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IHC — Biomarker controls
= What is an IHC control in diagnostic IHC ?

= What is recommended and best practice ?
= What are the pitfalls for the use of IHC controls ?
= How can IHC controls be used by laboratories & EQA ?

= How to use IHC controls to implement new markers.
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mittee has clarified definitions of THC assay sensitivity and
specificity, with special emphasis on how these definitions apply
to positive controls. Recommendations for “best laboratory
practice” regarding positive controls for dIHC are specified. The
first set of immunohistochemistry critical assay performance

Abstract: Diagnostic immunohistochemistry (dIHC) has been
practiced for several decades, with an ongoing expansion of
applications for diagnostic use, and more recently for detection
of prognostic and predictive biomarkers. However, stand-
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Diagnostic Cytopathology, Vol 39, No 4

2011

Documentation of
Immunocytochemistry Controls in

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

Carol Colasacco, M.LIS., S.C.TAS.CP), C.T.[I.AC.],1; §haron Mount, m.p., *
and Gladwyn Leiman, M.B.BCH., FLAC., FR.C.Path, '

Absent: Controls were not mentioned.
ICC Controlsin the Literature Vague: Statement such as “appropriate positive and
negative controls were included.™
Other [dentical: Controls 1dentical to study samples were
15% described.

Other: Controls were dissimilar or partially similar (1.e.,
v tissue control with smears or tissue control with cell block
Identical / and ThinPrep samples run), or samples were too scant to

13% include controls.
B Absent

54%

> /0 % of publications based on
Vague IHC do not describe controls used
18% to verify data and conclusions....

Fig. 1. Description of immunocytochemistry controls in articles

reviewed.
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J Neurooncol (2014) 119:39-47
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LABORATORY INVESTIGATION

Till 2014; EpCAM not seen in glioma

The overexpression of Epithelial cell adhesion molecule (EpCAM)
in glioma

Xin Chen - Wei-Yuan Ma - Shang-Chen Xu + Yu Liang - Yi-Bing Fu -
Bo Pang + Tao Xin - Hai-Tao Fan - Rui Zhang - Jian-Gang Luo -
Wen-Qing Kang - Min Wang - Qi Pang

"Immunohistochemistry results showed EpCAM was widely expressed
in glioma (90.8 %).

The overall survival of WHO III and IV glioma patients with EpCAM
overexpression was obviously lower than that without EpCAM overexpression.
EpCAM overexpression was an independent prognostic factor for overall
survival in glioma patients.

This study firstly shows that EpCAM overexpression correlates significantly
with malignancy (WHO grades), proliferation (Ki67), angiogenesis
(MVD), and prognosis in gliomas.”
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Fig. 1 Representative immunohistochemical staining for EpCAM
(400x). Membranous and Cytoplasmic staining of EpCAM was 3 3 as a positive control. Inserts s

observed in (a-c); a WHO grade Il malignant glioma with weak representative g show membranous

EpC: s E g : g i ) arow staining. WHO,

epitheli - grade a liom: h orl Ith Organization. EpCAM epithelial cell on mole
cule, 71§ total immunostaining score

Method - sensitivity, specificity — antibody, retrieval etc ?
Material — handling, processing, selected etc?
Interpretation — cut-off values, localization etc ?
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Methods:
Polyclonal antibody towards EpCAM — Abcam ab 71916
- HIER Citrate pH 6 for 20 min. At 98°C
- 1:100, 16 hours incubation at 4°C
- 3-step polymer based detection system
Positive (tissue) control: Colon adenocarcinoma

Negative (reagent) control: Omission of primary antibody

Cut-off was 1% positivity — any intensity; “overexpression >10% and mod.

"Immunohistochemistry results showed EpCAM was widely expressed
in glioma (90.8 %).”
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Ref. NordiQC: Ber-EP4: 1:50, HIER TRS pH 6.1, 3-step polymer

Glioma

29/29 negative

63/64 p05|t|ve
Colon ad. carc ' Tonsil




IHC — Biomarker controls
Study: Abcam ab 71916: 1:100, HIER TRS pH 6.1, 3-step polymer

Glioma N Kidne
sut bia Neg. control | & . '

Colon ad. carc. Tonsil
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>

pAb ab71916 — 20 min. RT — HIER 20 min. Low pH — 3-step pol.
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Glioma

29/29 negative

‘#60,164 p05|t|vet
Colon ad carc.

Tonsil
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Methods: Int J Clin Exp Pathol 2014:7(11):7907-7914
www.ijcep.com /ISSN:1936-2625/1JCEP0002589

Polyclonal
Original Article

=01 Overexpression of EpCAM and Trop2 in pituitary

] A

YL 3denomas

- 3-step pq
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All data based on inadequately calibrated protocol, inadequate
controls and thus false positive results

J Neurooncol (2014) 119:39-47
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LABORATORY INVESTIGATION

The overexpression of Epithelial cell adhesion molecule (EpCAM)
in glioma

Xin Chen « Wei-Yuan Ma « Shang-Chen Xu + Yu Liang - Yi-Bing Fu -
Bo Pang - Tao Xin + Hai-Tao Fan - Rui Zhang - Jian-Gang Luo -
Wen-Qing Kang + Min Wang + Qi Pang
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Main aim with IHC controls

To confirm that the IHC result can be trusted and
subsequently used to analyze our specimen.

Guidance to analytical sensitivity
Guidance to analytical specificity

" WARNING |

3

3CHALLENGE51
\ AHEAD




IHC — Biomarker controls
3 main practical areas of controls in diagnostic IHC

1. Calibration of IHC assay and identification
of best practice protocol — clone, titre, retrieval etc
"Evaluation of the robustness — impact on pre-analytics.

2. Analytical validation — diagnostic potential
Sensitivity / specificity.

3. IHC performance controls — to monitor that the
established level of detection is obtained in each test
performed in daily practice — method transfer.

Virtually always; external tissue control



IHC — Biomarker controls
- Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

= Reagent controls typically used to validate specificty of the
primary and secondary antibodies — to show that the
antibody-antigen reaction is due to expression of the target
of interest.

= Often referred as negative controls

= Tissue controls typically used to show that the IHC staining
was successful and capeable to demonstrate the target of
interest

= Often referred as positive controls

16



IHC — Biomarker controls
- Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

=Reagent control of the primary antibody is crucial for
the producer to validate specificity and can include

= Primary a
= Primary a
= Primary a
= Primary a
= Primary a

D testec
D testec
D testec
D testec

D testec

on knock-out mice

on cell lines +/- antigen of interest
by western blotting

by antigen absorbtion

on wide range of tissues/neoplasias

1© absorption with
antigen inhibits

bindingt; to .ztantig?n with)
. . correct epitope (arrow
To secure specificity of primary ab - v

Both by launch and new ab lots. é' _‘&&

1 2 3 4 5
Five antigens available
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- Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

=Negative reagent control is for the laboratories of
limited use and “impossible” to perform correctly.

= Primary ab control — negative reagent contro/

=Each primary ab must have its own negative
control serum, and thus all the IHC slides
performed will be doubled
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= Reagent control is of limited use and impossible to
perform correctly.

=e.g. mAb clone PS1 CD3, IgG1a, Ig. conc 80 ug.
Primary Ab is diluted 1:100

=Neg control mouse serum, IgG1a, Ig conc 120 ug.
Must be diluted 1:150 to match CD3

AaS 01-002488

01 -009488

IIIIHH\IIHNI\I‘JIHH'\ “”WH"HWI|lUlllv

By a work-load of 25.000 slides = 50.000 slides.

By a price pr test of 6 euro the total increase will be

Lt “ A

150.000 euro...

Correct Charge Endogenous
antigen groups receptor antibodies
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- Reagent and tissue controls are necessary for the
validation of immunohistochemical staining results.

=Negative reagent control is for the laboratories of
limited use and “impossible” to perform correctly.

= Secondary ab control — negative reagent control

=The primary ab is substituted by e.g. diluent in
order to monitor binding of the detection
system to the tissue. In principle each of all
retrieval methods applied in a diagnostic case
must have its own negative diluent control.

=Question — what is the value ?




IHC — Biomarker controls
- Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

=Negative reagent control is for the laboratories of
limited use and “impossible” to perform correctly.

= Primary ab control — negative reagent control
= Ig subtype precisely calibrated
= Secondary ab control — negative reagent control
= Diluent or buffer
WILL NOT EXPOSE IF WRONG, POOR CALIBRATED
OR CONTAMINATED PRIMARY AB WAS APPLIED!! 4!



IHC — Biomarker controls
Study: Abcam ab 71916: 1:100, HIER TRS pH 6.1, 3-step polymer

Glioma N Kidne
sut bia Neg. control | & . '

Colon ad. carc. Tonsil
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CD7 mADb clone LP15

— ductal breast carcinoma

Lot. 11177

~~ CD7 mAb clone LP15

- §
ot
\

bt €D7 neg T-cell lymphoma

FP staining
reactions

Not identified by
negative reagent
controls

The antibody
giving the FP
would be
substituted by
control serum
and no staining
seen giving a
"false security”
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BSAP rmADb clone SP34 FP staining reactions
Not identified by negative reagent controls or

— NordiQC run 41, 2014 other controls by 3 vendors and 5 laboratories
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Fig.4a (X200)
Optimal BSAP staining of the appendix using same Aberrant BSAP staining of the appendix. In addition to the
protocol as in Figs. 1a - 3a. The peripheral B-cells show a expected staining result for BSAP of the B-cells, the
strong nuclear staining reaction, while the epithelial cells epithelial cells display a staining reaction corresponding to
are negative. CK20. This aberrant staining result was frequently seen,
when the rmAb clone SP34 was used as a concentrate and
most likely caused by a contamination of the raw material
of the clone. The staining reaction was seen in products
from all companies providing the clone as a concentrate
(see table 1).

ordac -




REVIEW ARTICLE

IHC — Biomarker controls

Negative reagent control (diluent):

(A ppl Immunchistochem Mol Morphol 2014;22:241-252)

Standardization of Negative Controls in Diagnostic
Immunohistochemistry: Recommendations From the
International Ad Hoc Expert Panel

M ust: 1 . Biotin ba Sed detection Systems Emina E. Torlakovic, MD, PhD*1} Glenn Francis, M b’_th, FRCPA, MBA, FFSc (RCPA).§

. John Garratt, R'f}-‘.,:# b’!af'\'t'* Gilks, Mﬁll FRCPC, '_.T** Eﬁ:frf.?‘ﬂh Hl‘,f{’.f\'_. 'rfi}‘ }Th.ﬂ*
2. Certain class IT / III assays e e il
Can: 1. Pigmented tumours and Mogens Vyberg, MDES| ||
2. Frozen sections
3. (No internal or external negative tissue structures)

TABLE 2. Recommendations for Use of Megative Controls in Diagnostic Immunohistochemistry
CAP-ACP Clinical

Use IHC Test Class 1 CAP-ACP Clinical Use Class 11 Tests

FDA THC Device FDA IHC

Type of Control Class 1 FDA THC Device Class 11 Device Class 111 Comments

Negative reagent control (NRC)

NRC-primAb—replace Recommended for Recommended as per published Use negative When panels of several antibodies
primary Ab with initial antibody guidelines reagent are used on serial sections,
“nonspecific” Ig validation, and for When no guidelines exist, the NRC controls as per negative staining elements in the

use with avidin antibody control is recommended approved different sections serve as a
biotin detection where results may dictate guidelines negative reagent controls,

Not recommended for definitive treatment (ie, ER. PR), obwviating the need for a separate
routine daily use of and are not confirmed by other negative reagent control in maost
validated protocol aspects of pathology testing instances of class I testing
wsing polymer-based Also, pathologists” interpretation of
detection IHC-5E determines if NRC

Can be ordered by primAb is required
pathologist in May require multiple controls if
gpecific situations several different retrieval methods
(see text) are in use

NRC-detSys Use where unexpected staining is May require multiple controls for
(supplementary observed in the NRC antibody differemt components of detection
negative controls) negative control slide (Table 1) system and if different retrieval

methods are in use
Negative tissue control (NTC)

Internal NTC Recommended Recommended Use negative If test section does not include
evaluate tissue and positive elements that serve as negative
elements that should controls tissue controls, then, external tissue
be negative in test as per control may be informative
section of the approved
patient s sample guidelines

External NTC Recommended Recommended Control tissues may be derived from

evaluate tissue archived diapnostic tissue as single .

elements in control sections, or tissue microarmays. NRC PD_Ll >4 Melanoma
tissue that should be Cell lines prepared as cell blocks, if ¢

negative processed in the same way as

patient samples can be also be
used (see text)
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Colon adenocarc.

Labelled Steptavidin-Biotin system
Labelled Streptavidin-Biotin system — neg control

Multimer / Polymer based system
Synaptophysin mAb clone 27G12

HIER & biotin-based assays a challenge....
- used by 2-4% of NordiQC participants




IHC — Biomarker controls
=Reagent and tissue controls are necessary for the

validation 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 slide
= External positive and negative tissue control

= Slide next to patient slide



IHC — Biomarker controls
=Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

= Tissue controls are the most valueable tool to
monitor the specificity and sensitivity for IHC

= Internal negative tissue control

= Cells / structures to be negative
= E.g. T-cells for CD19, CD20, CD79a...
= Mantle zone B-cells for Ki67, Bcl-6...
= Epithelial cells for CD3, CD5, MUM1, ...
Information of primary ab / assay specificity
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NordiQC run 35, CD19

of k7o
Fig. 1b. Normal tonsil showing an insufficient staining for

using the mAb clone LE-CD19 fr ited 1:50, on the CD19 using the mAb clone LE-CD19 from Serotec, diluted

Autostainer platform. HIER was performed using pH 9 (3- 1:500, on the Autostainer platform. HIER was performed

in-1) (Dako). A strong and distinct membranous staining using Citrate pH 6. In addition to a moderate to strong

reaction is seen in virtually all B-cells. T-cells are negative. taining reaction in the normal B-cells (albeit weaker than that
een in Fig 1a), the majority of T-cells shows a false positive
taining reaction.

mADb clone LE-CD19

Dako: B-cells positive, T-cells negative
Serotec: B-cells positive, T-cells false positive
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; CD7 mAb clone LP15

~ — ductal breast carcinoma

-B'éAP rmAb clone SP34
Appendlx

N T

ONediQc 20 @"Nara‘ac* Wi

OO

FP staining
reactions

Not identified by
negative reagent
controls

The antibody
giving the FP
would be
substituted by
control serum
and no staining
seen giving a
"false security”
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Internal structures used as negative tissue control for polymer/multimer based
detection systems
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Appl Immunochistochem Mol Morphol  Volume 22, Number 4, April 2014

Standardization of Negative Controls

External On-Slide Control
Positive and negative control
tissues included. These tissues
arenot this patient’s samples
(hence “external”).
Specific controls (both
negative and positive);
specific primary Ab included.

Internal Negative Tissue
Most benign tissues of the
mtesting do not express CK20.

FIGURE 1.

PretreatmentA

External Negative
Tissue Control

Negative tissues that
are partof external

posiive ¢ ontrol serve

{

-

Pretreatment A

NEGATIVE REAGENT
CONTROL

as negative control.

Endogenous
Pigment
(hemosiderin in

this case)

Internal Positive
Control
Benign epithelial cells

express CK20.

L

Separate Slide Reagent
Negative Control
Non-specific control;
specific primary Ab
not mcluded.

“On-slige™ external and internal negative tissue controls are illustrated. It is sound practice whenever possible to

include cells (or tiggue elements) that will serve as negative controls (expected to be nonreactive) when selecting tissue for the
positive tissue conffol. Both internal and external negative on-slide tissues are so-called “specific” negative controls because all are
exposed to the spgcific primary antibody. Separate slide negative controls are generally used for negative reagent controls, where
the primary antigbdy is omitted or an irrelevant primary antibody is used. Note that reagent controls should have identical
protocols to the goecific immunohistochemistry test, including the same type of pretreatment, as far as is possible.

Internal neg tissue control: Identification of false-positive staining reaction of

structures known not to express the target antigen.

Limitation: Not all elements will be avallable to expose a potentlal false

positive result

PAXS....

3 vendors
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TABLE 2. Examples of IHC Assays Where Preferential Use of

Internal Positive Controls Recommended

IHC Assay

Lse

Comments

Cytokeratin 5

Mismatch repair

proteins (MLHI,

MSH2, PMS2,
MSHG6)

SMAD4/Dpc4

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

Absence of expression in
the cells of colon or
end ometrial
adenocarcinoma is
abnormal; patients
referred for molecular
testing to rule out
Lynch Syndrome

Ibiquitously expressed
tumor suppressor Ag
that 1s inactivated in
about 55% of
pancreatic
adenocarcinomas

Ibiquitously expressed:;
loss of expression 1s
associated with
carcinogenesis, cancer
progression, and drug
resistance

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

Tested sample may be

completely negative if
no nomal tissue 1s
present

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

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

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

@@
NordiQC

Internal postive tissue controls;

Principally ideal as processed
identically to patient relevant
material evaluated

If internal positive control is neg or
dubious — test is repeated
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Internal positive tissue controls;

In general not applicable as
S positive controls due to levels of
el  expression may not be relevant

CDS of tl e B-C LL no. 5 using  Fig. 4b. Insufficient staining for CD5 of the B-CLL using

IE——— el fO Vel of test calibration

‘tlclrn\t atmq normal T-cells normal T-cells are clearly demonstrated.

4

e.g. CD5, CD15, CD34, CDA45,
CD56, 5100, ER, PR etc

otocol as in Fig. 1a. The Reed- using same pro as in Fig. 1b. Only few Reed-Sternberg
ells show a strong membranous and Hodgkin cells show a weak staining - same field as in
Fig. 2a.

Fig. 3a. CL.tlma\ ER s tan in cl of *l e I: east ductal carcinoma Fig. 3b. Insufficient ER s tau ing of the breast ductal
veak but distinct carcinoma . 3 with 60 - 80 % cells positive using s same
e proportion of the p n ne nwd asin Frq




IHC — Biomarker controls
=Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.
= Conclusions — Internal tissue controls
= Internal positive tissue control

= Indicative of “"successful” THC result

= Cannot be recommended as generally reliable
for evaluation of appropriate sensitivity

= Essential for interpretation of MMR
= Valueable for CK-HMW in prostate

= Internal negative tissue control

= Can provide valueable information of
specificity of the primary antibody/assay



IHC — Biomarker controls
=Reagent and tissue controls are necessary for the

validation of immunohistochemical staining results.

= Tissue controls are the most valueable tool to
monitor the specificity and sensitivity for IHC

= External positive and negative tissue control

= Appropriate sensitivity of the IHC assay
= Appropriate specificity of the IHC assay

The central tool to monitor the technical IHC
quality, diagnostic utility and consistency.



IHC — Biomarker controls
Issues to be adressed :

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

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

3. Evaluation of the analytical 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.

Tissue controls are key element
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Issues to be adressed :

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

Concentrated formats

Full test comprising various titres, retrieval
settings, detection systems (+/- different
stainer platform)

Ready-To-Use formats

Confirmatory test primarily using official
recommendations and if needed
modifications e.g. incubation times, detection
system etc
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Concentrated antibodies — Aalborg Hospital (app. 200 Abs) — VMS ULTRA

1:25 1:100 1:400
A None None None
B Enzyme P1, 4 min Enzyme P1, 4 min Enzyme P1, 4 min
C HIER CC1 pH 8.5* HIER CC1 pH 8.5 HIER CC1 pH 8.5
D HIER CC2 pH 6.0** HIER CC2 pH 6.0 HIER CC2 pH 6.0
(3) CC1l +Enzyme P3,8min CC1 + Enzyme P3,8min  CC1 + Enzyme P3, 8 min
(F) Enzyme P3, 8 min + CC1 Enzyme P3, 8 min + CC1 Enzyme P3, 8 min + CC1

*HIER time 48 min. at 99°C, ** HIER time 32 min. at 99°C
32 min in primary Ab, OptiView DAB, Ventana BenchMark Ultra

Protocol A: 2 %
Protocol B: 3 %
Protocol C: 90 %
Protocol E: 3 %
Protocol F: 1%
Others : 2 % (E.g. prolonged HIER, prolonged proteolysis, amp. Kit....)
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Ready-To-Use — VMS ULTRA
RTU

Typical protocol:

A: HIER in CC1 standard (64 min.), 16 min. Incubation time in primary Ab and
UltraView-DAB

s
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Issues to be adressed :

1.

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

"Evaluation of the robustness of the IHC assay —
impact on pre-analytics

Evaluation of the analytical sensitivity/specificity

Identification of most robust controls providing
information that the established level of detection
IS obtained in each test performed in daily practice.

Tissue controls are key element
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Technical test array
1. Calibration

2. Robustness

Appendix

Ton 168h

Pancreas Placenta

Ton 24h +

Prostate
decalc.

Protocol set-up: used as primary material for the calibration of
130 of 195 routine diagnostic markers, Aalborg University Hospital
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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
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Photos by Ole Nielsen

Technical test array

1. Calibration
Appendix 2. Robustness
CD105, SNH6 &

Ton 24h

Protocol set-up:

Appendix

Ton 72h Ton 168h '@

@

Placenta

Ton 24h + ASKES
decalc. SEFN

Formic acid \
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CD52, clone YTH34.5 (Campath)

4h NBF 24h NBF 72h NR

1. Influenced by fixation time — reduced in <24h

2. THC protocol, 3. Control; Tonsil — cave if no B-cells stained, intpret with caution
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Anti-CDA45 test:

168h NBF

24h NBF
+ decalc.

1. Not NBF dependent or influenced by decalcification

2. Liver as control, 3. IHC protocol
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IHC test: Fit for purpose —

All THC tests both laboratory developed assays and RTU systems
must be calibrated for the diagnostic use

E.g. IHC assay for CD45 (LCA)

To demonstrate CD45 |IHC for CD45 has To be used in an IHC  Identification of a

in bone marrow been shown to be panel with other reliable IHC protocol
derived cells / very specific and markers — e.g. and interpretation
haematolymphoid sensitive as a lineage S100, VIM, CK Pan guidelines for the
cells marker in CUP pathologist

Diagnostic relevant Diagnostic validity Technically possible Diagnostic possible
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App — Tonsil — Neuroendocrine carc. Tonsil — Liver — B-CLL.

Protocol A Protocol B Protocol A Protocol B
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Insufficient....

CD56: Optimal
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 demonstrate the target antigen being
expressed at different levels, the controls must reflect this !
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IHC Critical Assay Performance Controls (iICAPCs)

Which tissues are recommended ?
What is the expected staining pattern ?

Which tissues / cells are critical ?

Right antibody
Appropriate level of sensitivity
G L”dan Ce Ievel Of SpeC|f|C|ty Standardization of Positive Controls in Diagnostic

Immunohistochemistry: Recommendations From the

REVIEW ARTICLE

International Ad Hoc Expert Committee
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New IHC test |*

published in

IHC testing
used in clinical
literature trials

\ < _- B /’_‘/
; B " iCAPCs
New Daily ~ _
protocol positive

development controls

IHC testing in
clinical
laboratories

" iCAPCs

EQA IHC
proficiency
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|"iCAPCs-Ei casomend f: iCAPCs

FIGURE 19. The roles of iCAPCs in clinical immuno- —/ ) -i‘

histochemistry (IHC) laboratories. iCAPCs are an essential part
of new protocol development, daily quality controls, and
proficiency testing. EQA indicates External Quality Assurance;

development

New Ab and reagents

development

New eguipment ‘

iCAPC, immunohistochemistry critical assay performance ' i

controls. FIGURE 20. iCAPCs and Methodology Transfer. iCAPCs are
proposed as important elements for harmonization of im-
munohistochemistry (IHC) testing between clinical research,
product development, and clinical IHC testing. iCAPCs enable
IHC harmonization of protocol transfer between research, in-
dustry, and clinical laboratories. iCAPC indicates im-

munohistochemistry critical assay performance controls.

iCAPS to be used as central element for evaluation of quality;

Expected level — calibration
Analytical sensitivity and specificity
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FIGURE 1. Pan-keratin iCAPC. A, Appendix: virtually all columnar epithelial cells must show a moderate to strong predominantly

cytoplasmic staining reaction (a membranous accentuation will typically be seen). B, Liver: the vast majority of hepatocytes must

show at least weak to moderate cytoplasmic staining reaction with a membranous accentuation (LLOD). C, Tonsil: all squamous

epithelial cells must show a moderate to strong cytoplasmic staining reaction. Cytokeratin (CK)-positive interstitial reticulum cells

(CIRGs) with dendritic/reticular pattem can show a weak to moderate cytoplasmlc staining reaction (LLOD). iCAPC indicates
rf : D_low limit of detection.

FIGURE 7. TTF-1iCAPC. A, Thyroid: virtually all epithelial cells must show a strong nuclear staining reaction. B, Lung: virtually all
pneumocytes and basal cells of terminal bronchi must show a moderate to strong nuclear staining reaction. Columnar epithelial
cells of terminal bronchi must show an at least weak nuclear staining reaction (LLOD). C, Tonsil: no staining reaction must be
seen. iCAPC indicates immunohistochemistry critical assay performance controls; LLOD, low limit of detection.

///g el ¥l
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FIGURE 8. CDX-2 iCAPC. A, Appendix: virtually all epithelial cells must show a strong nuclear staining reaction. A weak cyto-
plasmic staining reaction in addition to strong nuclear staining is often present. B, Pancreas: the majority of epithelial cells of
intercalated ducts must show a weak to moderate nuclear staining reaction (LLOD). C, Tonsil: no staining reaction must be seen.
iCAPC indicates immunohistochemistry critical assay performance controls; LLOD, low limit of detection.

80
NorcdiQC
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
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CK-PAN
CK-LMW
CK-HMW
CK7
CK20
CD3
CD20
CD31
Vimentin
Desmin
ASMA
SYP

CGA
TTF1
CDX2
S100
Ki67

Appendix
Appendix
Tonsil
Liver
Appendix
Tonsil
Tonsil
Tonsil
Appendix
Appendix
Appendix
Appendix
Appendix
Thyroid
Appendix
Appendix

Tonsil

Liver
Liver
Pancreas
Pancreas
Appendix
Appendix
Appendix
Liver
Liver
Tonsil
Liver
Appendix
Appendix
Lung
Pancreas
Tonsil

Tonsil

Tonsil
Tonsil
Liver
Tonsil
Tonsil
Tonsil
Appendix
Appendix
Liver
Appendix
Appendix
Tonsil
Tonsil
Tonsil
Tonsil
Appendix

Tonsil

NordiQC

Different comp.

Different comp.

Different comp.
Different comp.
Different comp.
Different comp.

Different comp.

Different comp.

Different comp.
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ICAPCs
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= The NordiQC focus areas

= Central protocol elements for an optimal staining
- Antibody selected

- Antibody dilution range / Ready-To-Use
- Epitope retrieval

- IHC detection system & stainer platforms

= Recommendable control and identification of
critical quality stain indicators / ICAPCs
(Which tissue ? Which cells ?, How must they look ?)

55
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L O™ SRR TR Activated

Fig. 2a. High magnification of the optimal staining in Fig 1a Fig. 2b. High magnification of the insufficient staining in Fig B'Ce”S N
of the secondary follicle in the tonsil, The activated B-cells  1b of the secondary follicle in the tonsil {(same field as in Fig
show a distinct continuous membranous reaction. 2a), The activated B-cells only show a weak imprecise mantle Z.

reaction.
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Fig. 3a. Optimal staining for CD23 of the B-CLL no 4 using Fig. 3b. Insufficient staining for CD23 of the B-CLL no 4
same protocol as in Fig 1b and 2 b, The majority of the using same protocol as in Fig 1b and 2 b, The neoplastic
neoplastic cells show a strong and distinct membranous cells are virtually negative.

staining.
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i : A& strong nucl staining i
enterocytes with a minimal cytoplasmi
Right, pancreas: &4 weak to moderat
rmajority of the ductal epithelial cells

Fig. 2a. Optim:
in Fig. 1a.

Left: Colon adenocarcinoma with high expression of CDX2:

The nuclei of the neoplastic cells show an intense staining
while the cytoplasmic compartment i i
Right: Colon adenocarcinoma with low expre
The majority of the neoplastic cells show a moderate to
strong nuclear reaction.

ion of CDX2:

ICAPCs:

Fig. 1b. Staining for CDX2 using the mAb clone CDX2-88
with an insufficient protocol.

Left, colon: & moderate to strong nucl

all the enterocytes.

Right, pancreas

epithelial cells. Also compare with Fig

Pancreatic
duct ep.
cells

ey
4

Fig. 2b. Insufficient staining for CDX-2 using same protocol
as in Fig. 1b.

Left: Colon adenocarcinoma with high

The nuclei of the neoplast ;

staining, while the cytoplasmic compartment i

negati

Right:
Only
reaction.

olon adenocarcinoma with low expression of CDX2:
-attered neoplastic cells show a weak nuclear
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field.

a. Insufficient stainin
RTU format at t

CD20:

ICAPCs:
???7?
ASAP....

As strong as
possible...
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ining
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o ICAPCs:

Mantle zone B-cells
in tonsil

++++++++

(internal control)

Stromal cells!!
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Technical test array
1. Calibration

2. Robustness

Appendix

ICAPCs
must be
integrated

Ton 168h

Placenta

Pancreas

ICAPCs
must be
integrated

Ton 24h +
decalc.

Prostate

Protocol set-up: used as primary material for the calibration of

130 of 195 routine diagnostic markers, Aalborg University Hospital
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Colon: S100, polyclonal

Pathos 48h NBF 6h prog : Pathos — 168hANBF, 6h prog.
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Tonsil: S100, polyclonal

| S100 = Soluble in 100% alcohol

Pathos — 3h NBF, 2h prog.

L e G o ¢
R
Tooss YW

Pathos — 48h NBF, 2h prog.

Fs

] Pathos — 168h NBF, 2h prog.
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Concentrated antibodies — Aalborg Hospital (app. 200 Abs) — VMS ULTRA

1:25 1:100 1:400
A None None None
B Enzyme P1, 4 min Enzyme P1, 4 min Enzyme P1, 4 min
C HIER CC1 pH 8.5* HIER CC1 pH 8.5 HIER CC1 pH 8.5
D HIER CC2 pH 6.0* HIER CC2 pH 6.0 HIER CC2 pH 6.0
(3) CC1l +Enzyme P3,8min CC1 + Enzyme P3,8min  CC1 + Enzyme P3, 8 min
(F) Enzyme P3, 8 min + CC1 Enzyme P3, 8 min + CC1 Enzyme P3, 8 min + CC1
*HIER time 48 min. at 99°C B AD foct 1
OptiView DAB

I——)

2. Diagnostic /
analytical evaluation

1. Technical calibration
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= Analytical validation

= Laboratory developed tests (concentrates and RTU
formats being applied modified to official protocol)

=Non-predictive markers (- ER, PR, HER-2..)
= CLSI: 20 cases per entity relevant (pos, neg)
= CAP: 10 positive, 10 negative

The validation set should include high and low expressors for

positive cases when appropriate and should span the expected range of
clinical results (expression levels) for markers that are reported
quantitatively.

= Ad-Hoc: 10 strongly pos, 10 interm. to low, 5 neg.

Number less important compared to use of tissue with full range
of expression patterns reflecting the diagnostic use
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RN

j.squam. cell carc,

S

CK-PAN - mAb AE1/AE3 — Prot. 1 CK-PAN - mADb AE1/AE3 — Prot. 2
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CK-PAN - mAb AE1/AE3 — Prot. 1 CK-PAN - mAb AE1/AE3 — Prot. 2




TMA Neoplasia

Analytical accuracy / specificity TMA

IHC — Biomarker controls

Analytical Index / sensitivii TMA

Diagnostic potential:

Kidney
clear c
carc.

Kidney
clear c
carc.

Thyroid.
follic.
carc.

Thyroid.
Medul.
carc.

Ovary. Ovary. Corpus Cerxix
Serous I Serous I Uteri Uteri
carc. carc. Endom. adeno

carc. carc.

Prostate Prostate Intest
adeno adeno Carcinoid
carc. carc.

Leio Rhabdo
myo myo

Hodgkin
Classic

Hodgkin Diffuse
mixed large B
lymph.

sarcoma sarcoma

Diffuse
large B
lymph.

Index and accuracy TMA's
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CD117 TMA: 16 x GIST ‘ Neoplasias TMA: 42 x
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CD117 TMA: 16 x GIST




NordiQC — Antibodies giving different patterns

Antigen | Clone High expressor | Low expressor | Non expressor
CD3 LN10, 2GV6 N N _

CD3 Poly A0452 \ V (+) — (epith.)
CD5 SP19 N N _

CD5 AC7 \ \ (+) — (epith.)
CD8 4B11,C8/144B N N _

CD8 SP57 v \ (+) — (epith.)
MUM1 EUA32, MUM1p, N N _
MUM1 | MRQ-43 \ \ (+) — (epith.)
OCT 3/4 | C10, NINK N N _

OCT 3/4 | MRQ-10 \ \ + — (neuroendo)
PLAP NB10 N N _

PLAP 8A9 \ \ + — (muscle)
a! WT49 N N _

WT1 6F-H2 \ \ + — (epithy)
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Hodgkin [+ a5t
S, AR

4
kg i N

i

7
PR

[

bs CerV. UtﬁgAd Carg- B

MUM1 - mAb

Hodgkin

Carcinoid

K

Cerv. Ut. Ad: Gare: , Carcinoid
MUM1 - mAb EUA32 & MUMl1p




CD5 - mAb 4C7

. care.

d.

{

Pancreas.a

A\

. Calrc.

Pancreas ad

IHC — Biomarker controls




NordiQC — Less successful antibodies

NordiQC

Antigen Clone High expressor | Low expressor | Non expressor
CD5 CD5/54/F6 \ S\ —
CD23 MHM6 \ S\ -
CD31 1A10 (V) FN -
CD31 SP38 (V) FN -
CD138 5F7 () S\ —
CDX2 SP54 () FN FP
CEA TF-3H8-1 V \ FP
CGA DAK. A3 v S\ -
CK20 PW31 v (V) -
CK-LMW 35BH11 v S\ —
MLH1 EPR3894 \ \ FP
MSH2 EPR3943 \ \ FP
MSH6 44 v S\ XB
SYP SY38 v S\ XB 73
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MLH1 mAb ES05

Tonsil: pos. control
Carc. with loss: neg. control
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= Analytical validation — Challenges

= Expected level of high, intermediate, low and absence can
be difficult to comply with e.g.

= New marker not tested previously
= Binary expression — yes/no (CD20) — no dynamic range
= New IHC system changing the range

= Next Generation, Dako — TSA amplification, VMS

= Number of samples
= TMA or whole sections (homogenous / heterogenous)
= Normal tissues or neoplasias
= Rare positive cases (ALK lung carcinoma)
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Challenge: Rare in cancers and/or in benign cells

e ALK, ROS1, PD-L1 etc and many molecular derived targets
* Needed to verify IHC method is working

* ALK lung; 30 cancers used to find 1 pos case.....

ALK
Appendix / Colon:

Peripheral nerves — axons and ganglion cells

© NordiQC

PD-L1
Tonsil:
Germinal centre macrophages

Precision and metrics of test to be confirmed



IHC — Biomarker controls
= Analytical validation — Challenges

= New marker not tested previously

= Search literature, pubmed etc
= Identify tissues with and without expression
= Normal or only neoplastic, Cell lines, etc
= Localization — nuclear, membrane, etc
= How to interpret — cut-off, qualitative, quantitative ?
= Define potential clinical/diagnostic utility

= Define other assays to be used for validation
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www.antibodypedia.com

About Us Contact FAQ For Providers Sign in

antibody

L Explore

1. Search and identify gene / protein elc \ ;
target open-access datab of publicly
- P e available antibod agains’[

2. Compare ahd Sel_ect antibodies e prc:t"" ) :

3. Explore antibody features and featur

validations antibody

biochemical and cell b|
techniques--so C
right antibody
application.

8 Aprif 2015
* A warm welcome to our newest
provider: Aalto Bio Reagents

* New Antibody Market Report:
Use trends and insights to
improve your business in
2015!
Antibodypedia has worked In
Version & - May 2013 on with Pi
Content updated 2015-04-0
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www.antibodypedia.com

antibody
\_{ Explore P8 Validate

gene product
BRAF1

This gene encodes a protein belonging to the rafimil family of serinefthreonine protein kinases. This protein plays a role in regulating the
MAP kinase/ERKs signaling pathway, which affects cell division, differentiation, and secretion. Mutations in this gene are associated with
cardiofaciocutaneous syndrome, a disease characterized by heart defects, mental retardation and a distinctive facial appearance.

FEATURED ANTIBODIES

bi:  Biorbyt erences velor WB @ HC @
Y orb38546 references Polyclonal ICC ® FC @
WB @ [HC &

antibodies-online ABIN968991 reference Monoclonal EL (®

ANTIBODIES

ol s 863 antibodies from 32 providers. Show Additional Columns ¥

- O I N A ) A A A A
Filters

Santa Cruz Biotechnology

sc-5284

Abnova Corporation
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www.proteinatlas.org

PROTEIN /

ABOUT & HELP

Human Proteome

Here, we summ,
human proteome mai
metho
major ti
of lists can be acc

of the corn

SUBCELL ATLAS

Atlas updated

Transcriptome analysis based on
213 tissue and cell line samples.
Proteome ana based on
24028 antibo targeting
16975 unique proteins.
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www.proteinatlas.org

GENE/PROTEIN

ANTIBODY/ANTIGEN

VIEW

Dictionary

Dictionary

o0ty
. od

SUBCELL |CELLLINE

TISSUE ATLAS

Gene description
RNA tissue category
Protein summary
Protein expression
Protein class
Predicted localization
Protein evidence

Protein reliability

Expression (FPKM)

V-raf murine sarcoma viral oncogene homolog B

Expressed in all

Detected at High or Medium expression levels in 51 of 81 analyzed normal tissue cell fypes.

General cytoplasmic expression.

Cancer-related genes, Disease related genes, Enzymes, FDA approved drug targets

Intracellular
Evidence at protein level

Supportive based on 2 antibodies.

-
. 1%

G,

3’5
T

g

Testis

Organ system

T
&0

Liver and pancreas
Liver
Gallbladder
Pancreas
Digestive tract (Gl-tract)
Oral mucosa

Salivary gland
Esophagus
Stomach
Duodenum
Small intestine
Appendix
Colon

T U T D
e

S 10
Cerebral cortex

Protein
Localization (score)

T
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Cell lines/Histoids:

A high valueable supplement to tissue controls:

— Rare and/or not normal occuring targets

* ALK, ROS1, BRAF etc and other molecular derived targets

— Quantitative targets

* ER, PR, HER2, PD-L1

Cave-out — tissue processing and biological environment different
compared to histological specimen and has to be encountered
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HD-C170 - IHC, NordiQC, mAb clone 5A4
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.Harizan

adaptng T o sUpport
immunohistoche mistry [IHCY assays.

www. horizondiscovery.com

HOw™ refarence standards are already having a profound impact on the molecular labs that have
adoptad them:

cal processes, including DMA extraction and quantitation using in-proces

ssay performance en platforms, assays and users fror man reference

Support raising standards through providing materials for staff training and proficieng

2ncy schemes
horizon FREE CRISPR Reagent

S — for Knockout Generation L
precision genome editing
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istoCyte

aboratdries

Products Services

Latest

NEW PD-L1 Analyte Control with Dynamlc Range of Expresslon

Services

We offer a range

of contrac

- Biomarker
Characterization

roof

-QMS Auditing

About

Learn more
about our

I\Iord Q

www. histiocyte.com

Contact

- Consistent - Reliable - Effective

istoC te
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Quallty in Control

ion of high density cell preparations that retain the

istoCyte

aboratdries

Quality in Control
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Conclusions —
technical calibration & analytical validation (IHC Class I)

1. IHC assay is calibrated (LD assay) / verfied (RTU — plug-and-play) on TMA
with 16-30 different normal tissues. If access to ICAPCs these must be
included and submitted to pre-analytical conditions applied in the
laboratory.

2. IHC assay is validated on TMA with e.g. 30-45 commonly seen neoplasias
(analytical specificity) and 3-10 neoplasias expected to be demonstrated
(analytical sensitivity).

3. Results compared to literature, reference clone etc and conclusion made.



IHC — Biomarker controls

Issues to be adressed :

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

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

3. Evaluation of the analytical 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.

Tissue controls are key element

89
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Insufficient....

CD56: Optimal
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 demonstrate the target antigen being
expressed at different levels, the controls must reflect this !
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NordiQC

B1l: Appendix,

CD2
CD3
CD19
CD34
CD117
CEA
CGA
CK20
DOG1
MMR
S100
SYP

Hepar,

ASMA
CD4
CD31
CD34
CD45
CD68
CK Pan
CK LMW
CK8
CK18
HEPA
Arginase

Used together inclusive:
HE
LE
\|=

Tonsil, Pancreas

BCL2 MMR CDX2
BCL6 S100 CGA
CD2 SYP
CD3 CK7
CD4 PP
CD5 SMAD4
CDS8 SYP
CD10
CD20
CD21
CD23
CD38
CD56
CD79a
CD138
CK Pan
CyD1
EMA

91
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ICAPCs

The germinal centre
macrophages must show an
at least weak to moderate
predominantly membranous
staining reaction.

The vast majority of the
endothelial cells of the
liver sinusoids must show
an at least weak to
moderate, distinct
predominantly
membranous staining
reaction.
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“Ideal” daily control for the
majority of routine markers: haooms

01CO 488

!mmnrumuwunnu iy

Liver
Pancreas
Tonsill|

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,
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“Patient” 3 IHC assay level could be related to:

1. Biology
2. Tissue processing
3. Missing reagent or other technical issue

Melan-A in sex cord tumours

Patient 3
“Slide 4"
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Patient 3
“Slide 3"
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NordiQC

Consider each slide position / chamber on the IHC stainer as an individual
stainer and use appropriate on-slide controls

PCK — slide no. 1

Same reagents, same pro

PCK — slide no. 2

ocol, same block, same stainer
@/‘ah}?x s i R
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Requirements to tissue control library / catalogue:

- Recommendations for virtually all markers used

- Qualitative markers “Class I"— yes / no

- Quantitative markers "“Class I1” — how much

"Research” markers / not established markers
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Central issues to adress for control material of HER2 IHC test

1. Control material for initial calibration and validation
e.g 100 samples ranging 0, 1+, 2+, 3+.

Optimally all samples confirmed by ISH
Metrix can be generated and test implemented.

2. Control material to monitor consistent and right level of
sensitivity as identified by calibration — transfer of method —
IS obtained in each test performed.

Focus: The issue to identify and use proper control material
to monitor consistency of test
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Central issues to adress for control material of HER2 IHC test

In NordiQC app. 60-70% of laboratories use a 3+ tumour
as routine positive control for HER2 IHC

Question:

Is this reliable to
monitor a
consistent level
of HER2 assay ?
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101
Unampl. 2+ Unampl. O
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Central issues to adress for control material of HER2 IHC test

In NordiQC app. 60-70% of laboratories use a 3+ tumour
as positive control for HER2 IHC

Optimally:

Use small TMA
with 1+, 2+ & 3+
mounted on
same slide as pt
material for daily
control of HER2
IHC assay
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IHC scoring system according to the 2013 ASCO/CAP guidelines
No staining is observed or incomplete membrane staining is observed in < 10% of the tumour cells.

A faint perceptible and incomplete membrane staining is observed in more than 10% of the tumour
cells.

A weak to moderate circumferential incomplete membrane staining is observed in more than 10% of
Score 2+ |the tumour cells or an intense circumferential complete membranous staining in £ 10% of the tumour

cells.

An intense circumferential complete membrane staining is observed in more than 10% of the tumour
cells.

=What Is faint ?
=What is weak ? - iean Si0
Up to 20-40% HERZ2 IHC tests are reflexed to ISH
due to expanded criteria for 2+ (internal data)
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Lab 1; scored 2+ Lab 2; scored as 2+
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Histopathology

Histopathology 2012, 60, 758-767. DOL: 10.1111/j.1365-2559.2011.04142.x

ImmunoMembrane: a publicly available web application for
digital image analysis of HER2 immunohistochemistry

- : : 1 - 1.2 1
Vilppu | Tuominen, Teemu T Tolonen "~ & Jorma Isola
Ynstitute of Biomedical Technology, University of Tampere, Tampere, Finland, and 21)();){11?”10”{ of Pathology, Centre for
Laboratory Medicine, Tampere University Hospital, Tampere, Finland

immunoMembrane
A ImmuncMembrsne Sample ID: hd1a-46
Date: 7.7.2011 18:58

« C Ont Jvsmicroscope.uta. fi Suggested classification: 3+
Completeness score (0-10): 8 pts
Intensity score (0-10): 6 pts
M-score: 14 pts

ImmunoMembrane

D - . t I I I l t
Introduction Basic mode Advanced mode Help About I g I a’ CO p u e r
ImmunoMembrane is a free web application for semi-quantitative classification of
Human Epidermal growth factor Receptor 2 (HER-2) immunostained tissue
sections.

assisted analysis

ImmunoMembrane: 1) segments diaminobenzidine-stained (DAB) membrane regions from the
user-submitted sample image, 2) classifies the image (into 0/1+, 2+, or 3+) based on the
membrane staining completeness and intensity, and 3) generates a pseudo-colored overiay
image matching the membrane segmentation (see the example on right side)

Main features

to be integrated.

+ Based on color deconvolution w Runs within web browser
+w Cross-platform compatible » Usable with existing microscopes

« User-calibratable

@ —

i

[ = complete and strong  [I] = Incomplete or weak
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Automated image analysis is superior to manual reading

of HER2 expression in breast cancer
Rossing HH, Talman ML, Vainer B

Department of Pathology, Rigshospitalet, University of Copenhagen, Denmark —— - .
. | e sigor - O Improve consistency

Aim: Validate digital, automated image analysis algorithm HER2-CONNECT, with a goal to
minimizing the number of inconclusive HER 2+ scores.

To reduce cohort of 2+

To serve as internal QC

T I

L) &
‘l Results

156 patients in 12 TMA

Sensitivity Specificity Inconclusive (2+) Scores
wManual Reading  wHER2 CONNECT

Automated image analysis HER2-CONNECT algorithm for HER2 protein expression
decreased the  need for supplementary FISH testing by almost 90%

HER2-CONNECT will make the assessment of HER2 fully automatic, fast and
objective to the benefit of breast cancer patients.
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Breast Cancer Res Treat (2012) 132:41-49
DO 10.1007/s10549-011-1514-2

ASCO/CAP score

Connectivity Range

0

0.00

PRECLINICAL STUDY

Digital image analysis of membrane connectivity is a robust
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Fig. 4 HER2 connectivity versus FISH ratio. The blue lines on the
x axis define the “equivocal” category with FISH ratio between 1.8
and 2.2. The FISH ratios lower than 1.8 are negative (Neg) and above
2.2 are positive (Pos). On the y axis the blue lines define the
connectivity cut-off levels separating the THC score categories

Fig. 2 Stepwise processing of
digital images by the HER2
CONNECT™ algorithm.
Digital images of two fields of
view from a positive (3+)

(a) and an equivocal (2+)

(b) sample. The major steps
were pre-processing quantifying
for each pixel its contribution to
brown linear structure (white:
high contribution, black: low
contribution); the segmentation
classifying the pixels which
constitute brown linear
structures (green overlay label).
and the post-processing
skeletonizing and merging the
green overlay label, when a few
pixels are missing in a linear
structure, and removing small
objects of green overlay label
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Requirements to tissue control library / catalogue:

- Recommendations for virtually all markers used

- Quantitative markers — how much

= External tissue controls to confirm right ab

= External tissue controls to guide level of
detection

= External cell lines with documented reference
values as final QC
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Standardisation of external tissue controls enables a more objective evaluation of
IHC assay consistency and potential trouble shooting.

The area still needs to be improved an requires surveillance and registration of
IHC results of the controls

E.g. registration of aberrant staining results in controls

Or scoring of all controls
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Conclusions:
Controls are essential to evaluate IHC results:

=Tissue controls used to calibrate IHC assay

= TiIssue controls processed by variables applied in the
laboratory Is needed to evaluate on robustness

= TIssue controls to evaluate analytical potential

= TiIssue controls to monitor consistency of IHC assay
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Conclusions:

Focus on external tissue controls are central to
standardize and optimize IHC:

= External tissue control "catalogue” (normal preferable)
with describtions of HE, LE and NE

= Accepted and developed by KOL, EQA, Industry, Labs

= Used to validate/verify IHC studies and publications

= Used for both internal and external IHC QC
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Conclusions:

Focus on external tissue controls is central to
standardize and optimize IHC:

=On-slide TMA controls are preferable to 1 bacth control
= [nternal tissue controls are of limited value

=Negative reagent controls are only essential for biotin-
based detection systems

=Negative reagent controls can be valueable for non-
biotin based systems e.qg. If pigment, frozen sections..
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Conclusions:
Focus on cell lines to improve level of information:

= Cell lines to be used as supplement to tissue controls
for precise information of the limit of detection or
threshold of sensitivity for the test performed

= Reference data for optimal performance and level of
sensitivity.

=Used in combination with image analysis.
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