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OUTLINE 

• Definitions 

• Validation process 

• Routinely evaluated biomarkers 

• Controversial issues 



DEFINITIONS 

• Biomarker 
– A characteristic that is objectively measured and 

evaluated as an indicator of normal biological 
processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention* 

• Biomarkers in breast pathology 
– Prognostic biomarkers (to provide information on the 

natural course of disease) 
• Is further treatment needed? 

– Predictive biomarkers (to identify patients most likely 
to benefit from a specific drug) 

• Which treatment?  

*AACR-FDA-NCI Cancer Biomarkers Collaborative Consensus Report 



PROGNOSTIC AND PREDICTIVE BIOMARKERS 

IN BREAST CANCER 

Prognostic markers 
 
• Tumor size 
• Histologic type 
• Histologic grade 
• Lymph-nodes status 
• Lymphatic/Vascular 

invasion 
• Extensive DCIS 
• ER/PR status 
• HER2 neu status 

Predictive markers 
 
• ER/PR status 
• HER2 neu status 

 



VALIDATION PROCESS FOR PROGNOSTIC 

AND PREDICTIVE BIOMARKERS 

• analytic validity: the test has been shown to be 
accurate, reliable, and reproducible in the specimen type 
to be used in the clinical situation; test characteristics 
such as sensitivity, specificity, and reliability are 

confirmed  

• clinical validity: the test separates a group into 2 or 
more distinct populations with different biological 
characteristics or clinical outcomes 

• clinical utility: the use of the test has been shown 
with high levels of evidence to improve clinical outcomes 
compared with not using the test 

Evaluation of Genomic Applications in Practice and Prevention definitions, the Institute of Medicine 



Simon et al JNCI 2009 101 (21) 1446-1452  



ER PR HER2 

• Prognostic biomarkers  

• Help determine likelihood 
of patients responding to 
endocrine therapy 

• Absence of benefit from 
endocrine treatments for 
women with ER-negative 
invasive breast cancers 
has been confirmed in 
large overviews of 
randomized clinical trials. 

• Routinely assessed by IHC 

• Prognostic biomarker 

• Help determine likelihood 
of patients responding to 
anti-HER2 therapies 

• Randomized clinical trials 
confirmed that patients 
with HER2-positive breast 
cancer benefit from 
effective HER2-targeted 
therapies  

• Routinely assessed by 
IHC/ISH 



Hammond et al. Arch Pathol Lab Med 2010; 134: e48-e72 

Wolff et al. Arch Pathol Lab Med 2013; 138: 241-256 

To standardize and improve accuracy in testing and reporting 



ER/PR/HER2 testing 

ER/PR guidelines HER2 guidelines 

Time to fixation  ≤ 1 hour ≤ 1 hour 

Fixation time > 6 and < 72 hours > 6 and < 72 hours 

Fixative 10% NBF  10% NBF  

Samples to be 

tested 

Newly diagnosed BC and 

breast recurrences 

Newly diagnosed BC and breast 

recurrences 

Validated 

Assays  

IHC IHC and ISH 

Methods Validated against patients 

outcomes 

Validated against patients outcomes 

Controls  Positive and negative controls; 

Positive internal control 

Positive and negative controls  

Negative internal control 

Evaluation % positive cells and intensity IHC: %, intensity and pattern  

ISH: average HER2 copy number (c), 

HER2/CEP17 (r)  

Interpretation 

 

Positive if ≥ 1% tumor cells 

stained 

IHC: negative (0, 1+), equivocal (2+), 

positive (3+) 

ISH: negative, equivocal or positive 

P
re

-a
n
a
ly

ti
c
a
l 
 

A
n
a
ly

ti
c
a
l 

P
o
s
t-

a
n
a
ly

ti
c
a
l 
 

Hammond et al. Arch Pathol Lab Med 2010; 134: e48-e72 

Wolff et al. Arch Pathol Lab Med 2013; 138: 241-256 



(Some) controversial issues 

• ER/PR 

–   ER low (<10%) 

– PR and response to 

endocrine therapy 

– Alternative methods 

(RT-PCR, 

microarrays) 

• HER2 

– Polysomy 17 

– Intratumoral 

heterogeneity  

– Alternative methods 

(RT-PCR, 

microarrays) 



Perou et al. Nature 406, 747-752 (2000) 

Sorlie et al. PNAS 100, 8418-8422 (2003) 

Beyond ER/PR/HER2 



Ki67 

• Proliferation marker expressed by cells in 
G1, S, G2, M phase 

• Ki67 is a prognostic factor 

• High ki67 is associated with a high rate of 
pathological complete response (pCR) in 
the neo-adjuvant setting 

• Ki67 might help distinguish between 
luminal A and luminal B HER2 negative 
tumors 

de Azambuja et al. Br J Cancer. 2007; 96(10):1504-13 

Stuart-Harris et al., Breast 2008; 17: 323–34  

Cheang et al. JNCI 2009; 101:736–750 

Luporsi et al BCRT 2012 132:895-915 



Luminal A-like + + - low 

Luminal B-like 

(HER2 negative) 
+ low - high 

Luminal B-like 

(HER2 positive) 
+ any + any 

HER2 positive 

(non-luminal) 
- - + any 

Triple negative 

(ductal) 
- - - any 

KI-67 ER PR HER2 KI67 



Cheang  et al. JNCI 2009; 101 (10): 736-750 

Denkert et al. Ann Oncol 2013; 24: 2786-2793 

http://www.oncoconferences.ch/Consensus2015 

Which cut-point? 

DFS OS 

the minimum value of Ki-67 required for ‘Luminal B-like’ is: 
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1-13% 14-19% 20-29% ≥30% not to be used Abstain

St. Gallen 2015 



Analytical validity?  

Dowsett et al. JNCI 2011; 103:1656–1664 

• Tissue handling guidelines for ER/HER2 are more than adequate for Ki67  

• IHC for Ki67 (MIB1 antibody) is the gold standard 

• Count  3 randomly selected HPF at least 500 cells, at the periphery, including hot spots 

• Unable to come to consensus regarding the ideal cut point(s) 

Tissue Microarrays Centrally stained, locally scored Locally stained, locally scored 

“the analytical validity 

for Ki67 assay is 

unacceptably poor”. 

“clinical utility of Ki67 in 

breast cancer remains 

elusive because of 

analytical concerns” 

Polley et al. JNCI 2013;105:1897–1906 



“ After calibrating to a common scoring 

method via a web-based tool, laboratories 

can achieve high inter-laboratory 

reproducibility in Ki67 scoring on centrally 

stained tissue microarray slides” 

Polley et al. Mod Pathol 2015 

16 laboratories 

50 centrally MIB-1 stained TMAs 

Klauschen et al Clin Cancer Res 2014 

Automated scoring systems 



Ki67 as predictive biomarker 

Dowsett et al. JNCI 2011; 103:1656–1664  

Luporsi et al BCRT 2012 132:895-915  

Andre et al. Nat. Rev. Clin. Oncol. 17 March 2015 

• No prospective studies 

• Results from retrospective studies on 
randomized trials assessing the role of 
Ki67 as predictive marker for 
chemotherapy response in the adjuvant 
setting are contradictory 

• Need to further validation 

• Need to standardize pre-analytical 
analytical and post-analytical phases 



Multiparameters molecular markers 

Azim et al. Annals of Oncology 24, 647–654 (2013) 



Multiparameters molecular markers 

• Multiparameter molecular markers including 
Mammaprint, Breast Cancer Index, Oncotype Dx, 
Prosigna, Endopredict demonstrated clinical validity as 
prognostic markers in patients with ER+ breast cancer 

• Analytical validity studies have been published for some 
of these tests 

• Definitive evidence of clinical utility for Mammaprint 
Oncotype Dx and Prosigna will derive from three 
ongoing prospective randomized trials 

• Need to integrate prognostic/predictive information 
deriving from these tests with traditional clinico-
pathological parameters   



Thanks! 


