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 What is recommended and best practice for IHC controls in diagnostic IHC?

 What are the potentials and limitations for the use of IHC controls ?

 How can IHC controls be used by laboratories and IHC stakeholders?

 How to use IHC controls to monitor assay consistency.

 How 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

Pros and cons..



• International IHC proficiency testing program 

• Institute of Pathology, Aalborg University Hospital, Denmark

• About 670 participants from >60 countries

• General module: 3 runs/year

• 15-17 different diagnostic markers (CDs, CKs, Transcrip.,..)

• Breast cancer IHC module: 2 runs/year

• 3-5 different markers (HER2, ER, PR,..)

• HER-2 ISH module: 2 runs/year

• BRISH, FISH (breast cancer)

• Companion (CDx) module: 2 runs/year 

• PD-L1 TPS/CPS – NSCLC/UC/TNBC (2017-)

• PD-L1 IC score – TNBC/UC (2019-)
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www.nordiqc.org

NordiQC

ISO 17043 – proficiency testing



NordiQC
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… The IHC biomarker protocol trap – Caution: not for faint-hearted lab personel !!!!! 

Decalcification
Preparation

Pre-
analytic

Analytic

Post-
analytic

Tissue
Type, Dimension,
Laser resection,
De-differentiation

Fixation
Time, Type, Volume

Section
Thickness
Storage
Drying

Visualization
Sensitivity, Specificity

Primary antibody
Clone, Dilution     
Buffer, Time, Temp

Development
Sensitivity,
Localization

Read-out / Interpretation
Positive/Negative - cut-off levelQuantification

Reporting

Controlment

Manual
Stainer

Epitope retrieval
HIER conditions
Proteolysis

With 3 choices for 5 
variables in each phase = > 

4 million protocols….

Protocol 1 Protocol 2

PD-L1 - NSCLC

NordiQC run C1

The use of the right controls at the right way can show if an IHC is right or wrong 
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Importance of IHC controls have been neglected….

2011

> 70 % of publications based on
IHC do not describe controls used
to verify data and conclusions…. 
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IHC controls to guide reliability of data…

PAX8 expression in breast cancer – true of false…?

< 5%31% MRQ-50

11% pAb CM

41% MRQ-50

0% BC12

Right choice, right use and results reported in positive and negative

IHC control tissues needed to verify data 

Central for subtyping of unknown primary carcinoma; Ovary, uterine, kidney…

But….

Can PAX8 expression be seen in breast carcinoma??



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 data…

MRQ-50



9

IHC controls to guide reliability of data…

Positive tissue control 1

Fallopian tuba

Positive tissue control 2

Kidney

Tumour type 1

Ovarian carc.

Tumour type 2

Renal cell carc.

Negative tissue control 1

Tonsil

Level of analytical sensitivity

Level of analytical specificity

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

Fal. Tube Tonsil                             Pancreas                           DLBCL                    Breast carc.    

MRQ-50

(& pAb)

SP348

(&BC12)

PAX8 PAX5

PAX2

PAX6 PAX5 PAX6
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IHC controls to guide reliability of data…

PAX8 expression in breast cancer – true of false…?

< 5%31% MRQ-50

11% pAb CM

41% MRQ-50

0% BC12

Right choice, right use and results reported in positive and negative

IHC control tissues needed to verify data 

No data on

controls
No data on

controls
No data on

controls
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NordiQC data – PAX8
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References central for the area of IHC controls

The ”Kick-off” phase for

”Standardization of IHC controls”

Definitions and requirements
Usage
Potentials / Limitations
Perspectives



Reagent and tissue controls are necessary for the validation/ 

verification of immunohistochemical staining results.

Tissue controls are the most valueable tool to monitor the 

specificity and sensitivity for IHC

 Internal positive and negative tissue control

 Cells/structures within the patient material 

 External positive and negative tissue control

 Slide next to patient material – on-slide optimally

14

Tissue controls

21-01231
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Internal postive tissue controls;

Principally ideal as processed

identically to patient relevant

material / target evaluated

If internal positive control is neg or

dubious – test is repeated.

How to use internal tissue controls

Target analyte Application Internal control to confirm ”true” loss

BAP1, MTAP Mesothelioma Stromal cells

p53 Gynelogical carc. Stromal cells

PTEN Lung and gynecological carc. Stromal and benign cells

MMR (MLH1, MSH2, MSH6, PMS2) Lynch syndrome Stromal cells / lymphocytes

SMAD4 Pancreas and GI carc. Stromal and benign cells
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Internal positive tissue controls;

In general not applicable as

positive controls due to levels of 

expression may not be relevant

for level of test calibration

e.g. CD5, CD15, CD34, CD45, 

CD56, S100, ER, PD-L1 etc

Limitations of internal tissue controls

CD5;

Tonsil

Mantle zone

Critical  

control
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 IHC Critical Assay Performance Controls (ICAPCs)

 are basically human positive control tissues with

 - clinical relevant range of target analyte (antigen) – especially with low limit detection

 - well characterized expression pattern – preferable normal tissues

 - predictable levels and specified cellular and architectural localization

Critical tissue controls = ICAPCs

CD5;

Tonsil

Mantle zone

Critical  

control

High expression Low expression No expression

Purpose Right antibody Right analytical sensitivity Basic right specificity
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Test performance characteristics;

Which staining pattern characterizes an optimally calibrated IHC assay for a specific purpose?

Analytical sensitivity

Analytical specificity

Precision / reproducibility of IHC assay

Which tissues / cellular structures show the clinical relevant range of the target analyte with focus 

on required low level of demonstration – CRITICAL CONTROLS - ICAPCs? 

Test Performance Characteristics - TPCs



Test A Test B Test A Test B

CD56 CD45

Colon

NET

Tonsil

Tonsil

B-CLL

Liver

Fit For Purpose; the selection….
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Colon

NET
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Fit For Purpose; the selection….



Test A Test B Test A Test B

CD56 CD45

Colon

NET

Tonsil

Tonsil

B-CLL

Liver

Fit For Purpose; the selection….



CD45: Optimal Insufficient……. 

Tissues/cells with only high expression will not identify:

1. A poorly calibrated IHC assay

2. A reduced sensitivity in an optimally calibrated IHC assay

If an IHC test is used to identify the target antigen being expressed at different levels, controls must reflect this!     

Fit For Purpose; the selection….



IHC Critical Assay Performance Controls (iCAPCs)

Which tissues are recommended ?

What is the expected staining pattern ?

Which tissues / cells are critical ?

Right antibody

Appropriate level of sensitivity

Guidance level of specificity

31

iCAPCs - concept
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ICAPCs

Examples for 17 markers

Generel expected patterns

High expression

(Right antibody)

Low expression

(Appropriate sensitivity)

No expression

(Appropriate specificity)

Which tissue

Which cells

Which extension

Which intensity



NordiQC IHC tissue control atlas – open from 05.2022

Available for NordiQC participants

Tissues

Purpose 

Reaction patterns

Online scans accessible
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NordiQC IHC tissue control atlas – open from 05.2022

Available for NordiQC participants

Tissues

Purpose 

Reaction patterns

Online scans accessible
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1. Limited access to relevant tissues – rare incidences

- ALK (lung), ROS1, Myogenin.. 

2. New markers not described in details – no data on test performance characteristics

- SATB2, Claudin-4, PRAME, TRPS1…. 

3. Limited access to reference material and/or critical expression levels

- PD-L1, HER2, ER… 

Challenges for ICAPCs / Critical Controls

Where to start – how to end…..
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1. Limited access to relevant tissues – rare incidences

- ALK (lung), ROS1, Myogenin.. 

Role of cell lines & histoids for IHC test development

www.histocyte.com

Cell lines

ALK and ROS1 being +/-

HER2, ER, PR and PD-L1 with dynamic range

www.statlab.com

Histoids / Faux tissue

ALK +/-

HER2, PD-L1 with dynamic range

Starting help to guide 

development –

validation still required….
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Histoids / Faux tissue – TruQ IHC controls 

www.statlab.com

HER2 3+ HER2 2+…3+ HER2 0

Tissue core with IHC 3+ and

IHC 2+ almost identical

concerning expression levels.

No IHC 1+ tissue

Design seems less adequate

for ”precision testing” for 

HER2 IHC both ”classical” and 

HER2 low.
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Role of cell lines for IHC test development

Still need evidence/proof (VALIDATION) how to correlate any change in 

staining pattern in cell lines for accuracy in tissues of breast carcinoma.

Tissue and cell line expression robustness ( too fragile or too stabile)?

What expression levels characterizes a successful vs insuccessful test?  

Impact on section thickness? 

Pattern on different assays?

In NordiQC run 

B34 10% of the 

participants 

used cell lines as 

onslide control



Cell lines

(HCL028 Histocyte)

Breast carcinomas

NordiQC run B34

0 1+ 2+ 3+

0 1+ 2+ AMP 3+

Correlation of IHC for HER2 – accurate PATHWAY – cell lines and tissues

329/27/2023



0 0 (1+) 1+ (2+) 3+

0 0 (1+) 0 (2+ AMP) 2+ (3+)

Correlation of IHC for HER2 – (inaccurate) PATHWAY – cell lines and tissues

Cell lines

(HCL028 Histocyte)

Breast carcinomas

NordiQC run B34

339/27/2023



1+ (0) 1+ 2+ 3+

0 1+ 2+ AMP 3+

Correlation of IHC for HER2 – HercepTest 2’ Gen – cell lines and tissues

Cell lines

(HCL028 Histocyte)

Breast carcinomas

NordiQC run B34

349/27/2023



? (0) ? (1+) ? (2+? 3+

0 1+ 2+ AMP 3+

Correlation of IHC for HER2 – SP3 – cell lines and tissues

Cell lines

(HCL028 Histocyte)

Breast carcinomas

NordiQC run B34

359/27/2023



2+ weak 2+ 2+

0 1+ 2+ AMP 3+

Correlation of IHC for HER2 – cell lines and scoring

Cell lines

(HCL028 Histocyte)

Breast carcinoma 1+

369/27/2023

0 1+ 1+



The needs for cell lines as Quality tool for Accuracy/Precision

• Need to map staining characteristics for most commonly used IHC assays

• The different assays will provide different patterns

• Need to identify change in patterns being critical with risk of false negative / false positive results

• Each assay most likely will have different patterns / tresholds

• Need to integrate software as digital image analysis (DIA) or artificial intelligence (AI) to secure reproducibility

• Identification of DIA/AI QC-score for successful versus insuccessful test 

• The DIA/AI QC-scores must be validated for each IHC assay both with focus on expected level and critical levels

• Large scale testing on e.g. breast carcinomas with the dynamic and critical range of the target analyte

• Both to identify e.g. ”classical” HER2 overexpression and the novel HER2 low category
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> 0,5 0,2-0,5 < 0,2

379/27/2023



Analytical standards – IHC versus clinical chemistry; Calibrators

Int.

CA125; 35u/ml

CA-19; 37-40u/ml

….

ICAPCs

But challenge for more 

semiquantitative biomarkers as 

especially HER2  and PD-L1…

389/27/2023



Analytical standards – IHC versus clinical chemistry; Calibrators

Int.

Developmental and validatation phase to correlate LOD*/analytical sensitivity in 

microbeads versus diagnostic accuracy and sensitivity for;

ER, HER2, PD-L1 and p53    

20,000 units 2,000,000 units

* LOD; Limit of detection 399/27/2023



Reference standard materials for IHC; Calibrators – LOD* - PD-L1

Bogen, SA. 2019. A root cause analysis into the high error rate in clinical immunohistochemistry. Appl. Immunohistochem. Mol. Morphol. 27(5) 329-338.

Sompuram, SR, K Vani, AK Schaedle, A Balasubramanian, & SA Bogen. 2019. Selecting an optimal positive IHC control for verifying retrieval. J. Histochem. Cytochem. 67(4):273-283.

Sompuram, SR, K Vani, AK Schaedle, A Balasubramanian, & SA Bogen. 2018. Quantitative assessment of immunohistochemistry laboratory performance by measuring analytic response

curves and limits of detection. Arch Pathol Lab Med. 142 (7):851-862.

* LOD; Limit of detection / level of analytical sensitiviy

Int.

409/27/2023
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22C3 LOD

356.351 mol.

pr microbead

Reference standard materials for IHC; Calibrators – LOD – PD-L1 22C3

9/27/2023
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IHC Calibrator 10 levels HER2 – Boston Cell Standards - PATHWAY

HER2 molecules

pr microbead

10.   >2,715,976

9.     2,715,976

8.     2,669,835

7.     1,981,264

6.     1,274,947

5.        724,800

4.        376,965

3.        206,597

2.        114,315

1.          62,849

10 9 8 7

6 5 4 3

2 1

10

6

1

5

9/27/2023



PATHWAY Standard PATHWAY – red. HIER & Ab PATHWAY + OptiView

Correlation of IHC for HER2 – Microbeads – Accuracy/Precision
HER2 molecules

pr microbead

8. 2,669,835

7. 1,981,264

6. 1,274,947

LOD

LOD

LOD

439/27/2023



PATHWAY Standard

LOD 1,981,264 HER2 mol.

PATHWAY – red. HIER & Ab

LOD 2,669,835 HER2 mol.

PATHWAY + OptiView

LOD 1,274,947 HER2 mol.

Correlation of IHC for HER2 – Microbeads – Accuracy/Precision
Breast carcinomas

Unamplified 1+

Amplified 2+

Amplified 3+

1+ 0 2+

1+

2+

2+

3+

2+

3+

449/27/2023



Correlation of IHC for HER2 – Microbeads – Accuracy/Precision

Breast carcinomas

N=15 (NordiQC runs B31, B32, B33)

PATHWAY Standard

LOD 1,981,264 HER2 mol.

PATHWAY – red. HIER & Ab

LOD 2,669,835 HER2 mol.

PATHWAY + OptiView

LOD 1,274,947 HER2 mol.

0 2 5 0

1+ 3 3 3

2+ Unamplified 1 2 3

2+ Amplified 3 1 3

3+ Amplified 6 4 6

Reduced analytical sensitivity (LOD) provided a less accurate HER2 result for both classical overexpression and HER2 low

Increased analytical sensitivity (LOD) provided a less accurate HER2 result for HER2 low
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IHC Calibrator 10 levels HER2 – Boston Cell Standards – HercepTest Mo.

HER2 molecules

pr microbead

10.   >2,715,976

9.     2,715,976

8.     2,669,835

7.     1,981,264

6.     1,274,947

5.        724,800

4.        376,965

3.        206,597

2.        114,315

1.          62,849

10 9 8 7

6 5 4 3

2 1

10

6

1

5

9/27/2023



Standardized controls for Immunohistochemistry

- Precision testing for precision medicine needs precision IHC controls

- At present no ”golden standard IHC controls” to fit all IHC biomarkers

- A mixture of carefully selected external tissue controls and non-tissue based

- controls as cell lines and/or microbeads seem to be best practice

- Cell lines and microbeads have potential to monitor IHC test precision and

accuracy, BUT still require extensive documentation and data how to use these

Different performances related to IHC assays

Different tresholds for adequate vs inadequate result

Software DIA/AI QC-tools to be developed and verified

479/27/2023
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Daily IHC control for the 
majority of routine markers:

Appendix
Liver
Pancreas
Tonsil

Each slide stained and evaluated has essential information of the 
obtained sensitivity and specificity
In contrast only using 1 external tissue run control, no information is 
available for the single slide evaluated

123/03
CD3

Application of TMA for QC of diagnostic IHC
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TMA 

On-slide control

TMA

Run / batch control

Remarks

Missing reagent

FN in patient test Yes No – only control slide

Potential internal pos. 

control only indicator of 

protocol performed

Wrong antibody

FP in patient test Yes No – only control slide

Inappropriate protocol

performance

- Drying out etc

FN / FP in patient test

Yes No – only control slide

Potential internal pos. 

control only indicator of 

protocol performed

Errors seen for all IHC automated and semi-automated IHC platforms

Application of TMA for QC of diagnostic IHC



”even for automated

stainers, where it 

cannot be guaranteed

that every slide in fact

receives identical

treatment”.

Evolution in the Use of On-Slide Controls for Diagnostic Immunohistochemistry in the Era of Precision Testing

Heidi Lykke Kristoffersen, Rasmus Røge, Søren Nielsen. NordiQC, Aalborg Universityhospital, Denmark.

USCAP 2023

On-slide controls….
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2% error rate;

Class I  0,8% 

Class II 9,0%

(452/22.234 slides)

Application of TMA for QC of diagnostic IHC
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A: On-slide controls

IHC slides stained for ALK (Class II),

same run, same instrument, same protocol

14/19 passed

5/19 failed   (5 x 150 USD)

B: Batch-control - Theoretically:

Batch control failed by same conditions as above

0/19 passed

19/19 failed (no consistent internal control…)   (20 x 150 USD)

C: Batch-control - Theoretically:

Batch control passed by same conditions as above

19/19 passed

0/19 failed (the 5 failed slides not identified….) (Cost...???)

Application of TMA for QC of diagnostic IHC
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Focus on external tissue controls is central to standardize and optimize IHC:

• On-slide TMA controls are preferable to 1 bacth control

• Internal tissue controls are of limited value

• Need to generate consensus guidelines on ICAPCs for all IHC tests – which tissues, 

which staining pattern. Interaction of industry, EQA and pathology organisations and 

societies required. 

• Need to identify best practice controls – tissues, beads, cell lines.. – for type 2 IHC

Conclusions
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Questions and/or comments

Thank You for the attention and…..  


