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. UK NEQAS
I nt ro d u Ct | 0 n Immunocytochemistry & In-Situ Hybridisation

o Historical context — the early days of immunohistochemistry
o The concept of the Total Test — every step counts

o Pre-analytics

o Analytical phase

o Post-analytical considerations

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.



UK NEQAS
E a rly d ays Immunocytochemistry & In-Situ Hybridisation

. clim, Park., 1974, 27, 14-30

1974. Widely acknowledged as the paper that started
The demonstration of plasma cells and other

immunohistochemistry on its journey... immunoglobulin-containing cells in formalin-fixed,
paraffin-embedded tissues using peroxidase-
labelled antibody

C. R, TAYLOR AND J. BURNS
From the Departmml of Patbology, Gilson Loboraiorier, Radoiffe Infrmary, Oxford

o In 1974 this was the ‘state of the art’.

svnorss A method is described for ibe demonstration of specilic immunoglobulin in plasma cells
and other lymphaid cells in secticns taken from routine surgical histology specimens which have been
formalin fixed and paraffin embedded.

An ipdirect sandwich technigue was employed wsing specific tabbit antihoman immusoglobulis
ontisera (anti-K, 1., G, A, and M) and & swine antirabbil serum Ig G, conjugated with horseradish
peronhdase, The presence of plasma cells was revealed by staining the tissue-bound peronidase-
lubelled antibody, having previously stained the epdogencus peroxidase a contrasting colowr.

Tt wae possible to demonstrate clearly immunoglobalin in the plasma cells of tissues processed and
embedded several yeurs previously,

Same of the potential uses of the method are discussed.

Flasma cells have besn recognized by h.iluluhu peronidase (Makame and Pierce, 1%66; Makane,
since the classical description of  Marschalk 1964, Avramens, 1969 Avramess and Ternymck,
(165 aml b, mrﬂlmdnpﬂhwimmh 1965 has resobed some of these difficubties &3 it
body production became widely accepled following  affords a permanent preparation.  Tissse=hound
the work of Amano of @ in 1944 (see “The mor:  immunoginbulin has been Sucessflly demmonstrabed,
phedogy of plasma cells’, Feldman, 1972) and  eg, on renal hasement membranes {Davey and Busch,
Tagreus (1%44), and the development of fuceescsin 15700 using peromidsse-conjugsted antibody and the
Tatseiliing methosls (Cooms, Croech, ard Jomes, 1941;  specificity and sensitivicy of the meihod Bave een
Coons, 1938). Fluprescent ancibody technigues have  Tavourably compared with established flucrescence
mmmmﬂrlnmh methods (Mokame and Peerc:, 1966: Dawey and
of | glodwlics within cell or bownd  Busch, |90 Petés and Raitt, 1971).
wlmm.h llkpl#rmuimlmlwdmmhﬂmc
‘The routine nse of immunolanrscencedinhibiled  the of i in lymgphedd cells in
by the requirement for frozen unfived tissue or cold  rootine  formalinfised, pacallin-embedded tissues
alpohol-fxed chsue (Seinie-Mare, 1920 There s using & peronidase-corjugried ardibody and an
&l the problem of standardtmtion (Holborow  imdirect sandwich sechnague.
1970), while rapld Fading af pesilive mﬁ
ks it difficult to refer back & Materlals sed Methads
wark. Fnlm.illn-l'ﬂld tikiue doe nal hm-:l 1I.|-|Il' [
it the bedded tlssue Blocks were selociod from
ment of inerinsic mwmm: any Nﬂ‘lﬁlhﬂhﬂ'mm‘nﬂmhm
apesihc Mionescend slainmg ment of Morbéd Anatomy ot the Radcdiffe Infirmary,
mﬂeﬂflﬂilhd"hw with horseradisl “mhdhmmunmh'mmdmﬂmhhm:

by the
Meceived for peblicatior. 17 Septambar 1871 Illllg indvsivial melbylasad spirit and chloraform

Taylor CR, Burns J. J Clin Pathol. 1974 Jan;27(1):14-20.
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And then everything changed

1998. Dako’s Herceplest: the first IHC-based

companion diagnostic...

DAKOQ Corporation
6392 Via Real
Carpinteria, California 93013

Re:  P980018
DAKO HercepTest
Filed: May 18, 1998

August 31 and September 25, 1998.

Dear Dr. Murray:

SEP 25 1998

Amended: June 2, June 4, August 4, August 10, August 18, August 24,

The Center for Devices and Radiological Heaith (CDRH) of the Food and Drug Administration (FDA)
has completed its review of your premarket approval application (PMA) for the DAKO Herceptest. This
device is a semi-gquantitative immunohistochemical assay to determine HER2 overexpression in breast

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.
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e e ns i UK NEQAS
MUltldlSClpllnary approaCh for quallty Immunocytochemistry & In-Situ Hybridisation

Technical Test

Pre-analytical:

From Operating Theatre to the Laborato ry Test selection: indication for the test
Specimen handling, from operating room to histology laboratory
Fixation: total fixation time and type of fixative
Paraffin embedding, storage, and sectioning
De-paraffinization

Analytical:

Inthe Lab Antigen retrieval (exact method)

Assay (staining) method and protocol

Reagent validation

Controls (reference standards)

Technologist and laboratory certification

. . Proficiency testing and quality assurance

Diagnostics Post-analytical:
Reading of result(s)/scoring/quantification
Diagnostic, prognostic, or predictive significance
Report
Tum-around time

Outcomes analysis/economics/reimbursement

Therapeutics

Taylor CR. The total test approach to standardization of
immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 5



The Technical Test

The Pre-Analytical Phase

Step

Tissue arrival

Cut-up/grossing

Fixative

Decal

Processing

Embedding

Cutting sections/microtomy

Drying/baking

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.

Source of error

Wrongly labelled
Not into fixative soon enough
Not in the correct fixative
Not arriving to the lab soon
enough
Error with booking in
Which part of the sample is
required ?
Which orinetation?
Type
Volume
Time
Type
Time
Time
Change of solutions

Lost sample
Cassette not sealed

Inappropriate cassette size
Incorrect orientation
Carry over
Incorrect labelling of cassette
Not full face

Too thick/thin

Serials in order
Traped water
Over baked
Under baked
Oven temperature too high

Examples/consequence of error

Under or over fixation
Affects of poor fixation

Under or over decalcification

Inappropriate processing
Affect of poor processing
Not using a biopsy pad when necessary
Lost or floating sample(s)
Inappropriate cassette size
Cushing and not embedded correctly
Forceps or in wax bath or floated through the cassette

Miss detail if not full face

Too thick or too thin important particularly for membrane stains e.g.
HER2 and HER2-low

Trapped water leads to artefact if not drained effectively
Potential distruction of material
Potential to lift
Potential destruction of material: Some samples delecate

UK NEQAS

Immunocytochemistry & In-Situ Hybridisation

Technical Test

Pre-analytical:
Test selection: indication for the test
Specimen handling, from operating room to histology laboratory
Fixation: total fixation time and type of fixative
Paraffin embedding, storage, and sectioning
De-paraftinization
Analytical :
Antigen retrieval (exact method)
Assay (staining) method and protocol
Reagent validation
Controls (reference standards)
Technologist and laboratory certification
Proficiency testing and quality assurance
Post-analytical:
Reading of result(s)/scoring/quantification
Diagnostic, prognostic, or predictive significance
Report
Tum-around time

Outcomes analysis/economics/reimbursement

Taylor CR. The total test approach to standardization of
immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.
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. UK NEQAS
Th e Tec h n lca l. Immunocytochemistry & In-Situ Hybridisation

Technical Test

The Analytical Phase (or when is an assay not

Pre-analytical:

an 8888)/) Test selection: indication for the test
Specimen handling, from operating room to histology laboratory
Aﬂt'ge N ret r| eva l (exa Ct m et h Od) Fixation: total fixation time and type of fixative
Paraffin embedding, storage, and sectioning
iNi De-paraffinizati
Assay (staining) method and protocol e maton
nalytical :

[ Antigen retrieval (exact method)

[Reagent verification]

Assay (staining) method and protocol

(
[ Reagent validation
(

Controls (reference standards)

Controls (reference standards)

Technologist and laboratory certification

Proficiency testing and quality assurance
Post-analytical:

Reading of result(s)/scoring/quantification

Diagnostic, prognostic, or predictive significance

Report

Tum-around time

Outcomes analysis/economics/reimbursement

Taylor CR. The total test approach to standardization of
immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.
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. UK NEQAS
Th e Tec h n Ica l. Te St Immunocytochemistry & In-Situ Hybridisation

Technical Test

The Analytical Phase (when is an assay not an

Pre-analytical:

assay) . Test selection: indication for the test
Specimen handling, from operating room to histology laboratory
Aﬂt'ge N ret r| eva l (exa Ct m et h 9] d ) Fixation: total fixation time and type of fixative

Paraffin embedding, storage, and sectioning
De-paraftinization

Analytical :

[ Antigen retrieval (exact method)

Assay (staining) method and protocol

(
[ Reagent validation
(

Controls (reference standards)

Technologist and laboratory certification

Proficiency testing and quality assurance
Post-analytical:

Reading of result(s)/scoring/quantification

Diagnostic, prognostic, or predictive significance

Report

Tum-around time

Outcomes analysis/economics/reimbursement

Taylor CR. The total test approach to standardization of
immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.
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Antigen retrieval: PD-L1 testing in non-small cell lung cancer (NSCLC)

SP263 (CE-IVD, Ventana). Data from the UK NEQAS ICC & ISH EQA programme.

IHC Antigen retrieval Detection Ancillary Automation C.ou1.1t of Propo.rtio.n of Mean quality Significance
method ystem reagents submissions submissions score (95% Cls) (2)
All Various Various Various Various 789 100.0% 14.9 (14.7 - 15.0) 0.057 ns
CDx CC1 (64 min) OptiView None BenchMark 402 51.0% 15.1(14.9-15.4) n/a n/a
Al LDTs Various Various Various Various 387 49.0% 14.6 (2.9-20.4) 0.001 ekl
LDT-1 CC1 (64 min) OptiView Amplifier BenchMark 34 4.3% 14.9 (14.1-15.8) 0.828 ns
LDT-2 CC1 (not64 min) OptiView None BenchMark 286 36.2% 14.8 (14.5-15.1) 0.026 *
LDT-3 CC2 OptiView Amplifier BenchMark 12 1.5% 14.4 (13.0-15.8) 0.269 ns
LDT-4 CC1(not64 min) OptiView Amplifier BenchMark 25 3.2% 14.3 (13.1-15.5) 0.163 ns
LDT-5 CC1 (64 min) Ultraview None BenchMark 5 0.6% 13.0(8.4-17.7) 0.101 ns
LDT-6 ER2 Bond Refine  None Bond-lll 16 2.0% 12.8(11.2-14.3) 0.0003 KHAAE
LDT-7 ER1 Bond Refine  None Bond-lll 6 0.8% 11.0(8.4-13.6) 0.0001 *rxx

CDx = companion diagnostic; LDT = laboratory developed test; Cls = confidence intervals; n/a = not applicable; ns = not significant; Note 1: t-test for difference from CDx; Note 2: significant at P<0.05

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 10




Quality Score (4 — 20)

Antigen retrieval: PD-L1 testing in non-small cell lung cancer (NSCLC)

SP263 (CE-IVD, Ventana). Data from the UK NEQAS ICC & ISH EQA programme.

IHC method Antigen retrieval sDyesttee c;:on ;:::::g Automation subrﬁi(:;?;:sf. Z:L':::::::sf LUl qua(gg;(:;:; P value (1) Significan((;e)
All methods Various Various Various Various 789 100.0% 14.9 (14.7 - 15.0) 0.057 ns
CDx CC1 (64 min) OptiView None BenchMark 402 51.0% 15.1(14.9-15.4) n/a n/a
All LDTs Various Various Various Various 387 49.0% 14.6 (14.3 -15.0) 0.001 ok
LDT-1 CC1 (64 min) OptiView Amplifier BenchMark 34 4.3% 14.9 (14.1 - 15.8) 0.828 ns
LDT-2 CC1(not64 min) OptiView None BenchMark 286 36.2% 14.8 (14.5-15.1) 0.026 3
LDT-3 ce2 OptiView Amplifier BenchMark 12 1.5% 14.4 (13.0- 15.8) 0.269 ns
LDT-4 CC1 (not 64 min) OptiView Amplifier BenchMark 25 3.2% 14.3(13.1-15.5) 0.163 ns
LDT-5 CC1 (64 min) Ultraview None BenchMark 5 0.6% 13.0(8.4-17.7) 0.101 ns
LDT-6 ER2 Bond Refine None Bond-lll 16 2.0% 12.8(11.2-14.3) 0.0003 RrEE
LDT-7 ER1 Bond Refine None Bond-lll 6 0.8% 11.0(8.4-13.6) 0.0001 HoEAx

CDx = companion diagnostic; LDT = laboratory developed test; Cls = confidence intervals; n/a = not applicable; ns = not significant; Note 1: t-test for difference from CDx; Note 2: significant at P<0.05

20 A
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Bar = mean quality score; ‘Whiskers’ = 95% Confidence Intervals o
6 * = significantly different from CDx at P<0.05, *** at P<0.001, **** at P<0.0001
4 T T T T T T T T 1
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. UK NEQAS
Th e Tec h n Ica l. Te St Immunocytochemistry & In-Situ Hybridisation

Technical Test

The Analytical Phase (when is an assay not an

Pre-analytical:

assay) Test selection: indication for the test

Specimen handling, from operating room to histology laboratory
Fixation: total fixation time and type of fixative

Paraffin embedding, storage, and sectioning

De-paraftinization

Analytical :

[ Antigen retrieval (exact method)

[ Assay (staining) method and protocol

[ Controls (reference standards)

Controls (reference standards)

Technologist and laboratory certification

Proficiency testing and quality assurance
Post-analytical:

Reading of result(s)/scoring/quantification

Diagnostic, prognostic, or predictive significance

Report

Tum-around time

Outcomes analysis/economics/reimbursement

Taylor CR. The total test approach to standardization of
immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.
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o UK NEQAS
Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation

SP263 (CE-IVD, Ventana). Data from the UK NEQAS ICC & ISH EQA programme.

100 } Controls expressing the antigen at this
level are largely uninformative
80
=)
<
2 60
n
C
2
£
= — Staining method’s linear range
go 40
n
20
0
0 2 4 6 8 10 12 14 16 18 20
Antigen concentration (AU)
| ASSAY | |
_LDT Fal | | External quality assessment demonstrates that PD-L1 22C3
a s.e and SP263 assays are systematically different. Dodson A, et al.
negative

J Pathol Clin Res; 201: 6(2): 138-145.
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. UK NEQAS
Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation

O PD-L1demonstrated using SP263
(Ventana)

o) Normal tissues showing a range of
expression, including low-level expression
near to the LOD are ideal.

O In the follicles, follicular macrophages
showing moderate to strong membrane
staining are prominently demonstrated

0 Small antigen presenting cells located
with the follicles show strong expression
of PD-L1.

o) PD-L1 is also presentin a sub-set of
lymphocytes in the intra-follicular areas.

0 PD-L1 staining is well-localised to cellular
membranes.

0 Cellular morphology and nuclear detail
has been retained; indicative of adequate
pre-analytical treatment.

o) The level of nuclear counterstain
(haematoxylin) is well-balanced so as to
show the nuclear detail but not obscure
weak PD-L1 staining.

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 14



. UK NEQAS
Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation

A

._'--:-.. : _;.. .

FFETELTE] o PD-L1 demonstrated using SP263
vy 45 g‘:& (Ventana)

o) The reticulated crypt epithelium is
universally strongly positive.

o) The method sensitivity required to
produce staining in crypt epithelium is
much less than that required in testing
NSCLC.

O  You cannotrely on the presence
of staining in the crypt
epithelium alone to quality
control the sensitivity of your
method.

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 15



UK NEQAS

Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.

@)

PD-L1 demonstrated using SP263
(Ventana)

Placenta is recommended by some
primary antibody manufacturers as a
suitable control.

Trophoblasts show strong membrane and
moderate to weak cytoplasmic staining.

‘...stromal tissue and vasculature can be
used for assessment of any background
staining...

UK NEQAS does not recommend
the use of placenta as a control
for PD-L1 staining in the
companion diagnostic setting.

Here’s why...

16



UK NEQAS

Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation

N = Lo

- :
et IS

ParticipantB " s

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.

PD-L1 demonstrated using SP263
assay (Ventana).

In-house control submissions from two
Participants, both used placenta as their
in-house control.

17



UK NEQAS

Controls: PD-L1 testing in non-small cell lung cancer (NSCLC)  immunocytochemistry & n-Situ Hybridisation
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The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH.

@)

PD-L1 demonstrated using SP263
assay (Ventana).

In-house control submissions from
two Participants, both used
placenta as their only in-house
control.

Their respective staining results on
the UK NEQAS NSCLC sample
provided to them which was
expected to stain at a level of
approximately 70%.

18



i UK NEQAS
Antigen loss on storage

Immunocytochemistry & In-Situ Hybridisation

Stained 1 day Stained 3 weeks Stained 6 weeks

after cutting after cutting after cutting
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Parry S et al. Immunocytochemistry UKNEQAS ICC & ISH e-journal (2012) 96, 4-50
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. UK NEQAS
Th e Tec h n lca l. Te St Immunocytochemistry & In-Situ Hybridisation

Technical Test

The Post-analytical Phase.

Pre-analytical:

. . . . Test selection: indication for the test

O Th € Way In Wh IC h t h €l nte r p retat lon Of an Specimen handling, from operating room to histology laboratory
I H C test |S d one |S ve ry muc h d e pe N d e Nt Fixation: total fixation time and type of fixative

Paraffin embedding, storage, and sectioning
the purpose of the test.

De-paraftinization

Analytical:

o Diagnosis of disease in a symptomatic patient e.g., Af,:tigcn retrieval (exact method)
diagnosis of pulmonary carcinoma in a case of Assay (staining) method and protocol
unknown primary using a panel of primary antibodies. Reagent validation

Controls (reference standards)

o Diagnostic screening in a patient who already has a Technologist and Iaboratory certification
primary diagnosis e.g., mismatch repair protein Proficiency testing and quality assurance
deficiency in colorectal carcinoma. Post-analytical:

[ Reading of result(s )/scoring/quantification ]

O Prognosis of the diagnosed disease e.g., Ki-67 ((Diagnostic. prognostic, or predictive significance]
labelling Report

Tum-around time

o Predictive testing for response to a ta rgeted thera Y Outcomes analysis/economics/reimbursement
e.g., HER2 in breast or gastric tumours; PD-L1 in
immuno—oncology. Taylor CR. The total test approach to standardization of

immunohistochemistry. Arch Pathol Lab Med 2000; 124: 945-951.

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 21



. . . UK NEQAS
D | agn O St | c sc ree nin g Te Sts Immunocytochemistry & In-Situ Hybridisation

Diagnostic screening in a patient who already has a primary diagnosis e.g., mismatch repair protein
deficiency in colorectal carcinoma.

Three different cases for us to diagnose...

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 22



. . . UK NEQAS
D | agn OSt | c sc ree ni ng Te Sts Immunocytochemistry & In-Situ Hybridisation

Diagnostic screening in a patient who already has a primary diagnosis e.g., mismatch repair protein
deficiency in colorectal carcinoma.
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Case 1 (MSHS, x30 obj. mag.) MSHG6 proficient, MSHG6 deficient, Equivocal, Uninterpretable.
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i i i UK NEQAS
Diagnostic Screening Tests

Immunocytochemistry & In-Situ Hybridisation

Diagnostic screening in a patient who already has a primary diagnosis e.g., mismatch repair protein
deficiency in colorectal carcinoma.
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Case 2 (MSHS, x30 obj. mag.) MSHG6 proficient, MSHG6 deficient, Equivocal, Uninterpretable.
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. . . UK NEQAS
D | agn OSt | c Sc ree ni ng Te Sts Immunocytochemistry & In-Situ Hybridisation

Diagnostic screening in a patient who already has a primary diagnosis e.g., mismatch repair protein
deficiency in colorectal carcinoma.

Case 3 (MSHS, x30 obj. mag.) MSHG6 proficient, MSHG6 deficient, Equivocal, Uninterpretable.

The contents of this presentation is not be reproduced in part or whole without the permission of UK NEQAS ICC & ISH. 25



UK NEQAS

Immunocytochemistry & In-Situ Hybridisation

Diagnhostic Screening Tests
Diagnostic screening in a patient who already has a primary diagnosis e.g., mismatch repair protein
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