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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Molecular in vitro diagnostics, including molecular pathology, has enabled significant progress
in medicine. Further progress is expected by new technologies analyzing tissue morphology and
biomolecules, such as (e.g. proteins, DNA, RNA and/or metabolites (e.g. glucose) in human tissues and
body fluids.

In pathology, the majority of diagnoses are based on in situ staining of formalin-fixed and paraffin-
embedded (FFPE) tissue sections. In the context of personalized medicine, classical histological staining
(e.g. hematoxylin and eosin) for morphological evaluation is increasingly complemented by additional
in gitu detection techniques, such as immunohistochemistry or in situ hybridization, fas well as
molecular analysis of isolated biomolecules. For example, many regulatory bodies approved fompanion
diagnostics in oncology are based on in situ detection techniques applied on FFPE ‘tissue sections.
Devlelopments in personalized medicine and new technologies, such as multi-label-immunostaining
and computer-based analysis of digital images (e.g. generated by using a slide scanner)| pose new
reqpiirements on standardization of pre-analytical procedures to obtain reproducible qualjitative and
quantitative results.
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iles and/or integrity of biomolecules and their in situ localization;”amount and acceq
itu detection in tissues can change drastically during the pre-eXamination process
Cimen collection, tissue processing, embedding, transport, storage, sectioning and pretre

h impossible because the subsequent examination will not'represent the in vivo state of]
instead, an artificial profile or morphology generated during the pre-examination proce

refore, a standardization of the entire pre-examination process of FFPE tissue specimer
n situ examinations of morphology and biomolegules on FFPE tissue sections by using
detection techniques, is needed.

re is multiple scientific evidence that several factors of the pre-examination phase in
come (e.g. quality or quantity in terms of specificity or sensitivity) of in situ detection an
e major impact on the diagnostic results.

hffin-embedded (FFPE) tissuewith regard to various in situ detection techniques in what

se include but are.not limited to:

Classical histological staining, e.g. Hematoxylin & Eosin staining (H&E);

Blue reaction, Feulgen'’s reaction, enzyme histochemistry;

Immunohistochemical staining (IHC) or 1mmunofluorescence staining using antibodies

Histochemical techniques, e.g. Lipid staining, Periodic Acid Schiff (PAS) reaction, Perlp

sibility for
Comprising
atment for

tu detection. This makes the outcome from in situ detection.in diagnostics or research unreliable or

molecules,
S,

s intended
Hifferent in
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1, thus, can

document draws upon such work to organize and standardize the steps for formalip-fixed and

is referred

s the pre-examination phase. This document is for the pre-examination phase of in sityi detection
techniques and is applicable.to the whole spectrum of in situ detection techniques.
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Hybridization-based techniques such as RNA or DNA in situ hybridization (ISH) techniques, e.g.
fluorescence in situ hybridization (FISH), chromogenic in situ hybridization (CISH), or silver

enhanced in situ hybridization (SISH);

Molecular analysis of isolated biomolecules that can be mapped to a defined region of an FFPE

section (by e.g. in situ sequencing, imaging mass spectrometry).

In this document, the following verbal forms are used:

©IS

"shall" indicates a requirement;

"should" indicates a recommendation;
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Vi

"may" indicates a permission;

"can” indicates a possibility or a capability.
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Molecular in vitro diagnostic examinations —

Specifications for preexamination processes for formalin-

fixed and paraffin-embedded (FFPE) tissue —
Part 4:

In[situdetection techniques

1

Thi
doc
and
ins
RN/

Scope

5 document specifies requirements and gives recommendations for_the’ collection
imentation, transport, storage and processing during the pre-examination phase of for

paraffin-embedded (FFPE) tissue specimens intended for qualitative "and/or (semi-)
itu examination of the morphology and of biomolecules, such as metabolites, proteins, [}
\, on FFPE tissue sections by using different in situ detection techniques.

Thi
include laboratory developed tests performed by pathology{aboratories (histopathology la
as well as by molecular pathology laboratories and other medical laboratories. It is also inte
usef by laboratory customers, in vitro diagnostics developers and manufacturers, biobanks
insflitutions and commercial organizations performinghiomedical research, and regulatory :

Thi
FFH
in v
pro

5 document is not applicable to the pre-examihation phase of RNA, proteins and DNA isq
E tissue for examination. These are coveredin ISO 20166-1, ISO 20166-2 and ISO 20166-3
itro diagnostic examinations — Specifications for pre-examination processes for iso
feins and DNA, respectively.

Dif
These are covered in CEN W1 00140128, CEN W1 00140126, and CEN WI 00140129, Molecu
diagnostic examinations — Specifications for pre-examination processes for Fine Needle
(FNAs) isolated cellular RNA,\isolated proteins, and isolated genomic DNA, respectively.

NOTE International,~-national or regional regulations or requirements can also apply to sp
covgred in this document:
2 |Normative references

The following documents are referred to in the text in such a way that some or all of th
congtittités requirements of this document. For dated references, only the edition cited 4

rent dedicated measures are taken for pre-examination processes for fine needle aspiraﬁ

handling,
alin-fixed

ql[llantitative

NA and/or

5 document is applicable to in vitro diagnostic examinationssing in situ detection techniques. These

boratories)
nded to be
, as well as
juthorities.

lated from
Molecular
ated RNA,

es (FNAs).
ar in vitro
Aspirates

ecific topics

Pir content
pplies. For

undatéd references, the latest edition of the referenced document (including any amendmen

[s) applies.

ISO 15189, Medical laboratories — Requirements for quality and competence

ISO 15190, Medical laboratories — Requirements for safety

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15189 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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3.1

affinity binder
molecules including affibodies, peptides, antibody (3.3) fragments or other small molecules that interact
with biomolecules (3.6) and structures in a cell, and can be used in in situ detection (3.27) techniques

3.2

ambient temperature
unregulated temperature of the surrounding air

[SOURCE: I

S0 20166-1:2018, 3.2]

3.3
antibody
protein (3.
recognized

[SOURCE: ]

3.4
antigen
substance

[SOURCE: 1
3.5

B6) (immunoglobulin) produced and secreted by B lymphocytes in response to amole
as foreign (antigen (3.4)) and which is capable of binding to that specific antigen (3'4)

SO 16577:2016, 3.10, modified — “Note 1 to entry” has been deleted.]

that stimulates the production of antibodies (3.3) and reacts withtlem

SO 15089:2000, 3.5]

antigen retrieval

epitope ret
procedure
(3.3) used
fixation (3.]

3.6
biomolecy
organic m
processes

rieval

s) to unmask antigens (3.4) /epitopes (3.14) and restore their binding properties for antibo
in immunohistochemistry (3.25) by neutralizing'the modifications introduced by form
19), tissue processing (3.47) and paraffin embé¢dding (3.33) of tissue

le
blecule produced in living organishis that is involved in the maintenance and metah
f organisms

Note 1 to enftry: The examples of organic.fielecule are protein (3.37), carbohydrate, lipid, or nucleic acid.

3.7
clearing
process st¢
(3.10) reag

3.8
cold ische
condition 4

p in tissue processing (3.47) in which formalin-fixed tissue is transferred from dehydra
ent to clearingagent (for example, xylene) to prepare the tissue for impregnation (3.26)

mia
fter removal of the tissue from the body until its stabilization or fixation

[SOURCE: I

Cule

ies
alin

olic

fion

S620166-1:2018, 3.5]

39

decalcification
technique using chemical agents for removal of mineral (inorganic calcium) from bone or other calcified
tissue to adjust the hard tissue components to the softness of paraffin (3.32) for sectioning

3.10

dehydration
process step in tissue processing (3.47) for removal of water from formalin-fixed tissue by immersing
the tissue in a series of dehydrating reagent solutions of increasing concentration finishing with water
free (100 %) solution

© ISO 2021 - All rights reserved
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3.11
deviation
departure from an approved instruction, procedure and/or method

[SOURCE: ISO 15378:2017, 3.7.5 modified — “approved (3.7.1) standard operating procedure (SOP)
(3.7.10)” replaced by “approved instruction, procedure and/or method”.]

3.12

diagnosis
identification of a health or disease state from its signs and/or symptoms, where the diagnostic process
can involve examinations (3.15) and tests for classification of an individual’s condition into separate
and| distinct categories or subclasses that allow medical decisions about treatment and priognosis to be
madle

[SOPURCE: ISO 20166-1:2018, 3.7]

3.1
DN
deokyribonucleic acid
polymer of deoxyribonucleotides occurring in a double-stranded (dsDNA) or single-strandgd (ssDNA)
for

[SOPRCE: ISO 22174:2005, 3.1.2]

3.14
epitope
antfbody (3.3) binding site on a biomolecule (3.6) that is an antigen (3.4)

3.15
examination

anjlytical test

set pf operations with the objective of determining the value or characteristics of a property

Notg¢ 1 to entry: Processes that start with'the in situ detection (3.27) using antibodies (3.3), nucleic|acid probes
or dyes and include all kinds of parameter testing or chemical manipulation for quantitative o1 qualitative
examination.

[SOPRCE: ISO 15189:2012, 3.7, modified — Notes to entry 1 to 3 have been removed, Note 1 tp entry has
beepn added and “analytical'test” has been added as a preferred term.]

31

examination manufacturer

anallytical test nqanufacturer

entity that manufactures and/or produces the specific analytical test (3.15)

3.1

FFHE tissue

forpalin-fixed, paraffin-embedded tissue
tissue specimens (3.42)/samples (3.41) having undergone fixation in formalin (3.18, 3.19), tissue
processing (3.47), and paraffin embedding (3.33) in a tissue cassette

3.18

formalin

saturated aqueous formaldehyde solution which at 100 % contains 37 % formaldehyde by mass
(corresponding to 40 % by volume)

[SOURCE: ISO 20166-1:2018, 3.11]

© IS0 2021 - All rights reserved 3
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3.19

formalin fixation
treatment of a sample (3.41) with standard buffered formalin solution (3.45) for stabilization

[SOURCE: 1
3.20

S0 20166-1:2018, 3.12]

formalin pigment
acid formalin haematin pigment acid

hematin

black to brown amorphous to microcrystalline granules representing an artefact in histologic sections

prepared from tissues fixed in formalin (3.18, 3.19) having an increased formic acid concentgaf]

which is py

3.21
grossing

oduced by acid acting upon haemoglobin

gross exanjination

inspection
being proc

[SOURCE: I

3.22

histochem
in situ dete,
involves ch
provide(s)

Note 1 to er]
amino acids

3.23

histologic
in situ detd
stains (e.g.
section (3.4

3.24
homogene
uniform in

[SOURCE: I

3.25
immunoh
[HC

in situ det

of pathology specimens (3.42) with the bare eye to obtain diagnostic.information, w
bssed for further microscopic examination (3.15)

SO 20166-1:2018, 3.13]

ical technique(s)

ction (3.27) technique(s) for the visualization and characterization of biomolecules (3.6)
emical reactions with specific groups, radicals, or chémical bonds in biomolecules (3.6)
information on the biomolecules’ (3.6) in situ localization in tissue sections (3.49)

nucleic acids, pigments, or enzymes etc.

h1 staining

bction (3.27) technique undertaken-to prepare tissue sections (3.49) by using histolog
Haematoxylin-Eosin (HE), Chrombtrop-Anilinblue (CAB)) to highlight features of the ti
19) and enhance tissue section\(3.49) contrast

ous
structure and compe@sition

SO 20166-1:2018;73.31]

stochemiistry

bction (3.27) technique that uses the principle of antibodies (3.3) binding specificallj

ion,

hile

that
and

try: The examples of biomolecules (3.6) are carbohydrates, lipids, other metabolites, proteins (3|36

ical
Esue

y to

antigens (34

\ / onrfnpao (3 1A_\ Ih ]‘\lr\]r\gu‘c\] f!ccnoc Faval rn”c‘ fr\ xncnc\hvn nnl’rgano (34 (e a prof

ins

7 T =5 P

(3.36)) using brlghtfleld mlcroscopy

3.26

impregnation

impregnation with paraffin
process step in tissue processing (3.47) for replacement of clearing agent and infiltration of tissue with
molten paraffin (3.32)

© ISO 2021 - All rights reserved
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3.27

in situ detection

technique that allows for precise localization of a specific biomolecule (3.6) within a slide-mounted
section

EXAMPLE Immunohistochemistry (3.25) for protein (3.36) detection, in situ hybridization (3.30) for nucleic
acid detection, histological staining (3.23), histochemical techniques (3.22), MALDI imaging mass spectrometry,
imaging mass cytometry, in situ Raman spectroscopy.

3.28

in situ detection system
detgcTion syStem

set pf reagents used to visualize the binding of molecules to their target in situ within @ tifsue section
(349)

Note¢ 1 to entry: Examples of molecules are antibody (3.3), affinity binder (3.1), and nucleic a¢id.
Note 2 to entry: Most common for in situ detection (3.27) are enzyme- and fluorophere-based detection systems.

3.2p
in situ examination
analytical in situ test
exafnination (3.15) based on in situ detection (3.27)

3.3D
in situ hybridization
ISH
in sjtu detection (3.27) technique that uses the principle of complementary nucleic acid prolpes binding
sperifically to segments of RNA (3.37) or DNA (3.183) in biological tissues or cells to visualize nucleic
acids (e.g. DNA (3.13) or RNA (3.37)) using brightfield or fluorescence microscope

3.31
noriconformity
nonffulfillment of a requirement

bons, solid
specimens

3.34

post-translational modification

modifications on a protein (3.36), catalysed by enzymes, after its translation by ribosomes is complete
that can be the addition of a functional group covalently to a protein (3.36) such as phosphorylation
and neddylation, the proteolytic processing and/or folding processes necessary for a protein (3.36) to
mature functionally

© IS0 2021 - All rights reserved 5
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3.35

pre-examination process

pre-analytical workflow

pre-analytical phase

pre-examination phase

process that starts, in chronological order, from the clinician’s request and includes the examination
(3.15) request, preparation and identification of the patient, collection of the speciment(s) (3.42),
transportation to and within the medical laboratory, evaluation, tissue processing (3.47), paraffin
embedding (3.33), FFPE block storage (3.46) and retrieval, sectioning (including mounting onto glass
slides and drying), storage (3.46) of unstained slide-mounted tissue sections (3.49) (if applicable), and

Note 1 to dntry: The pre-examination phase for in situ detection (3.27) includes preparative processes,|e.g.
antigen/epifope retrieval (3.5) and pre-hybridization procedures, which influence the outcome ofithe interjded
examination (3.15).

[SOURCE: |SO 15189:2012, 3.15, modified — An additional term was added, and.more details Were
included.]

3.36

protein
type of biojogical biomolecules (3.6) composed of one or more chains with a defined sequence of anjino
acids conngcted through peptide bonds

[SOURCE: [SO 20166-2:2018, 3.14, modified - The terms "biolegical macromolecules" were repldced
with "bioldgical biomolecules"]

3.37
RNA
ribonucleiq acid

polymer offribonucleotides occurring in a double=stranded or single-stranded form

[SOURCE: SO 20166-1:2018, 3.20]

3.38
RNA profile
amounts of the individual RNA (3:37) molecules that are present in a sample (3.41) and that can be
measured |n the absence of anydosses, inhibition and interference

[SOURCE: ISO 20166-1:2018,-3:19]

3.39
RNase
ribonucleafe

enzyme that catalyzes the degradation of RNA (3.37) into smaller components

[SOURCE: IS020166-1:2018 3 21]

3.40
room temperature
for the purpose of this document, temperature in the range of 18 °C to 25 °C

Note 1 to entry: Local or national regulations can have different definitions.
[SOURCE: ISO 20166-1:2018, 3.22]

3.41
sample
one or more parts taken from a specimen (3.42)

[SOURCE: ISO 15189:2012, 3.24, modified — EXAMPLE has been removed.]

6 © IS0 2021 - All rights reserved
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3.42

specimen

primary sample

discrete portion of a body fluid, breath, hair or tissue taken for examination (3.15), study or analysis of
one or more quantities or properties assumed to apply for the whole

[SOURCE: ISO 15189:2012, 3.16, modified — The term and definition is used here without the original
notes.]

3.43

specimen container
confainer into which the tissue specimen (3.42) is transferred after its collection foryfiirther pre-
andfytical workflow (3.35) steps (e.g. transport and/or fixation)

34

stability
abiliity of a sample (3.41) material, when stored under specified conditions, to maintain a statgdd property
valye within specified limits for a specified period of time

Note 1 to entry: The analytes for the purpose of this document are biomolecules.(3.6) located in situ/in the tissue.

[SOPJRCE: ISO 20166-1:2018, 3.24, modified — Note 1 to entry has béen deleted and new Not¢ 1 to entry
has|been added.]

3.45
stahdard buffered formalin solution
neuftral buffered formalin

NBF
10 9 formalin (3.18) solution in water with a massfraction of 3,7 % (corresponding to a volumne fraction
of 4 %) formaldehyde, buffered to pH 6,8 to pH %2

Not¢ 1 to entry: Standard buffered formalin(solutions often contain small amounts of methangl to inhibit
oxidation and polymerization of formaldehyde.

[SOPRCE: ISO 20166-1:2018, 3.25]

3.46
stofrage
maintenance of biological. material under appropriate conditions for intended use

3.4Y
tisgue processing
profess during<the’ generation of FFPE tissue (3.17) consisting of the four consecutive steps tissue
fixation, dehydration (3.10), clearing (3.7), and impregnation with paraffin (3.26)

3.48

tisque’processor
autlmated instrument where tissue fixation, dehydration (3.10), clearing (3.7) and impregniation (with

paraffin) (3.26) occur

[SOURCE: ISO 20166-1:2018, 3.27]

3.49

tissue section

very thin slice of tissue generated by cutting tissue with a dedicated section cutting device (i.e.
microtome)

Note 1 to entry: FFPE tissue (3.17) is cut using a microtome to generate (Lm-) thin sections that are mounted onto
glass slides for performing in situ detection (3.27) techniques.

© IS0 2021 - All rights reserved 7
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3.50
validation

confirmation, throughout the provision of objective evidence, that the requirements for a specific
intended use or application have been fulfilled

Note 1 to en
[SOURCE: I
3.51

try: The word "validated” is used to designate the corresponding status.

S0 9000:2015, 3.8.13, modified — Notes to entry 1 and 3 have been removed.]

verification

confirmati
Noteltoe
Note 2 to e
— perfory
compal
undert
— review

[SOURCE: 1

3.52
warm isch
condition N

Note 1 to efjtry: Disruption of normal blood supply varies.gignificantly case by case. Therefore, warm ische

duration an|
supply.

[SOURCE: ]

3.53
workflow
structured

[SOURCE: 1

4 Gene

For geners3
specimen ¢
ISO/IEC 17

|

pT1, TNTOUgN provision 0f ODJeCtivVe eVidence, that Specified requirements nave been tuifii]
ry: The term “verified” is used to designate the corresponding status.
ry: Confirmation can comprise activities such as

hing alternative calculations,

ing a new design specification with a similar proven design specification,
hking tests and demonstrations, and

ng documents prior to issue.

S0 9000:2015, 3.8.4]

emia
efore the tissue is removed from the body, but deprived of its normal blood supply

d its effects depend on individual cases and it-also can depend on the anatomy of the arterial b

SO 20166-1:2018, 3.29]

series of activities necessary to complete a task

SO 20166-1:2018, 3:30; modified - The word “structured” was added]

ral considerations

| statemients on medical laboratory quality management systems and in particulay
ollection, receipt, and handling (including avoidance of cross contaminations) see ISO 15
025“or ISO/IEC 17020. ISO/TS 20658 and ISO 20387 (for biobanking) can also apply.

requireme

hts“on laboratory equipment _reagents and consumables ;l(‘rm'ding to ISO 15189 shal

ed

mia
ood

on

89,
The

be

followed; ISO/IEC 17025 and ISO/IEC 17020 can also apply.

All steps of the pre-examination, examination and post-examination processes (i.e. the entire workflow)
can influence the diagnosis or research study results. Thus, this entire workflow shall be verified and
validated. This includes specifically all pre-examination process steps such as the examination request,
preparation and identification of the patient, collection of the primary sample(s), transportation to and

within the

medical laboratory, fixation, processing, embedding, sectioning and storage.

Pre-analytical workflow steps, which cannot always be controlled (e.g. duration and condition of warm
ischemia depending on the surgical procedure), shall be documented. A risk assessment of pre-analytical
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workflow steps including their potential impact on the analytical test performance shall be

performed

and mitigation measures shall be established to enable the required analytical test performance.

NOTE1 Disruption of normal blood supply varies significantly case by case. Therefore, war

m ischemia

duration and its effects depend on individual cases and it can also depend on the anatomy of the arterial blood

supply.

The preservation of tissue morphology and the stability of the specific biomolecules of interest and
their post-translational modifications (if important for the analytical test) should be investigated
throughout the complete pre-examination process prior to the development and implementation of an

analytical test (e.g. by performing a time course experiment or study; see references(2-41).

Befpre tissues are fixed in standard buffered formalin solution, biomolecule in situy|
locglization, amounts, conformations and binding status can change, e.g. by biomolecule’d
waghing out, crosslinking and altered synthesis following e.g. gene induction, gene down
RNA degradation, changes in post translational modification of proteins and changes of the b
pathway and energy status. These effects depend on the duration of warm and-cold ischemn

subcellular
boradation,
regulation,
iochemical
ia, and the

tenperature before formalin fixation. In addition, the described effects can(vary in different patients’/

donjors’ tissues.

Gerjerally, the longer the durations of warm and cold ischemia and thé’higher the temperat

conglitions after the tissue removal from the body. Prolenged cold ischemia results in changes of
phopphoprotein amounts[>648]. Keeping the specimen atlow temperature (e.g. 4° C diminishes this e
profiles can change significantly depending on the warm and cold ischemia duration and the temper
formalin fixation (e.g. gene induction, gene down\régulation, RNA degradation)[82]. Changes of DN
or cppy numbers (e.g. comparative genomic hybsidization (CGH) profiles) due to longer warm and c
durgtions are unknown[2l, However, DNA methylation patterns can change in response to ischemial

Where relevant, warm ischemia duration shall be documented (e.g. for large tumor resecti
itis|not possible to avoid cold ischemia (e.g. due to transport to the laboratory before forma
its duration shall be documented,’and the temperatures of the specimen container’s surroun
be Jocumented.

malin fixation (including quality of formalin solution, ratio of sample volume t
tion volume, duration and temperature of fixation) and other pre-examination pro
act morphology,Z2] cause modifications of biomolecules, and lead to suboptimal anal
formance affécting results obtained by in situ detection. These pre-examination proces
e processing,[13] embedding,[13] storage of FFPE tissue blocks,!13] sectioning (including
s of slides) section thickness, drying and storage of unstained slide mounted tissue sec

For
sol
imp
per
tiss
typ
sho

the[analytical test for FFPE tissues and/or of the pretreatment of slide mounted FFPE tiss

ure before

ion of the tissue specimen, the higher is the risk that changesiin biomolecule profile and in situ/

depending
, and drugs
Fironmental
protein and
fect.[Z] RNA
ture before
IA, sequence

Id ischemia
1],

s). Where

11?1 fixation),

dings shall

formalin
cesses can
lytical test
ses include
election of
[ions). This

1ld be,considered in the quality control and application of in situ detection tests. Optijization of

le sections
issue for in

(e.glantigen retrieval pre-hyhridization: see 6 102 and 6 10 3) are options to minimize this

situ detection examinations.

Immunohistochemistry can be affected by modification or loss of immunoreactivity in FFPE tissue
due to denaturation of molecules,[14] crosslinking of proteins, and thus loss or “masking” of epitopes or
steric interference of antibody binding to epitopesl3.13]. Evidence shows that many antigens (epitopes)
can substantially, if not completely, be restored by antigen retrievall1617], Therefore, antigen retrieval
can be performed in order to restore immunoreactivity in FFPE tissue and/or to “retrieve” epitopes
“masked” or modified by formalin fixation, and tissue processing and embedding. Since optimal antigen
retrieval procedures depend on the pre-analytical conditions applied, antigen retrieval requirements

shall be verified in the context of the whole pre-analytical and analytical workflow.

NOTE 3  Extensive antigen retrieval can cause morphological artefacts.
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In situ hybridization can be affected by biomolecule properties such as nucleic acid integrity,
nucleic acid-nucleic acid interaction or nucleic acid-protein interaction, which can be reversed by
pre-hybridization procedures optimized for the specific pre-analytical conditions. Therefore, pre-
hybridization procedure requirements shall be verified in the context of the entire workflow required
for the specific examination.

During the whole pre-examination process precautions shall be taken to avoid cross contamination
between different specimens/samples (e.g. using single-use material whenever feasible or appropriate
cleaning procedures between processing of different specimens/samples), and to avoid mixing up of

specimens/samples.

Safety insf
requireme
standards

If a comme
patient nee
for its use ]

5 Activ

5.1 Speq

5.1.1 Ge

For the co
intended e

The laborg

establish ipstructions for the required documentation of the patient/specimen donor, collection of]

specimen,

See also IS

5.1.2

The docun
the name d

The docunij

a)

diseas

b) the re

Information about the patiént/specimen donor

the relevant health status of the patient/specimen donor [e.g. healthy, disease type, concomi

ructions for the whole pre-examination process shall be in place and followed. Sa
hts on specimen collection, transport and handling shall be according to relevant
such as ISO 15189 and 1SO 15190.

rcial product is not used in accordance with the manufacturer’s instructions-due to un
ds, the laboratory shall verify and validate for its intended use. The respgnsibility and
ies with the user. See Annex A.

ties outside the laboratory
imen collection

neral

lection of the specimen, the requirements (e.gCdisease condition, specimen size) for
kamination (see also Clause 6) should be considered.

tory in collaboration with the clinical or\surgery department and doctor practices §

belection and labelling of the specimef.container and transport procedures for the specin

D 151809.

r a code.

entation should)include, but is not limited to:

e, demogrdphics (e.g. age and gender)];

evant’ information about routine medical treatment and special treatment prior to tis

fety
ISO

Imet
risk

the

hall
the
hen.

entation shall includethe identity of the patient/specimen donor, which can be in the forg of

ant

sue

collecti

c)

5.1.3

ion (p g anaesthetics medications cnrgir‘nl or dingnncfir‘ prnr‘pr‘]nrpc)-

the appropriate consent from the patient/specimen donor.

Information about the specimen

The documentation shall include, but is not limited to:

a) for surgical specimens: if required for the examination the start of ischemia within the body (warm
ischemia) by documentation of the ischemia-relevant vessel ligation/clamping time point (usually
arterial clamping time) to allow for calculation of the warm ischemia duration, which ends with
excision of the specimen and removal from the body (see 6.6). For documentation of warm ischemia
duration, cooperation with operating theatre staff is required.
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NOTE For biopsies warm ischemia is negligible.

b) for autopsy specimens: the estimated time point of death (for defining the post-mortem interval);

)

the time point and date when tissue is removed from the body [to allow for calculation
ischemia duration, which ends with start of fixation (see 6.2)], and the method of re
core-needle biopsy, resection, biopsy device used for the collection);

of the cold
moval (e.g.

d) the description of tissue type and origin, tissue condition (e.g. diseased, unaffected by the disease),
including references to any marking applied in or outside the operating theatre made by surgeon,
radiologist or pathologist; The documentation should also include the identity (e.g. name or code)

5.1
The

b)

d)

of the Tesponsible persomn for Cottecting the SpPecimeTr.

4 Specimen processing, intermediate storage and preparation for transport
following steps shall be performed:

the documentation of any additions or modifications to the specimen after removal fro
[e.g. labelling for the orientation of the specimen (e.g. ink-marking, stitches), incision(s)
to avoid drying of the specimen e.g. moisturising with isotonic-buffer to prevent dr
specimen surface];

the selection and use of specimen containers and packages (e.g. closable containg
packaging; cooling box, box for storing and transportation) used for transport ag
applicable transport regulations; the specimen container used shall be securely clos
using specimen containers pre-filled with standard buffered formalin solution, the man|
instructions shall be followed.

the selection and use of either a formalin fixation'procedure (as described in 6.2), or, whe
fixation of the tissue occurs in the laboratary, of stabilization procedures (e.g. vacuums-
cooling methods) for transport; the documentation of steps described under 6.2
documentation of date and time point-of placing the tissue in formalin), if the forma
starts outside the laboratory; the decumentation steps described under 6.3, if the evalu
pathology of the specimen and the'selection of the sample(s) are also done outside the 13

NOTE Accidentally freezing the tissue (e.g. due to incorrect use of cool packs) can lead to
degradation when the tissuethaws thereafter. It can also impact the morphological characteriz3

the labelling of the speCimen container (e.g. patient identity, registration or hospital
number, specimef~type, specimen quantity, and organ tissue of origin) and
documentationisiformation as specified in 5.1.2, 5.1.3, and 5.1.4., a) to c)]. Two patient
should be regavded as the minimum amount of information needed for proper patienf
donor identification. The specimen container labelling [e.g. by using self-adheg
handwriting, radio frequency identification devices (RFID), pre-labelled containers,
shall énsure appropriate traceability of specimens or samples.

Spe

citmens should be transferred without delay into the specimen container after the remov]

n the body
measures
ring of the

I, vacuum
cording to
hble. When
ufacturer’s

e formalin
packaging,
(including
in fixation
htion of the
boratory.

biomolecule
tion.

admission
additional
identifiers
/specimen
ive labels,
bar codes]

bl from the

bo

Lanhl - - 1 1 111 1 1.1 o200 Q. Q0 1 - . -
y. 1HIC SPCCIHIICIT COIUAIICT LIICIT SITOUIU D€ KEPL LUIU dal 4 UL LU O U IIT'OIdch LU IIHIIITZC

morphology and/or biomolecules.

changes of

Several specimens from the same patient/donor sharing similar features (macroscopic appearance,
tissue type, disease status, and anatomical location) may be put into a single specimen container/
container compartment.

Temperature monitoring and documentation of the specimen containers’ surrounding [e.g. temperatures
during intermediate storage in different rooms; during transport (see 5.2)] should be performed in a
suitable manner (e.g. temperature tracking). If the temperature cannot be measured, the temperature
should be estimated and documented (e.g. as ambient temperature, room temperature, cold at 2 °C to
8°C).
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5.2 Transport

If the specimen is not already placed into standard buffered formalin solution, it should be transported
on wet-ice (pack) or at 2 °C to 8 °C without delay in order to minimize changes to the morphology and
biomolecules.

NOTE There is evidence that tissue morphology and biomolecules can be stabilized in plastic bags under
vacuum when kept at 4 °C during transportl18] before the specimens are archived for biobanks or used for
histopathological evaluation.

If the specimen has already been placed into standard buffered formalin solution outside the laboratory,
the tempeature during transport sould Tot €XCeed TOOTT tEMPErature.

Temperature monitoring and recording should be applied in a suitable manner (e.g. by a temiperature
logger) (see 5.1.4).

Any deviatjons from the instructions shall be described and documented.

6 Activjties inside the laboratory

6.1 Spe¢imen reception

The identity of the person receiving the specimen shall be documented (e.g. in form of the name pr a
code).

The specimen arrival date and time shall be documented, and“the conditions (e.g. labelling, transport
conditions|including temperature, tissue type and quantity~6f the specimen, leaking/breaking of|the
container) jof the received specimens shall be checked and documented.

Any deviatjons, including those from the established transport procedure (see 5.2), shall be documenited.
A procedufe for handling nonconformities shall bedn place. See also ISO 15189.

6.2 Formalin fixation of the specimenor sample(s)

This procedure is applicable to the spéciimen, and, in case that one or more parts are taken from a
specimen, to the resulting sample(s)(

The fixativie used shall be standard buffered formalin solution.

NOTE1 In some countries; standard buffered formalin solution is referred to as neutral buffered formalin
(NBF).

The pH value of the-standard buffered formalin solution should be checked at least once per week or
before use [(wheniiotused and checked for over a week), and with every new batch.

NOTE 2  KFormalin solution is not stable (e.g. it has a tendency to oxidize to formic acid)[12l,

NOTE 3 The use of old formalin solution leads to formation of formic acid which lowers the pH value and
can result in formalin pigment, which are black to brown amorphous to microcrystalline granules in histologic
sections produced by acid acting upon haemoglobin[29],

The following steps shall be performed:

a) The documentation of the time point of placing the tissue specimen or sample into standard
buffered formalin solution [to allow for calculation of the total fixation duration, which ends with
transfer of the sample into the dehydration reagent during tissue processing (see 6.6)];
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NOTE1 The total formalin fixation duration can have an impact on further examinations, e.g.
immunohistochemical techniques,[2l] nucleic acid based molecular examinations.[2223] The optimal
formalin fixation duration can vary depending on tissue type and size.[48] For larger surgical specimens,
e.g. a resected liver, inhomogeneous fixation can occur before the grossing process due to penetration of
formaldehyde from the surface of the tissue to the interior.

NOTE 2 Formalin fixation of surgical specimens for more than 24 h can lead to a crosslinking intensity
that can impact in situ examinations (e.g. immunohistochemistry) depending on the epitope.[24] Antigen
retrieval can in many cases reverse these effects[1Z] but extensive antigen retrieval can also lead to artefacts

(e.g. non-specific, false positive staining; impaired morphology).

NOTE 3 Too short formalin fixation (under fixation) results in a mixture of formaldehyde

and alcohol

fixation because formalin fixation starts at the tissue margin; in the unfixed tissue center fixatig
(coagulation) occurs during tissue processing[22l,

NOTE4 The manufacturer’s safety data sheet (MSDS) contains important information f]
standard buffered formalin solution.

NOTES5 Formaldehyde is a carcinogenic and hazardous compound that\penetrates the
chemically modifies biomolecules. However, there are potential different local ¢classifications.

the selection and use of container(s) for fixation:

1) the capacity of the containers used for specimen/sample fixation should be sud

n by alcohol

br handling

tissue and

h that the

specimen can be completely submerged into the standard buffered formalin solutjon and the

minimum standard buffered formalin solution to tigsue ratio should be at least 1(
to volume)[2, Where the original specimen container does not have the capacit
for a 10:1 volume to volume ratio, the specimenshould be transferred to a larger c
achieve this ratio. Labelling of the larger container shall be identical to labelling of {
specimen container. Labelling can be complemented with the unique laboratory
identification number (pathology case number).

NOTE 6  Forin situ RNA examinatiofis a ratio of 15:1 to 20:1 (volume to volume) is typica

NOTE7  There is evidence thatlower formalin to tissue ratios (e.g. 2:1 or 1:1) can
combination with appropriafe jdevices (e.g. under vacuum fixation) or if appropriate
performed[26-28],

2) to ensure complete(formalin fixation of larger specimens, special tissue handli
incision(s) (e.g. bisectioning) of solid organs or opening of hollow organs should be
In this case, the'standard buffered formalin solution shall be changed periodically.

3) when usingZspecimen containers pre-filled with standard buffered formalin sd
manufaeturer’s instructions shall be followed;

4) the$pecimen container used for fixation shall be securely closable;

the:cgmposition of the formalin solution, the formalin fixation method (e.g. immersion

:1 (volume
y required
bntainer to
he original

specimen

ly used[4Zl,
be used in

grossing is

ng such as
performed.

lution, the

fixation, or
cumented.

ultrasound of tissue fixation) and conditions (e.g. duration, temperature) used shall be dd

NOTE 8

Conventional fixation by immersion traditionally occurs at ambient temperature. There

is evidence of superior immunohistochemistry staining after formalin injection, perfusion and

ultrasound[24.29,30],

6.3 Evaluation of the pathology of the specimen and selection of the sample(s)

6.3.1 General

Local, national or regional regulations can apply.

Where the tissue specimen was removed from the body with the requirement of a histopathological
diagnosis, the macroscopic evaluation and documentation of the pathology of the specimen and

© IS0 2021 - All rights reserved

13


https://standardsiso.com/api/?name=7040bbeae0e33307d49103ab65a71d9c

IS0 20166-4:2021(E)

the selection of the sample(s) from the specimen for further processing shall be done by or under
supervision or responsibility of a medically qualified (e.g. board certified) pathologist.

NOTE

Molecular features in tissues, particularly under disease conditions, are usually not homogeneously

distributed. For example, different molecular mechanisms can be activated in the centre and at the invasion front
of a tumor, also tumors can be composed of areas showing different differentiation grades.

6.3.2 Macroscopic evaluation

In the context of the macroscopic evaluation of the surgical specimen before and/or after formalin
fixation, the patient/donor identity (e.g. the name or code), date of birth of the patient/speciment donor,

hospital ad
5.1.3) of th

The surgic
guidelines

clinical information and questions (e.g. patient record or clinician’s request). The anatotmical localiza

represente
marked, w

NOTE y
the operatir

6.3.3 Se

The select]

biomolecules as well as for further research purposes shallybe done by or under supervision

medically

shall be taken (i.e. grossing) according to the organ/diSease specific guidelines from the respec

medical s
immunohig
tissue shou

NOTE 1
pathologist

Where the
diagnosis,
samples sh

The docun;

The size of
3 cm x 2 cr

Where the
delay into §

Depending on local procedures, the election of appropriate parts of the specimen can also be don

mission number and/or pathology case number and the clinical information (see 5.1:2
e specimen (e.g. type, size, number) should be checked.

bl specimen and all macroscopic findings shall be described appropriately according to
of the respective medical societies (e.g. societies of pathology) and in correlation with

d in the specimen shall be described. Resection margins and other important areas may
here necessary and helpful for later microscopic evaluation. This shallbe’documented.

'he above described evaluation or documentation can also be done outside of the laboratory e.
g theatre.

ection of the sample(s)

ion of appropriate parts of the specimen for in ‘situ examinations of morphology
ualified (e.g. board certified) pathologist. Reptesentative samples for in situ examina

pcieties and documented. In addition,_for certain in situ detection techniques
tochemistry) (a) sample(s) from the tumer border containing tumor and adjacent non-tu
1d be collected, where possible.

outside of the laboratory, e.g. in the operating theatre (see 5.1.3).

tissue specimen was removed from the body without the requirement of a histopatholog
'he documentation of this'specimen, and the evaluation, selection, and documentation off
all be done, but may be'done by other qualified persons than pathologists.

entation can inclide photographs and schematic drawings.

h x 0,5 cm))

speciiien and the selected samples are not yet formalin-fixed, they shall be placed with
tandard buffered formalin solution and all steps shall be performed as described in 6.2.

and

the
the
[ion
’ be

=]

and
pf a
[ion
tive
e.g.
mor

e by

ical
the

the selected.sample(s) shall be appropriate for the tissue cassette (maximum of approximajtely

out

Where the specimen has already been placed into formalin outside the laboratory (see 6.2), the selected
samples shall be transferred into a tissue cassette and, without delay, into standard buffered formalin
solution to avoid drying of the sample. If the selected sample is not yet fixed appropriately, post-fixation
in formalin should be performed. This can be performed within the tissue cassette.
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The time point when the sample taken from the specimen is transferred into the tissue cassettes shall
be documented. Instructions for the orientation of one or multiple samples (e.g. lymph nodes) in a tissue
cassette shall be in place and followed.

NOTE 2  For in situ detection, the orientation of the sample in the tissue cassette and in the embedding mold
determines which part of the sample is sectioned first. Typically, the tissue surface of interest is placed down
in the cassette for fixation and this orientation is preserved during embedding when placing the tissue in the
embedding mold. If multiple tissues (e.g. sentinel lymph nodes from different levels) are placed into one cassette
for fixation and into the mold for embedding, the positions are typically relevant for histopathological diagnosis.

Each tissue cassette shall be labelled with a unique identifier (e.g. pathology case number, cassette
nu i fatior): i ifi ' i rocedures.
The unique identifier shall be human readable and can be complemented by a barcode; wiich can be
applied manually or electronically by automated printers.

Mifjimum requirements for a unique identifier shall include: Laboratory specimen id¢ntification
number (pathology case number) - including year, subsection type (surgical, ¢ytelogy etc.)j Specimen
identifier — alpha or numeric; Block identifier — alpha or numeric.

Additional identifiers can be used (e.g. laboratory name or identifier, ¢olor coded cassettes for tissue
type, fixative used, and/or pathologist etc.).

Where a single tissue cassette contains several samples from thé same specimen and the samples
replesent different features (e.g. tissue type, disease status, location), this shall be documented.

6.4| Post-fixation of frozen samples from intraoperative consultation

Where required, frozen specimens or samples (e.gsafter frozen section diagnosis) may be|post-fixed.
Thip shall be performed in standard buffered formalin solution for further paraffin empedding as
desfribed in 6.2.

Where an FFPE specimen or sample wasxgénerated from a frozen specimen or sample, this shall be
documented.

Resjidual tissues used for intraoperative examination shall be processed into paraffin for djomparison
with the frozen section interpretation.

6.5 Sample decalcification/softening

Sonpe samples such as‘bone, bone-containing, or other calcified (e.g. tumors) or hard (e.g. keratinized)
sanjples can requiré-decalcification or softening to obtain FFPE tissue sections of adequate|quality for
in sjtu detectiontéchniques.

Where decalcification and/or softening are performed, this shall be done according to manufacturer
insfructiofis*or written instructions based on verified and validated procedures. Instructions should
includes but are not limited to, the type and concentration of decalcifier/softening reagenits, and the
tenjperature and duration of decalcification/softening. It shall be documented which sarhples were
subjected to decalcification and/or softening.

NOTE1 There is evidence that decalcification procedures can affect examinations using in situ
detectionl[2431-33], Different decalcification methods (e.g. incubation in oven/water bath, or ultrasound-
acceleration) using different decalcifying reagents [such as strong inorganic (e.g. hydrochloric acid) or weak
organic acids (e.g. formic acid)] can affect examinations by in situ detection techniques differently[2430],
Decalcification is performed after complete formalin fixation and before tissue processing and embedding.

Where decalcification is performed following formalin fixation, the time point and date when the tissue
is transferred from the formalin solution to the first reagent used in the decalcification procedure
(e.g. decalcifier or washing solution) shall be documented to allow for calculation of the total fixation
duration.
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Where the specimen is transferred into formalin again after decalcification, this time point shall also

be docume

NOTE 2

nted as fixation continues thereafter.

Some decalcifier reagents can require the formalin washed from the specimen before transfer into

the decalcifier and some before transfer into the dehydration solution (because e.g. placing EDTA decalcified
tissue samples directly into 70 % (by volume) alcohol can lead to EDTA precipitations)[34],

6.6 Tissue processing and paraffin embedding

6.6.1 General

Tissue pro
shall be fo
clearing st

NOTE1
fixed tissue
with paraff
degradatior]

Tissue pro
is perform|
instructiory

Written py
method (e.
reagents (
duration a

manufactufrer’s instructions or to the laboratorie’s verified and validated procedures where there
Cturers’ instructions or other justified reasen’s. The applied procedure shall be documented.

no manufa
An exampl

The time

dehydratign reagent (e.g. alcohol-containigg,solution) shall be documented to allow for calculatio

the total fi

The replag
according
(including

cessing shall include the steps dehydration, clearing, and impregnation with paraffin,
lowed by paraffin embedding. There are some validated protocols that do not require

ED.
'issue processing and paraffin embedding can impact the morphology and biomaolecule integrit

n) can lead to tissue artefacts and impair in situ detection (e.g. weak staining)loss of antigen du
, nonspecific reactivity[24).

cessing should be performed in an automated tissue processer~Where tissue proces
ed manually (and this is not in contradiction with the in situ(éxamination manufactur
s), the laboratory’s own verified and validated procedures-shall be followed.

ocedures for tissue processing and paraffin embedding shall be in place, specifying
b. manually or automated), instruments (e.g. type of tissue processor and embedding cen
b.g. type of dehydration reagent, paraffin), and steps/program (sequence, concentraf
hd temperature of reagents). The procedures shall be according to the in situ examina

e protocol is given in Annex B.

point and date when the specimen;or sample is transferred from the formalin into

kation duration.

ement of all reagents shall ‘be done on a regular basis, for automated tissue proces
[0 the tissue processor'‘manufacturer’s instructions. The replacement shall be documer
Hate of replacement.and type of reagent(s) replaced).

NOTE2 1
steps resul
by paraffin

intervals de

indicate to

Dehydrating and-cl€aring solutions in tissue processing become diluted with carry-over from g
ng in less efficient removal of water from the tissue. Residual water in the tissue cannot be repl
and makesithe tissue susceptible to degradation, particularly during storage.[10.35] Replacen
pend e.g.©n the number of tissue cassettes processed and the date of the last replacement.

issue\’processors exist, which have automated reagent management systems to measure

and
the

y in

Particularly inadequate tissue processing (e.g. insufficient dehydration, incomiplete impregnation

eto

bing
er’s

the
er),
ion,
[ion
are

the
h of

bing
ted

rior
ced
hent

and

heu

ser reached threshold concentration values of reagents; other tissue processors employ ra

6.6.2 Dehydration and clearing

ised

For dehydration, a series of dehydrating reagent (e.g. ethanol) solutions of increasing concentration up
to water free (100 %) reagent shall be used (see Annex B).

NOTE 1

During tissue processing, the tissue is dehydrated, and water replaced with dehydrating reagent,

most commonly ethanol. Residual water due to insufficient dehydration and clearing can affect the quality and
stability of tissues, including biomolecules, during storagel10.13.25,35],

NOTE 2

and denatured alcohols) exist and can differently impact the in situ examinationl2436],
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Different alcoholic and non-alcoholic dehydration reagents (e.g. ethanol, isopropanol, methanol, glycol
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NOTE 3  Excessive dehydration causes tissue shrinking and renders the tissue hard and brittle. Prolonged
exposure to most clearing reagents causes the tissue to become brittle.[3¢] Fast dehydration (e.g. without
increasing concentrations of dehydration reagent solutions) can increase tissue/cell distortion.

6.6.3 Impregnation with paraffin and paraffin embedding

The type of paraffin, the durations and temperatures of impregnation and paraffin embedding can
have an influence on the quality of biomolecules. Paraffin with standardized composition and with low

melting temperature should be used.

NOTE1 Typical low melting point temperatures for paraffin are in the range from 50 °C to 56 °C. There is
evidence that high-melting-point (65 °C) polymer paraffin can impact in situ detection examinatiops (e.g. IHC)
[24],

Thg written procedures for paraffin embedding (see 6.6.1) shall include instructions’ for the correct
origntation of the specimen/sample in the tissue cassette.

NOTE 2 Incorrect orientation of specimens/samples in tissue cassettes can result.in diagnosticallly important
tissfie elements being missed or damaged during sectioning. It can also affect the ease of sectioning and thus
tissyie section quality.

NOTE 3  Special orientation can be required for some tissues (e.g. tubular'structures such as blodd vessels to
allo for cutting in cross section of the lumen; tissues with an epithelial surface such as skin or intesgine to allow
for qutting of all relevant layers and to avoid compression of the tissue‘during sectioning).

NOTE4  Products (e.g. gels, sponges, pads, papers) are available that help stabilize the position and orientation
of ajspecimen/sample in the tissue cassette during tissue processing and embedding.

Thd
cola

NO1
whe

6.7

Aftg
sub

In g

tissue cassette containing the embedded tissues(shall be cooled rapidly by an adequate
plate for embedding).

E5 Rapid cooling of paraffin ensures formation of small crystalline structures, producing few
n sectioning FFPE tissuel36],

Storage of FFPE tissue blocks

br complete cooling of embedded formalin-fixed tissue, the FFPE tissue blocks can be eith
jected to sectioning (see 6.8) for subsequent in situ detection techniques or stored.

eneral, storage of FFPE: tissue can occur in several ways, e.g. as FFPE tissue blocks or

mointed, unstained) sections (see 6.8)[37],

Stor
hay
affe
sigr
yea

age time and eondition (e.g. humidity, temperature, exposure to oxygen) of FFPE tissue
B an impact.over time on in situ detection examination resultl13.3Z38], While morpholog
cted by<torage, biomolecule integrity, immunoreactivity and nucleic acid in situ hy|

als canmrdecrease with increasing storage time, especially if FFPE tissue blocks are store
s[13,24,38],

means (e.g.

er artefacts

er directly

cut (slide-

blocks can
y is hardly
bridization
d for many

In order—toTmimimmize thanges T biomotecutetegrity, mmmumoreac tivity amndTucterc
hybridization signals, FFPE tissue blocks should be stored dry at room temperature or preferably at

low

NOTE 1

er temperaturel4el,

| DNA

S7,2Y,70

Lower storage temperatures (e.g. 2 °C to 8 °C, -20 °C) slow down the RNA,[

degradation processes, and the loss of immunoreactivity over time.

NOTE 2

loss

NOTE 3

©IS

If FFPE tissue is not stored dry and/or tissue processing is insufficient, biomolecule degr
of immunoreactivity can increase, and fungal and bacterial growth can be stimulated.

Covering of cut FFPE blocks with paraffin can be used for long-term storage.
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A system for long-term storage of FFPE tissue blocks should be in place. The storage position, storage
temperature and the retrieval of any specimen or sample from the storage system, its history of use,
and its return to the storage system shall be documented.

6.8 Sectioning of FFPE tissue blocks and storage of slide-mounted sections

For immunohistochemistry and in situ hybridization, FFPE sections should be freshly cut. Where
storage of slide-mounted sections cannot be avoided, they should be stored dry and at a temperature
of 4 °C or lower temperature for as short as possible. The total storage duration limit specified in the
in situ examination manufacturer’s instructions or the laboratory’s own instructions shall not be

exceeded.

to oxygen,
storage (i.§
total stora

NOTE 1
alteration.

I

NOTE 2
FFPE block{
of antigens.
1 month to

3 weeks of

The type

duration, 1
sections c4
examinatig

ttreapptied storage comditions{e-g—humidity, temperature; measures to prevenrt eXpos
Kuch as storage under nitrogen, or coverage with paraffin) shall be documented. Thestai
. the date of sectioning/slide-mounting) shall be documented to allow for calculation’of]
be duration.

xposure of the section to air can result in oxidation of biomolecules, which can lead to ant

Pnstained sections are much more susceptible to biomolecular degradation” during storage f

. Storage of slide-mounted unstained FFPE sections can impact the immynohistochemical stai
Not all antigens are equally affected by antigen decay. For many antigens, a section storage tin
P months is without adverse effects. For some antigens, detection is itnpaired already after 1 weg
toragel24],

bf slides (e.g. charge, coating with adhesive), FFPE tissue section thickness, drying

emperature, method) and storage (e.g. duration, condition) of unstained slide-mour
n each impact the outcome of an in situ detectionl2430] and shall be according to the in
n manufacturer’s instructions. Where no in sitti examination manufacturer’s instruct

are provided or not all of these factors are addressed; the laboratory shall verify and valida

procedure

If sections
adhesive o

and provide and follow the written instructions.

are cut for external parties performihg the in situ detection, issues such as the type
[ the slide, the thickness of the sectipiror the susceptibility of the in situ detection metho

storage tinpe of the section, shall be clarified in advance.

Slides sha

informatior[:

block and
(i.e. slide 14
control sed

Labelling 3
temperatu

1 be clearly labelled with_the information from the tissue cassette complemented
on the stain/detection(system if applicable. If multiple sections are cut from one F
ounted onto different slides, the sequential order of sections should be included in the
vel number). Only sections from one patient shall be placed on a slide. This does not apply
tions.

hall be compatible with the intended in situ examination (e.g. withstand reagents
Fes used duping the in situ examination). Where digitalization of stained sections is inten

ure
t of
the

gen

han
hing
e of
k to

e.g.
ted
Situ
ons
e a

and
d to

by
FPE
hbel
for

and
led,

the slide lapelling shall be human and machine-readable (e.g. bar-code). Labelling should be performed

at the time

For RNA in

of seetioning and shall be matched to the label of the corresponding FFPE tissue block.

$itu detection techniques, devices (e.g. microtome blade, slides) and reagents (water in

the

flotation bath) that come into contact with the tissue section should be RNase-free.

FFPE tissue blocks shall be trimmed before taking the sections.

The thickness of sections for in situ detection shall be as specified in the in situ examination

manufactu

NOTE 3

rer’s or the laboratory’s own instructions.

Typically, sections of 2 pm to 5 um thickness are used. Some in situ detection techniques and/or types

of tissues can require sections of other thicknesses. Factors such as FFPE tissue block temperature, speed of
rotation or clearance angle setting can influence the actual thickness achieved.

Maintenance and/or services of microtomes should be performed on a regular basis and documented

(including

18

but not limited to the instrument serviced and the date of service) (see ISO 15189).
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Water temperature of the flotation (water) bath should be 5 °C to 10 °C below the melting point of the
paraffin and over-heating avoided. The temperature before use shall be documented. The flotation

(water) bath shall be cleaned after each block (e.g. using a tissue paper) to remove tissue fragments and
debris.

Where applied, soaking of FFPE blocks in solutions (e.g. for surface decalcification or tissue softening)
that can impact in situ detection shall be documented.

Drying temperature, duration time and method (e.g. oven drying, (forced) air-drying, drying on-board
automated stainers) of the slide-mounted FFPE tissue sections shall be documented.

NOTEZ  Drying temperature and duration can vary depending on the type of tissue. Recommended drying
tim¢/temperature for in situ detection techniques is 1 h at 60° C. Temperatures of above 68° C have peen shown

to djminish IHC staining intensity,[24] lead to morphological (e.g. nuclear) alterations, or loss ofbiomglecules (e.g.
fat) ],

6.9| Deparaffinization and rehydration of slide-mounted sections

The slide-mounted tissue sections shall be deparaffinized shortly prior.tolin situ detectionp or, where
prefreatment is necessary, prior to pretreatment (see 6.10) (e.g. antigen retrieval for IHC or pre-
hybrridization for ISH). Depending on the analytical in situ test, rehydration of deparaffiniz¢d sections
can|be required (e.g. staining with aqueous histological stains or incubation with antibodies){or omitted
(e.g} with certain in situ hybridization tests). Where rehydratiofxis required, this shall be dgne directly
aftdr deparaffinization.

Where in situ examination manufacturer’s instructions)for deparaffinization and rehydration are
proyided, these shall be followed.

Where no in situ examination manufacturer’s instructions for deparaffinization and rehygration are
proyided, the laboratory shall develop and verifyits own deparaffinization and rehydration procedures
according to the examination performance specifications. This shall include but is not limjited to the
typps of reagents, the method (e.g. manualiautomated), device (e.g. oven, automated stainer], durations
and temperatures. Written and where needed visual instructions shall be provided and folldwed.

NOTE1 Automated stainers exist with on-board functions for drying, deparaffinization and relydration of
slid¢-mounted sections.

NOTE 2 Incomplete deparaffinization [421 and high temperatures can impact certain in sith detection
techniques.

6.10 Pretreatmentof slide-mounted sections for in situ detection techniques

6.10.1 General

Forjsomeiin'situ detection techniques and analytical tests, pretreatment of slide-mounted deppraffinized
and rehydrated FFPE tissue sectlons can be required to reverse modlflcatlons from formalliin fixation,

Pretreatment is often integrated in the in situ detectlon techmque

6.10.2 Pretreatment for antibody- or other affinity binder-based in situ detection techniques

Forinsitudetectiontechniquesbased onantibodies or other affinity binders (e.g. immunohistochemistry,
immunofluorescence staining), antigen retrieval (e.g. heat-induced epitope retrieval/HIER) can be
required as pretreatment.

Where in situ examination manufacturer’s instructions on antigen retrieval are provided, these shall
be followed.

Where no in situ examination manufacturer’s instructions on antigen retrieval are provided, the
examination laboratory shall design, specify, develop, verify and validate the procedures. This shall
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include butis notlimited to the type of antigen retrieval (e.g. heat-induced or proteolytic-induced epitope
retrieval), devices (e.g. automated stainer when performed on board, microwave, water bath, pressure
cooker), as well as antigen retrieval reagents (e.g. type and pH of buffers, type and concentration of
enzyme), duration and condition (e.g. duration, temperature, watt).[3] Instructions for the pretreatment

procedure

shall be established for each analytical test and followed.

The applied pretreatment procedure shall be documented.

6.10.3 Pretreatment for hybridization-based in situ detection techniques

For hybri

ization-based in situ detection tpr‘hniqnpq (Pg fluorescence or rhrnmngpnir‘ in

situ

hybridizat
as pre-hyb

Where in g
followed.

Where no
examinatid

include buf

buffers), st
be establis

The applie

6.10.4 Pr
In general,

Other in sif
to a define
require sp¢

6.11 Qua

on), permeabilization of the tissue and cells, target unmasking and blocking (also referire
ridization) can be required as pretreatment.

itu examination manufacturer’s instructions on pretreatment are provided, these shal

in situ examination manufacturer’s instructions on pretreatment\are provided,
n laboratory shall design, specify, develop, verify and validate the.procedure. This §
is not limited to the pretreatment reagents (e.g. type and concentration of enzymes
eps, durations, temperatures and devices. Instructions for the pretreatment procedure s
hed for each analytical test and followed.

| pretreatment procedure shall be documented.

btreatment for other in situ detection techniques
there is no pretreatment before classical histological staining and histochemical techniq

u detection methods such as molecular analyses of isolated biomolecules that can be map|
d region of an FFPE section (by e.g. in~situ sequencing, imaging mass spectrometry)
pcial pretreatment of the tissue section.

lity assessment of the pre-analytical part of in situ detection

d to

I be

the
hall
and
hall

L1eS.

ped
can

not
lity
lity
ling

Quality aspessment shall follow the~examination manufacturer’s instructions. Where these do
contain information on quality ass€ssment, the laboratory shall develop and verify the qug
assessmenf procedure. Qualityassessment can include but is not limited to assessment of the qud
of the histplogical sections (e-g. section thickness, distortions, folds, cellular morphology incluc
chromatin| appearance) afnd,*the quality and integrity of biomolecules. Quality and integrity of
biomolecules can be asSessed by using antibodies to antigens that are sensitive to pre-analytical
procedure$ or by quality assessment of biomolecules isolated from the sections (e.g. integrity of RNA
isolated fr¢m the s€ctions).

Certain stfuctures within the tissue section can serve as internal positive and negative controlg
each in sity detectlon test. For 1mmunohlstochemlstry, p051tlve control sections shall be placed on|
same slide astt '
a slide scanner) can require more stringent pre- analytlcal quality criteria than analy51s by microscope.
Where in situ detection on FFPE tissue is performed and the slides are digitized for analysis by machine
learning algorithms on digital images, even more stringent pre-analytical quality criteria can be
required.

For example, pathologists recognize fixation or cutting artefacts and consider these properly in their
diagnoses, whereas results generated by machine learning algorithms can be strongly affected, which
can lead to wrong assessment[49],
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Annex A
(informative)

Recommendations relating to verification and validation of

laboratory developed in situ detection tests

Casps used for validation should reflect the same pre-examination processes as cases tested

clinically.

Examples of analyses to be performed for validating pre examination procedures of an'in Sith detection

tes developed in the laboratory:

1. [Correlating the new test’s results with the morphology and expected results;

2. |Comparing the new test’s results with the results of prior testing(of-the same tisspes with a

validated assay in the same laboratory;

3. |Comparing the new test’s results with the results of testing the same tissue validation set
laboratory using a validated assay;

4. |Comparing the new test’s results with previously validated’/non-immunohistochemical

in another

ests; or

5. |Testing previously graded tissue challenges from a formal proficiency testing program (iff available)

and comparing the results with the graded responses(43.44],
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