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And some about us 
 

The Netherlands Cancer Institute 



The clinical issue 
• The prognosis of the patient. 
• What is Luminal A? 
• What is Luminal B? 
• Or how to distinguish Luminal A vs B 
• How to treat pts with Luminal A vs Luminal B cancers? 
 Should treatment for Luminal A cancers be different 

from Luminal B cancers 
Or…. 
Is it simpler? 
- ER strong +ve & low risk: HT? 
- ER +ve plus risk factor: HT + chemotherapy? 
 



Where it all started…. 



Molecular (‘intrinsic’) subtypes 

 
 
 
 
 

• Specimens from 65 tumors from 42 patients 

Perou et al., Nature (2000) 406:747 



Molecular (‘intrinsic’) subtypes 

Sørlie et al., PNAS (2003) 100:8418 



Immunohistochemistry (‘surrogate subtypes’) 

ER HER2 PR 

‘lum A’ 

‘Basal’ 

‘HER2’ 
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Molecular Subtypes provide insight on which 
therapies to select (St. Gallen, May 2011)  



Classification of breast cancer 
Potentials, limitations, challenges 



The clinical issue. 
Think step by step 

Step 1: The very low risk cancer: is chemotherapy 
indicated anyway? 

Step 2: Is ER+ve really ER +ve? (or: do you trust your 
specimen work up system?) 

Step 3: If ER +ve is reliably proven, and there is some risk 
of relapse: adjuvant anti estrogen treatment 

Step 4: What are the factors that justify adjuvant 
chemotherapy (luminal A > B) 

 



The clinical issue. 
Think step by step 

Step 1:  
 Is prognosis so good that survival advantage of adjuvant  

chemotherapy outweighs the disadvantages & serious 
late side effects? 



Clinical determinate cases 

High Risk 
 
ER negative 
Lymph Node positive 
HER2 positive 
Grade III 
Larger tumor size 

Low Risk 
 
ER positive 
Lymph Node negative 
HER2 negative 
Grade I 
Small tumor size 

Half of our patients are somewhere in between! 
What to do? 



Interobserver agreement morphology and IHC 

• Kappa statistics local vs. central assessment 
– Tumor type 0.56 
– Grade  0.50 
– ER   0.85 
– PR  0.72 
– HER2  0.81 

 
Degree of agreement: 
0.00-0.20 slight 
0.21-0.40 fair 
0.41-0.60  moderate 
0.61-0.80 substantial 
0.81-1.00 (almost) perfect 

 

Bueno-de Mesquita et al.; Annals Oncol. (2010) 21: 40-44 



Is determinate always determinate? 
Some examples 

• Small cancers good prognosis? 
• Grade 1 good prognosis? 

 
 There is an important and reproducible discordance 

between clinical-pathological risk estimates compared to 
newer techniques by tumor profiling 
 



 
 

 

11 – 22 mm Tumors 
 

 

Log rank p = 0,036 

Good signature (n=441) 

Poor signature (n=384) 

99% 

88% 
72% 

92% 

Log rank p<0.001 

HR at 10 yrs: 4.42 (95% CI 2.73-7.17); p<0.001 

MammaPrint and Tumorsize T1c BCSS 

T1c tumors derived from pooled database of all MammaPrint validation studies 
(all, n=1696) 

Mook et al, Ann Surg Oncol, 2010 



HR 3.9 (1.0-15.2) 
p=0.05 



  
MammaPrint adds to grading of breast 
cancer 

  
MammaPrint high risk 

MammaPrint low risk 

764 of 1630 patients (47%) were 
classified as good prognosis and 866 
(53%) as poor prognosis by 
MammaPrint 
Histological grading was centrally 
reviewed for all patients 



DDFS N -ve 
 

Survival Functions 

MammaPrint 
      0 
      1 
      0-censored 
      1-censored 



DDFS N-ve 

MammaPrint 
      0 
      1 
      0-censored 
      1-censored 

 
Survival Functions 



 

*The 50-50 split is coincidental 

Clin-path risk and 70-
gene risk at enrollment 

Clinical-pathological risk 
Total LOW  

N(%) 
HIGH  
N(%) 

70-gene risk 
 

LOW 2586 (40) 1436 (22) 4022 (62) 
HIGH 678 (10) 1827 (28) 2505 (38) 

Total 3264 (50)* 3263 (50)* N=6527 

Patient risk allocation  

Discordant cases (10 + 22 = 32%) match protocol hypothesis 

The absolute difference between C-HIGH / G-LOW and C-LOW / 
G-HIGH is 11.6%  



Oncotype DX and low risk 

B-14 Data NSABP Untreated Population Treated Population 

Breast Cancer Mortality (95%CI, 355 pat) (85%CI) (290)  

Low Risk (RS<18) (313 pat)  14.1% (19.5%, 8.64%) (171 pat)  6.9% (11.2%, 2.5%) (142 pat)  

Int Risk (RS 18-30) (154 pat)  37.8% (48.9%, 26.8%) (85 pat)  20.5% (30.4%, 10.5%) (69 pat)  

High Risk (RS≥31) (178 pat)  31.3% (40.9%, 21.8%) (99 pat)  29.7% (40.2%, 19.3%) (79 pat)  



 S.C. Linn, C.A. Drukker, V.P. Retèl, J.M. Bueno-de-Mesquita, W.H. van 

Harten, H. van Tinteren, J. Wesseling, L.J. van ’t Veer, E.J.T. Rutgers, 

M.J. van de Vijver 

70-Gene signature (MammaPrint) prospectively 

predicts prognosis of patients with node-

negative breast cancer: 5 year follow-up of the 

RASTER study 



5-year distant recurrence-free interval  

MammaPrint AOL 

15% CT 

81% CT 

18% CT 

75% CT 

low risk: 97 % 

high risk: 91.7 % 

p=0.03 

low risk: 96.7 % 

high risk: 93.4 % 

p=NS 



MammaPrint in observational prospective trial 
RASTER study, 5-year DDFS of 427 patients according to 70GPS or AOL 

70 pts no AST: 
DDFS 100% 

5YR DDFS 

96.1% 

89.8% 

5YR DDFS 

92.4% 

94.4% 

70-gene signature Adjuvant Online 

Linn, Rutgers, Drukker, et al., EBCC 2012 



Discordant cases who received no AST 

60 mos mLow-cLow 95.0% (95%CI 90.3-99.9) 

60 mos mLow-cHigh 100% (95%CI 100-100) 

n=70 
n=88 



Discordant cases who received no AST or 
endocrine therapy only 

60 mos mLow-cLow 94.1% (95%CI 89.1-99.3) 

60 mos mLow-cHigh 97.8% (95%CI 94.9-100) 

n=94 
n=92 



Role of Ki-67 
RFS luminal A vs. B based on Ki-67 

Cheang et al., JNCI (2009) 101: 736-750 





Mitch Dowsett (Mr. Ki-67): 

• Ki-67 may identify luminal class with a cut-off 
level of 13.25% proposed to distinguish poorer 
prognosis luminal B cancers from luminal A 
– Lack of between laboratory standards limiting 

application as a surrogate marker 
• Standardized methodologies for Ki-67 are lacking 

– ASCO Tumor Marker Guidelines Committee: clinical 
utility of Ki-67 insufficient to recommend routine use 
for prognostic purposes  

– In 2011, the International Ki-67 in Breast Cancer 
Working Group published recommendations for Ki-67 
assessment in breast cancer 

Sheri & Dowsett, Ann. Oncol. (2012) 23: 219-227 





The clinical issue. 
Think step by step 

Step 1:  
 Is prognosis so good that survival advantage of adjuvant  

chemotherapy outweighs the disadvantages & serious 
late side effects? 

Can we select those patients? 
My conclusion:  
• on the basis of standard clinical-pathological data only a 

few. Ki-67 is of limited help, only in the extremes 
• You need to add extra information on the molecular 

tumor biology of the primary to be able to select a larger 
proportion (40% vs 10% of early node negative ER +ve 
breast cancers) 



The clinical issue. 
Think step by step 

Step 2:  
 Is ER +ve really ER +ve? 
 
Or:  
- How reliable is your ER IHC scoring? 
- Where is the cut-off? 



Pre- 
analytic Analytic Post- 

analytic 

Stages of IHC testing 

• Transport  
• Secretary support 
• Tissue, type, and 

dimension 
• Decalcification 
• Preparation 
• Fixation 

– Time, Type, Volume 
• Section 

– Thickness 
– Storage & Drying 

• Antigen retrieval 
• Primary antibody 

– Clone  
– Dilution 
– Buffer 
– Time 
– Temperature 

• Manual vs. Automated 
• Development 
• Visualization 
• Sensitivity 
• Specificity 

• Interpretation 
• Localization 
• Cut-off 
• Quantification 
• Reporting 
• Secretary support! 
• Control 

– Internal 
– External 

• Quality assessment 
 



The perfect test is non-existent 

• No 100% sensitivity 
• No 100% specificity 



ER-status based on IHC, mRNA, and signature 
(n=456 FNAs) 

Iwamoto et al., J. Clin. Oncol. (2012) 30: 729-734 

mRNA signature 



IHC and mRNA ER-status and OS 

Iwamoto et al., J. Clin. Oncol. (2012) 30: 729-734 

IHC mRNA 



DFS and ER-status in BIG 1-98 trial 

Viale et al., J. Clin. Oncol. (2007) 25: 3846-3852 

P < 0.001 



TargetPrint as second opinion 

B. Viale et al. (2011) ASCO 





J. Wesseling et al. (2011) ASCO 



Reliable ‘second opinion’ 



The clinical issue. 
Think step by step 

Step 2:  
 Is ER +ve really ER +ve? 
 
My conclusion (for debate): 
• Have your ER testing done by standard operational 

procedures, including quality control programs in 
sufficient case load labs. 

• IHC is good 
• Threshold: like ASCO-CAP guidelines: >1% consider 

anti ER therapy 
 



The clinical issue. 
Think step by step (the most easy one) 

Step 3:  
 If ER +ve is reliably proven, and there is some risk of 

relapse 
 
 Adjuvant anti-estrogen treatments: effect is proven 
- At least 5 years 
- Premenopausal: tamoxifen +/- ovarion ablation 
- Postmenopausal at least 2-3 years AI (+ tamoxifen) or AI 

only 
- In higher risk: extended  to 7  (10?) years 









Step 3:  
 If ER +ve is reliably proven, and there is some risk of 

relapse 
 
My conclusions: 
 Adjuvant anti-estrogen treatments: effect is proven 
- At least 5 years 
- Premenopausal: tamoxifen +/- ovarion ablation(role 

await SOFT trial results) 
- Postmenopausal at least 2-3 years AI (+ tamoxifen) or AI 

only 
- In higher risk: extended  to 7  (10?) years: see upcoming 

ATLAS trial results! 



The clinical issue. 
Think step by step  
(the most difficult one) 

Step 4: What are the factors that justify adjuvant 
chemotherapy (luminal A > B) 
 

• Is every luminal A a luminal A? 
• What makes luminal B a luminal B? 
• What is the effect of chemotherapy: different for luminal 

A or B? 
 



What are Intrinsic Molecular Subtypes? 

• Molecular subtypes show which pathway drives cancer 
growth. 
– Luminal it is the estrogen pathway 
– ERB2 it is the HER2 pathway 
– Basal it is neither one of them 

• There is approx 20% discordance between molecular 
subtypes and subtyping with IHC (Perou 2011) 

Red     = Up-regulation 
Green = Down-regulation 



 
Is molecular subtyping useful in “fine 

tuning” your treatment decisions? 
 

First some supportive data…  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Response to neo-adjuvant chemotherapy in 
molecular subgroups 

53 



• PcR and  5yr follow-up of neoadjuvant 
patients confirms  the very response to 
chemotherapy of Luminal Low Risk patients. 

• PcR rates  confirm that there is a benefit of 
chemotherapy in Luminal  High Risk patients 
. 

• PcR rates in Basal  & HER2 are high 
stressing the importance of identifying the 
subtype in these two groups.  

 
 

 

3% 

11
% 

56
% 

50
% 

 



Molecular Subtyping Signature  
80-gene signature 

Profiles Basal, Luminal and HER2 subtypes  



ASCO - 2012 

 



Key Findings:   
• 5 year survival data suggests that a combination of MammaPrint 

and BluePrint more accurately identifies Luminal, Basal and ERB2 
subtypes compared to IHC 

77% 94% 

78% 
77% 

69% 

83
% 73
% 

74
% 

 



Key Findings: 
• 42% of patients that were 

classified as HER 2+ by 
IHC/ Fish were 
reclassified as Luminal’s 
with Blue Print 

• Luminal A’s have a 5yr 
DMFS of 94%. 

• If significant co-
morbidites exist is it 
worth considering 
withholding Herceptin 
from Luminal A patients? 

 



 
Is molecular subtyping useful in “fine 

tuning” your treatment decisions? 
 

Than some sobering data…. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Concordance single sample predictors (SSP) 

Weigelt et al., Lancet Oncology (2010) 11: 229 



Concordance SSP algorithms 

Weigelt et al., Lancet Oncology (2010) 11: 229 



Concordance molecular vs. IHC subtyping (n=560) 

Lips et al., submitted 



ASCO - 2012 



HER2+ and ER+ are often BP Luminal 
• If you have patients with co-morbidities that you are concerned about treating with 

Herceptin, is there a subset of patients that you can withhold this drug?  
• Large group of clinical HER2+ cases that are BluePrint Luminal type (46%). 
• Indicating the tumor’s expression of the Luminal profile to be dominate over the 

expression of the HER2+ profile. 
• These patients may have a lower response to trastuzumab (von Minckwitz et al, 

2012)  

 



Even the best KI67 assessment shows 
30% discordance with MammaPrint 

• Ki67 is assumed to be a fairly reliable measure of proliferation. Ki67 is utilized as a 
biomarker for chemotherapy 

• The concordance between MammaPrint and centrally assessed Ki67 in Luminal-type 
patients is 71%, with a k score of 0.35 (95% CI 0.26-0.45). 

• The relatively high discordance with MammaPrint indicates that Ki67 and MammaPrint 
cannot reliably substitute for each other.   

• MammaPrint has a higher hazard ratio than KI67 and is a better indictor for prognosis 

 



Key Findings: 
20% of the Basal is IHC ER+ 

• These patients might take Endocrine therapy without effect 
• Of the BluePrint Basal cases, 20% are not pathological Basal (16% 

Luminal, 4% HER2+ 
• Of the 16% Luminal cases, the majority (80% are IHC ER/PR 

borderline (≥ 1% and ˂ 10%)  

 



 
Are clinico-pathological data useful in 
“fine tuning” your treatment decisions 

towards adjuvant chemotherapy? 
 

Then the basic & confusing data…. 
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Value of molecular subtyping and 
prediction to effect of chemotherapy 
• Classification often dependent of method used 
• Despite differences in gene lists, outcome similar 
• Most signatures discriminate based on ER-status 

and proliferative activity 
• Prognostic value restricted to ER-positive tumors 
• Subclassification ER-positive breast cancer in 

luminal A and luminal B is arbitrary, based on 
proliferation 

• Expression signatures are complementary to 
standard clinico-pathological parameters 

Weigelt et al., Nature Reviews Clinical Oncology (2011) 



Predictive profiles fail 

• Even the best arrays unable to give a sufficient signal 
at low expression of very relevant genes 

• Subtle, non detectable changes in level of expression 
can make the difference 

• Expression profiling unable to pick up resistance 
mechanisms if such a mechanism is only present in a 
proportion of the tumors 

• Tumors are heterogeneous, RNA bulk analysis will 
not help 

Borst & Wessels, Cell Cycle (2011) 9: 4836 



Integration of tumor features is essential 

• Adequate morphological diagnosis 
• Robust and reliable IHC-panel 

– ER, PR, HER2, (Ki-67) 

• Gene signature has additional value for a 
substantial subgroup 

• Requires for all disciplines sufficient volume 
and expertise 



The clinical issue. 
Think step by step  
(the most difficult one) 

Step 4: What are the factors that justify adjuvant 
chemotherapy (luminal A > B) 

 My conlusions (for debate) 
 

• Is every luminal A a luminal A? No, there are some high 
risk cancers between them 

• What makes luminal B a luminal B? The 
proliferation/propensity to disseminate: you need extra 
information because you do not see it sufficiently on 
standard pathology/IHC (Ki 67: to much differences in 
quality, to many ‘in betweens’, not proven to be 
chemopredictive). 



The clinical issue. 
Think step by step  
(the most difficult one) 

Step 4: What are the factors that justify adjuvant 
chemotherapy (luminal A > B) 

 My conlusions (for debate) 
 
 

• What is the effect of chemotherapy: different for luminal 
A or B? 

 Actually not proven: depends on prognosis & prediction  
 (and now, I’m sorry, the circle is round again) 

 



Did you get some order out of 
chaos? 



 
Thanks to the patients and all those who provided me 

with the presented information, 
and for inviting me, your attention & discussion  

 

The Van ‘t Veer group 

http://www.jccnb.net/index.html�


Intermediate Clinico/Pathological Risk 

What to do? 
• Treat all patients with chemotherapy? 
• Or be more selective, and treat those patients 

who benifit 
 (and thus minimizing the risk of losing lives by foregoing 

chemotherapy) 

 



70-gene assay  (MammaPrint) 

• Is not just another prognostic factor 
• Is designed from the beginning to tell you the metastatic 

potential of an individual breast cancer 



70-gene MammaPrint 

• Functions of many genes are identified and are all 
related to the process of dissemination including 
proliferation 



Validation 4: N = 100 
Wittner et al., Clin Cancer Res 14: 2988, 2008 

MGH series, 
Boston; 
 
Time to metastasis 



Aims RASTER study 

• Feasibility of using 70-gene signature in 
community-based settings 

 
• Effect of 70-gene signature on adjuvant 

systemic treatment (AST) decisions 
 

– AST decision at that time based on restrictive 
Dutch National Guideline 2004, 70GS result and 
doctors’ and patients’ preferences 

 
• Outcome after 5 and 10 years of follow-up 

 
 



Current aim RASTER study 

• Outcome after 5 years of follow-up 

 

• What would the risk estimation of the 
RASTER cohort be with currently used risk 
estimation tools to guide AST decisions 

 
– Adjuvant!Online 

 



Inclusion criteria 
• Female 

• cT1-4N0M0 invasive breast cancer 

• Age < 61 years, amended to < 55 years 
(after 242 patients had been enrolled) 

• Operable, unilateral tumor 

• No history of previous malignancy, except for 
basal cell carcinoma or cervical carcinoma in 
situ 

• No neoadjuvant systemic therapy 

 

 



Dutch guideline 2004  RASTER enrollment 2004-2006 

High risk 
 
• N+ 
 
• N0; ≤35 years  

– except for tumor ≤ 1 cm grade I 
 

• N0; > 35 years:  
– Larger than 1 cm grade III 
– Larger than 2 cm grade II 
– Larger than 3 cm any grade 



Adjuvant Online version 8.0 

50 years 9% 10-yrs † risk 

2.6% † risk  

Benefit ET 3%, CT 2% 

ER pos 

Grade I 

2-3 cm 

N0 

Low risk defined as 10-year survival 
probability at least 90% 

www.adjuvantonline.com 



Results 

• 427 patients tested between 2004-2006 

• Median FUP time 61.6 months 

• 33 DDFS events 

– DDFS event = distant recurrence, death (any 

cause), 2nd primary other than breast 

• 11 deaths 

• 9 breast cancer specific deaths 

 



Proportion of patients labeled as high risk 

89 

70-gene signature Adjuvant Online 

High risk 

Low risk 



With 70GS 29% less patients high risk 

90 

With 70GS 29% less patients high risk category,  
compared to AOL 

70-gene signature Adjuvant Online 

High risk 

Low risk 



5-year DDFS of 427 patients according to 70GS or AOL 

91 

5YR DDFS 

96.1% 

89.8% 

5YR DDFS 

92.4% 

94.4% 

70-gene signature Adjuvant Online 

High risk 

Low risk 



70GS-AOL risk groups and AST 

0
20
40
60
80

100
120
140
160
180

concordant
low risk

70GS high-
AOL low

70GS low-
AOL high

concordant
high risk

CT & ET
ET
CT
no AST



Patient characteristics discordant group 

n=94 patients no AST or ET only 
 

Age 45-55 years   75% 

pT1 (< 2 cm)   80% 

Grade II    82% 

IDC / ILC    72 / 20% 

ER pos    98% 

PgR pos    78% 

HER neg    90%    

 



Conclusions 
• AOL high risk and 70GS low risk patients who did not 

receive adjuvant systemic therapy or hormonal 

therapy only had an excellent 5-year DDFS (97.8%) 

• This percentage is unlikely to drop below 90% at 10 

years of follow-up 

• Of this patient group at least 80% had an ER positive, 

HER2 negative, grade II tumor of 1 to 2 cm in size 

• The percentage of high risk patients could be reduced 

by almost 30% when 70GS risk estimation was used 
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Multiple answers from a single array 

MammaPrint 
70 x 9 
231 x 5 

Molecular subtypes 
BluePrint 
80 x 5 

mRNA readout ER, PR and 
HER2 

TargetPrint 
3 x 5 

Research Gene Panel 
TheraPrint 

56 x 3 

Drug response profile 

Drug response profile 

Normalization 
465 x 3 

Control probes 
536 
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