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IHC postanalytical phase with focus
on controls
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How to measure

Time Weight Length
Hour/min./sec. Kilo/gram/.. Meter/centi./mil. opos/
Unit standard Unit standard Unit standard ONo standardo
Test Performarnce
Access tocalibrators / 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 AMM Feb;25(2):785

*Standardization of positive controls in diagnostic immunohistochemistry:

recommendations from the International Ad Hoc Expert Committee. Torlakovic et at ARAM Jan;23(1)+18.

accuracy , precision , quality & ?
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POSITIVE CONTROLS

Confirm the assay can detect the antigen
when present

External positive tissue controls
High expressoiA ; GF>AJEK <=1L
abundant antigen
Low expressoiA ; GF>AJEK 9F9
sensitivity, avoids false negatives

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

NEGATIVE CONTROLS

|dentify non-specific staining and prevent false
positives

External negative tissue controls
=; LAGF G>

Internal negative tissue controls
DQLA; 9D

Negative reagent control
Primary antibody omitted
Antibody diluentor serumused instead

Detects background from: secondary antibody
detection system, endogenous tissue
components, pigment in tissue
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ICAPCs concept
Test Performance Characteristics

REVIEW ARTICLE _ _ _ . . . . :
Appl Immunohistachem Mol Morphol # Volume 23, Number 1, January 2015

Estrogen and Progesterone Receptor Testing in
Standardization of Positive Controls in Diagnostic . Breast Cancer: ASCO/CAP Guideline Update
|mmun0hlst0chem|stry Recommendatlons From the ~ Kimberly H. Allison, MD?; M. Elizabeth H. Hammond, MD?; Mitchell Dowsett, PhD®; Shannon E. McKemin®; Lisa A. Carey, MD%

— - Patrick L. Fitzgibbons, MD®; Daniel F. Hayes, MD’; Sunil R. Lakhani, MD®?; Mariana Chavez-MacGregor, MSc'®; Jane Perimutter, PhD'";
H 1 —__ Charles M. Perou, PhD®; Meredith M. Regan, ScD'?; David L. Rimm, MD, PhD'*; W. Fraser Symmans, MD'°;
International Ad Hoc Expert Committee e e i P Lo oot L Ghmerms v s Socor P Wi, B

Lisa M. McShane, PhD®; and Antonio C. Wolff, MD*

Emina E. Torlakovic, MD, PhD,* t Soren Nielsen, HT, CT.§ Glenn Francis, MBBS, FRCPA, —.

MBA. FFSc (RCPA). 1% John Garratt. RT.#** Blake Gilks, MD. FRCPC # +# s J Clin Oncol 38:1346-1366. © 2020 by American Society of Clinical Oncology

Jeffrey D. Goldsmith, MD,}} Jason L. Hornick, MD, PhD*& Elizabeth Hyjek, MD, PhD.*

Merdol IThrahim, PhD,) | Keith Miller, FIBMS. || Eugen Petcu, MD, PhD, — —_

Paul E. Swanson, MD,**## Xiaoge Zhou, MD***1#+ Clive R. Taylor, MD, PhD.}}}

and Mogens Vvberg, MD}§

IHC CriticaAssay Performance Contrgl€ APCSs)

Which tissuesire recommende®

L __ What isthe expectedstainingpattern ?
Which tissueg cells are critical?

Right antibody Appropriatelevel of sensitivity OO

Guidance level of specificity NordiQC



External positive tissue controls

(ﬂO Infor Modules Assessments Protocols
‘NordeC‘

Events KBA

Control type

Tissue

Description

Example

ER - Estrogen Receptor

Positive tissue control
High expression level

Cervix
Virtually all sguamous
epithelial cells, columnar

epithelial cells and stromal cells
(except  lymphocytes and
endothelial cells) must show a
moderate to strong nuclear
staining reaction.

Positive tissue control
Low expression levels

Tonsil

The vast majority of squamous
epithelial cells and dispersed
follicular dendritic cells / T-
cells within the germinal
centers must show an at least
weak, distinct nuclear staining
reaction.

Negative tissue control

Tonsil

No staining reaction in mantle
zone and germinal center B-
cells should be seen.

Click to enlarge

Click to enlarge

Click to enlarge
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IHC controls

[ 2501231 |
External On-Slide Control
. F’osiliv.c and ncg?Eivc CQlltrol cK20
Tissuecontrols are the moswvalueabletools pesmmepe iyl
(hence “external™). ¥ o
. Specific controls (both
rativ d positive);
to monitor the e e .

analytical specificityand sensitivity for IHC

Internal Negative Tissue //
Internal positive and negative tisSsue CoNtrol s memes i
Cells/structures within the patient material 7
External positive and negative tissue control
Slide next to patient material OC.)O

NordIQC



ER

Internal tissue controls

tonsil

External tissue controls

o CEbeRter
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Estrogen and Progesterone Receptor Testing in
Breast Cancer Guideline Update

Background

An expert panel was convened to evaluate evidence in an update and reaffirmation of the 2010 “ASCO/CAP
Guideline Recommendations for Immunohistochemical (IHC) Testing of Estrogen and Progesterone Receptors
(ER/PgR) in Breast Cancer.”

Notably the “Estrogen and Progesterone Receptor Testing in Breast Cancer: American Society of Clinical
Oncology / College of American Pathologists Clinical Practice Guideline Update” differences impact
pathologists and patients, including:

1. Anew recommendation for laboratories to establish a specific standard operating procedure to ensure the
validity of low positive (1-10%) or negative (0 or < 1%) interpretations and results. Correlation of ER staining
with the histologic features (as well as attention to other standard quality control measures) is also
recommended and unusual/discordant results worked up.

2. New reporting recommendations are made for cases with 1-10% ER expression to acknowledge the more
limited data on endocrine responsiveness in this group and overlapping features with ER negative cancers.
The status of internal controls should also be reported for cases with 0-10% staining (with a special comment
for those lacking internal controls).

3. The utility of PgR testing continues to be largely prognostic in the ER-positive invasive cancer population, but
testing using similar principles to ER testing is still recommended for invasive cancers.

4. The update recommends ER testing for patients diagnosed with ductal carcinoma in situ without invasion;
PgR testing is optional.

Guideline status: Active

Originally published: June 2010

Update published online ahead of print: Janu
Update published in print: May 2020

Joint Partner: American Society of Clinical Onc

Noro

ary 13, 2020

ology

OO

ac



ER

Internal tissue controls

Reflect preanalytical integrity (fixation, processing)

Biological, intissue check of analytical sensitivity

100 um

. Cervixuteri

tonsil

External tissue controls

Analytical sensitivity

* independent of tissue variability

e
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Patient samples that test negative or weak for ER in normal glands may be reported as insufficient for IHC evaluation

Research Article

The Value of Internal Positive Controls and
Synthetic Calibrators for Performance
Assessment of Breast Carcinoma Estrogen
Receptor Immunohistochemistry Assay

Emina E. Torlakovic 12 & i, Seshi R. Sompuram >, Sgren Nielsen * &, Steven Bogen =
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Internal positive
tissue controls

Appl Immunohistochem Mol Morphol * Volume 22, Number 4, April 2014

Target analyte

BAP1, MTAP

p53
PTEN

MMR (MLH1, MSH2, MSH6,PMS2) Lynchsyndrome IOtreatment

SMAD4

SMARCB1/INI1

Standardization of Negative Controls

TABLE 2. Examples of IHC Assays Where Preferential Use of

Internal Positive Controls Recommended

IHC Assay

Use

Commenis

Cytokeratin 5

Demonstration ol basal
cells in glandular
structures of prostate
to differentiate
between benign
(positive) and
malignant (negative)
glands

Interpretation of the
results in the tumor
directly depends on
clear demonstration of
internal positive
control

Tested sample may be

completely negative if
no normal tissue 1s
present

Mismatch repair

proteins (MLHI1,

MSH2, PMS2,
MSHG)

Absence of expression in  Interpretation of the

the cells of colon or
endometrial
adenocarcinoma 1s
abnormal; patients
referred for molecular
testing to rule out
Lynch Syndrome

results in the tumor
directly depends on
clear demonstration of
internal positive
control

Mesothelioma
Gynecologicakarc.

Lung andgynecologicalcarc.

Pancreas and Glarc.

Sarcoma PNSTg¢arcinoma.

Application

Internal control to confirm AL J M= A

loss
Stromal cells
Stromal cells
Stromaland benigncells
Stromalcells/ lymphocytes

Stromaland benigncells

Stromaland benigncells
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Limitations of internal positive tissue controls

In generalnot applicable as positivecontrols aslevels of expression may not be relevant for level an
rangerequired.

Optimal staining result for CD5 of the MCL, tissue core Insufficient staining result for CD5 of the MCL, tissue

no 3, using the same protocol as in Fig. 1a. Virtually all core no 3, using the same protocol as in Fig. 1b. The

the neoplastic cells show a moderate distinct intensity of the neoplastic cells is significantly reduced

membranous staining reaction. T-cells intermingling with  and displays an indistinct staining reaction pattern - .
the neoplastic cells show a strong membranous staining compare with Fig. 2a (same field). ..
reaction. T-cells intermingling with the neoplastic cells retain a

O
strong membranous staining reaction. I\I O rd I Q C



Limitations of internal positive tissue controls

In generalnot applicable as positivecontrols aslevels of expression may not be relevant for level an
rangerequired. | 70 e o TR T TR R - .

S Wt 5 v P Y 3 f—

Optimal staining result for CD5 of the MCL, tissue core Insufficient staining result for CDS of the MCL, tissue

no 3, using the same protocol as in Fig. 1a. Virtually all  core no 3, using the same protocol as in Fig. 1b. The

the neoplastic cells show a moderate distinct intensity of the neoplastic cells is significantly reduced

membranous staining reaction. T-cells intermingling with  and displays an indistinct staining reaction pattern -

the neoplastic cells show a strong membranous staining ~ compare with Fig. 2a (same field).

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

Tonsil,mantle zone Bcellsarethe critical control N
ordiQC



Internal & external tissue controls

Internal/externalnegativetissuecontrols are a basic test for IH@ssayand systemspecificity, but withlimited potential
as demonstration ofanyaberrantfalse positivereactionwill dependon presenceof thetarget analytein the selected

tissues

ALK (Lu) PAX5
Colon/Appendix Colon/Appendix
Pos.tissuecontrol Neg.tissuecontrol Pos.tissuecontrol Neg.tissuecontrol
Nerves Epithelialand muscle B-cells Epithelialand muscle
I 1o

} o g
[3 ™ b ", =.»
BT A8 2 e e,
[ o W - ok [l i TN
et T . Frtag o
Ly 4-!)#-4' ¥ o ..::r?a_.‘." N
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5 A ] S
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ALK (Lu) run 73. PAXS5 run 41.
Detectionsystem OptiView) beingcontaminatedwith ~ rmAbclone SP34 for PAX&eing O
secondaryAb crossreactingwith mucinin colon contaminated with a CK20 Abeacting 0.0

with the epithelial cellsin colon NordiQC




IHC controls to guide reliability of data

PAXS

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 canbreast carcinomaaiso showPAX8

expression?
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But candreast carcinoma
show PAX%xpression?

Comparison of PAX8 Expression in Breast Carcinoma Using
MRQ50 and BC12 Monoclonal Antibodies

Kamaljeet Singh, MD, Linda C. Hanley, MD, C. James Sung MD,
and M. Ruhul Quddus, MD, MPhil (Path)
Metastatic Carcinoma of Unknown Primary:
41% MRG0 Diagnostic Approach Using Immunohistochemistry
0% BC12

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

< 5%

Unexpected PAX8 Immunoreactivity in Metastatic
High-grade Breast Cancer

Mark R. Kilgore, MD, Dustin E. Bosch, MD, PhD, Kathi H. Adamson, MDD, Paul E. Swanson, MD,
Suzanne M. Dintzis, MD, PhD, and Mara H. Rendi, MD PhD

O
31% MRG0 G8°

11%pAbCM NO@IQC



RESEARCH ARTICLE

Immunohistochemistry in the Differential Diagnosis of
Triple Negative Breast Carcinoma and High-grade Serous
Carcinoma: Old and New Markers

Pragya Virendrakumar Jain, MD,* Mariel Molina MD.* Michelle Moh MD, MS 7
Erin Bishop, MD,} Janet S. Rader, MD.} and Julie M. Jorns MD*

(Appl Immunohistochem Mol Morphol 2024;32:456-461)

TRPS1 PAX8MRG50)

Pt ml e =
L] L 'h' : '-l-. :‘ ‘-‘

Br '..d bt - - ,':-- |
£ : . {
l.;_ Fay B A :

TNBC

HGSC

FIGURE 1. A-C, An example case of a triple-negative invasive ductal carcinoma (A) with diffuse, strong nuclear TRPS1 expression,
with background breast stromal cells showing weak, nuclear TRPS1 staining (B); breast carcinoma cells also show diffuse, moderate
to strong nuclear staining with PAX8 via the MRQS50 clone (C). D-F, An example case of high-grade serous carcinoma (D) with
diffuse, moderate to strong nuclear TRPS1 (E), and PAXE (MRQSO0 clone) expression (F).

TABLE 4. Immunohistochemical (IHC) Profiles of Triple-

negative Breast Cancers (TMBC) (N=151) and High-grade
Serous Carcinomas (HGSC) of Miillerian Origin (N =185)

TNBC positive, HGSC positive,

IHC marker N (V) N (")
Keratin 7 147 (97.4)" 184 (99.5)1
Focal {1%%6-10%%) 4{2T 1 (0.5)

= 100% 143 (94.7) 183 (98.9)
Keratin 20 2013 2(L.1g
Focal {1%%6-10%%) 2(L3) 2(L.1)
= 100% 0(m 0
GATAL 102 (67.5) 2(L.1)
Focal {1%%-10%) 16 (10.6) 2(L.1)
= 10 Eb (36.9) 0 (0
GCDFEP13 29 (19.2) 0 ()
Focal (1%-10%0) 2(1.3) 0 (0
= 10 27(17.9) 0 (0
Mammaglobin 27 (179) 527
Focal (1%-10%0) 0 (0 3(2.7)
> 10 27(17.9) 0 ()
SOXI10 110 (72.8) 0 (0
Focal {1%%-10%4) 2(L3) 0 ()
= 1% 108 (71.5) 0 (0
TRPS1 149 (08, 7)l T5 (40.5)
Focal {1%%-1004) 4{2.T 12 {6.5)
= 1% 145 (96) 63 (34)
WTI 7 (4.6) 171 (92.4)
Focal {1%%-100%:) 4402.7) 1 (0.5)
> 105 3 (1.9 170 (E9.9)
PAXE (BC12 clone) 0 (0 164 (BE.6)
Focal {1%%6-10%%) 0 (0 0 ()
= 10%% 0 (0 164 (BE.6)
PAXE (MROQS0 clone) 6l (40.4) 179 (96.8)
Focal {1%%6-10%%) 4{2T 0 ()
= 1005 57T (37.7) 179 (96.8)
p33 (aberrant mutant, null or 98 (64.9) 174 (94.1)

cytoplasmic pattern)

*The 4 keratin 7 negative TWBC cases had 1 breast marker positive each,
including SOX10 (2), GATASZ (1), and GCDFPIS (1).

#The single keratin 7 negative HGEC was also keratin 200 negative.

i Both keratin 20 (focal) positive TMNBCs were also keratin 7 {diffuse) positive.

§The 2 keratin 20 (focal) positive HGSC were also keratin 7 (diffuse) positive.

IThe 2 TRPS] negative TWBC cases showed positivity for breast-specific
markers GATA3, 50X10, and GCDFPIL3, respectively.




Aberrant Immunostaining of Breast Carcinoma by MRQ-
50 PAX8 Antibody

Singh, Kamaljeet MD; Hansen, Katrine MD; Quddus, M. Ruhul MD MPhil (Path)

Author Information®

Applied Immunohistochemistry & Molecular Morphology 28(4):p e37-e38, April 2020. | DOI:
10.1097/ PALO000000000000682

MRQ50

Photomicrographs from 2 breast
carcinomas with aberrant PAX8
expression by MRG0 clone. On
staining with hematoxylin and
eosin (A, D) both tumors were
high grade with necrosis.
Immunohistochemistry for PAX8
with MRQ50 antibody (B, E)
showed nuclear positivity in
tumor cells and lymphocytes
(arrow). PAX8 IHC witBC12
clone (C, F) did not stain tumor
s AT L s S ewes. - or lymphocytes. 020
Copyright® 2021 Wolters Kluwer Health, Inc. and/or its subsidiaries. All I\I Ord IQ C

rights reserved.
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N-terminal PAX8 antibody crossreacts with PAXs

L Moretti et al
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IHC controls to guide reliability of data
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NordiQC Assessments of PAX8 Immunoassays
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But candreast carcinoma
show PAX%xpression?

Comparison of PAX8 Expression in Breast Carcinoma Using
MRQ50 and BC12 Monoclonal Antibodies

Kamaljeet Sineh, MD. Linda C. Hanlev. MD. C. James Sung MD

No data about controls §

Une

High-grade Breast Cancer

Mark R. Kilgore, MD, Dustin E. Bosch, MD, PhD, Kathi H. Adamson, MD, Paul E. Swanson, MD,
Suzanne M. Dintzis, MD, PhD, and Mara H. Rendi MD PhD

@)
31% MRG0 Ce°

11%pAbCM NO@IQC




he importance of IHC controls has been neglected

Diagnostic Cytopathology, Vol 39, Ne 4 2011

Documentation of

Immunocytochemistry Controls in

the Cytopathologic Literature:
A Meta-Analysis of 100 Journal Articles

Carol Colasacco, MLIS., S.C.TAASCP). CTIAC) Sharon Mount, m.D.,

and Gladwyn Leiman, M.B.BCH., FLAC., FR.C.Path

Absent: Controls were not mentioned.

Vague: Statement such as “appropriate positive and
negative controls were included.”

Identical: Controls identical to study samples were
described.

Other: Controls were dissimilar or partially similar (i.e.,
tissue control with smears or tissue control with cell block
and ThinPrep samples run), or samples were too scant to
include controls.

ICC Controlsin the Literature

Other
15%

= |dentical
13%

Vague
18%

B Absent
54%

Fig. 1. Description of immunocytochemistry controls in  articles
reviewed.

> 70% of publications based on IHC do not describe controls used to

verify data and conclusions
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