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Agenda and focus areas

AWhat is recommended and best practice for IHC controls in diagnostic IHC?
AWhat are the potentials and limitations for the use of IHC controls ?

AHow can IHC controls be used by laboratories and IHC stakeholders?
AHow to use IHC controls to implement new markers.
AHow to use IHC controls to monitor lld€sayconsistency.

AHow to use IHC controls to adress inter and intra sesturacye.g EQA).

The role and concept behind ICAPCs

IHC Critical Assay Performance Controls
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| mportance of | HC controls have be

Docu mentation Of Diagnostic Cytopathology, Val 39, No 4 2011

Immunocytochemistry Controls in Absent; Contols were ot mentoned.
- - ue: Statement such as “appropriate ositive an

the Cytopathologic Literature: negative controls were included.”

A MEta'AnalySiS of 100 Journal Articles deigzr];zjﬂ: Controls identical to study samples were

Carol Colasacco, M.LLS., S.C.T.(AS.C.P), 1:.T.{|.Ac.},1f §harnn Mount, M.D.,LE

Other: Controls were dissimilar or partially similar (i.e.,
and Glady

tissue control with smears or tissue control with cell block

ICC Controlsin the Literature fmd ThinPrep samples run), or samples were too scant to
include controls.
Other

15%

= |dentical : :
13% T > 70 % of publications based on
s5en .
549 IHC do not describe controls used
to verily data and conclusions .
“ Vague
18% . ,
Level same ' n 2025e¢€.
Fig. 1. Description of immunocytochemistry controls in  articles

reviewed.




| HC controls to guide reliability
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Can PAX8xpressiorbe seenin breastcarcinom®?

Rightchoice rightuseandresultsreportedin positive and negative
IHCcontroltissuesneededto verify data
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| HC controls to guide reliability

Aberrant Immunostaining of Breast
Carcinoma by MR@G0 PAX8 Antibody

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

Applied Immunohistochemistry & Molecular Morphology28(4):e37
o35, April 5020, y phology28(4)

doi: 10.1097/PAI.0000000000000682

Photomicrographs from 2 breast
carcinomas with aberrant PAX8 expression
by MRQ50 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) di
not stain tumor or lymphocytes.




NordiQC Assessments of PAX8 Immunoassays
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| HC controls to guide reliability

PAX8xpressionn breastcancerct NdzS 2 F T I f

Comparison of PAX8 Expression in Breast Carcinoma Using Unexpected PAX8 Immunoreactivity in Metastatic Metastatic Carcinoma of Unknown Primary:
MRQS50 and BC12 Monoclonal Antibodies High-grade Breast Cancer Diagnostic Approach Using Immunohistochemistry

Kamaljeet Singh, MD, Linda C._Hgy
and M.

ey MD, C. James Sung MD,
Rt |

Mark R. Kilgore, MD, Dustin E. Bosch, MD, PhD, Kathi H. Adamsen, MD, Paul E. Swanson, MD,
Suzanne M. Dinizis . Rendi, MD PhD

James R. Conner, MD, PhD and Jason L. Hornick, MD, PhD

Rightchoice rightuseandresultsreportedin positive and negative
IHCcontroltissuesneededto verify data
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Table 1. Antibodies and assessment marks for PAXE, run 68

Concentrated antibodies n  Vendor || Optimal Good Borderline Poor Suff.* OR?
- anm -
9 Biocare
mAb clone BC12* 4 Zytomed Sy s | - 3 7 3 23%
maihb clone MRQ-50 16 Cell Marque | - 3 ] 2 50%
mAb clone PAXSR1 1 |Abcam |- 1 -
méb clone ZM28 1 Zeta Corporation | - 1 - -
rmAb clone EP2985* Epitomics® |- 1 - -
10 Cell Marque
Graph 1. Proportion of sufficient results for PAXS8 in the eight NordiQC runs performed rmAb clone EP331* 4 Epimm{; | - 5 8 1 36%
Abcam
H H rmAb clone SP348* 146 Gennova 102 ES L] 4 1% T0%
PAX8 performance in NordiQC assessments o science
2 Zeta Corporation |
rmAb clone ZR-1% s 1 2 1 -
2 500 80% 2 BioSite
= rmAb clone BP6157* 2 Biolynx | - 1 1 -
g 400 60%
o o rmAb clone QRO16* 7 Quartett | 3 3 1 86% | 43%
ﬁ 300 " pAb, 10336-1-AP 11 Proteintech | - 1 3 7 9%
i
x %, pAb, 363A-15 1 | Cell Marque | - 1 -
o 200 @A
- o pAb, CP379 AK 3 Biocare | - 1 2 -
o 20% z
ytomed Systems N _
Ju:ll—_l 100 - pAD, REKD47 3 Diagomics 2
£ o0 — o5 Conc total 223 | 108 54 43 20 7% | 48%
-‘,_:- Run 34 2012 Run 422014 Run512017 Run562019 Run&0 2020 Run622021 RunbG42022 Run&d 2023 Ready-To-Use antibadies Suff.!  OR2
_ e CIOE?\?E;:?; & |Ventana/Rache - - - 6 0% | 0%
N Number of participants — ss=Pass rate
mAb clone MRQ-50, N
760-4618 [I.MPS}“ 49 Ventana/Roche 3 34 12 6% 0%
Ab clone, EP331%*
;“GD-E::I;E[WS]’ 3 Ventana/Cell Margue = 1 2 = =
rmAb clone, EP331* N
4 760-6077(LMPS)* 11 Ventana/Cell Margue 4 ] i 36% 0%
*
e one, BC12 6 Biocare Medical - 2 4 . 3% 0%
mAb clone IHC008
- . . PII77ROG 3 DCs - - 3 - .
! rmAb clone ZR=1% .
23302 2 Zeta corporation - - 1 1 -
*
7 = ; ;“:ﬂ:_lone SF34a 3 Spring Bioscience 2 1 - - -
rmAb clone 2774R N
ANB31 1 Biogenmex - - 1 - -
: ¥ rmaAb clone GROD2* ) N ) .
! *IRE GT210202 1 GeneTech 1
anai r
S Ab cl RO16*
Fig. 4a x200 Fig. 4b x200 ppoos Q 2 | Quartett 1 1 . . -
Optimal PAXS staining of the ROC using the same Insufficient PAXE staining of the RCC using the same
protocol 35 in Figs. 1a-3a. Virtually all the neoplastic cells  protocol 25 In Figs. 1b-3b. rmAb clone EP331%* 12 Cell Marque N 3 7 2 25% 0%
show a moderate to strong nuclear staining reaction. No Only a faint nuclear staining |s s22n in the vast majority 363M/ACO338
background staining is seen. Compare with Fig. 4b. of neoplastic cells. Compare to Fig. 4a.
il ng P g P pa 9 rméAb clone SP348+ 4 |Cell Marqua 2 1 1 -
363R-38
mAb clone MRQ-50,
363M-10/17/18 ! 24 | Cell Marque - 5 13 ] 21% 0%
pAb clone 363A-17 /18 N ; N
. 363A17/18 4 Cell Margue 3 1
mAb clone MRQ-50, . N
mn—nonss:gn " & Master Diagnastica - 4 1 1 &7% | 0%
rmAb clone RM436*
8257-C010 2 | Sakura Finetek 1 1 - -
rmAb clone IHCO48* 1 GenomeMe - 1 -
mAb clone C12A32 1 Celnovte - 1 - -
gl;r:r:;:ﬂlS‘ 2 Fuzhou Maixin 2 - -
fﬂNDI‘CﬁQC Clone HSAB 1 DaTe Bicengineering 1 N
Fig. 5a x100 Fig. 5h x100 DTRE230104 Technology
PAXS staining without PAXS cross reactivity. PAXS  PAXS staining with PAXS cross reactivity. PAXES Unknown 1 - - - 1
staining In tonsil using the same protocol as in Figs. 1a- staining in tonsil using the same protocol as in Figs. 1b- RTU tatal 145 10 27 77 31 6% B%
4a. The rmAb clone SP348 do not cross-react with PAXS,  4b. The mAb done MRQ-50 cross-reacts with PAXS
leaving the B-cells unstained. Compare with Fig. Sb. resulting in nuclear staining reaction in virtually all B- Total 168 116 ai 120 3%
cells. Compare with Fig. 5a.
Proportion 32% 22% 2% 14% 54%

1) Proportion of sufficient stains {optimal or good). (25 assessed protocols).
2) Proportion of Optimal Results (25 assessed protocols).
3) Vendor Recommended Protocol Settings (VRPS) to a specific RTU product applied on the vendor recommended platform(s) (=5
assessad protocols).

4) Laboratory Moedified Protocol Settings (LMPS) to a specific RTU product (25 assessed protocols).

5) Ab terminated by vendor.
*Clones that do not show cross reactivity with PAXS.



TABLE 4. Immunohistochemical (IHC) Profiles of Triple-
T " ive Breast C N=151) and High-grad
PAX8 I t O b e I n b r e a S t O r gsgnflfrgarﬁsitmainﬁgS%Nnﬁg]Ilerian C:;-r?gr:lin {P{Jg= lg!;g) © I |

TNBC positive, HGSC positive,

IHC marker N (%) N (%)
RESEARCH ARTICLE Keratin 7 147 (97.4)° 184 (99.5)

Focal {1%-10%) 4027 1 (0.5)

> 100 143 (94.7) 183 (98.9)

{Appl Immunchistochenm Mol Morphol 2024;32:456-461) Keratin 20 2(1.3)t 2(L1§

Focal (1%-10%) 2(1.3) 2(1.1)

] . . . ] ) . > 100 0 (0) 0 (0)
Immunohistochemistry in the Differential Diagnosis of GATAS 102 67.9 2011
i i i iah- > 10% 86 (36.9) 0 (0)

Triple Negative Breast Carcinoma and High-grade Serous Iy f6 (56 00
: . Focal (1%-10% 2(1.3 0 {0
Carcinoma: Old and New Markers o (1) s o
Mammaglobin 27(17.9) 52.7)
Pragyva Virendrakumar Jain, MD,* Mariel Molina MD,* Michelle Moh, MD, MS, 1 F“ﬁf“%lwﬂ 22 {?]? ; g{g?]
Erin Bishop, MD,} Janet S. Rader, MD, | and Julie M. Jorns MD* SOX10 1101:?2:3: 0 1:,3:
Focal (1%-10040) 2{L3) 0 {0y
> 100 108 (71.5) 0 {0)
TRPSI 149 (98.7)l 75 (40.5)
T T—R.-P*Sl 3 Focal (1%-10040) 427 12 (6.5)
RO B > 10% 145 (96) 63 (34)
WTI 7 (4.6) 171 (92.4)
Focal (1%-10%) 4(27) 1{0.5)
> 10% 3(19) 170 (89.9)
PAXE (BC12 clone) 0 {0y 164 (EE.6)
Focal (1%-10%) 0 {0) 0 {0)
> 100 0 {0) 164 (88.6)
PAXE (MROQSD clone) 61 (40.4) 179 (96.8)
Focal (1%-10%) 4(27) 0 {0)

= 1% 3T (37.7) 179 (96.8)

=% 73 98.1)

cytoplasmic pattern)

*The 4 keratin 7 negative TWBC cases had | breast marker positive each,
including SOX10 (2), GATAZ (1), and GCDFPLS (1)

FThe single keratin 7 negative HGSC was also keratin 200 negative.

IBoth keratin 20 (focal) positive TNBCs were also keratin 7 (diffuse) positive.

FIGURE 1. A-C, An example case of a triple-negative invasive ductal carcinoma (A) with diffuse, strong nuclear TRPS1 expression, §The 2 keratin 20 (focal) positive HGSC were also keratin 7 (diffuse) positive.
with background breast stromal cells showing weak, nuclear TRPS1 staining (B); breast carcinoma cells also show diffuse, moderate IThe 2 TRPS] negative THNBC cases showed positivity for hreast-specific
to strong nuclear staining with PAX8 via the MRQS50 clone (C). D-F, An example case of high-grade serous carcinoma (D) with markers GATAZ, SOX10, and GCDFPI3, respectively.

diffuse, moderate to strong nuclear TRPS1 (E), and PAX8 (MRQ50 clone) expression (F).




References central for the area of IHC controls
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Tissue controls

Reagent andssuecontrols are necessary for the validation
of Immunohistochemical staining results.

Tissue controls are the mogalueabletoolsto monitor the
analyticalspecificityand sensitivity for IHC Foive amngivs ool | <
Internal positive and negative tissue control me}e:f?“ﬁ’:{ s

negative and positive);
specific primary Ab included. °

Cells/structures within the patient material
External positive and negative tissue control

Slide next to patient material Intereal Negnfve Tioswe

intestine do not express CK20.




How to use Internal tissue controls

App! Immunohistochem Mol Morpho!l * Volume 22, Number 4, April 2014 Standardization of Negative Controls

TABLE 2. Examples of IHC Assays Where Preferential Use of
Internal Positive Controls Recommended

IHC Assay Use Comments
Cytokeratin 5 Demonstration of basal Interpretation of the
cells in glandular results in the tumor
structures of prostate directly depends on
to differentiate clear demonstration of ; AP
between benign internal positive €
(positive) and control £ J;?(;é “
malignant (negative) Tested sample may be L{- ) hy S |
glands completely negative if b o - P
no normal tissue is q@ HQE 28 R
present
Mismatch repair Absence of expression in Interpretation of the
proteins (MLHI, the cells of colon or results in the tumor
MSH2, PMS2, endometrial directly depends on )
MSH#6) adenocarcinoma is clear demonstration of
abnormal; patients internal positive

referred for molecular  control
testing to rule out
Lynch Syndrome

Targetanalyte Application

Internal control to confirmé  NIBsS &

BAP1, MTAP Mesothelioma Stromalcells
p53 Gynecologicatarc Stromalcells
PTEN Lung andyynecologicatarc Stromaland benigrcells

MMR (MLH1, MSH2, MSH6,PMS2) Lynchsyndrome |IOtreatment Stromalcells/ lymphocytes
SMAD4 Pancreas and @hrc Stromaland benigrcells

SMARCB1/INI1 SarcomaPNSTgarcinoma. Stromaland benigrcells

Internal positivetissuecontrols
Principally ideal as processed
identicallyto relevant patient
material / target evaluated

wy Lk +
R

. 5 - W, ¢

©MNordiQC, . . .

 Ifiriternal positivecontrolis negor
dubiousg test isrepeated

@_I'.I‘:}Fdi‘:_c . N E—
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Limitations of internal tissue controls
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Fig. 2a

Optimal staining result for CD5 of the MCL, tissue core
no 3, using the same protocol as in Fig. 1a. Virtually all
the neoplastic cells show a moderate distinct
membranous staining reaction. T-cells intermingling with
the neoplastic cells show a strong membranous staining
reaction.

Optimal CD15 staining of the Hodgkin lymphoma using
same protocol as in Fig 4a. The Reed-Sternberg and
Hodgkin cells show a moderate membranous staining
reaction and a strong dot-like positivity. Also, compare
with Fig. 5b.

Fig 3a

Optimal ER staining of the breast ductal carcinoma no. 3
with 60 — BO % cells positive. A weak but distinct nudlear
staining is seen in the appropriate proportion of the

neoplastic cells. Same protocol as in Figs. 1a and 2a.

L]

[

CD5

Insufficient staining result for CD5 of the MCL, tissue
core no 3, using the same protocol as in Fig. 1b. The
intensity of the neoplastic cells is significantly reduced
and displays an indistinct staining reaction pattern -
compare with Fig. 2a (same field).

T-cells intermingling with the neoplastic cells retain a
strong membranous staining reaction.

CD15

Insufficient CD15 staining of the Hodgkin lymphoma
using same protocol as in Fig 4b. The vast majority of
Reed-Sternberg cells and Hodgkin cells are false negative
and only the neutrophil granulocytes are demonstrated.
Also, compare with Fig. 5a.

fu
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Fig 3b &

Insufficient ER staining of the breast ductal carcinoma no.
3 with 60 - B0 % cells positive using same protocol as in
Figs. 1b and 2b - same field as in Fig. 3a. Only dispersed
neoplastic cells show an equivocal staining reaction.

Internal positivetissuecontrols

In generahot applicableas
positivecontrolsaslevels of
expression may not be relevant
for level and rangeequired

e.g CD3CD15, CD45, CD56,
CDX2, CGA, DES; PDL1etc

CD5;
Tonsil
Mantle zone
B-cells

Critical
control




Critical tissue controls = ICAPCs
IHC Critical Assay Performance Controls (ICAPCSs)

are basically human positive control tissues with

- clinical relevant range of target analyte (antigen) i especially with low limit detection
- well characterized expression pattern 1 preferable normal tissues

- predictable levels and specified cellular and architectural localization

v

_ Highexpression Low expression No expression

Purpose Right antibody Rightanalyticalsensitivity Basic righspecificity
REVIEW ARTICLE CD5’
App! Immunohistochem Mol Morphol = Volume 23, Number 1, January 2015 TonSII ; il
Standardization of Positive Controls in Diagnostic Mantle zone /= ’
Immunohistochemistry: Recommendations From the 2
International Ad Hoc Expert Committee B-cells

Emina E. Torlakovic, MD, PhD,*i Soren Nielsen, HT, CT,1§ Glenn Francis, MBBS, FRCPA,
MBA, FFSe¢ (RCPA),||*# John Garratt, RT,i** Blake Gilks, MD, FRCPC.,# ¥+
Jeffrey D. Goldsmith, MD,{} Jason L. Hornick, MD, PhD,*§§ Elizabeth Hyjek, MD, PhD,* P
Merdol Ibrahim, PhD, ||| Keith Miller, FIBMS, ||| Eugen Petcu, MD, PhD, | Cr|t|ca|
Paul E. Swanson, MD,9## Xiaoge Zhou, MD,*** 1+ Clive R. Taylor, MD, PhD,}}}
and Mogens Vyberg, MD}§
control




Main elements to develop, verify & validate IHC assays

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

1. Calibration of IHC assay and identification of best practice protocol 1
clone, titre, retrieval etc

2. Evaluation of robustness of the IHC assay T impact on pre-analytics
3. Evaluation of analytical and diagnostic sensitivity / specificity

4. ldentification of IHC performance controls providing information that the
established level of detection Is obtained in each test performed in daily
practice.

Based on selection and use of appropriate external tissue controls

T




E Torlakovic et al. AIMM, 2017; 25:227230
Evolution of Quality Assurance for Clinical

EXternaI tlSSlJe COntrOI tOOI bOX Immunohistochemistry in the Era of

Precision Medicine: Part 4

Calibration T MA G s Analytical OValidationo T MA @@ Lab QC TMA

iICAPC* Specificity Pre-analyt. Accuracy Index oDaily Q C o
TMA TMA TMA TMA TMA TMA

d

0Gol d st aonNdoarrrgmile® ICAPCsprocessed d.esionabtissues d.esionabtissues iCAPCst+

tissue controls as lab procedures selected tissues
IHC critical assay Maps Abreaction Fixation time Range of relevant Range of relevant Reproducibility
performance pattern Fixative(s) expressionlevels expressionlevels
controls Test performance Decalcification Method of
characteristics With expression  High expression transfer proof
Low expression
High expression  With expression No expression No expression
Low expression
No expression No expression 10/20 of each + relevant cut -off
Type I/l IHC

*Immunohistochemical critical assay performance controls




E Torlakovic et al. AIMM, 2017; 25:227230
Evolution of Quality Assurance for Clinical

EXternaI tlSSlJe COntrOI tOOI bOX Immunohistochemistry in the Era of

Precision Medicine: Part 4
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0Gol d st aonNdoarrnumile® ICAPCsprocessed
tissue controls as lab procedures 5

IHC critical assay Maps Abreaction Fixation time

Specificity
TMA

performance pattern Fixative(s)
controls Test performance Decalcification
characteristics

High expression  With expression
Low expression
No expression No expression

*Immunohistochemical critical assay performance controls
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Technicél test érray
1. Calibration = L .
- - Inspirational seiup to address issue of

Appendix
' specificity and impact on pranalytics

2. Robustness

B Ton 24h +
2 decalc.

Source:
NordiQC and Aalborg University Hospital
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EPCAM calibration

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

Source:
NordiQC and Aalborg
University Hospital
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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



Main elements to develop & validate IHC assays

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

1. Calibration of IHC assay and identification of best practice protocol i
clone, titre, retrieval etc

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

3. Evaluation of analytical and diagnostic sensitivity/specificity

4. ldentification of IHC performance controls providing information that the
established level of detection Is obtained Iin each test performed In daily
practice.

Based on selection and use of appropriate external tissue controls

T
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CDA45 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.....??7?

Which reaction pattern
Indicates optimal result?

Source:
NordiQC and Aalborg
University Hospital
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