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ÁWhat is recommended and best practice for IHC controls in diagnostic IHC?

ÁWhat are the potentials and limitations for the use of IHC controls ?

ÁHow can IHC controls be used by laboratories and IHC stakeholders?

ÁHow to use IHC controls to implement new markers.

ÁHow to use IHC controls to monitor IHC assayconsistency.

ÁHow to use IHC controls to adress inter and intra test accuracy(e.g. EQA).
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Agenda and focus areas 

The role and concept behind ICAPCs -

IHC Critical Assay Performance Controls 
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é The IHC biomarker protocol trap ïCaution: not for faint -hearted lab personel !!!!! 
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Importance of IHC controls have been neglectedé.

2011

> 70 % of publications based on 
IHC do not describe controls used
to verify data and conclusionsé.

Level same in 2025é.
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IHC controls to guide reliability of dataé

PAX8 expressionin breastcancer ςǘǊǳŜ ƻŦ ŦŀƭǎŜΧΚ

< 5%31% MRQ-50
11% pAbCM

41% MRQ-50
0% BC12

Right choice, right useand resultsreportedin positive and negative
IHC control tissuesneededto verifydata 

/ŜƴǘǊŀƭ ŦƻǊ ǎǳōǘȅǇƛƴƎ ƻŦ ǳƴƪƴƻǿƴ ǇǊƛƳŀǊȅ ŎŀǊŎƛƴƻƳŀΤ hǾŀǊȅΣ ǳǘŜǊƛƴŜΣ ƪƛŘƴŜȅΧ

.ǳǘΧΦ

Can PAX8 expressionbeseenin breastcarcinoma??



COPYRIGHT© 2021 WOLTERS KLUWER HEALTH, INC. AND/OR ITS SUBSIDIARIES.  ALL RIGHTS 
RESERVED.
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FIGURE 1

Photomicrographs from 2 breast 
carcinomas with aberrant PAX8 expression 
by MRQ-50 clone. On staining with 
hematoxylin and eosin (A, D) both tumors 
were high grade with necrosis. 
Immunohistochemistry for PAX8 with MRQ-
50 antibody (B, E) showed nuclear 
positivity in tumor cells and lymphocytes 
(arrow). PAX8 IHC with BC12 clone (C, F) did 
not stain tumor or lymphocytes.

Aberrant Immunostaining of Breast 
Carcinoma by MRQ-50 PAX8 Antibody

              

Singh, Kamaljeet; Hansen, Katrine; Quddus, M. Ruhul

Applied Immunohistochemistry & Molecular Morphology28(4):e37-
e38, April 2020.

doi: 10.1097/PAI.0000000000000682

HE BC12

IHC controls to guide reliability of dataé

MRQ-50
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IHC controls to guide reliability of dataé

Positive tissuecontrol 1
Fallopiantuba

Positive tissuecontrol 2
Kidney

Tumourtype 1
Ovariancarc.

Tumourtype 2
Renalcellcarc.

Negative tissuecontrol 1
Tonsil

Level of analyticalsensitivity

Level of analyticalspecificity

BC12 / SP348 MRQ-50 / pAb
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IHC controls to guide reliability of dataé

Fal. Tube Tonsil                             Pancreas                           DLBCL                    Breastcarc.    
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IHC controls to guide reliability of dataé

PAX8 expressionin breastcancer ςǘǊǳŜ ƻŦ ŦŀƭǎŜΧΚ

< 5%31% MRQ-50
11% pAbCM

41% MRQ-50
0% BC12

Right choice, right useand resultsreportedin positive and negative
IHC control tissuesneededto verifydata 

No data on
controls

No data on
controls

No data on
controls
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NordiQC data ï PAX8
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PAX8 ï to be in breast or not to be in breasté

TNBC

HGSC

TRPS1 PAX8 (MRQ-50)



12

References central for the area of IHC controls

The òKick-offò phase for

òStandardization of IHC controlsò

Definitions and requirements

Usage

Potentials / Limitations

Perspectives

 

    



ÁReagent and tissuecontrols are necessary for the  validation 
of immunohistochemical staining results.

ÁTissue controls are the most valueabletools to monitor the 
analyticalspecificityand sensitivity for IHC

ÁInternal positive and negative tissue control

ÁCells/structures within the patient material 

ÁExternal positive and negative tissue control

ÁSlide next to patient material

13

Tissue controls

21-01231
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Internalpositive tissuecontrols;
Principally ideal as processed
identicallyto relevant patient
material / target evaluated

If internalpositive control is neg or

dubiousςtest is repeated.

How to use internal tissue controls

Target analyte Application Internal control to confirmέǘǊǳŜέ loss

BAP1, MTAP Mesothelioma Stromalcells

p53 Gynecologicalcarc. Stromalcells

PTEN Lung and gynecologicalcarc. Stromaland benign cells

MMR (MLH1, MSH2, MSH6,PMS2) Lynch syndrome, IO treatment Stromalcells/ lymphocytes

SMAD4 Pancreas and GI carc. Stromaland benign cells

SMARCB1/INI1 Sarcoma, PNST, carcinoma.. Stromaland benign cells
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Internalpositive tissuecontrols;

In general not applicableas
positive controlsas levels of 
expression may not be relevant
for level and range required.

e.g. CD5, CD15,, CD45, CD56, 
CDX2, CGA, DES, ER, PD-L1 etc

Limitations of internal tissue controls

CD5;
Tonsil
Mantle zone
B-cells

Critical  
control

CD5

CD15

ER
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ÁIHC Critical Assay Performance Controls (ICAPCs)

Áare basically human positive control tissues with

Á- clinical relevant range of target analyte (antigen) ï especially with low limit detection

Á- well characterized expression pattern ï preferable normal tissues

Á- predictable levels and specified cellular and architectural localization

Critical tissue controls = ICAPCs

High expression Low expression No expression

Purpose Right antibody Right analyticalsensitivity Basic right specificity

CD5;
Tonsil
Mantle zone
B-cells

Critical  
control
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Main elements to develop, verify & validate IHC assays 

1. Calibration of IHC assay and identification of best practice protocol ï

clone, titre, retrieval etc

2. Evaluation of robustness of the IHC assay ïimpact on pre-analytics

3. Evaluation of analytical and diagnostic sensitivity / specificity

4. Identification of IHC performance controls providing information that the 

established level of detection is obtained in each test performed in daily

practice.   

The journey from an antibody to a diagnostic IHC assay with a specific purpose

Based on selection and use of appropriate external tissue controls
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E Torlakovic et al. AIMM, 2017; 25:227-230
Evolution of Quality Assurance for Clinical 

Immunohistochemistry in the Era of 

Precision Medicine: Part 4

òLesionalò tissues

Range of relevant 
expression levels

High expression
Low expression
No expression

+ relevant cut -off

òLesionalò tissues

Range of relevant 
expression levels

With expression

No expression

10/20 of each
Type I/II IHC

iCAPCs+ 
selected tissues

Reproducibility

Method of 
transfer proof

iCAPC*
TMA

Specificity
TMA

Index
TMA

Accuracy
TMA

Pre-analyt.
TMA

òDailyQCò
TMA

òGold standardò 
tissue controls

IHC critical assay
performance 
controls

High expression
Low expression
No expression

òNormalò tissues

Maps Ab reaction
pattern
Test performance 
characteristics

With expression

No expression

iCAPCsprocessed
as lab procedures

Fixation time
Fixative(s)
Decalcification

CalibrationTMAôs AnalyticalòValidationò TMAôsLab QC TMA

*Immunohistochemical critical assay performance controls

External tissue control tool box
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E Torlakovic et al. AIMM, 2017; 25:227-230
Evolution of Quality Assurance for Clinical 

Immunohistochemistry in the Era of 

Precision Medicine: Part 4

òLesionalò tissues

Range of relevant 
expression levels

High expression
Low expression
No expression

+ relevant cut -off

òLesionalò tissues

Range of relevant 
expression levels

With expression

No expression

20/40 of each
Type I/II IHC

iCAPCs+ 
selected tissues

Reproducibility

Method of 
transfer proof

iCAPC*
TMA

Specificity
TMA

Index
TMA

Accuracy
TMA

Pre-analyt.
TMA

òDailyQCò
TMA

òGold standardò 
tissue controls

IHC critical assay
performance 
controls

High expression
Low expression
No expression

òNormalò tissues

Maps Ab reaction
pattern
Test performance 
characteristics

With expression

No expression

iCAPCsprocessed
as lab procedures

Fixation time
Fixative(s)
Decalcification

CalibrationTMAôs AnalyticalòValidationò TMAôsLab QC TMA

*Immunohistochemical critical assay performance controls

External tissue control tool box
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Inspirational set-up to address issue of
specificity and impact on pre-analytics

Source:
NordiQC and Aalborg University Hospital

òPoor mansò specificity and pre-analytical TMAs
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EPCAM calibration

Tissue cores are used 
to identify best practice
protocol providing 
highest signal-to-noise
ratio for qualitative IHC 
markers

Source:
NordiQC and Aalborg 
University Hospital

òPoor mansò specificity and pre-analytical TMAs
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CD52 calibration

Tissue cores are used 

to identify best practice

protocol providing 

impact on on

pre-analytics

Source:

NordiQC and Aalborg 

University Hospital

CD52, cloneYTH34.5 (Campath) 4h NBF

24h NBF

4h NBF 24h NBF 72h NBF 168h NBF 

òPoor mansò specificity and pre-analytical TMAs
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1. Calibration of IHC assay and identification of best practice protocol ï

clone, titre, retrieval etc

2. Evaluation of robustness of the IHC assay ïimpact on pre-analytics

3. Evaluation of analytical and diagnostic sensitivity/specificity

4. Identification of IHC performance controls providing information that the 

established level of detection is obtained in each test performed in daily

practice.   

Main elements to develop & validate IHC assays 

The journey from an antibody to a diagnostic IHC assay with a specific purpose

Based on selection and use of appropriate external tissue controls



Liver 6h

Liver 72h 24

CD45 calibration

Tissue cores are used 

to identify best practice

protocol providing 

impact on on

pre-analytics

1. Not affected by 

pre-analytics

2. IHC protocol found

3. Liver and tonsil as 

Controls.....???

Which reaction pattern 

indicates optimal result?

Source:

NordiQC and Aalborg 

University Hospital

CD45, (LCA) clone 2B11+PD7/26

24h NBF

4h NBF 168h NBF 

24h NBF + 
decalc. / formic acid 

òPoor mansò specificity and pre-analytical TMAs



Test A Test B Test A Test B

CD56 CD45

Colon/
Appendix

NET

Tonsil

Tonsil

B-CLL

Liver

Fit For Purpose; the selectioné.
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