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• differences in central HER2 assessment 
•„concordancy warnings“: 
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y
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quality control 
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no gold standard 
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PlanB trial 
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central

German HER2 round robin test 2012  
- 220 participating institutes (IHC part) 
- 90% success rate in the 1st run 
- 100% sucess rate in the re-test    
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issues 
 test consistency ,  HER2+ rates 

 
 

Definition of „equivocal“ (sp vs dp ISH) 
 

Specific constellations  
- IHC  intense incomplete 
- CEP17 monosomy 
- fixation time „friday night specimen“ 
- CNB vs resections 

provisions 
IHC weak incomplete: 1+  2+ 
IHC cutoff 30%  10% 
 

Ratio 1.8-2.2 suspended 
 

 
- IHC intense incomplete  2+ 
- CEP17 monosomy  ISH+ 
-  fixation time 6-48 h  6-72h 
-„histological concordance“ retest G3 TN  

Wolff et al. (2013) J Clin Oncol 31:3997 
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HER2 IHC: best prognostication 
by the (TMA)-spot with the  

lowest HER2 expression:  
„30% still too conservative?“  
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positive 26 (5,8%) 22 (4,9%) 13 (2,9%) 34 (7,6%) 353 (78,8%) 448
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2013 ASCO/CAP guideline: changes in ISH scoring 
impact on clinical trials 

local HER2 neagtive + central HER2 equivocal  
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demanding clinicians to re-consider the therapy strategy in ADAPT HR+/HER2- 
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AR overexpression 
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model of TN/AR+  BC 
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Evolution of MDR1-targeted therapy and  
MDR1 testing 

2nd NordiQC Conference  
on Applied Immunohistochemistry 

Aalborg, 9th-12th June 2015 

PD Dr.med. PhD M.Christgen 
Institute of Pathology 
Hannover Medical School 

high rate of  
MDR1+ in BC 



Rottenberg et al. (2012) Cancer Res 72:2350 
Pajic et al. (2009) Cancer Res 69:6396 

Faneyete et al. (2001) Int J Cancer 93:114 
Beck et al. (1998) Cancer Res 56:310 

valspodar in mBC 
Carlson et al.2006  

tariquidar in mBC 
Pusztai et al. 2005 

verapamil in mBC 
Belpomme et al.2000  

quinidine in mBC 
Wishart et al. 1994 

clinical trials 

1990  2000 2010 

biricodar in mBC 
Toppmeyer et al.2002  

tariquidar in mBC 
Abraham et al. 2009 

valspodar in mOvCa 
Lhomme et al.2008  

Evolution of MDR1-targeted therapy and  
MDR1 testing 

high rate of  
MDR1+ in BC 

2001 
 

human BC: 
absence of 

MDR1 

2nd NordiQC Conference  
on Applied Immunohistochemistry 

Aalborg, 9th-12th June 2015 

PD Dr.med. PhD M.Christgen 
Institute of Pathology 
Hannover Medical School 

2009 
 

GEM: 
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2012 
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MDR1- 
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MDR1 test guideline 

 

2 ab for IHC, controls 
efflux assay, inhibitors 

(11 pages) 

Krech et al. (2012) Cancer Lett 315:153 
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Carlson et al.2006  
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Pusztai et al. 2005 verapamil in mBC 

Belpomme et al.2000  
quinidine in mBC 

Wishart et al. 1994 

1990  2000 
2010 

biricodar in mBC 
Toppmeyer et al.2002  
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Abraham et al. 2009 

valspodar in mOvCa 
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Our experience: MDR1-mediated drug resistance 
- - does exist - -         .  

2012 
a rare case: 

 MDR1+  
chemo-refractory 
lobular carcinoma 
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high rate of  
MDR1+ in BC 

2009 
 

GEM: 
BRCA1-/p53- 

MDR1+ 

2012 
 

GEM: 
BRCA1-/p53-/ 

MDR1- 
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basal / TN HER2+ luminal B (/C) luminal A 

ER/PR positive negative  

positive negative  HER2 negative  

variable  negative 

variable  

Therapeutic decision-making depends on prognostic 
and predictive biomarkers 

Therapeutic decision-making depends on prognostic 
and predictive biomarkers 

Desmedt et al. (2008) Clin Cancer Res 14:5158 
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very high proliferation     low high high 

basal / TN HER2+ luminal B (/C) luminal A 

ER/PR positive negative  

positive negative  HER2 negative  

variable  negative 

variable  



Therapeutic decision-making depends on prognostic 
and predictive biomarkers 

Cheang et al. (2009) J Nat Cancer Inst 101:736 
Allison et al. (2012) Breast Cancer Res Treat 131:413 

Sahebjam et al. (2011) Br J Cancer 105:1342 

mitotic count Ki67 index expression  
profiling 
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very high proliferation     low high high 

basal / TN HER2+ luminal B (/C) luminal A 

ER/PR positive negative  

positive negative  HER2 negative  

variable  negative 

variable  

The value of Ki67 is controversial 
 

Harris et al. (2007) J Clin Oncol 33:5287 
Varga et al. (2012) PlosOne 7:e137379 

Polley et al. (2013) J Nat Cancer Inst 105:1897 
Harbeck et al. (2013) Breast Care 8:102 

 insufficient standardization  

 antibodies (SP6, Mib1, 30-9) 

 interpretation (intensity, nucleoli) 

 scoring (eyeballing, counting) 

 

  ASCO/CAP „Molecular Markers“:  

  Ki67 not recommended  

pros cons 

  prognostic 

  predictive 

  low-cost assay 

  available 

   

  St. Gallen 2013 and 2015:  

  Ki67 recommended, cutoff <20% 
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Ki67 Working Group : Reproducibility study 
n= 100 breast cancers,  

TMAs, 1 mm cores  
Mib1 staining, central 

n= 6 expert laboratories 

moderate  
reproducibility (ICC 0.71) 

The value of Ki67 is controversial 
 

Polley et al. (2013) J Nat Cancer Inst 105:1897 

 insufficient standardization  

 antibodies (SP6, Mib1, 30-9) 

 interpretation (intensity, nucleoli) 

 scoring (eyeballing, counting) 
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cons 
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Ki67 Working Group : Reproducibility study 

G1 = 32% 
G2 = 44% 
G3 = 24% 

limiting 
hetero- 
geneity 

ICC vs 2- 
categorial 
IRR 

n= 100 breast cancers,  
TMAs, 1 mm cores  

Mib1 staining, central 

n= 6 expert laboratories 

moderate  
reproducibility (ICC 0.71) 

   possibly even too optimistic? 



Polley et al. (2015) Mod Pathol 28:778 
Klauschen et al. (2015) Clin Cancer Res: in press 

Ki67 Working Group 
Scoring-Training,  
round robin tests, 

Computer-assisted  
Image Analysis (CAIA) 
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The value of Ki67 is controversial 
 

 insufficient standardization  

 antibodies (SP6, Mib1, 30-9) 

 interpretation (intensity, nucleoli) 

 scoring (eyeballing, counting) 

 

  ASCO/CAP „Molecular Markers“:  

  Ki67 not recommended  

cons 

iScan Coreo Scanner Virtuoso Software anti-Ki67 antibody 30-9 
Benchmark Autostainer 

FDA 510(k)-clearance in 2013 

Computer-assissted image analysis (CAIA) promises  
improved Ki67 quantification 

2nd NordiQC Conference  
on Applied Immunohistochemistry 

Aalborg, 9th-12th June 2015 

PD Dr.med. PhD M.Christgen 
Institute of Pathology 
Hannover Medical School 

Computer-assissted image analysis for Ki67  
in prospective clinical trials (e.g. ADAPT)  

Oncotype DX 

Ki67:  
- conventional 
- Virtuoso  

Harbeck et al. (2014) Cancer Treatment Rev 40:434 
Hofmann et al. (2013) Trials 14:261 
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+ 

Ki67 quantification: 
automated versus semi-automated   

Region of 
interest (ROI) 
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+ 

Ki67 quantification: 
automated versus semi-automated   

Region of 
interest (ROI) 

Dowsett et al. (2011) J Natl Cancer Inst 103:1656 

high proliferation 
area (HPA),  
aka „hot spot“ 
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+ 

Ki67 quantification: 
automated versus semi-automated   

Dowsett et al. (2011) J Natl Cancer Inst 103:1656 

Region of 
interest (ROI) 

high proliferation 
area (HPA),  
aka „hot spot“ 
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Ki67 quantification: 
Does the ROI size impact on Virtuoso readouts?   

• n=100 breast cancers (resection specimens) 

• Ki67 staining 

• full slide scan on iScan Coreo 

• Virtuoso 

• systematic variantion of the ROI size  (50  –  20.000 cells) 

• descriptive statistics: 

• non-linear regression: Ki67 index vs ROI size 

• re-classification rate (Ki67-low vs high, cutoff <20%) in relation to the ROI 

Christgen et al. (2015) Hum Pathol: in press 
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Case expamle: Virtuoso with multiple ROI sizes 
 

Christgen et al. (2015) Hum Pathol: in press 

Ki67 Virtuoso 
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Case expamle: Virtuoso with multiple ROI sizes 
 

Christgen et al. (2015) Hum Pathol: in press 
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Case expamle: Virtuoso with multiple ROI sizes 
 

Christgen et al. (2015) Hum Pathol: in press 

Ki67 Virtuoso 
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Rigorous morphological QC:  
Virtuoso rejected in 46% of cases  

Christgen et al. (2015) Hum Pathol: in press 

2nd NordiQC Conference  
on Applied Immunohistochemistry 

Aalborg, 9th-12th June 2015 

PD Dr.med. PhD M.Christgen 
Institute of Pathology 
Hannover Medical School 

Christgen et al. (2015) Hum Pathol: in press 

Modelling the gradient of the median Ki67 index 
  

n=54 cases 
5 different ROI sizes 

= 270 Ki67 meassurements 

n=54x  
non-linear regression analyses 

data matrix: 
5454 extrapolated Ki67 estimates 

for 101 discrete ROI size 

ROI size [log10 cell count] 

Ki
67

 L
I [

%
] 

median Ki67 gradient 
over a ROI size range 

n=100 cases 
5 different ROI sizes 

= 500 Ki67 meassurements 

n=46 cases  
QC rejections 
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The median Ki67 index varies between 55% and 15% 
depending on the ROI size 

Christgen et al. (2015) Hum Pathol: in press 

Ki67-high 
Ki67-low 

St.Gallen cutoff 

ROI size [log10 cell count] 

Ki
67

 L
I [

%
] 
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Ki67-low versus Ki67-high:  
50% of cases are re-classifiably by re-shaping the ROI 

Christgen et al. (2015) Hum Pathol: in press 
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Semi-automated CAIA for Ki67  
may require an adjustment for the ROI size 

Christgen et al. (2015) Hum Pathol: in press 
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Summary 
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