of the 
test. Diffusion scenarios, which are commonly applied in industry to anticipate on 
future development and diffusion of their products, have been applied in this study.

Results: Median implementation-time of the 70-gene signature was 1.2 months. 
Most changes were seen in pathology processes and adjuvant treatment decisions. 
Physicians valued the addition of the 70-gene signature information as bene� cial 
for patient management. Patient-centeredness (n=77, response 78%): patients 
receiving a concordant high-risk and discordant clinical low/high risk-signature 
showed signi� cantly more negative emotions with respect to receiving both test-
results compared to concordant low-risk and discordant clinical high/low risk-
signature patients. The � rst scenario was written in 2004 before the introduction of 
the 70-gene signature and identi� ed hypothetical developments that could in� uence 
diffusion; especially the “what if-deviation” describing a discussion on validity among 
physicians proved to be realistic.  

Conclusions: Differences in speed of implementation and in� uenced treatment 
decisions were seen. Impact on patients seems especially related to discordance 
and its successive communication. In the future, scenario drafting will lead to input 
for model-based cost-effectiveness analysis. Finally, CTA can be useful as a tool to 
guide CED by adding monitoring and anticipation on possible developments during 
early implementation, to the assessment of promising new technologies.
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Introduction

Many new genomic- and genetic related � ndings have lately been published. Health 
policy challenges arise when the promising new technology is in its early development 
phase and certain stakeholders � nd reason to speed up implementation in clinical 
practice. Nowadays, Technology Assessment (TA) is a frequently used evaluation 
approach to enable decisions on coverage and reimbursement of new technologies.9 
However, the point at which a new technology should be assessed remains a 
contentious issue.17 Broad clinical implementation and performing a TA for policy 
decisions may be premature in the absence of prospective data of the actual bene� ts. 
However, if we wait to perform a TA, it might very well be that worthwhile technology 
is withheld from the public.11 Coverage decisions usually have to be made at a time 
when the data on all the relevant variables and adequate comparisons are not 
available from high-quality studies. “Coverage with Evidence Development” (CED) 
is one of several policy options that have been posited to overcome the problems 
associated with making coverage decisions under uncertainty.9

In the Netherlands, the Dutch Health Care Insurance Board (DHCIB) has experimented 
with a program of controlled introduction of promising innovations in an early stage of 
development from 2004 onwards. Our case, the use of the 70-gene signature, was 
one of the three technologies to be studied. At present, the DHCIB and the ministry 
of Health Care discussing the most appropriate way of stimulating innovations, for 
instance through a “Coverage with Evidence Development” program. 
In 2002, researchers at the Netherlands Cancer Institute (NKI, Amsterdam, the 
Netherlands) identi� ed a new genomic technology: the 70-gene prognosis signature 
(MammaPrintTM), using microarray analysis for lymph node-negative breast cancer 
patients.26 This signature was presumed to outperform currently used clinical factors 
in predicting disease outcome and overall survival. A patients’ prognosis is usually 
based on clinical and pathological factors, such as age, nodal status, tumor diameter 
and histological grade. However, these factors do not accurately predict the exact 
clinical behavior of breast tumors, and therefore, patients can be under-treated or 
especially over-treated. It is generally agreed that patients with a poor prognosis 
or clinical high risk for metastasis will bene� t from adjuvant systemic treatment.7 
However, since these treatments can have severe side effects, a careful selection 
of those high-risk patients is very important. Using the 70-gene signature, the 
selection of patients that will bene� t most from adjuvant systemic treatment could be 
more accurate. The signature has meanwhile been validated in three retrospective 
patient series.3,5,27 It would take at least 8-10 years to bring the signature into clinical 
practice, via the usual path of prospective trials. Therefore it was decided that a 
controlled introduction would be appropriate to evaluate this technology. The DHCIB 
sponsored this controlled introduction study, along with a technology assessment to 
ensure and improve the quality of implementation.6 The MicroarRAy PrognoSTics in 
Breast CancER (acronym RASTER)-study was a clinical, multicenter, prospective 
observational study. The main aim was to analyze the differences between adjuvant 
systemic treatment advice for breast cancer based on the Dutch CBO guidelines13 
and the prognosis signature, taking into account patients’ preferences.4 We chose to 
support the controlled introduction of the 70-gene signature with a comprehensive 
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technology assessment, which takes technology dynamics into account, and decided 
to perform a Constructive Technology Assessment (CTA). 
CTA is based on the idea that during the course of technology development, choices are 
constantly being made about the form, the function, and the use of that technology.23 
CTA has developed from assessing the impact of a new technology to a broader 
approach, including the analysis of design, development, and implementation of that 
new technology.22 CTA is related to Health Technology Assessment (HTA), which 
predominantly implies a CEA. HTA generally starts after the technology is stabilized 
and proved to be valid in clinical trials. It commonly presumes a “ceteris paribus” 
(static) situation, whereas it has become evident that environment and technology 
are often dynamic and mutually in� uencing each other. Besides ‘studying’ changes, 
‘in� uencing’ changes is sometimes necessary to improve effectiveness. During this 
time many changes in available treatments can occur, which results in that HTA 
subsequently answers -at least partly- outdated questions. CTA can be used as a 
complementary approach to HTA, especially for the early and dynamic introduction 
of new technologies in a controlled way.6 Only limited publications are available 
describing the application of CTA in health care.6,20 At different phases of CTA, the 
focus will shift to the aspects most likely to change during the introduction of these 
new technologies. In this study the mixed method approach of the CTA covers 
aspects of quality of care following the Institute of Medicine (IOM)10 and uses diffusion 
scenarios to monitor the dynamics. Diffusion scenarios, which are commonly applied 
in industry to anticipate on their strategies concerning future development, have 
been adapted in this study.
Our aim was to perform a CTA on the controlled introduction of the 70-gene prognosis 
signature in the participating community hospitals, in order to anticipate in modern 
decision- and policy making. The following sub studies were performed:  
0) Clinical effectiveness: studied in the clinical feasibility study, the MicroarRAy 
PrognoSTics in Breast CancER (acronym RASTER)-study, and more detailed 
reported by Bueno-de-Mesquita et al., 2007.4 The most important results of the clinical 
implementation study were: out of 812 accrued patients, 427 prognosis signatures 
were assessed, 51% of the patients (219/427) had a good and 49% (208/427) a poor 
prognosis signature. The prognosis signature was discordant with risk assessment 
based on the Dutch CBO-guidelines in 30% of the cases, which resulted in change 
of treatment in 54% of the discordant patients (see � gure 1A, 1B and 1C). Discordant 
cases are patients who are clinically low risk and according to the signature high risk 
or clinically high risk and according to the signature low risk. 

In this paper we report on:
1) Organizational ef� ciency: What are the changes to the actual care provision 
processes, logistics and teamwork, and which organizational aspects in� uence the 
implementation? 
2) Patient centeredness: Analyzing understanding, psychological impact of the test 
results, satisfaction and decision-making process. 
3) Diffusion scenarios: Are diffusion scenarios, commonly used in industry, applicable 
for new technologies in health care? And how can we use these diffusion scenarios 
to guide the implementation process in this study?
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Figure 1:  Adjuvant chemotherapy treatment (A), adjuvant endocrine treatment (B), and adjuvant systemic 
treatment (chemotherapy and/or endocrine therapy)(C) based either on prognosis signature or clinical 
risk (based on Dutch CBO guidelines). RASTER numbers from Bueno-de-Mesquita et al.4

Methods

The CTA-study was part of the clinical RASTER-study, using the same procedures 
and thus the same hospital team-members and (part of the) patient population.4 The 
Institutional Review Board of the Netherlands Cancer Institute approved this side-
study.

Organizational ef� ciency: logistics and teamwork
In the participating hospitals, semi-structured baseline and post-survey interviews 
were conducted, involving all relevant breast cancer care team members. The post-
survey was conducted at a minimum of 6 months after the � rst included patient. 
Information was gathered regarding changes of the total clinical and pathological 
processes, and processes of multidisciplinary meetings and related patient contacts. 
Finally, the team members were questioned about their expectations regarding the 
role this signature would play in future clinical practice.
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Patient centeredness
Based on a pilot series of structured interviews, a questionnaire was constructed 
and was sent to patients from 3 of the 16 participating hospitals at 4 weeks after 
surgery. At that moment, patients had received the results of the pathological report, 
the prognosis signature outcome and the � nal adjuvant systemic treatment advice. 
The main topics were: was the information about the prognosis signature and 
its consequences clear to the women and what was the impact of the prognosis 
signature outcome on these women? This was measured according to the following 
parameters. 1) Knowledge questions to assess the insight of the patients in the 
consequences of the 70-gene prognosis signature 2) Perception of satisfaction 
regarding the whole trajectory, informational process of the prognosis signature, 
receiving the outcomes and the treatment decision; 3) Psychological impact, 
conducted by a questionnaire (developed by Lynch et al.15 and adapted for the Dutch 
population by Bleiker1), was used to assess the respondents’ emotional reaction to the 
test results, also called ‘negative affects’, and the Cancer Worries-scale developed by 
Lerman et al14 which assessed the amount of worries the women had after receiving 
the 70-gene prognosis signature. Calculations were done with SPSS (version 15.0), 
using univariable analysis, factor analysis and ANOVA.
 
Diffusion scenarios
Scenarios can be used to monitor the implementation process  through the various 
diffusion phases and can support and identify the need for evaluation or even 
interfere through formal decision making.6 The method used to describe scenarios is 
based on the Royal Dutch Shell approach, using a most likely course of development 
with ‘There Is No Alternative’ (TINA) elements and alternative course projections 
represented by ‘what if’-deviations. A baseline description was drafted, regarding 
the consensus of expert opinions. It was written before the prognosis signature was 
introduced in the Netherlands (mid-2004), using the timeline of diffusion phases as 
described by Rogers’ diffusion theory, 2003.21 In the innovation phase, the prognosis 
signature technique is developed and the � rst organizations adopt (introduce) the 
technology in their daily practice, in this phase the presence of a champion (an 
opinion leader) is necessary. The early adoption phase describes the implementation 
a priori in 10-15 hospitals. The early majority phase describes the implementation in 
other participating hospitals that are relying on opinion leaders and well established 
logistics. The late majority is conservative and waits until there is no further debate 
on the validity and clinical value of the test and the logistics are further improved. A 
second scenario was drafted based on the � rst experiences (mid-2005). 
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Results

Organizational ef� ciency:Logistics and teamwork 
Baseline and post-surveys were conducted in 15 of the 16 participating hospitals 
in the RASTER-study (see table 1). All hospitals succeeded in implementing the 
required tumor sampling logistics. The duration of the implementation, measured 
from consent to participate till � rst patient inclusion, varied from 0.2-9.4 months 
(median 1.2).4 The two outliers (4.3 and 9.4 months) especially had start-up problems 
in the pathology process. The change in routine work-up for tissue handling (fresh 
frozen tissue versus paraf� n embedding) and the onsite availability of the pathologist 
were most dif� cult to achieve. However, if those logistics were in place, no other 
major problems appeared. The time between surgery and start of radiotherapy or 
adjuvant systemic treatment did not change as a result of the new technology in any 
of the hospitals. In the beginning, the explanation of both the nature of the prognosis 
signature and the study design to the patients was time-consuming (reported in 
thirteen hospitals), but once accustomed to the procedure, consultation times 
returned to normal. As the results could be either concordant or discordant with 
existing clinical guidelines, oncologists had to be careful concerning the moment and 
manner of giving the results of both the tests to the patient. Because of the longer 
waiting time (about 10-14 days for execution of the signature and the nodal status), 
discordant patients were either discussed twice in the multidisciplinary team, or the 
medical-oncologist took a � nal decision as soon as both were available. The overall 
trend was to initially follow the pathology report and to communicate this with the 
patient, stating that the treatment advice could be changed based on the prognosis 
signature result. Six hospitals indicated to make the treatment-decision based 
only on the pathology report, because they questioned the value of the prognosis 
signature considering lack of validation studies available at that time. However, of 
the total number of discordant patients (n=128 in the RASTER-study), the decision 
to use adjuvant treatment compared to the CBO guidelines was changed in 54% of 
these patients.4 This resulted in an additional increase of 1% of patients who were 
advised chemotherapy, 9% of patients who were advised endocrine treatment and 
2% of patients who were advised both.4 Clinicians and patients seemed to base 
their decision on the more unfavorable predictor, regardless whether this was the 
genomic or clinical (see � gures 1a, 1b and 1c). 
All interviewed physicians expect that the signature will eventually become part of 
future regular diagnostics. Some expect the signature to be performed in all patients; 
others considered it as complementary parameter especially in dif� cult cases. In 
general, the physicians rated the addition of the 70-gene signature as bene� cial for 
patient management; however several medical-oncologists tended to look for more 
con� rmative data concerning the validity of the signature. 

Patient centeredness
In total, 29 interviews and 48 questionnaires were analyzed, n=77 (response rate of 
the questionnaires was 78%). The mean age of the responders was 48 years (range 
27-59), which did not differ from the total RASTER population, but the distribution of 
the risk groups were different (more concordant low-risk patients).
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Table 1: Logistics and teamwork as an aspect of ef� ciency, per hospital (n = 15).

Figure 2: Results of the knowledge questions (n = 77); % correct answered questions by the patient and 
not correct answered questions by the patient. 

Hospitals Total

Inclusions/ 172/ 124/ 114/ 103/ 66/ 59/ 40/ 31/ 21/ 21/ 18/ 13/ 6/ 4/ 4/ 812/
Signatures 106 65 41 52 40 31 19 18 9 14 13 4 3 0 3 427

Duration of implementation
(months)

6 form/
9 dry

Pathology lab inside/outside
the hospital 11 inside/

5 outside
median 6

(4-10)
Signature part 9 yes/
of treatment advice? 6 no

MDM/ MDM/ MDM/ MDM/ MDM/ 11 onc/
Onc surg Onc onc onc 2 surg/

7 MDM

1.2 1.7 0.4 1.1 1.1 0.3 2.3 1.4 9.4 1.5 0.9 1.6 0.7 0.2 4.3 Median 1.2 (0.2-
9.4)

Prior tissue handling dry Dry formalin dry dry Dry dry formalin dry dry formalin dry formalin formalin formalin

in In out in out In in in in in out in out out in

Participating team members 5 5 5 6 4 6 9 10 6 5 8 7 4 7 7

yes Yes yes yes yes Yes yes yes no no no yes no no no

Who decides treatment? MDM onc onc MDM onc onc

Inclusions of patients/numbers of signatures performed; Duration of implementation in months: calculated from Review Board Approval until the first included patient; Prior tissue handling: tumor tissue storage 
before start of the RASTER-study, based on paraffin (formalin) or fresh frozen (dry); Pathology lab inside or outside the hospital; Number of participating team members in the RASTER-study; The result of the 
70-gene signature part of the adjuvant treatment advice; Disciplinary eventually decided on adjuvant treatment: MDM = multidisciplinary meetings, onc = medical oncologist, surg = surgeon.

onc onc surg onc
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The results from the knowledge test are presented in � gure 2 and were not different 
in the three hospitals. Important issues were the predictive accuracy of the test (87% 
wrong answers) and the consequences of the test (66% wrong answers). Signi� cant 
differences (p=0.001) were found between the different risk groups for emotional 
reactions after receiving the 70-gene signature. Women with discordant clinical low/
high risk-signature and clinical high risk/no signature (no signature due to failure in 
process) had the highest negative affect-scores (n=77). 

Figure 3: Negative affects: respondents’ psychological reaction after receiving the 70-gene prognosis 
signature and the clinical CBO test results. Higher scores means more negative feelings experienced by 
the patients (n = 74).

Remarkably, women with a clinical high/good signature scored almost the same as 
women with clinical low/good signature (see � gure 3). 

The scores of “thought about chances of getting cancer again in� uencing the mood” 
on the Cancer Worries-scale (n=77) (14) were signi� cantly different (p=0.01) per 
risk-group: 43% of patients with clinical low/poor signature and 29% clinical high/
no signature often worried about getting a recurrence, compared with 0% of the 
patients with clinical high/good signature, 20% clinical low/no signature, 13% clinical 
high/poor signature and 3% clinical low/good signature. This was consistent with the 
Lynch-scale.
The satisfaction about receiving the 70-gene signature per risk-group was 76%. 6 
out of 70 patients (8.6%) were very dissatis� ed, 4 of those patients had a discordant 
clinical low/high risk-signature, 2 (no discordant patients) were dissatis� ed about 
the way the result of the 70-gene signature was communicated. 11 patients had a 
neutral opinion. The overall satisfaction regarding the total trajectory, from diagnosis 
to the time of interviewing, around 2 months after surgery, was 82% (n=77).
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Diffusion scenarios 
Two rounds of scenarios were written, taking various socio-dynamic interactions 
into account. The original scenario was written in 2004 and revised mid-2005, using 
professional feedback. The initial expectation among the direct involved researchers 
and professionals was that less adjuvant chemotherapy would be needed compared 
to guideline based treatment and that the impressive potential of the test would lead 
to swift diffusion.8 The current Dutch CBO guidelines, however, proved to be more 
restrictive in the prescription of adjuvant systemic treatment, compared to the St. 
Gallen guidelines on which the � rst analysis was based. It became apparent that 
the signature in combination with the CBO guidelines (with the physicians tending to 
follow the highest risk) led to more chemotherapy prescription in the RASTER study, 
instead of less. Although an unexpected result, it might lead to improved selection of 
patients and ultimately, an improved survival outcome.4 
A second important issue was the “what-if deviation” that suggested that the 
complex bio-informatics used to select the relevant genes, was incomprehensible 
for the average clinician. As a consequence, if a discussion would start concerning 
the validity an expectative attitude might be the result, leading to a prolonged early 
adoption phase. Although not considered very likely at the time of starting the study, 
this proved to be reality especially in Europe (see � gure 4).

Figure 4: Results of scenario description, diffusion stages source Rogers, 2003.21 
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Discussion

This study evaluates the methodology of CTA as a means to guide the controlled 
early implementation of a promising technology and its possible use for coverage 
decisions: the 70-gene prognosis signature in the treatment of node-negative breast 
cancer patients. An important goal of CTA is to inform policy makers in an early stage 
about possible advantages or disadvantages of new developments and, ultimately, 
to aid a decision on usage and coverage. 
The logistics necessary for pro� ling was complex but successfully implemented in 
all participating hospitals. Changes in the pathology process and multidisciplinary 
decision-making on treatment advice particularly in� uenced the duration of the 
implementation (median 1.2 months). However, physicians rated the addition of 
the 70-gene signature as bene� cial for patient management. The patient interviews 
and questionnaires (n=77) showed that, regarding the level of knowledge about 
the (consequences of the) 70-gene signature, there is room for improvement for 
the patient information. The impact on patients seems to depend on the nature 
of the test results and the way these were communicated to the patient. Because 
the women received their results in succession (� rst the clinical risk assessment, 
followed by the signature), a ‘framing effect’ could have been realized. The ‘framing 
theory’ suggests that the way content is presented in� uences the opinion people 
develop.25 The ‘frame’, a low clinical risk result, followed by a poor signature result 
causes consequently more negative affects. To reduce a possible framing effect, we 
recommend that physicians communicate all diagnostic results in one appointment 
after surgery. 
The scenarios, especially the “what if-deviations” proved relevant to picture the 
possible future developments; in a further round these are expected to be useful to 
specify parameters in planned cost-effectiveness modeling.
The selection of participating hospitals was not at random. In agreement with the 
DHCIB, regional/urban and size differences were taken into account when selecting 
hospitals interested in participating. As a consequence, all were probably early 
adaptors and willing to put effort in the implementation process, which could have 
been negatively in� uenced by random selection. Other diffusion groups might not have 
a comparable positive attitude towards spending money or efforts in implementing 
the test. The amount of patient questionnaires was too small to conduct extensive 
statistical analysis, though it may be large enough to give an exploratory insight of the 
impact of the prognosis signature, and this will be elaborated in the continuation of 
the CTA. The distribution per risk-group in this part of the study was not equal to the 
total RASTER-population. Since more questionnaires were returned by concordant 
low risk patients, these might be more inclined towards responding or the present 
results might depict a too positive situation. The DHCIB was of the opinion that a 
CEA was not yet relevant in the very early phase of the study, since the development 
and diffusion of the signature was not suf� ciently advanced. However, the results 
of the CTA led to a positive decision on performing a CEA and a discussion on the 
possibility of provisional coverage. 
There are several remaining issues for further research. First, patient-related 
aspects that appeared to be relevant or signi� cant in this study, such as quality of 
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life and knowledge of the 70-gene signature, have to be elaborated. Second, a third 
round of scenario drafting is planned for mid-2008, in a formal set-up with opinions 
to be obtained from international acknowledge experts. Third, ethical and juridical 
aspects will be studied, involving patients’ rights concerning future diagnostic use of 
banked tissue. Finally, a model based CEA will be performed, using several scenario 
deviations as input to calculate expected costs and outcomes. 
The introduction of the 70-gene signature had and will have several clinical implications. 
The prognosis signature resulted in 30% discordant cases compared to the Dutch 
CBO guidelines, whereas using the USA based Adjuvant! Online Software resulted 
in 38% discordance.18,19 Thus the use of this prognosis signature, for example in the 
US, could lead to greater reduction of adjuvant systemic treatment compared to the 
present Dutch situation, where the guidelines were more restrictive in prescription of 
adjuvant systemic treatment. However, in the concept CBO guidelines of 200812 the 
criteria for adjuvant systemic treatment will be less restrictive, which can also result 
in greater reduction of chemotherapy in the Netherlands. In the US, the 70-gene 
prognosis signature is meanwhile FDA approved, based on the available validation 
studies. Although of� cially accepted in the USA, basing a possible catalogue decisions 
just on retrospective validation series caused serious debate in the Netherlands. 
Countries thus can have different implementation and diffusion patterns, possibly 
related to their attitude towards technology innovation. Consensus among opinion 
leaders on the value of this type of prognostics appears to be essential for further 
diffusion. The validity discussion in Europe initiated a prospective randomized phase 
III clinical trial, the MINDACT-trial (Microarray In Node-negative Disease may Avoid 
ChemoTherapy).2,16 The MINDACT-trial has, however, a very complex design and 
organization, and feasibility and compliance might prove to be issues in its execution. 
The CTA will be continued alongside the MINDACT-trial as this study produced a 
number of aspects which need further attention. 
Clinicians have a tendency to prefer traditional ‘ceteris paribus’ HTA designs and 
to challenge the CTA with its broad approach and acknowledgement of dynamic 
aspects of technology diffusion. Intensive discussions with clinicians can therefore 
be anticipated. Furthermore, the complexity of a broad CTA using a mixed method 
design demands a lot of effort, organization, costs and knowledge on different areas 
such as psychology, economics and medical science.6 To achieve a manageable 
design, it is important to select the most relevant aspects to be researched, which 
again demands a thorough discussion. Furthermore, � nding a balance between 
broadness and depth will inevitably play a role in publishing CTA results. 
It proved that the CTA method is suitable for evaluation of this type of technology and 
we suggest that it can be used as a tool for early stage coverage decisions. Especially 
in case of a CED-program, due to the comprehensive evaluation with its mixed 
method approach, CTA can be helpful in decision making.24 We therefore assume 
that it is appropriate for evaluation of other complex technologies, especially during 
the early controlled introduction in a dynamic environment. It can be expected that 
a score of new (personalized) diagnostic tests based on genomics, proteomics and/
or nanotechnology will be developed. The complex analytical methods, the design 
of the various elements of technologies and the possible costs make CTA a logical 
approach in early stages of development and diffusion of new promising techniques.
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Notes
70-gene prognosis signature, performed by Agendia, Amsterdam; MammaPrint�  
Agendia’s ‘Mammaprint diagnostic service’ is cleared by the Food and Drug 
Administration as an IVDMIA medical device and is ISO-17025 accredited, utilizing 
a custom designed array chip “MammaPrint®”.

Acknowledgements
The present CTA study and the RASTER study were � nanced by the Dutch Health 
Care Insurance Board. We are indebted to the women who participated in this study 
and to all co-workers in the 16 hospitals. Special acknowledgements to Laura van ‘t 
Veer, Chad Gundy, Guus Hart and Fiona Stewart for their input.

Confl ict of Interest Statement 
W.H. van Harten is a non-remunerated member of the supervisory board of Agendia 
BV. M.J. van de Vijver is named inventor on a patent application for the 70-gene 
prognosis signature used in this study. All other authors declared no con� icts of 
interest.

Principal and co-investigators of RASTER study 
The study is performed between Jan 2004-Dec 2006. The following clinicians entered 
patients and/or participated in the RASTER-study: J. Meijer, J. Klinkenbijl, J. Douma, 
Alysis Care Group, Arnhem (31); J. Wijsman, D. van der Meer, P. de Wit, O. Loosveld, 
Amphia Hospital, Breda (4); S. Veltkamp, A. Baan, G. Timmers, K.. van der Hoeven, 
Amstelland Hospital, Amstelveen (66); J. van der Bijl, A.M. Lenssen, I. Snijders, M. 
Nap, J. Wals, M. Pannebakker, Atrium Medical Center, Heerlen (13); L. Strobbe, F. 
van den Wildenberg, R. Berry, B. Dekker, E. Thunisse, A. Uyterlinde, C. Mandigers, 
Canisius-Wilhelmina Hospital, Nijmegen (21); J.W. Arends, H. de Vries, A. Hemels-
van der Lans, A. Imholz, Deventer Hospital, Deventer (40); I. Burgmans, C.I. Perre, 
T. van Dalen, J. van Gorp, D. ten Bokkel Huinink, P. Thunissen, Diakonessenhuis, 
Utrecht (4); J. Roussel, C. Bernhart, E. Weltevreden, S. Radema, Gelre Hospitals, 
Apeldoorn (21); R. Roumen, C. Jansen, P. Reemst, A. Brands, K. Vercoelen, M. 
van Beek, W. Dercksen, G. Vreugdenhil, Máxima Medical Centre, Eindhoven/
Veldhoven (114); T. van der Sluis, A. Stam, Lotus Sterk, Medisch Spectrum Twente, 
Enschede (6); J. Peterse, J. Wesseling, M.J. Baas-Vrancken Peeters, H. Oldenburg, 
E. Rutgers, I. Eekhout, H. Hauer, J. Schornagel, S. Rodenhuis, T.S.Wu, Netherlands 
Cancer Institute-Antoni van Leeuwenhoek Hospital, Amsterdam (172); H. van der 
Mijle, D. de Vries, I. Kruithof, S. Hovenga, Nij Smellinghe Hospital; Drachten (18); 
B. de Valk, M. de Boer, P.J. Borgstein, A. Walter, Onze Lieve Vrouwen Gasthuis, 
Amsterdam (16); C. van Krimpen, P.W. de Graaf, C. van de Pol, N. van Holsteijn, A. 
van Leeuwen, M.M.E.M. Bos, E. Maartense, Reinier de Graaf Group, Delft (124); A. 
Zeillemaker, G. van Leeuwen, J. Calame, W. Molendijk, G. Jonkers, F. Cluitmans, 
Rijnland Hospital, Leiderdorp (59); and F. Bellot, G. Heuff, A. Tanka, P. Hoekstra, K. 
van de Stadt, J. Schrama, Spaarne Hospital, Hoofddorp (103).



173

Appendix

References
1. Bleiker EM, Hendriks JH, Otten JD et al: Personality factors and breast cancer risk: a 13-year 

follow-up. J Natl Cancer Inst. 2008;100:213-218.
2.  Bogaerts J, Cardoso F, Buyse M et al: Gene signature evaluation as a prognostic tool: challenges 

in the design of the MINDACT trial. Nat Clin Pract Oncol. 2006;3:540-551.
3.  Bueno-de-Mesquita JM, Keijzer R, Linn SC et al: A new independent validation of the 70-gene 

signature in node-negative breast cancer. Eur J Cancer Suppl. 2006;4:131.
4.  Bueno-de-Mesquita JM, van Harten W, Retel V et al: Use of 70-gene signature to predict prognosis 

of patients with node-negative breast cancer: a prospective community-based feasibility study 
(RASTER). The Lancet Oncology. 2007;8:1079-1087.

5.  Buyse M, Loi S, van’t Veer L et al: Validation and Clinical Utility of a 70-Gene Prognostic Signature 
for Women With Node-Negative Breast Cancer. J Natl Cancer Inst. 2006;98:1183-1192.

6.  Douma KF, Karsenberg K, Hummel MJ et al: Methodology of constructive technology assessment 
in health care. Int J Technol Assess Health Care. 2007;23:162-168.

7.  Early Breast Cancer Trialists’ Collaborative Group (EBCTCG): Effects of chemotherapy and 
hormonal therapy for early breast cancer on recurrence and 15-year survival: an overview of the 
randomised trials. Lancet. 2005;365:1687-1717.

8.  Goldhirsch A, Glick JH, Gelber RD et al: Meeting highlights: International Consensus Panel on the 
Treatment of Primary Breast Cancer. Seventh International Conference on Adjuvant Therapy of 
Primary Breast Cancer. J Clin Oncol. 2001;19:3817-3827.

9.  Hutton J, Trueman P, Henshall C: Coverage with evidence development: an examination of 
conceptual and policy issues. Int J Technol Assess Health Care. 2007;23:425-432.

10.  Institute of Medicine (IOM): Crossing the quality chasm: A new health system for the 21st century. 
National Academy Press. 2001.

11.  Ioannidis JP: Is molecular pro� ling ready for use in clinical decision making? Oncologist. 
2007;12:301-311.

12.  Kwaliteit Instituut voor de Gezondheidszorg CBO VvIK: Conceptrichtlijn Mammacarcinoom 2008. 
2008:123-145.

13.  Kwaliteitsinstituut voor de Gezondheidszorg CBO, Vereniging voor Integrale Kankercentra: 
Adjuvante Systemische Therapie voor het Operabel Mammacarcinoom. Richtlijn Behandeling van 
het Mammacarcinoom 2005. 2005:46-70.

14.  Lerman C, Seay J, Balshem A et al: Interest in genetic testing among � rst-degree relatives of breast 
cancer patients. Am J Med Genet. 1995;57:385-392.

15.  Lynch HT, Lemon SJ, Durham C et al: A descriptive study of BRCA1 testing and reactions to 
disclosure of test results. Cancer. 1997;79:2219-2228.

16.  Mook S, Van’t Veer LJ, Rutgers EJ et al: Individualization of therapy using Mammaprint: from 
development to the MINDACT Trial. Cancer Genomics Proteomics. 2007;4:147-155.

17.  Mowatt G, Bower DJ, Brebner JA et al: When and how to assess fast-changing technologies: a 
comparative study of medical applications of four generic technologies. Health Technol Assess. 
1997;1:i-149.

18.  Olivotto IA, Bajdik CD, Ravdin PM et al: Population-based validation of the prognostic model 
ADJUVANT! for early breast cancer. J Clin Oncol. 2005;23:2716-2725.

19.  Ravdin PM, Siminoff LA, Davis GJ et al: Computer program to assist in making decisions about 
adjuvant therapy for women with early breast cancer. J Clin Oncol. 2001;19:980-991.

20.  Retel VP, Hummel MJ, van Harten WH: Early phase Technology Assessment of nanotechnology in 
oncology. Tumori. 2008;94:284-290.

21.  Rogers EM: Diffusion of Innovations. 5th edition. New York: Free Press, 2003.
22.  Schot J, Rip A: The Past and Future of Constructive Technology Assessment. Technological 

Forecasting and Social Change. 1996;54:251-268.
23.  Schot JW: Constructive Technology assessment and Technology Dynamics: The Case of Clean 

Technologies. Science, Technology & Human Values. 1992;17:36-56.
24.  Tunis SR, Chalkidou K: Coverage with evidence development: a very good beginning, but much to 

be done. Commentary to Hutton et al. Int J Technol Assess Health Care. 2007;23:432-435.
25.  Tversky A, Kahneman D: The framing of decisions and the psychology of choice. Science. 

1981;211:453-458.
26.  van ‘t Veer LJ, Dai H, van de Vijver MJ et al: Gene expression pro� ling predicts clinical outcome of 

breast cancer. Nature. 2002;415:530-536.
27.  van de Vijver MJ, He YD, van ‘t Veer LJ et al: A Gene-Expression Signature as a Predictor of 

Survival in Breast Cancer. N Engl J Med. 2002;347:1999-2009.



174

Who needs adjuvant systematic treatment



Dankwoord
List of publications
Curriculum Vitae



176

Who needs adjuvant systematic treatment



177

Dankwoord

Dit proefschrift is het resultaat van een leerzame en stimulerende periode in het 
Nederlands Kanker Instituut-Antoni van Leeuwenhoek ziekenhuis (NKI-AVL). Het 
was een voorrecht om kennis te maken met de toegankelijkheid, de bereidwilligheid 
en de inzet van velen werkzaam binnen dit instituut. Het is bekend dat voor het 
welslagen van een promotietraject meer nodig is dan doorzettingsvermogen en een 
academische titel. Zeker zo belangrijk zijn de vele mensen erom heen. Iedereen die 
een bijdrage heeft geleverd aan dit proefschrift ben ik daarom dankbaar. Een aantal 
personen wil ik graag persoonlijk noemen.

Allereerst wil ik mijn beide promotores bedanken voor het in mij gestelde 
vertrouwen.
Prof. dr. M.J. van de Vijver, beste Marc, onder jou inspirerende en enthousiaste 
begeleiding is mijn belangstelling voor het borstkankeronderzoek ontstaan tijdens het 
doorspitten van vele statussen gedurende mijn nachtdiensten als AGNIO Heelkunde 
in het Reinier de Graaf Ziekenhuis. Graag wil ik je bedanken voor de grote vrijheid die 
ik van je heb gekregen om mijn eigen weg in het onderzoek te gaan. Je positivisme, 
nuchterheid, optimisme gecombineerd met een gezonde dosis cynisme, humor en 
een aanstekelijke lach waren erg relativerend en hebben me veel geleerd. 
Prof. dr. S. Rodenhuis, beste Sjoerd, we zagen elkaar gedurende afgelopen jaren 
weinig, maar als we elkaar troffen was je betrokkenheid groot en ons contact zeer 
motiverend, leerzaam en verhelderend. Ik heb je snelle beoordeling van manuscripten 
gewaardeerd. Je vermogen om
in een paar zinnen de crux van een manuscript samen te vatten, je vinger op de 
pijnlijke plek te leggen en dan ook nog een enkele suggestie te geven voor verzachting 
of heling, was en is groot. Daarvan heb ik veel geleerd. Dank daarvoor!

Mijn co-promotor dr. S.C. Linn. Beste Sabine, ik koester grote bewondering voor je 
zoals je op zeer gemotiveerd wijze en met groot enthousiasme je verschillende rollen 
als internist-oncoloog, co-promotor, onderzoeker, hoofd van een lab, en moeder 
combineert binnen de luttele 24 uur die er in een dag zitten. Je humor, geduld en 
nauwkeurigheid reikend tot in de diepe uurtjes van de nacht hebben de kwaliteit van 
mijn (schrijf)werk naar een veel hoger niveau getild. Waarvoor mijn dank groot is.

Mijn hartelijke dank gaat uit naar de leden van de promotiecommissie, prof.dr. D.J. 
Richel, prof.dr. R. Versteeg, prof.dr. B.B.R. Kroon, prof.dr. E. van der Wall, prof.dr. 
J.G.M. Klijn en prof.dr. Morreau voor het zitting nemen in de beoordelingscommissie 
van mijn proefschrift.
Groot is de dank die uitgaat naar alle borstkankerpatiënten die deelnamen aan de 
RASTER-studie. De tijd, de inzet en het vertrouwen dat zij toonden in de studie 
en een nieuwe onbekende technologie - in een ongetwijfeld moeilijke levensfase 
- is van onschatbare waarde geweest. Vanzelfsprekend wil ik ook alle leden van 
de RASTER-werkgroep en alle mensen uit ziekenhuizen die deelnamen aan de 
RASTER-studie bedanken voor hun grote inzet. Jullie inzet heeft de studie tot een 



178

Who needs adjuvant systematic treatment

groot succes gemaakt. Ieders welgemeende interesse in de voortgang van mijn 
proefschrift ook na het eindigen van de studie was hartverwarmend. 
Frits van Dam en Wim van Harten, dank voor jullie gastvrije onthaal en grote steun 
in de eerste jaren op de PSOE. Maar ook daarna, was jullie steun en � jne kritische 
blik onontbeerlijk! Het heeft veel stukken scherper gemaakt. Kim en Kirsten, wat 
was het ploeteren die eerste tijd bij het opzetten van de studie! Maar wat is de studie 
uiteindelijk mooi geworden!
Tin Wu, dank voor je geduld met mijn ongeduld en mijn gebrek aan vertrouwen in 
computers.  Christine, op vele momenten was je een grote steun in de organisatie 
van dingen. Dank voor alles! Daarnaast wil ik ook Jelle Wesseling, Laura van ‘t Veer, 
Guus Hart en Harm van Tinteren bedanken voor  hun bijdrage aan dit proefschrift. 
Ieder heeft op zijn eigen wijze me gesteund en voorzien van inspirerende ideeën 
en inzichten. Dank gaat ook uit naar de medewerkers van Agendia die zich ingezet 
hebben voor de RASTER-studie. 
Peter Elsakkers, op veel momenten werd mijn wereld een stuk eenvoudiger 
en overzichtelijker nadat ik met jou gesproken had. Dank voor je hulp en steun, 
maar vooral ook onze inspirerende en boeiende gesprekken in de trein. Guido, de 
gesprekken met een biertje aan het eind van de dag in de trein met Peter gaven me 
na een vermoeiende dag weer energie.

Beste Gabe Sonke, dank voor je tijd en betrokken inzet in het afgelopen jaar. Tijdens 
het samenwerken aan mijn � nale artikel heb je me veel geleerd over methodologie 
en statistiek, maar ook over ‘positief kritisch’ in een manuscript toewerken naar het 
beantwoorden van de gestelde vraag. Geniet van al het moois dat jullie komend jaar 
ten deel zal vallen!

Veel dank gaat uit aan alle mede-auteurs, vooral diegenen die nog niet eerder 
genoemd en bedankt zijn, voor hun bijdrage aan de totstandkoming van de diverse 
artikelen van dit proefschrift.

Lieve afdeling Pathologie, wat is er de afgelopen jaren veel gebeurd. Ik heb grote 
bewondering voor de wijze waarop jullie het met elkaar opgepakt hebben en de tent 
draaiend houden. Het was een eer om deel van de afdeling uitgemaakt te hebben. 
Speciaal wil ik alle analisten bedanken voor jullie bereidheidwilligheid, geduld en 
inzet voor alle nevenprojecten van de RASTER-studie die vaak groot en bewerkelijk 
waren, maar zonder mopperen toch uitgevoerd werden. Super! 

Lieve Stella, Valesca, Inge en Marleen, dat we geen kof� e/senseo intoxicatie hebben 
gekregen, is en blijft een wonder. De hoeveelheid kof� e die wij gedronken hebben, 
kan niet goed voor een mens zijn ……. maar wel eeuwig gezellig! Ondanks ieders 
drukke agenda en deadlines, was er altijd tijd om te � losoferen of te mopperen 
over de geneugten (of niet) van een (arts-)onderzoeker, maar zeker ook over onze 
toekomst. Dank jullie wel voor jullie steun tijdens deze waardevolle mooie tijd!

Mijn voormalig collega (arts)onderzoekers dank ik voor hun inspiratie, hulp, maar 
vooral voor de gezelligheid in de afgelopen jaren: Léonie Smit, Roelien Olivier, Philip 



179

Meijnen, Dimitry Nuyten en Maartje Hooning.

Wilfried Meun en Wim van Est, dank voor jullie grote inzet bij de vormgeving van mijn 
proefschrift. Ik heb bewondering voor het geduld dat jullie met deze perfectionistische 
neuroot hebben gehad. Het is een prachtig boekwerk geworden!

Ook buiten het ziekenhuis zijn er velen geweest die het mogelijk hebben gemaakt 
om onderzoek te doen en mijn promotietraject tot een goed einde te brengen. Een 
aantal van hen wil ik graag noemen. 
Grote dank gaat uit naar mijn beide opleiders Erik Hoencamp en Wilma Neumann 
van wie ik veel vrijheid heb gekregen om naast mijn klinische werk, veel tijd aan mijn 
promo(to)tie te besteden. Dank ook voor jullie motiverende woorden en interesse op 
het moment dat de laatste loodjes zwaar wogen.

Lieve Psychiatrie maatjes  Ard, Myra, Marianne, Aleid, Marjolijn, Suzanne, Jan 
Willem en Ellen, joepie mijn boekje is af! Nu ga ik echt voor 200% genieten van ons 
mooie vak! 

Lieve Emilie, samen van de kliniek het onderzoek in, dat was wel wennen! Wat 
hebben we gelachen en ons soms boos gemaakt over de wetenschap. Je promotie 
komt er wel, hou vol! Maar ga vooral eerst samen met Stan van jullie kleine wonder 
genieten. 
Lieve clubbies, Ivonne, Madelon, Karen, Ruth, en Annemieke dank voor jullie grote 
niet a� atende betrokkenheid, interesse, maar vooral vriendschap, het is nu tijd voor 
een feestje! 

Ha die Hans, nu ben ik echt afgestudeerd hoor! Lieve Lot, dank voor je geduld, 
goede raad, gezelligheid en heerlijke vrijdagmiddag wandelingen! Ik ga nu echt 
geen afspraken meer afzeggen en weer mee sporten.

Lieve Diny en Angela, dank voor jullie vele knuffels, zorgen en oprechte lieve interesse 
voor mijn boekje, maar vooral mij als mens. Ik zal vanaf nu goed op mijzelf passen 
hoor! We gaan snel weer veel leuke dingen doen. Freek, Erik en Ghi, lieve families, 
dank voor jullie geduld, aandacht en begrip. Jullie waren een enorme steun. 

Mijn ouders, lieve pap en mam, wie had nu gedacht dat dit kind wat nog niet eens 
goed kon lezen toen ze 8 jaar was, zou promoveren! Van jullie heb ik de liefde en 
passie voor de wetenschap met de paplepel ingegoten gekregen. Eindelijk snap en 
doorgrond ik wat jullie vak behelsd, maar wat was dat als kind anders! Ook al miste 
ik de kliniek enorm, een vonk van de liefde en de drang naar het achterhalen van ‘t 
waarom is overgeslagen. Dankzij jullie onvoorwaardelijke liefde, wijsheid, steun en 
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Mijn paranimfen, lieve Babette en Maaike! Het is een roerig jaar geweest. Het is een 
eer dat jullie beide hier naast me staan. Dank voor luisterend oor, jullie begrip, de 
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� jne gesprekken, maar bovenal jullie vriendschap en alle � jne momenten. Dat daar 
nog veel van mogen komen!

Lieve Philippine, klein wonder van me! Wat was jij in het laatste jaar een cadeautje. De 
motivatie om alles snel af te ronden. Je lieve warme natte plakknuffels, je grijpgrage 
handjes, je onuitputtelijke interesse voor mijn laptop en muis (… oh wat sabbelden 
en knagen die toch lekker), maakten me vaak aan het lachen. Wat heb je me leren 
relativeren! Nu gaan we samen genieten van onze heerlijke vrije vrijdagen!

Tenslotte, lieve Tijn, je vertrouwen, geduld en pep-talks waren onuitputtelijk! Wat 
had ik zonder jou gemoeten! “Ik ben ik en ik doe ook maar wat”, maar wat is dat leuk 
samen met jou! Dank je wel dat je er bent!
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