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25 years of progress in cancer research

1980s

Normal cell Cancer
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…with embarrassingly little patient benefit!
1950 - 2003



In the post genomic era:

• We still use the light microscope for 
cancer diagnosis

• We still use many broadly-acting cytotoxic 
drugs to treat cancer

• Develop better cancer diagnostics
• Develop more specific cancer therapeutics

Genomic technologies can help up to:



Therapy decision making for early stage Therapy decision making for early stage 
breast cancer:breast cancer:

WHO CAN WHO CAN 
BE SPARED BE SPARED 
THERAPY?THERAPY?

WHICH WHICH 
THERAPY WILL THERAPY WILL 
WORK BEST?WORK BEST?

Prognostic factors neededPrognostic factors needed Predictive factors neededPredictive factors needed



Treatment Decisions in Breast Cancer…

• Classical pathological indexes:
– Nottingham Prognostic Index (NPI)
– Adjuvant! Online (AO)
– St. Gallen criteria 
– NCCN

• These guidelines result in overtreatment of many 
patients with chemotherapy.

• A more precise stratification of poor versus good-
prognostic patients and into responders versus non-
responders to therapeutic agents is needed.



Breast Cancer - Survival
premenopausal patients, lymph node negative
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~30% die of breast cancer

~70% survive breast cancer

Kaplan-Meier Survival Curves

Who to treat ?
How to treat ?



• NIH (US) consensus criteria: > 95%
• St Gallen (EU) consensus criteria: > 80%

receive adjuvant chemo- and/or hormonal therapy

Current Clinical Management

lymph node negative breast cancer
adjuvant treatment selection criteria

As only 30-40% of these patients develop distant
metastases, some 40-60% of patients are 
over-treated with adjuvant (chemo)therapy



Courtesy: Martine Piccart

Breast Cancer: The Treatment Dilemma

Choices of 40 experts world-wide
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The Chemotherapy dilemma:
Common Presentation Of Breast Cancer 

T1 N0 ER+ Grade 2

Costly, many suffer 
unnecessary side 

effects

Courtesy: Peter Ravdin

Genomic tests can help!

And
Only 
One 

Benefits!

Need To Treat 100 Women



Few genes, little information



Tumor cell behavior is determined by the 
activity of many genes

• The activity of one or a few genes cannot predict 
tumor cell behavior in a reliable way.

• We need tools to measure the activity of many 
genes in a single experiment



DNA microarray technology

• Allows us to determine the activity of 
thousands of genes in a single 
experiment

Predicting disease outcome in cancer:
New tools:



Old and new diagnostics

Micro-scope Micro-array



Application of Microarrays in Oncology

• Screen individual genes differentially expressed between 
normal and cancer tissue

•  novel drug targets
•  prognostic and predictive markers
• Monitor interactions among hundreds of genes in vitro or 

during therapy in vivo
•  investigate key pathways in carcinogenesis
• Classify cancer into various clinically relevant subgroups 

and refine diagnosis and prognosis 
•  identify patients with low risk of relapse
•  identify patients likely to respond to particular 

therapies



78 breast tumors (‘83-’94)
patients < 55 years

lymph node negative (LN0)
no adjuvant therapy

no distant metastases
in at least 5 years (n=44)

distant metastases
< 5 years (n=34)

Prognosis Reporter Genes

Identification of a breast cancer
prognosis profile

Unbiased full genome 
gene expression analysis



Discovery:
Van ‘t Veer et al. (2002)
Nature 415, 530-536.



threshold set with 10% false negatives
91 % sensitivity, 73% specificity

70 Gene Prognosis Profile
Supervised  analysis

van´t Veer et al., Nature 415, p. 530-536, 2002

70 significant prognosis genes
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First validation:
Van de Vijver et al. (2002)

New England J. Med. 347, 1999-2009.

295 patients



Validation of the 70 gene profile in LN0 
patients

40% good profile ; 60% poor profile

good profile:
~4% die of breast cancer
~96% survive breast cancer

poor profile:
~50% die of breast cancer
~50% survive breast cancer



Microarray:Improved Clinical Management
Profiling vs St Gallen selection

St Gallen:
<15% in low risk
85% in high risk

Profiling 
improved prediction
and more accurate

Profiling:
40% in good profile
60 % in poor profile

Microarray

m
et

as
ta

se
s-

fre
e

NEJM 347, p1999-2009, 2002

St Gallen



NEJM 347, p1999-2009, 2002
Gene profiling:
Reduction adjuvant chemotherapy selection
Avoiding both over- and undertreatment
Improved prognosis prediction

70 gene profile vs St Gallen guidelines



Second validation:
Buyse et al. (2006)

JNCI. 98, 1183-1192.

302 patients



Adjuvant!
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Patients Events Risk group

111 18 Gene signature low risk
191 58 Gene signature high risk

111 108 102 95 92 80 64 43
191 169 151 136 117 103 84 49

Number at risk

10-year DMFS
90% (85%-96%)

10-year DMFS
71% (65%-78%) 
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Patients Events Risk group

80 13 Low clinical risk
222 63 High clinical risk

80 76 72 65 57 48 38 20
222 201 181 166 152 135 110 72

Number at risk

Metastasis-free survival
70 genes versus Adjuvant!

10-year DMFS
85% (77%-94%)

10-year DMFS
76% (70%-82%) 

Low risk
Adjuvant!

High risk
Adjuvant!

70 gene profile Adjuvant! online



Independent External Validation:
Microarray outperforms all clinical risk assessment

Buyse et al JNCI 2006

High clinical risk 
Adjuvant on line! N=222
73%

Low clinical risk 
Adjuvant on line! N=80
27%

27% 
microarray
Low risk

35% 
microarray
High risk

35% Discordant 
cases!

Under-
treatment!

Over-
treatment!



ASSESS CLINICAL RISK AND GENOMIC RISKASSESS CLINICAL RISK AND GENOMIC RISK
(adjuvant!online; 70(adjuvant!online; 70--gene signature)gene signature)

BOTH HIGH  BOTH HIGH  
RISKRISK

DISCORDANTDISCORDANT
RISKRISK

BOTH LOW BOTH LOW 
RISKRISK

RANDOMIZERANDOMIZE
decisiondecision--makingmaking

ChemotherapyChemotherapy No chemotherapyNo chemotherapy

Use genomic riskUse genomic riskUse clinical riskUse clinical risk

MINDACT designMINDACT design
6000 patients, <70 YRS, 16000 patients, <70 YRS, 1--3 POS NODES3 POS NODES

high
high low

low

55% 35% 10%



Another Supervised Prognostic Signature1, 2

(1) Wang et al. Lancet 2005;365:671–679.
(2) Foekens et al. J Clin Oncol 2006;24:1665–1671.

•286 lymph-node-negative patients who had not received adjuvant 
systemic treatment. 

•Identified genes that were associated with relapse separately for 
the ER-negative and ER-positive subsets of patients (1).

• The markers that were selected from each group were then 
combined to form a single 76-gene prognostic signature (1).

This predictor performed well 
when tested on 180 independent 
cases (2).



ONCOTYPE DXTM
A Multigene RT-PCR Assay for Predicting the 
Likelihood of Breast Cancer Recurrence and 

Response to Adjuvant Treatment
From ~25,000 genes:

250 
cancer-related
candidate genes



ONCOTYPE DXTM

Recurrence 
Category

RS (0-
100)

Low risk <18
Intermediate 
risk

18-30

High risk ≥31

A Multigene RT-PCR Assay for Predicting the Likelihood of Breast 
Cancer Recurrence and Response to Adjuvant Treatment

• Predictive gene signature based assay for ER-positive, LN-
negative tamoxifen treated breast cancer tumors.

Researchers studied 447 patients 
from 3 independent clinical studies 
to test the relationship between 
expression of 250 candidate cancer 
related genes and recurrence.

21 genes (16 genes + 5 
reference genes)

Recurrence Score 
(RS) algorithm



ONCOTYPE DXTM
A Validation as Predictor of 

Recurrence/Survival NSABP B-14 (1)

(1) Paik et al. N Engl J Med. 2004;351:2817-26.
(2) Habel et al. Br Cancer Res Treatment 2004, 88:s118.

Objective: Prospectively validate RS as predictor of distant 
recurrence in 668 N-, ER+, tam-treated patients

The rate in the low-risk 
group was significantly lower 
than that in the high-risk 
group (P<0.001)

Confirmed results in the 
Northern California 
Kaiser Permanente 
validation study (2)

RS and AdjuvantOnline! predicted outcomes 
correlated relatively weakly (concordance = 48%)



ONCOTYPE DXTM
Prediction of Chemotherapy Benefit

NSABP B-20 Adjuvant Study

Paik et al. J Clin Oncol. 2006 Aug 10;24(23):3717-8.

• Low RS associated with no chemotherapy benefit

• High RS associated with large chemotherapy benefit
CMF + TAM 
vs TAM

651 patients 
assessed



ONCOTYPE DXTM
Into Clinical Decision Making

• TAILORx trial will incorporate         
OncoType DX into clinical decision making

Node negative
ER+, HER2-

Breast Cancer
Willing to have 
chemotherapy 

base on RS

Recurrence Score

< 11
No Chemo

> 26
Chemo

Endocrine Responsive?

Chemo

No Chemo



Gene Expression Profiling as a Predictor of 
Sensitivity to Preoperative Chemotherapy  
Rationale

ER(-) and high grade tend to indicate more 
chemotherapy-sensitive cancer.

These variables predict general chemotherapy 
sensitivity; little potential to guide selection of a 
specific regimen. 

pCR is associated with excellent long-term DFS.

Is gene expression profiling a potential tool to predict who may 
achieve pCR to preoperative chemotherapy?



Molecular Subtypes of Breast Cancer and 
Responses to Preoperative Chemotherapy

pCR (4) ER (4)

Luminal-
like

7% 63%

Normal-
like

0% 60%

HER-2 (+) 45% 55%

Basal-like 45% 5%

(1) Perou et al. Nature 2000;406:747–752.
(2) Pusztai L et al. Clin Cancer Res 2003;9:2406–2415.
(3) Sorlie et al. Proc Natl Acad Sci U S A 2003;100:8418–8423.
(4) Rouzier et al. Clin Cancer Res. 2005 Aug 15;11(16):5678-85.

• At least four major molecular classes of breast cancer exist (1-3).

• Basal-like and HER-2-positive tumors are more sensitive to chemotherapy 
(4)



ONCOTYPE DXTM
Prediction of Response to Chemotherapy in

Women With Locally Advanced Breast Cancer

Gianni et al. J Clin Oncol. 2005 Oct 10;23(29):7265-77.

• Higher RS  Higher likelihood of pCR in patients 
treated with neoadjuvant AT

N = 89; P = 0.005



Gene Expression Profiling for the 
Prediction of Therapeutic Response to 

Docetaxel1, 2

(1) Chang et al. Lancet 2003, 32:280-287.
(2) Iwao-Koizumi et al. J Clin Oncol 2005, 23:422-431.

• Both studies have shown that gene profiling can be used to 
accurately predict response to neoadjuvant docetaxel.

88%1 and 80%2 accuracy

Used Microarray analysis1 and RT-PCR technique2

Prediction 
Strengh 
(2)

Responders Non-
responders

High 11 4
Low 1 10



The molecular basis of breast cancer:
application in the daily clinical routine

Olympus microscope, late 1900s
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CONCLUSION

We Should Start Using Gene 
Signatures to Guide Treatment 

Decisions in Breast Cancer 
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