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Serial sections stained for Estrogen receptor

Lab. A Lab. B

Optimally processed ductal breast carcinoma tissue



Serial sections stained for Estrogen receptor

Lab. A Lab. B

False neg.

High expressor

Low expressor
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Serial sections stained for Estrogen receptor

Control: uterine cervix

Lab. A Lab. B

False neg.
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Serial sections stained for Estrogen receptor

Control: uterine cervix

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

False pos.

External
Quality
Assurance !
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Quantification
Reporting

Controlment

Pre-treatment

With 3 choices for 5 
variables in each phase = > 

4 million protocols….

Manual
Stainer

IHC – Biomarker controls



Suboptimal IHC assays may be due to:
• Preanalytical issues 

• Fixation too short, too late, decalcification too soon…
• Analytical issues:

• Less successful or too dilute antibody clones/RTUs
• Insufficient epitope retrieval
• Insensitive visualization systems
• Platform problems

• Post-analytical issues 
• Interpretation criteria, interobserver variation …

The challenge of IHC

Should be identified
with proper external

on-slide controls





”Cold spots” – a problem with ~30% of all slides
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• International organization for proficiency testing of IHC
• Founded 2003 by Nordic pathologists 
• Independent, scientific, not-for-profit organisation 
• Institute of Pathology, Aalborg University Hospital, DK

• General module: 3 runs/year
• 15-18 different marker challenges

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

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

• Companion module: 2 runs/year
• PD-L1 …

Nordic immunohistochemical Quality Control

www.nordiqc.org



Alpha-methylacyl-CoA racemase CyclinD1 MLH1

Alpha-smooth muscle actin Cytokeratin 5 MSH2 

Anaplastic lymphoma kinase Cytokeratin 7 MSH6 

B-cell specific activator protein Cytokeratin 19 Multiple myeloma oncogene 1

bcl-2protein Cytokeratin 20 Myosin, smooth muscle heavy chain

bcl-6protein Cytokeratin, high molecular weight Napsin A 

Calretinin Cytokeratin, low molecular weight Neurofilament protein

Cancer antigen 125 Cytokeratin, pan- Octamer transcription factor-3/4 

Carcinoembryonic antigen Desmin p16ink4a

CD3 Detected on GIST-1 p40 

CD4 E-cadherin p53

CD5 Epithelial cell adhesion molecule p57 

CD8 Epithelial membrane antigen p63

CD10 Estrogen receptor alpha Paired box gene-2 protein

CD14 Factor VIII related antigen Paired box gene-8 protein

CD15 GATA3 Placental alkaline phosphatase

CD19 Glial fibrillary acidic protein PMS2

CD20 Glypican 3 Podoplanin 

CD23 Gross cystic disease fluid protein-15 Prostate specific acid phosphatase

CD30 HER-2 Prostate specific antigen

CD31 Hepatocyte antigen Prostein

CD34 Human chorionic gonadotropin Progesterone receptor

CD45 Immunoglobulin kappa S-100 protein beta

CD56 Immunoglobulin lambda Sal-like protein 4

CD68 Immunoglobubin M SOX10

CD79a Ki-67 Synaptophysin

CD99 Mammaglobin Terminal deoxynucl. transferase

CD117 Melan-A Vimentin

Chromogranin Melanosoma specific antigen Wilm's tumour-1 protein

~ 90 IHC
markers 

in 
NordiQC 

Runs
Tested 
1-15 
times
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Nordic immunohistochemical Quality Control

NordiQC Participants

N
ordic labs 



Free PMC Article

Nordic immunohistochemical Quality Control

https://www.ncbi.nlm.nih.gov/pubmed/26306713


WWW.NORDIQC.ORG
FREE ACCESS
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Multi-tissue FFPE blocks
10% NBF 24-48 h (ASCO/CAP guidelines …)
• Normal and clinically relevant tumour tissues  
• Different levels of antigen expression

• high, moderate, low, none

Test material

2 unstained slides for each marker send to the participants
1 stained slide returned for central assessment
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The slide to be stained for Bcl-6 comprised:
1-2. Tonsils, 24 h/48 h

3. Follicular lymphoma, grade I

4. Follicular lymphoma, grade II

5. Diffuse large B-cell lymphoma

Test material

HE

LE

NE

Tissue selection:
• High Expressor

• to confirm antibody
• Low Expressor

• to ensure sensitivity
• No-Expressor

• to ensure specificity



Open website



30

PDF file e-mailed to 
participants with 
assessment marks 
and – when needed 
– explanations and 
recommendations



35%

33%

21%
11%

Optimal
Good
Borderline
Poor

NordiQC assessment results 2006 – 2015 

General module  ~ 20,000 slides ( ~100.000 core sections)

Insufficient 32%

too weak / false neg.: ~ 90%
over-stained / false pos.: ~ 10%

{Insuff.



58%21%

9% 12%

Optimal
Good
Borderline
Poor

NordiQC assessment results 2006 – 2015

Breast cancer module  ~ 9,000 slides (~35,000 core sections)

Insufficient 21%

too weak / false neg.: ~ 90%
over-stained / false pos.: ~ 10%

{Insuff.
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Major causes of insufficient stains in  ~ 9,000 slides

Less successful antibodies/RTUs 17 %

Inappropriate antibody dilution 20 %

Inappropriate epitope retrieval 27 %

Inappropriate detection kit 19 %

Other inappropriate lab. performance 17 %

Endogenous biotin reaction
Section drying-out after HIER
Technical platform error
. . . . 
Unexplained

NordiQC general results 2006 – 2015



Go for Low antigen expressors ~

Critical Stain Quality Indicators (CSQI)

 essential to evaluate sensitivity

 essential to assure consistency

Normal tissues when ever possible - easier to recognize and 
ensure the quality

 90 % of insufficient staining results in EQA are caused by 
weak/false negative results

 often related to the use of inappropriate positive tissue 
controls......

IHC – Biomarker controls



Publications

AIMM 2015, 23:1

AIMM 2014, 22:241



AIMM 2016-17



NordiQC EQA: Estrogen Receptor in 13 runs
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2003        2005        2007        2009         2011        2013          2015

Estrogen receptor
Antibody clone selection

SP1

EP16F11
1D5

NordiQC EQA ER



2-step polymer 3-step polymer

IHC – Optimal performance

ER 1D5 1:100
HIER Ci pH 6



Pass rate (optimal + good) by participant status

Estrogen receptor
New participants ’Old’ participants

Run 10, 2004 57% 71%

Run B15, 2010 70% 86%

Run B19, 2015 51% 73%

Average 59% 77%

Results of NordiQC recommendations
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NordiQC runs for HER2 IHC

CK7

Ampl. 3+ Ampl. 2+ Unampl. 2+ Unampl. 0

O
ptim

al

Ampl. 3+ Ampl. 1+ Unampl. 1+ Unampl. 0

Poor

* *
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NordiQC runs for HER2 IHC

CK7

Ampl. 3+ Ampl. 2+ Unampl. 2+ Unampl. 0

O
ptim

al

Ampl. 3+ Ampl. 2+ Unampl. 3+ Unampl. 1

Poor



HER-2 staining results in 17 runs



J Natl Cancer Inst 2009;101: 736 – 750

Ki67 antibody clone SP6 applied at a 1:200 dilution for 32 
minutes, by following the Ventana Benchmark automated 
immunostainer standard Cell Conditioner 1 (CC1) 
protocol at 98°C for 30 minutes.

The best Ki67 index cut point to distinguish luminal B 
from luminal A tumors was 13.25%.



Clone SP6
concentrate

Ventana
platform

Prolif.index
38 %

Clone MM1
RTU

Leica platform

Prolif.index
12 %

Ki67 immunoassay
Digital image analysis



Concentrate

RTU

Mib1 as 
concentrate
in optimized
protocols on
3 platforms



• Anaplastic lymphoma kinase (ALK):  a transmembrane 
receptor tyrosin kinase

• CD30+ anaplastic large cell lymphomas (ALCLs) may be 
associated with a balanced (2;5)(p23;5q35) chromosomal 
translocation 

• Anaplastic lymphoma kinase (ALK) rearrangements are 
present in about 5% of advanced non-small-cell lung 
cancer

• Crizotinib was the first ALK tyrosine 
kinase inhibitor licensed for the 
treatment of metastatic ALK-positive 
NSCLC

Mutations can be identified by mutation-specific proteins: 
ALK (anaplastic large cell lymphoma, lung adenocarcinoma). 



Lung ALK – run 45, 176 labs

ALCL

Lung adenocarcinoma

ALK15A4

Optimal

Poor



Lung ALK – run 45, 176 labs



Lung ALK

The immunoassay must fit for the purpose:

• Identify the antibody useful for the specific task

The right external controls must be used:

• Tissue with high epitope expression to identify

the right antibody

• Appendix

• Tissue with low epitope expression to assure the sensitivity: 

• ALK-positive lung adenocarcinoma

• Tissue with no epitope expression to assure the specificity

• e.g., liver

Appendix - ALK



Lung ALK – run 45, 176 labs

Appendix

Lung adenocarcinoma

ALK15A4

Optimal Poor
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External Quality Assurance – PDL1 

>50% <50%



Misleading data sheets

Pan-Cytokeratin
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Inappropriate retrieval (31%)

AE1/AE3 + HIER AE1/AE3 + proteolysis

Liver
RCC

FNTP

FNTP
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IHC - NordiQC 2014

AE1/AE3 : Optimal results only obtained by HIER in NordiQC runs

Dako: RTU – HIER Conc: Proteolysis or HIER
Leica: RTU – Proteolysis Conc: HIER
Thermo: Conc: HIER Quanto – Proteolysis UltraVision
…………
VMS: RTU - Proteolysis

Misleading data sheets + Wrong control material used



CEA – run 47, 2016, 255 labs



CEA

Urothelial carcinoma

Liver Poor:
TF3H8-1

Optimal

Optimal

Poor: 
TF3H8-1



CDX2 – run 48



CDX2

Pancreas

Colon adenocarcinoma

Optimal Poor:



Calretinin - run 45

Adrenal gland

Concentrates

Optimal Poor



Calretinin – 113 labs using RTUs

Optimal Insufficient

Malignant
Mesothelioma



S-100

Mal. melanoma

Optimal Insufficient



CD31

Angiosarcoma
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Biotin based system giving false postives

Synaptophysin
Labelled Steptavidin-Biotin system

No antibody
Labelled Streptavidin-Biotin system:
Neg. reagent control mandatory

Synaptophysin
Polymer based system



Hodgkin lymphoma NS

clone SP34
RTU VMS/CM

clone 24
RTU VMS/CM

Platform dependent antibodies: PAX5

x200 x200



IHC – Most common pitfalls
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Tailored recommendations

 Replace less successful antibodies (conc./RTU)
 Calibrate the antibody concentration
 Use HIER (instead of proteolysis or no retrieval)
 Increase HIER time / temperature / buffer pH
 For 95% of epitopes pH 8-9 is preferable to pH 6

 Use a non-biotin based viz. system
 Use FDA approved kits instead of home-brews
 . . . . .
 Improve the internal QC: Identify the right controls –

Select well defined normal low expressor cells/tissues 
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419 advices  for 11 markers

No. Improved %

Positive 268 195 73

Negative 151 21 14

Results of NordiQC recommendations
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External Quality Assurance (EQA)
 Provides objective evidence of lab performance
 Identifies methodological errors
 Provides directions for improvements & controls

The results of the NordiQC work indicate that
 Improvement of IHC is strongly needed
 EQA schemes, industry and KOL must align  -
describing the requirements for optimal IHC 
performance.

Conclusion



Almost 1/3 of all IHC stains produced by NordiQC 
participants are still insufficient !
 New labs
 New antibodies, techniques, platforms
 Increasing demands

How many IHC stains produced by labs not 
participating in an EQA scheme are insufficient ?
How many scientific publications are based on 
insufficient IHC stains ?
What are the consequences for the patients ?

Perspective
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Control

correct false negative

External Quality Assurance – ER 

Craig Allred

“Through the inquiry, the public 
learned that between 1997 and 
2005 nearly 400 of about 1,000 
breast cancer patients received
incorrect test results of the ER 
status of their breast tumors.”



When you believe in automation and stop thinking
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The impact of proficiency testing 
on lab immunoassays

Thank you
for your attention
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