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New standards in pathology

The pathology labs faces major challenges
f• Lack of experienced pathologists

• A growing volume of diagnostic tests
• Demands to reduce turnaround times 
• Demands to reduce overall costs of pathologyp gy
• Demands for assessing new prognostic and 
therapeutic markers, subclassifications, gradings … p , , g g

• Demands for optimization and standardization of the 
diagnostic workg



New standards in pathology 

To obtain optimization and standardization of 
diagnostic we needdiagnostic we need

• Lab tools and procedures that can aid pathologists in 
• obtaining data of a better quality 
• achieve such data faster and cheaper

• External quality assurance schemes to identify the best 
and the less successful reagents and laboratory 
procedures.
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External Quality Assessment

Nordic immunohistochemical Quality Control
• Founded 2003 by Nordic pathologists y p g
• Independent, scientific, not-for-profit organisation 
• Institute of Pathology, Aalborg University Hospitalgy, g y p
• General module: 3 runs/year

• 15-18 different markers

• Breast cancer IHC module: 2 runs/y
• HER-2, ER/PR, Ki67/E-Cad …

• HER-2 ISH module: 2 runs/year
• BRISH, FISH

• www.nordiqc.org



NordiQC participants

~ 400 labs from
~ 40 countries~ 40 countries

~ 60 labs from 60 labs from
Nordic countries

20122010200820062004
General Breast ca. IHC HER-2 ISH



Test material

Multi-tissue FFPE blocks
Normal and clinically relevant tumour tissues  

Different levels of antigen expression• Different levels of antigen expression
• high, moderate, low, none

2 unstained slides for each marker send to the participants
1 stained slide returned for central assessment



Serial sections stained for Estrogen receptor

Lab. A Lab. B

Ductal breast carcinoma



Serial sections stained for Estrogen receptor

Lab. A Lab. B

False neg.



Serial sections stained for Estrogen receptor

Control: uterine cervixControl: uterine cervix

Lab. A Lab. B

9
False neg.



Serial sections stained for Estrogen receptor

Control: uterine cervixControl: uterine cervix

Clone 6F11 in 15/37 labsClone SP1/EP1/1D5 in 225 labs

10
False pos.



NordiQC EQA: Estrogen Receptor 2003-11
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HER-2 staining

3+ (A* >6) 2+ (A 2.7) 2+ (NA 1.5) 0 (NA 1.3)
LAB A

LAB B

1+ FN

LAB C

‘3+’ FP

* A: Amplified, i.e., HER2/chromosome 17 ratio >2. NA: Non-amplified



HER-2 staining results in 10 runs

Pass rates
for sufficient
staining reactions



Roche – NordiQC joint venture

D t li d tData normalized to 
US population



Roche – NordiQC joint venture

Annual, US Approved Non-approved
Primary testing costs $M 11 $M   2
Additional direct costs $M 18 $M 72

For each 1$ saved by the pathology lab by usage of cheaper

$M 18 $M 72

For each 1$ saved by the pathology lab by usage of cheaper 
reagents, the healthcare system is ultimately burdened with 7$. 

Submitted for publication
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Visits to
www.nordiqc.org



Feed-back

PDF file e-mailed to 
participants withparticipants with 
assessment marks, 
explanations and 
recommendations
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Publications

AJCP 2005,124:782

AIMM 2011, 19:437

AIMM 2013 21:64AIMM 2013, 21:64

AIMM 2013, in print



New standards in pathology 

• Use of image analysis for diagnostic reading and 
interpretationinterpretation

• Optimization and standardization of data quality
• Optimization of workflows



Multicenter validation of VDS Breast Panel

ERER

PR

Her2

Ki67 & PHH3 Work in progress as part of Ki67 & PHH3 g
national and inter-Scandinavian
programs (NordiQC organization
and participants, and Visiopharm)



HER-2

Visiopharm HER-2 CONNECTTM

Connectivity captures the size distribution of y p
membrane obejcts

0/1+ 2+ 3+

Very small and disconnected 
membrane objects

Small mixed with larger 
connected membrane objects 

Dominated by large 
connected membrane 

objects
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Connectivity captures the size distribution of membrane obejcts
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HER-2

HER2-CONNECT TM - a reagent agnostic principle

H 0/1+ 2+ 3+ P 0/1+ 2+ 3+

Herceptest PathwayDR by 5 
pathologists

I
A

H 0/1 2 3
0/1+ 110 17 0 120
2+ 0 7 4 16
3+ 0 5 72 79

I
A

P 0/1 2 3
0/1+ 125 9 0 121
2+ 0 6 4 22
3+ 0 0 71 72

Percent agreement: 87.9%
C h ’ K 0 79

3+ 0 5 72 79
110 29 76 215

Percent agreement: 94.0%
C h ’ K 0 88

3+ 0 0 71 72
125 15 75 215

Sensitivity/Specificity 
when compared to HER2

Cohen’s Kappa: 0.79 Cohen’s Kappa: 0.88

when compared to HER2 
FISH:   100%/100%

REF.: Digital image analysis of membrane connectivity is a robust measure of HER2 
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immunostains Brügmann et al. Breast Cancer Res Treat. 2012 Feb;132(1):41-9.



HER-2

Data from >176 laboratories



Cleared for diagnostic use in Europe

Used in a routine diagnostic setting at 
several Danish hospitals. p
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New standards in pathology

Nuclear markers: Tumour cells vs stromal cells

Discriminating between tumor cells and stromal cells is 
important for obtaining reliable data when reading nuclear
marker indices – but cumbersome and prone to variation



New standards in pathology

Nuclear markers: Tumour cells vs. stromal cells

A solution: Using a ‘tumor marker’ (e.g. Pan-cytokeratin) 
combined with a high-precision alignment of two serial sections 
allow to determine tumor cells / regions . . .



New standards in pathology

Nuclear markers: Tumour cells vs. stromal cells

… creating a mask which selects the region of interest . . .



New standards in pathology

Nuclear markers: Tumour cells vs. stromal cells

… allowing for a precise quantification of relevant nuclei
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Mitotic activity and PHH3 labelling

• Mitotic activity is important to assess malignancy grade
• Quantification of mitotic figures in H&E-stained sections is 
time-consuming and prone to inter-observer variability 
• Mitotic index based on high power fields irrespective of cell 
number and size of HPF

Ph h hi t H3 t i iPhosphohistone  H3 staining
• PHH3 is highly correlated to mitotic phase and index
• PHH3 more easily identified visually• PHH3 more easily identified visually 
• PHH3 index can be determined by image analysis based on  
cell numbercell number

Bossard et al., J Clin Pathol. 2006, 59:706
Williams et al AIMM 2011 19:431Williams et al., AIMM 2011,19:431
Zbytek et al., AIMM 2012 PAP



Ki67

*
*

*

*

Glioblastoma
PHH3



Ki67 CA9

PHH3necrosis



Phosphohistone H3 virtual double staining

*

*

*



Phosphohistone H3

PHH3: IA Concordance with manual counting
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Average number of PHH3 positive cells per TMA core = 20



Ki67 vs.  Phosphohistone H3 

• Serial 3µm sections
• Stained with Ki67 PCK AE1/AE3 and PHH3 respectivelyStained with Ki67, PCK AE1/AE3, and PHH3 respectively
• Scanned using Aperio and Hamamatsu scanners
• Pairwise high-precision aligment between Ki67/PCK and 

Ki67 PCK AE1/AE3 PHH3

g p g
PHH3/PCK

Ki67 PCK AE1/AE3 PHH3

3µm 3µm



Ki67 vs.  Phosphohistone H3 

• Image analysis using Virtual Double Staining (VDS) Ki67 and 
PHH3 APPsPHH3 APPs

• Ki67/PHH3 positive and negative cells are identified, 
excluding all non-tumor cells based on the positivity of the 

Ki67 PCK AE1/AE3 PHH3

g p y
tumour cell marker

Ki67 PCK AE1/AE3 PHH3

3µm 3µm



Ki67 vs.  Phosphohistone H3 



New standards in pathology

Digital Workflow ”Today”

PathologistHisto/lab 
technicians

Histo/lab 
technicians

Pathologist

Tissue 
Preparation

Image 
Analysis

Review & 
Sign-off

Slide 
Scanners & 

servers

Time-
consuming 
workflow step

LIS 
Integration

workflow step 
requiring 
pathologists

Integration



New standards in pathology

Digital Workflow ”Tomorrow”

PathologistHisto/lab 
technicians

Histo/lab 
technicians

Histo/lab 
technicians

Tissue 
Preparation

Image 
Analysis

Review & 
Sign-off

Slide 
Scanners & 

servers

Moving the workload:
Automated tumor cell detection allow:
• Lab technicians to complete the technical

LIS 
Integration

• Lab-technicians to complete the technical 
analysis

• Pushing technically perfect results to the 
LIS for pathologist review & interpretation IntegrationLIS for pathologist review & interpretation

• Avoid work-flow disruption
• Reduce inter- and intra-reader variability
• Reduce pathologist workloadReduce pathologist workload



New standards in pathology

Fully integrated workflows

Scanning, storage 
& retrieval

Data management 
and LIS integration

Image analysis & 
initial review

Pathologist review

Review of IA resultsReview of IA results

Selecte slides 
for analysis

The analysis is started from Scanned 
slides to

Viewing of images

LIS communicates
with Slide Server

LIS: Tumor detection, batch 
processing,  preliminary 
review

slides to 
slide 
server

Select action in LIS

Select slides for analysis Push 
results 
to LIS

Histotech Histotech Histotech Pathologist


