
IHC post-analytical phase with focus 
on controls

Søren Nielsen, Consultant at NordiQC

Kristi Bøgh Anderson MD, Scientific Associate, NordiQC

kristi.anderson@rn.dk

mailto:kristi.anderson@rn.dk


How to measure accuracy, precision, quality…?

Time Weight Length ”IHC”

Hour/min./sec. Kilo/gram/.. Meter/centi./mili.            ”pos/neg”

Unit standard Unit standard Unit standard ”No standard” 

Test Performance 
Access to calibrators / standard institutes Characteristics in 

Tissue controls*

* Evolution of Quality Assurance for Clinical Immunohistochemistry in the Era of Precision Medicine 
Part 2: Immunohistochemistry Test Performance Characteristics. Torlakovic et at AIMM 2017 Feb;25(2):79-85

*Standardization of positive controls in diagnostic immunohistochemistry: 
recommendations from the International Ad Hoc Expert Committee. Torlakovic et at AIMM 2015 Jan;23(1):1-18.

Inspiration by Steve Bogen
Boston Cell Standards



POSITIVE CONTROLS 
Confirm the assay can detect the antigen 

when present

External positive tissue controls
High expressor → confirms detection of 
abundant antigen
Low expressor → confirms analytical 
sensitivity, avoids false negatives

Internal positive tissue controls
Endogenous elements expected to stain.
Confirm staining worked under the same pre-
analytical and analytical conditions as the 
tumor. 

NEGATIVE CONTROLS 
Identify non-specific staining and prevent false 

positives

External negative tissue controls

Internal negative tissue controls

Negative reagent control
Primary antibody omitted
Antibody diluent or serum used instead
Detects background from: secondary antibody, 
detection system, endogenous tissue 
components, pigment in tissue



Test A Test B Test A Test B

Colon

NET

Tonsil

Tonsil

B-CLL

The central role of tissue controls for IHC
CD56 CD45

Liver



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 

iCAPCs concept
Test Performance Characteristics
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External positive tissue controls



▪Tissue controls are the most valueable tools

▪to monitor the 

▪analytical 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
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IHC controls

25-01231
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ER

tonsil

External tissue controls

Cervix uteri

Internal tissue controls
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ER

tonsil

External tissue controls

Cervix uteri

Internal tissue controls

Reflect pre-analytical integrity (fixation, processing)

Biological, in-tissue check of analytical sensitivity

Analytical sensitivity

independent of tissue variability
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Patient samples that test negative or weak for ER in normal glands may be reported as insufficient for IHC evaluation of ER
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How to use 
internal positive 
tissue controls

Target analyte Application Internal control to confirm ”true” 
loss

BAP1, MTAP Mesothelioma Stromal cells

p53 Gynecological carc. Stromal cells

PTEN Lung and gynecological carc. Stromal and benign cells

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

SMAD4 Pancreas and GI carc. Stromal and benign cells

SMARCB1/INI1 Sarcoma, PNST, carcinoma.. Stromal and benign cells
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In general not applicable as positive controls as levels of expression may not be relevant for level and 
range required.

Limitations of internal positive tissue controls

CD5
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In general not applicable as positive controls as levels of expression may not be relevant for level and 
range required.

Limitations of internal positive tissue controls

CD5

Tonsil, mantle zone B-cells are the critical control



Internal & external tissue controls
Internal/external negative tissue controls are a basic test for IHC assay and system specificity, but with limited potential 
as demonstration of any aberrant false positive reaction will depend on presence of the target analyte in the selected
tissues

ALK (Lu) run 73.

Detection system (OptiView) being contaminated with 
secondary Ab cross-reacting with mucin in colon

PAX5 run 41.

rmAb clone SP34 for PAX5 being
contaminated with a CK20 Ab reacting
with the epithelial cells in colon

Colon/Appendix

Pos. tissue control Neg. tissue control

Nerves Epithelial and muscle

Colon/Appendix

Pos. tissue control Neg. tissue control

B-cells Epithelial and muscle

ALK (Lu) PAX5
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IHC controls to guide reliability of data

PAX8
An important marker when working up carcinoma of 

unknown primary.

Commonly points toward tumors of:
Ovary
Uterus
Kidney
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IHC controls to guide reliability of data

But can breast carcinoma also show PAX8 

expression?
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41% MRQ-50
0% BC12

31% MRQ-50
11% pAb CM

< 5%

But can breast carcinoma 

show PAX8 expression?
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TNBC

HGSC

TRPS1 PAX8 (MRQ-50)



Copyright © 2021 Wolters Kluwer Health, Inc. and/or its subsidiaries.  All 
rights reserved.
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HE BC12MRQ-50
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.





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



23

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

´ SP348/ BC12 MRQ-50 / pAb

Level of analytical
sensitivity

Level of analytical
specificity
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But can breast carcinoma 

show PAX8 expression?

41% MRQ-50
0% BC12

31% MRQ-50
11% pAb CM

< 5%
No data about controls
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The importance of IHC controls has been neglected

2011

> 70% of publications based on IHC do not describe controls used to 
verify data and conclusions
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Two main IHC categories

Type I / Class I IHC tests: 

Interpreted in the context of histo- or 
cytomorphologic and clinical data. Results 
interpreted and used by pathologists. E.g. 
TTF1, SOX10, CDX2, PAX8, TRPS1, p40, 

CGA etc

Type II / Class III IHC tests:

Stand-alone tests being interpreted (largely) 
to provide predictive and prognostic 
information. Results interpreted by 

pathologists and used by clinicians to give 
tailored treatment. E.g. ER, HER2, ALK, PD-

L1, CLDN18.2 etc. 

Am J Clin Pathol 2010;133:354-365
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Two main IHC categories

In practice more and more IHC tests become both Type I and Type II tests:

IHC Area Type I Type II Drug

ALK Lymphoma ALCL NSCLC Crizotinib

CD30 Lymphoma HL, ALCL HL, ALCL Brentuximab

CD56 Carcinoma Neuroendo. SCLC Lorvotuzumab

MMR CRC Lynch Solid carc. Pembrolizumab

Indirectly indicated typically due to personalized treatment e.g.

IHC Area Type I Type II Comment

p40 - lung Carcinoma Squamous

TTF1- lung Carcinoma Adeno Crizotinib,…. ALK, EGFR, ROS1…
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Two main IHC categories

Type II / Class III, IHC companion diagnostics (CDx):

IHC-target Area Demonstration Drug

ER Breast Estrogen receptor Tamoxifen, …

HER2 Breast and gastric HER2 protein overexpression Herceptin, Enhertu…

CD117 GIST Protein second to gene mut. Glivec,…

ALK, ROS1 NSCLC Fusion protein from gene mut. Crizotinib,…

PD-L1 NSCLC, TNBC PD-1 receptor Pembrolizumab,..

MMR Solid carcinoma PD-L1 receptor Pembrolizumab

Claudin 18.2 Gastric cancer Claudin 18.2 protein Zolbetuximab

FOLR1….s Ovarian cancer Folate receptor alpha Mirvetuximab

1998

2015

2025



Positive and negative tissue controls – Potentials and Limitations
External tissue controls hare highly recommended for most IHC assays type I

CD markers, transcription factors, tumour lineage markers…

Not found fully reliable in most type II predictive and semi-quantative IHC assays

HER2, PD-L1, Claudin 18.2…

Control ok

Tumour
PD-L1 neg
CPS <10

Control ok

Tumour
PD-L1 pos
CPS ≥10

22C3 CDxLDT

FN TP

CD5 SATB2 CK-Pan



Positive and negative tissue controls

Not found fully reliable in most type II predictive and semi-quantative IHC assays

Control ok

Tumour
PD-L1 neg
CPS <10

Control ok

Tumour
PD-L1 pos
CPS ≥10

22C3 CDxLDT

FN result

LDT 22C3 CDx

FN TP



Controls for precision testing
Cell lines MicrobeadsHistoids/ Faux tissue

www.acepixbio.com
HER2, PDL1…

www.bostoncellstandards.com
ALK, p53, PD-L1 +/-
HER2, ER, (PD-L1) with dynamic range

www.statlab.com
ALK +/-
HER2, PD-L1 with dynamic
rangewww.arrayscience.com

MMR 
Melanoma (PRIME, MelanA/MART-1, 
HMB-45, BRAF V600E, SOX10, 
P53 (null mutant, missense mutant, 
WT)
HER2, ER, PR, PD-L1, Ki67 with dynamic
range

www.histocyte.com
ALK and ROS1 being +/-
HER2, ER, PR, PD-L1 with dynamic
range

http://www.bostoncellstandards.com/
http://www.histocyte.com/


Role of microbeads
in IHC

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
32



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.

Int.
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22C3 LOD
356.351 mol.
pr microbead

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



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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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/PrecisionBreast

carcinomas

Unamplified

1+

Amplified

2+

Amplified

3+

1+ 0 2+

1+

2+

2+

3+

2+

3+



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
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1’ large feasability study published on calibrators as IHC QC tool

HER2-Low/Ultralow and ”HER2 classical” IHC 
testing for; ENHERTU/TDX (Trastuzumab
deruxtecan) and Herceptin

TMA slides with 80 Breast carcinomas and 
calibrators with 10 different levels of HER2 
molecules send to 54 laboratories (mainly from 
NordiQC and UK NEQAS)

LOD
11.000

LOD
54.000

LOD
90.000

BC 1 BC 2

UL L

0 L

0 0

* LOD; Limit of detection
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Labs showed up to 10-fold differences in LOD: 
LODs ranging from 7,310 to 74,790 molecules!

TMA design:
80 cores of breast carcinomas
 28 ER negative
 20 ER low positive
 32 ER high positive
5 cores of benign breast epithelium
2 cores of benign ER negative tissue 
 liver 
 kidney cortex

+ ER calibrators

52 different laboratories using SP1 based protocols

You cannot manage what you do not measure 
Calibrators make sensitivity measurable!

75% of labs had IHC protocols with LOD ≤ 25,000, indicating a 
more sensitive assay



Role of cell lines for IHC

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 B39 
15% 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 
PATHWAY – cell lines and tissues

429/21/2026



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

439/21/2026



? (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

44



Acepix HER2 Array

HER2 Ultra low, Low, Classical Pos  



Cell line array (SKU 3700-0200, Acepix)



Protocol 1
Score 3+

Protocol 4
Score 3+

Protocol 6
Score 2+

       Cell lines Core 3+



Protocol 1
Score 3+

Protocol 4
Score 3+

Protocol 6
Score 0.5+

     Breast carcinoma Score 3+



Protocol 1
Score 2+

Protocol 4
Score 2+

Protocol 6
Score 1+

       Cell lines Core 2+



Protocol 1
Score 3+

Protocol 4
Score 2+

Protocol 6
Score 0.5+

     Breast carcinoma Score 2+



Protocol 1
Score 1+

Protocol 4
Score 1+

Protocol 6
Score 0

       Cell lines Core 1+



Protocol 1
Score 2+

Protocol 4
Score 1+

Protocol 6
Score 0

     Breast carcinoma Score 1+



Protocol 1
Score 0.5+

Protocol 4
Score 0.5+

Protocol 6
Score 0

       Cell lines Core 0.5+



Protocol 1
Score 2+

Protocol 4
Score 0.5+

Protocol 6
Score 0

     Breast carcinoma Score 0.5+



Protocol 1
Score 0

Protocol 4
Score 0

Protocol 6
Score 0

       Cell lines Core 0



Protocol 1
Score 0.5+

Protocol 4
Score 0

Protocol 6
Score 0

     Breast carcinoma Score 0





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 different IHC assays
Different tresholds for adequate vs inadequate result
Software DIA/AI QC-tools to be developed and verified



Rasmus Røge

Jette Boysen Møller

Heidi Lykke Kristoffersen

Louise Rønnow Holler

Charlotte Papior Carstensen

Tanya Julio

Jacqueline Capion Lemming

Mette Skov Mikkelsen

Lilli Guldager Malaca

Carsten Munck Malmgaard

Jesper Lund Lauridsen

Kristi Bøgh Anderson

With deep appreciation and gratitude to Søren Nielsen

Thank you for your attention!

Let’s connect

Suur tänu tähelepanu eest!Tak for jeres opmærksomhed!
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