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Introduction
Breast Cancer Diagnosis

Several histological criteria characterize Several histological criteria characterize 
breast tumorbreast tumor

Invasive/non-invasive tumorInvasive/non-invasive tumor

Number of involved lymph nodesNumber of involved lymph nodes

SizeSize

Tumor gradeTumor grade

Estrogen receptor statusEstrogen receptor status

Oncogene over-expressionOncogene over-expression

Margins of resectionMargins of resection
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Introduction
Breast Cancer Diagnosis (2)

Appearance of distant metastases in the first Appearance of distant metastases in the first 
5 years of follow-up5 years of follow-up

Binary classification (relapse/non-relapse)Binary classification (relapse/non-relapse)

GoalsGoals
Reduce significantly the patients who receive Reduce significantly the patients who receive 
unnecessary treatmentsunnecessary treatments

Adverse side effects

Treatment costs

Isolate involved genesIsolate involved genes
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Introduction
Breast Cancer Diagnosis (3)

Histological criteria fail to classify the tumorsHistological criteria fail to classify the tumors

Development of new predictors based on Development of new predictors based on 
gene expression profilegene expression profile
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Introduction
TransBIG Project

TransBIG projectTransBIG project
Validation of van't Veer signatureValidation of van't Veer signature

Agilent microarray technology

70 maker genes (van't Veer et al. 2002)

Development of a new signatureDevelopment of a new signature
Affymetrix microarray technology

Supervised by Christos Sotiriou at the IJB (Microarray 
Unity)

Collaboration with the SIB
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70 genes of van't Veer 
Signature

Introduction
TransBIG Project (2)
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Materials
Populations

John Radcliffe Hospital (JRH, Oxford)John Radcliffe Hospital (JRH, Oxford)
77 samples hybridized at IJB77 samples hybridized at IJB

Gustave Roussy Hospital (IGR, Paris)Gustave Roussy Hospital (IGR, Paris)
65 samples hybridized at IJB65 samples hybridized at IJB

Karolinska Institute and Hospital (Karolinska, Karolinska Institute and Hospital (Karolinska, 
Stockholm)Stockholm)

19 samples hybridized at IJB19 samples hybridized at IJB

68 samples68 samples hybridized at Karolinska hybridized at Karolinska
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Materials
Populations (2)

Highly Highly unbalancedunbalanced class distribution class distribution
¼ of relapses (class 1)¼ of relapses (class 1)

¾ of non-relapses (class 0)¾ of non-relapses (class 0)
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Materials
Microarray Platform

cRNA microarrays is cRNA microarrays is 
a recent technique a recent technique 
used to determine used to determine 
genomewide gene genomewide gene 
expression levelsexpression levels

Measurement of the Measurement of the 
quantity of cRNA, quantity of cRNA, 
prepared from prepared from 
mRNA, hybridized on mRNA, hybridized on 
the chipthe chip
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Materials
Microarray Platform (2)

AffymetrixAffymetrix: short : short 
oligonucleotide oligonucleotide 
technologytechnology

Chip Chip hgu133ahgu133a  
(22283 probe sets)(22283 probe sets)

Chip Chip hgu133bhgu133b  
(22645 probe sets)(22645 probe sets)

CELCEL files files
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Methods and Results
Development Tools

R and BioconductorR and Bioconductor
Manifold and reliabilityManifold and reliability

CompletenessCompleteness

Open-sourceOpen-source

Application server installation to carry out Application server installation to carry out 
large bioinformatics analyzeslarge bioinformatics analyzes
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Methods and Results
Quality Assessment

Important step in the analysis designImportant step in the analysis design
During hybridization: tests carried out in During hybridization: tests carried out in 
laboratory (e.g. tissue purity)laboratory (e.g. tissue purity)

After hybridization: quality controls based on After hybridization: quality controls based on 
Affymetrix Affymetrix CELCEL files files

Probe array image

Average background

Spike controls and RNA degradation

Detection calls

Scaling factor

Box plots for PM intensities
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Methods and Results
Quality Assessment (2)

No standard for quality controlNo standard for quality control

Affymetrix and Bioconductor guidelinesAffymetrix and Bioconductor guidelines

Probe array imageProbe array image
Gray scale images of the chipsGray scale images of the chips

Gray intensities computed from Gray intensities computed from CELCEL file  file 
intensitiesintensities

Visual inspection to detect artifactsVisual inspection to detect artifacts
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Methods and Results
Quality Assessment (3)

Good chipGood chip Bad chipBad chip
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Methods and Results
Quality Assessment (4)

Average backgroundAverage background
Assessment of the background intensities in the Assessment of the background intensities in the 
chipchip

Computed by MAS 5.0 algorithmComputed by MAS 5.0 algorithm

Affymetrix guidline: values should be similar and Affymetrix guidline: values should be similar and 
< 100< 100

Permutation tests to assess difference between Permutation tests to assess difference between 
populationspopulations
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Methods and Results
Quality Assessment (5)



24/53

Methods and Results
Quality Assessment (6)

RNA degradationRNA degradation
Typically starts from the 5' end to the 3' end of Typically starts from the 5' end to the 3' end of 
the molecule (control with GAPDH and beta actin the molecule (control with GAPDH and beta actin 
genes)genes)

Affymetrix guideline: ratio 3'/5' < 3Affymetrix guideline: ratio 3'/5' < 3

RNA quality assessmentRNA quality assessment

Spike controlsSpike controls
Probes spiked during the sample preparation Probes spiked during the sample preparation 
process (BioB, BioC, BioD, CreX should be process (BioB, BioC, BioD, CreX should be 
detected as present)detected as present)

Hybridization efficiency assessmentHybridization efficiency assessment
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Methods and Results
Quality Assessment (7)

Good quality for all the populationsGood quality for all the populations
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Methods and Results
Quality Assessment (8)

Detection callsDetection calls
Use of the intensities of the PM and MM probes Use of the intensities of the PM and MM probes 
to test statistically the to test statistically the presencepresence or the  or the absenceabsence of  of 
a specific genea specific gene

Computed by MAS 5.0 algorithmComputed by MAS 5.0 algorithm

Affymetrix guideline: extremely low percentage of Affymetrix guideline: extremely low percentage of 
presentpresent calls may indicate poor quality calls may indicate poor quality

Good quality for all the populationsGood quality for all the populations
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Methods and Results
Quality Assessment (9)

Scaling factorScaling factor
Assessment of the difference in mean intensity Assessment of the difference in mean intensity 
between chipsbetween chips

Computed by MAS 5.0 algorithmComputed by MAS 5.0 algorithm

Affymetrix guideline: recommended value of Affymetrix guideline: recommended value of 
maximum three-fold scaling factormaximum three-fold scaling factor

Permutation tests to assess difference between Permutation tests to assess difference between 
populationspopulations
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Methods and Results
Quality Assessment (10)
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Methods and Results
Quality Assessment (11)

Box plots for PM intensitiesBox plots for PM intensities
Useful to detect outlier and to assess the quality Useful to detect outlier and to assess the quality 
of the normalizationof the normalization

Computation of the median and the interquartile Computation of the median and the interquartile 
range of PM intensities for each chiprange of PM intensities for each chip
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Methods and Results
Quality Assessment (12)
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Methods and Results
Quality Assessment (13)
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Methods and Results
Quality Assessment (14)

Preliminary conclusionPreliminary conclusion
Statistically significant difference between Statistically significant difference between 
populationspopulations

Populations are not necessary comparablePopulations are not necessary comparable

Population preprocessing before analysis (not Population preprocessing before analysis (not 
yet investigated)yet investigated)
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Methods and Results
Supervised Classification

““Traditional” design of Traditional” design of 
supervised classification in supervised classification in 
microarray data analysismicroarray data analysis
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Methods and Results
Supervised Classification (2)

Preprocessing Preprocessing 
Affymetrix dataAffymetrix data

Normalized gene Normalized gene 
expressionsexpressions

Histological dataHistological data

NB: only 99 patients have been considered in the classification procedure (52 from JRH and 47 from IGR) 
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Methods and Results
Supervised Classification (3)

Structural identificationStructural identification
Gene rankingGene ranking by  by 
PearsonPearson correlation  correlation 
coefficientcoefficient

First 100 ranked genes First 100 ranked genes 
(arbitrary criteria)(arbitrary criteria)

Classifier (KNN)Classifier (KNN)
Parameter k
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Methods and Results
Supervised Classification (4)

Classification evaluationClassification evaluation
Feature selectionFeature selection by  by 
variable orderingvariable ordering

At each L-O-O, a best set of At each L-O-O, a best set of 
marker genes is selectedmarker genes is selected
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Methods and Results
Supervised Classification (5)

After classification After classification 
procedure evaluationprocedure evaluation

Marker gene selection Marker gene selection 
with all the patients with all the patients 
(using the same (using the same 
procedure)procedure)

Assumption: the Assumption: the 
signature quality signature quality 
increases with the increases with the 
number of patientsnumber of patients
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Methods and Results
Supervised Classification (6)

Misclassification typeMisclassification type

Reality
Prediction relapse (+) non-relapse (-)
relapse (+) TP FP
non-relapse (-) FN TN

Class weights (classifier)Class weights (classifier)
clwclw

00 = 1 for non-relapse class = 1 for non-relapse class

clwclw
11 = 10 for relapse class = 10 for relapse class

Quality estimator (feature selection)Quality estimator (feature selection)
qq =  = clwclw

00 * FP +  * FP + clwclw
11  * FN* FN
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Methods and Results
Supervised Classification (7)

Robustness of marker genes selected by the Robustness of marker genes selected by the 
feature selections: frequency of appearance feature selections: frequency of appearance 
of each marker geneof each marker gene
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Methods and Results
Supervised Classification (8)

Signature is very dependent to the training Signature is very dependent to the training 
setset

Expected result because of the Expected result because of the very small very small 
size of signaturessize of signatures (relative to the number of  (relative to the number of 
genes)genes)

10  (mean) for the KNN10  (mean) for the KNN

Indication of poor biological informationIndication of poor biological information
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Methods and Results
Supervised Classification (9)

Global misclassification rate (KNN)Global misclassification rate (KNN)
FN: 21/24 FN: 21/24   

FP: 4/75FP: 4/75

  

Marker gene signature: 2 genesMarker gene signature: 2 genes
224529_s_at (C6ORF69)224529_s_at (C6ORF69)

223176_at (NT5C1A)223176_at (NT5C1A)
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Methods and Results
Supervised Classification (10)

Preliminary conclusionPreliminary conclusion
Avoid overfitting as much as possible according Avoid overfitting as much as possible according 
to computer resourcesto computer resources

Tune the classifier to avoid a high false negative Tune the classifier to avoid a high false negative 
raterate

Poor performance:Poor performance:
Arbitrary number of marker genes in the structural 
identification

KNN is sensible to unbalanced data set

High variance of the procedure (multiple L-O-O and 
feature selection)
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Methods and Results
Gene Ontology

GO consortium is setting a GO consortium is setting a dynamic dynamic 
controlled vocabulary that can be applied to controlled vocabulary that can be applied to 
all organisms even as knowledge of gene and all organisms even as knowledge of gene and 
 protein roles in cells is accumulating and  protein roles in cells is accumulating and 
changingchanging

Automatic annotation of marker genes in Automatic annotation of marker genes in 
terms ofterms of

Molecular functionMolecular function

Biological processBiological process

Cellular componentCellular component
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Methods and Results
Gene Ontology (2)

Onto-Express (Ostermeier Onto-Express (Ostermeier et alet al. 2003). 2003)

Statistical framework to assess the Statistical framework to assess the 
significance of gene clusters in each GO significance of gene clusters in each GO 
functional categoryfunctional category

Take into account the tested genes (here the Take into account the tested genes (here the 
whole genome)whole genome)

Take into account the set of marker genesTake into account the set of marker genes

Valuable if the number of marker genes in the Valuable if the number of marker genes in the 
signature is large (tens or hundreds)signature is large (tens or hundreds)
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Methods and Results
Gene Ontology (3)

Not the case here: 2 marker genesNot the case here: 2 marker genes

Only one gene exists in the GO (Only one gene exists in the GO (224529_s_at224529_s_at))

The two genes are not known in breast The two genes are not known in breast 
cancer literaturecancer literature
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Methods and Results
Gene Ontology (4)

Collaboration: Collaboration: Gene Regulation by Phorbol 12-myristate 13-acetate Gene Regulation by Phorbol 12-myristate 13-acetate 

(PMA) in two Highly Different Breast Cancer Cell Lines(PMA) in two Highly Different Breast Cancer Cell Lines. Lacroix M, . Lacroix M, 

Haibe-Kains B, Laes JF, Hennuy B, Lallemand F, Gonze I, Cardoso F, Haibe-Kains B, Laes JF, Hennuy B, Lallemand F, Gonze I, Cardoso F, 

Piccart M, Leclerq G, and Sotiriou C (in press, Oncology Report)Piccart M, Leclerq G, and Sotiriou C (in press, Oncology Report)
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Discussion

Microarrays have already provided valuable Microarrays have already provided valuable 
information about breast cancerinformation about breast cancer

Promising results in breast cancer diagnosisPromising results in breast cancer diagnosis

Issues need to be addressed before clinical Issues need to be addressed before clinical 
useuse

Quality standardsQuality standards

Multi-populations, multi-platforms and multi-Multi-populations, multi-platforms and multi-
laboratories validationlaboratories validation

Validation of marker gene expression by an Validation of marker gene expression by an 
alternative RNA quantitative method (e.g. RT-alternative RNA quantitative method (e.g. RT-
PCR)PCR)



51/53

Table of Contents

IntroductionIntroduction

TransBIG ProjectTransBIG Project

MaterialsMaterials

PopulationsPopulations

Microarray PlatformMicroarray Platform

Methods and ResultsMethods and Results

Development ToolsDevelopment Tools

Quality AssessmentQuality Assessment

Supervised ClassificationSupervised Classification

Gene OntologyGene Ontology

DiscussionDiscussion

Future WorksFuture Works



52/53

Discussion
Future Works

Step by step complexity of analysis designStep by step complexity of analysis design

Statistical framework for quality assessmentStatistical framework for quality assessment

ParallelismParallelism

Preprocessing dataPreprocessing data

Criterion for misclassification rateCriterion for misclassification rate

Marker gene stabilityMarker gene stability

Feature selectionFeature selection

Independent validation setIndependent validation set

Signature validation and refinementSignature validation and refinement
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Applications to Genomic and 
Proteomic Data

Thanks for your attentionThanks for your attention

 Benjamin Haibe-Kains
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DEA/DES in Bioinformatics 2003-2004

Thesis

AppendixAppendix



55/53

Materials
Populations

Lymph node negativeLymph node negative

Not treated by adjuvant treatmentNot treated by adjuvant treatment
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Materials
Microarray Platform
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Methods and Results
Structural Identification

First 100 ranked genes with all patientsFirst 100 ranked genes with all patients

KNNKNN SVMSVM
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Methods and Results
Structural Identification

Use of Use of tune.footune.foo R function R function
Low execution time (relative to the complexity)Low execution time (relative to the complexity)

Only global misclassification rateOnly global misclassification rate

No class weightsNo class weights

Leave-one-out cross-validationLeave-one-out cross-validation

Approximatively 25% of misclassificationApproximatively 25% of misclassification

→→  No indication about FN and FPNo indication about FN and FP
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Methods and Results
Feature Selection

Misclassification rate: Misclassification rate: opposite trendopposite trend  
between  KNN and SVM classifiersbetween  KNN and SVM classifiers

KNNKNN SVMSVM
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Methods and Results
Feature Selection (2)

Due toDue to
No class weight for the KNNNo class weight for the KNN

KNN is more sensible to unbalanced data setKNN is more sensible to unbalanced data set

Robustness of marker genes selected by the Robustness of marker genes selected by the 
feature selections: frequency of appearance feature selections: frequency of appearance 
of each marker geneof each marker gene
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Methods and Results
Feature Selection (3)

Common marker genes during global leave-Common marker genes during global leave-
one-outone-out

KNNKNN SVMSVM
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Methods and Results
Feature Selection (4)

Similar observations for the KNN and the Similar observations for the KNN and the 
SVM classifiersSVM classifiers

Signature is very dependent to the training setSignature is very dependent to the training set

Expected result because of the Expected result because of the very small size very small size 
of signaturesof signatures  

10  (mean) for the KNN

2 (mean) in the SVM

Indication of poor biological informationIndication of poor biological information
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Methods and Results
Misclassification Rate

KNN: misclassification during feature KNN: misclassification during feature 
selections (global selections (global   21/2421/24 and  and 4/754/75))

False negativesFalse negatives False positivesFalse positives
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Methods and Results
Misclassification Rate (2)

SVM: misclassification during feature SVM: misclassification during feature 
selections (global selections (global   2/242/24 and  and 65/7565/75))

False negativesFalse negatives False positivesFalse positives
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Methods and Results
Gene Ontology

Probe set id: Probe set id: 223176_at223176_at

Accession number: BC003697Accession number: BC003697

Gene name: chromosome 6 open reading Gene name: chromosome 6 open reading 
frame 69frame 69

Symbol: C6ORF69Symbol: C6ORF69

Unigene: Hs.188757Unigene: Hs.188757
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Methods and Results
Gene Ontology

Probe set id: Probe set id: 224529_s_at224529_s_at

Accession number: AY028778Accession number: AY028778

Gene name: 5'-nucleotidase, cytosolic IAGene name: 5'-nucleotidase, cytosolic IA

Symbol: NT5C1ASymbol: NT5C1A

Unigene: Hs.307006Unigene: Hs.307006
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Methods and Results
Gene Ontology (3)

Only one gene exists in GO (Only one gene exists in GO (224529_s_at224529_s_at))

Nucleoside: combination of a base and a sugar without phosphateNucleoside: combination of a base and a sugar without phosphate

Nucleotide: nucleoside with 1, 2, or 3 phosphate groupsNucleotide: nucleoside with 1, 2, or 3 phosphate groups

Nucleotidase: eNucleotidase: enzyme hydrolizing nucleosides to nucleotides; the nzyme hydrolizing nucleosides to nucleotides; the 

proportioning of the serum 5'-nucléotidase is used in digestive pathologyproportioning of the serum 5'-nucléotidase is used in digestive pathology
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EORTCEORTC--BIG NODE NEGATIVE BREAST CANCER TRIALBIG NODE NEGATIVE BREAST CANCER TRIAL

ADEQUATELY PROCESSED CORE BIOPSYADEQUATELY PROCESSED CORE BIOPSY

RISK EVALUATIONRISK EVALUATION

RANDOMIZERANDOMIZE

GENOMIC ARMGENOMIC ARMCLINICAL/PATHOLOGICAL ARMCLINICAL/PATHOLOGICAL ARM

LOW RISKLOW RISK
↓↓

Endocrine Endocrine 
therapytherapy

or nilor nil

AVERAGEAVERAGE--HIGH RISKHIGH RISK
↓↓

ChemotherapyChemotherapy

LOW RISKLOW RISK
↓↓

EndocrineEndocrine
therapytherapy

or nilor nil

N=2500N=2500 N=2500N=2500

No inferiority hypothesis (HR = 1.25)No inferiority hypothesis (HR = 1.25)
N=4882 patients (500 events) with a 5y DFS N=4882 patients (500 events) with a 5y DFS ≥≥ 86%86%

80%80% 60%60%20%20% 40%40%
N=2000N=2000 N=1375N=1375

Look at eventLook at event--raterate
at 1 and 3 years by IDMCat 1 and 3 years by IDMC

↓↓
Look at eventLook at event--raterate

at 1 and 3 years by IDMCat 1 and 3 years by IDMC

↓↓


