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Recent decline in breast cancer mortality in the UK, USA, NL, 
FR: 35-69 years

Interpretation of 
Peto et al. 
Lancet, 2005
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CT
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RECURRENCE BREAST CANCER
rate ratio (se), MORTALITY    
years 0-4 only rate ratio (se)

CMF vs no chem 0.56 (0.05) 0.68 (0.05)
Anthr. vs CMF 0.84 (0.05) 0.81 (0.05) 
Taxane vs Anthr.     0.84 (0.04) 0.86 (0.05)

Taxane vs no chem 0.38 (0.07) 0.46 (0.08)       
(multiplying 3 RRs) 2p<0.00001           2p<0.00001

Taxane vs no chemo
(i) age <50

SABCS 2007 Courtesy Richard Peto



RECURRENCE    BREAST CANCER 
rate ratio (se), MORTALITY    
years 0-4 only rate ratio (se)

CMF vs no chem 0.75 (0.03) 0.91 (0.03)
Anthr. vs CMF 0.89 (0.06) 0.90 (0.06) 
Taxane vs Anthr 0.82 (0.04) 0.84 (0.05)

Taxane vs no chem 0.52 (0.07) 0.66 (0.08) 
(multiplying 3 RRs)  2p<0.00001 2p=0.00002

Taxane vs no chemo
(ii) age 50-69

SABCS 2007 Courtesy Richard Peto



• Should all patients receive all adjuvant therapy?
–Depends on:

•Prognostic and Predictive Factors
•Patient’s, Doctor’s, and Society’s Perspectives Regarding Risks, Benefits, and 
Costs of Therapy
– No patient with invasive breast cancer has a zero chance of recurrence and death
– No patient has a zero chance of benefit from any therapy

• If pt is willing to accept ANY toxicity for ANY benefit: then treat her with 
everything

• If pt is willing to forego SOME benefit to avoid SOME toxicity: then 
select therapy carefully

Courtesy Daniel Hayes

Why do we need prognostic markers?



Rule of thumb:

Chemotherapy: relative risk reduction 10 yrs † risk: 30 – 50% 

Absolute benefit < 50 yrs N0: 10 %
N+: 25 %

50-69 yrs N0: 5 %
N+: 10 %

Rule of thumb:Rule of thumb:

Chemotherapy: relative risk reduction 10 yrs † risk: 30 Chemotherapy: relative risk reduction 10 yrs † risk: 30 –– 50% 50% 

Absolute benefitAbsolute benefit < 50 yrs < 50 yrs N0:N0: 10 %10 %
N+:N+: 25 %25 %

5050--69 yrs69 yrs N0: N0: 5 %5 %
N+:N+: 10 %10 %

But: > 50 yrs and hormone receptor negative: same as < 50 jr

Benefit adjuvant chemotherapy



Age

Lymph node status

Tumor size

Differentiation grade

Histological subtype

Co-morbidity

Oestrogen / progesterone receptor status

HER2/neu receptor status

AgeAge

Lymph node statusLymph node status

Tumor sizeTumor size

Differentiation gradeDifferentiation grade

Histological subtypeHistological subtype

CoCo--morbiditymorbidity

OestrogenOestrogen / progesterone receptor status/ progesterone receptor status

HER2/neu receptor statusHER2/neu receptor status

Factors that influence the adviceFactors that influence the advice



Breast Cancer - Survival
premenopausal patients, lymph node negative

time (years)

su
rv
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al

~30% die of breast cancer

~70% survive breast cancer

Kaplan-Meier Survival Curves

1) Who to treat
2) How to treat



Breast cancer survival according 
to the 70-gene profile

time (years)
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151 patients, <53 yrs, N0
10-years survival data

Discerns: 40% favorable profile, 60% unfavorable profile

favorable profile:
~4% dies of breast cancer
~96% survives breast cancer

unfavorable profile:
~50% dies of breast cancer
~50% survives breast cancer

Data confirmed by 2 independent studies: 
Buyse et al. and Bueno-de-Mesquita et al.

Van de Vijver et al. NEJM 2002





Discordant risk estimates MammaPrint vs clinical guidelines

~30 % discordant risk estimates resulted in 
changed therapy advice in ~20% of patients  

(mammaprint should be combined with 
clinico-pathological factors)

27% to 39% discordant risk estimates



At least 13 commercial tests

Ross, Oncologist 2008



Differences between Differences between MammaprintMammaprint and and OncotypeOncotype DXDX

MammaprintMammaprint OncotypeOncotype DXDX

For For whomwhom?? ER pos N0ER pos N0

UntreatedUntreated

ER pos N0 ER pos N0 

TAMTAM--treatedtreated

Tissue Tissue fixationfixation FrozenFrozen FFPEFFPE

HistologyHistology DuctalDuctal DuctalDuctal

PredictivePredictive forfor tamoxifentamoxifen benefit?benefit? ?? YesYes

PredictivePredictive forfor chemotherapychemotherapy benefit?benefit? NoNo YesYes

PrognosticPrognostic in HER2 pos?in HER2 pos? YesYes NoNo



Does Does MammaprintMammaprint add prognostic information?add prognostic information?

Bueno-de-Mesquita, Breast Cancer
Res Treat, 2008

AUCAUC

ClinicalClinical 0.660.66

ClinicalClinical + MP+ MP 0.750.75

MP MP onlyonly 0.690.69



Does Does OncotypeOncotype DX add prognostic information?DX add prognostic information?

IHC4=ER / PR / HER2 /Ki67



Does Does OncotypeOncotype DX add prognostic information?DX add prognostic information?

IHC4=ER / PR / HER2 /Ki67



Tumor size measurementTumor size measurement



InterobserverInterobserver variation grade ~ 30% variation grade ~ 30% 
Different AOL risk group in 8%Different AOL risk group in 8%
BuenoBueno--dede--Mesquita et al. Ann Mesquita et al. Ann OncolOncol 20092009

Assessment of differentiation grade, ER, PR, HER2Assessment of differentiation grade, ER, PR, HER2



Advantage gene expression classifiersAdvantage gene expression classifiers

More reproducible than pathologists

No interobserver variation



MammaprintMammaprint predictive for chemotherapy benefit?predictive for chemotherapy benefit?

Knauer et al. Breast Cancer Res Treat 2010Test for interaction P=NS



OncotypeOncotype DX predictive for chemotherapy benefit?DX predictive for chemotherapy benefit?

Test for interaction P< 0.05
Paik, JCO 2006

Low recurrence score High recurrence score



MammaprintMammaprint predictive for predictive for tamoxifentamoxifen benefit?benefit?

Kok et al. submitted

120 postmeno, all TAM 

Good risk, incomplete 
endocrine responsive:

10-yrs BCSS 67%



TailorX (n=10.500) and MINDACT (n=6.000)

50-60 %

30-40 %10 %

high-risk OncotypeDX
or

high-risk MammaPrint
+

high-risk Adjuvant! 

intermediate risk Oncotype DX
or

Discordant groups
(low-risk MammaPrint

and
High-risk Adjuvant! 

low-risk OncotypeDX
or

low-risk Mamma
+

low-risk Adjuvant!

Chemo Random: CTX yes/no (TailorX)
Random: Decision-

Tool (MINDACT)

Nodal negative BreastCa

endocrine



Prognosis of 
breast cancer

molecular
subtypes

Parker, JCO 2009



Prognostic classifier for HER2 positive BCPrognostic classifier for HER2 positive BC

NKI set Pooled Affy set

Staaf, JCO 2010



Prognostic classifier for triple negative BCPrognostic classifier for triple negative BC

Kreike, Breast Cancer Res, 2007 Teschendorff, Breast Cancer Res, 2008



Prognostic classifier for ER pos PR Prognostic classifier for ER pos PR negneg BCBC

Work in progress….



Response Response predictionprediction

Is the target of the drug present in the 

cancer cells and is this target the ‘Achilles 

heel’ of these cancer cells? 

Is the target of the drug present in the Is the target of the drug present in the 

cancer cells and is this target the ‘Achilles cancer cells and is this target the ‘Achilles 

heel’ of these cancer cells? heel’ of these cancer cells? 



Predictive classifier for Predictive classifier for paclitaxelpaclitaxel benefitbenefit

Lancet Oncol, 2010;11:358-365



The Anil The Anil PottiPotti dramadrama



The Anil The Anil PottiPotti fraudfraud

Paper   1  2 3 4   5

Cell lines switch label in different studies

Baggerly & Coombes, Ann Appl Stat 2009



Take home messagesTake home messages

Prognostic gene expression classifiers should add information to 
conventional prognostic markers (ROC curves – AUC) to be clinically
useful

Most prognostic classifiers are driven by proliferation and estrogen
response clusters

Most important advantage; reproducibility

Prognostic classifiers for defined molecular and histological subgroups
are the future

The immune response module and genes associated with metastatic
potential dominate prognostic classifiers for HER2 pos and triple neg 
breast cancer

Suspect predictive classifiers without a mechanistic explanation for
anticancer drug (in)activity

PrognosticPrognostic gene gene expressionexpression classifiersclassifiers shouldshould addadd informationinformation to to 
conventionalconventional prognosticprognostic markers (ROC markers (ROC curvescurves –– AUC) to AUC) to bebe clinicallyclinically
usefuluseful

Most Most prognosticprognostic classifiersclassifiers are are drivendriven byby proliferationproliferation and and estrogenestrogen
response clustersresponse clusters

Most important Most important advantageadvantage; ; reproducibilityreproducibility

PrognosticPrognostic classifiersclassifiers forfor defineddefined molecularmolecular and and histologicalhistological subgroupssubgroups
are the are the futurefuture

The immune response module and The immune response module and genesgenes associatedassociated withwith metastaticmetastatic
potentialpotential dominatedominate prognosticprognostic classifiersclassifiers forfor HER2 pos and HER2 pos and tripletriple neg neg 
breastbreast cancercancer

Suspect Suspect predictivepredictive classifiersclassifiers without a without a mechanisticmechanistic explanationexplanation forfor
anticanceranticancer drug (in)drug (in)activityactivity



Thank you for your attention



Combine clinical risk indexes and Combine clinical risk indexes and MammaprintMammaprint

10-yrs OS20% 60% 100%

Low-low-low

Discordant clinical risk indexes

High-high-high

Good risk MP

Poor risk MP

Good risk MP

Poor risk MP

Good risk MP

Poor risk MP

High AO / high St Gallen / high NP; MP low risk should
still receive chemotherapy + endocrine therapy

Bueno-de-Mesquita, 
Ann Oncol 2009
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