INTERNATIONAL ISO
STANDARD 20166-3

First edition
2018-12

Molecular in vitro diagnostic
examinations — Specifications for pre-
examination processes for formalin-
fixed and paraffin-embedded (FFPE)
tissue —

Part 3:
Isolated DNA

Analyses de diagnostic moléculaire in vitro — Spécifications relatives
aux processus préanalytiques pour les tissus fixés au formof et inclus
en paraffine (FFPE) —

Partie3: ADN extrait

Reference number
1SO 20166-3:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=0a615e31cf76a5a9e36b85ba07267685

IS0 20166-3:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0a615e31cf76a5a9e36b85ba07267685

Contents

IS0 20166-3:2018(E)

Page
FOT@WOTIT ... iv
DB O@UICEION ... v
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms and AefIMITIOIIS ... 1
4' chcn a} \.uuaidcn at;uua 4
5 Outside the JabOratory . ... S e e 5
51 Specimen COIECHION ... Ko | 5
5.1.1  General w5
5.1.2  Information about the specimen donor/patient.............ef@con 5
5.1.3 Information about the specimen ... T e e 5
5.1.4  Specimen processing
5.2 Transport reqUIreMENTS ... oy oo
6 Inside the JabOratory ... S e 7
6.1 Information about the reception of the specimen..... oy e foesc 7
6.2 Formalin fixation of the specimen or SAMPlE(S) ...l 7
6.3 Evaluation of the pathology of the specimen and'selection of the sample(s) ... .8
6.4 Post-fixation of frozen SAMPIES ... A e .9
6.5 Decalcification ... S .9
6.6 Processing and paraffin embedding........2. ... f e 9
6.7 Storage requirements............cc b
6.8 [S01ation Of DINA ..o e
0.8.1  GEIMETAL .o A e
6.8.2  General information fer DNA isolation procedures
6.8.3  UsSing cOMMEICIAl KITS ..o
6.8.4  Using the laboratories’ oWn protocols ...
6.9 Quantity and quality assessment of isolated DNA ..
6.10  Storage of 1SOIAtEADNA ...
Annex A (informative) Impact of the storage temperature on DNA Integrity in FFPE blocks
OF BESSUIC .. e e e 14
BIDJEOZGTAPIY . ....ooccc oy et 16
© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=0a615e31cf76a5a9e36b85ba07267685

ISO 2016

6-3:2018(E)

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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
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 with new technologies analysing nucleic acids, proteins, and
metabolites in human tissues and body fluids. However, the profiles and/or integrity of these molecules
can change drastically during specimen collection, transport, storage and processing, thus making
the outcome from diagnostics or research unreliable or even impossible because the subsequent
examination assay will not determine the situation in the patient but an artificial molecular pattern
generated during the pre- examlnatlon _process. Studles have been undertaken to determine the
) PE) tissue.
se studles demonstrated that a standardlzatlon ofthe entlre process from spec1men colle Ction to the
examination is needed. This document draws upon such work to codify and standardiZe the steps
for FFPE tissue with regard to DNA examination in what is referred to as the pre-examination phase.

\ integrity in tissues can change before, during and after formalin fixation, processing ahd storage.
ical modifications introduced into DNA during tissue fixation might lead’to fragmentation and
seqpence alterations, changes in the methylation status or even structuralehanges which ¢an lead to,

ecules can impact the validity and reliability of the examination testsesults. Therefore, itfs essential
to tiake special measures to minimize the described DNA changesand modifications for $ubsequent
examination.

In this document, the following verbal forms are used:
— |"shall" indicates a requirement;
— |"should" indicates a recommendation;
n LI . . .
— |"may" indicates a permission;

— |"can" indicates a possibility or a capability.

© ISO 2018 - All rights reserved v
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Molecular in vitro diagnostic examinations —
Specifications for pre-examination processes for formalin-
fixed and paraffin-embedded (FFPE) tissue —

Part 3:
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Scope

5 document gives guidelines on the handling, documentation, storage and processing o
d and paraffin-embedded (FFPE) tissue specimens intended for DNA examination duri
mination phase before a molecular assay is performed.

5 document is applicable to molecular in vitro diagnostic examinations including
eloped tests performed by medical laboratories and molecular pathology laboratorieg
nded to be used by laboratory customers, in vitro diagnestics developers and man

biolanks, institutions and commercial organizations performing biomedical research, and

aut

NOT
cov{

horities.

E International, national or regional regulations’or requirements can also apply to sp
red in this document.

f formalin-
hg the pre-

laboratory
. It is also
pfacturers,
regulatory

ecific topics

Pir content
pplies. For
[s) applies.

ving apply.

dresses:

2 |Normative references

The following documents are referred-to in the text in such a way that some or all of th
conktitutes requirements of this decument. For dated references, only the edition cited 4
undated references, the latest edition’of the referenced document (including any amendmen
[SO[15189:2012, Medical laboratories — Requirements for quality and competence

1S0O|15190, Medical laboratories — Requirements for safety

3 |Terms anddefinitions

For|the purpeses of this document, the terms and definitions given in ISO 15189 and the follo
[SOland FEC maintain terminological databases for use in standardization at the following ac
— [ISO Online browsing platform: available at https://www.iso.org/obp

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

31

aliquot

portion of a larger amount of homogeneous material, assumed to be taken with negligible sampling error

Note 1 to entry: The term is usually applied to fluids. Tissues are heterogeneous and therefore cannot be
aliquoted.

Note 2 to entry: The definition is derived from References [25], [26], and [27].
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3.2

ambient temperature
unregulated temperature of the surrounding air

3.3
analyte

component represented in the name of a measurable quantity

[SOURCE: ISO 17511:2003, 3.2, modified — EXAMPLE has been removed.]

3.4

analytical[test performance

accuracy, grecision, specificity and sensitivity of a test to measure the analyte (3.3) of interest

Note 1 to enftry: Other test performance characteristics such as robustness, repeatability can apply.as well.

3.5
cold ische
condition 4

3.6

diagnosis
identificati
can involve
distinct cat

3.7
DNA

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

on of a health or disease state from its signs and/or symptoms, where the diagnostic pro
examinations (3.8) and tests for classification of an individual's condition into separate
egories or subclasses that allow medical decisions aboutteatment and prognosis to be m

deoxyribonucleic acid

Cess
and
ade

polymer af deoxyribonucleotides occurring in a, double-stranded (dsDNA) or single-stranded
(ssDNA) form

[SOURCE: ISO 22174:2005, 3.1.2]

3.8

examination

analyticalltest

set of operations having the objectof-determining the value or characteristics of a property

Note 1 to eptry: Processes thatstart with the isolated analyte and include all kinds of parameter testinjg or
chemical mgnipulation for quantitative or qualitative examination.

[SOURCE: IISO 15189:2042y3.7, modified — Notes to entry 1 to 3 have been removed, Note 1 to entry|has
been added and “analftical test” has been added as a preferred term.]

39

formalin

saturated pqueous formaldehyde solution which at 100 % contains 37 % formaldehyde by njass

(corresponding to 40 % by volume)

3.10

formalin fixation

treatment

3.11
grossing

of a sample (3.18) with standard buffered formalin solution (3.20) for stabilization

gross examination
inspection of pathology specimens with the bare eye to obtain diagnostic information, while being

processed

for further microscopic examination

© ISO 2018 - All rights reserved
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3.12
interfering substances

endogenous substances of a specimen (3.15)/sample (3.18) or exogenous substances (e.g. stabilization

solution) that can alter an examination result

3.13
paraffin embedding

process in which a tissue sample is placed in paraffin to generate a hard surrounding matrix so that

thin microscopic sections can be cut

3.14

prefexamination process

pretanalytical phase

pretanalytical workflow

profess that starts, in chronological order, from the clinician’s request and includes the e
reqpest, preparation and identification of the patient, collection of the priftgry sampl
trapsportation to and within the medical or pathology laboratory, isolation of.analytes (3.3
wheén the analytical examination begins

Note 1 to entry: The pre-examination phase includes preparative processes.that influence the out
intepded examination.

[SOPRCE: ISO 15189:2012, 3.15, modified — “pre-analytical workflow” has been added as §
, Note 1 to entry has been added and the definition has been extended.]

praoficiency test
evaluation of participant perforimance against pre-established criteria by means of inter
conjparisons

[SOPRCE: I1SO 17043:20186;3:7, modified — Notes to entry 1 and 2 have been removed.]

3.1Y
room temperature
for the purposges©f this document, temperature in the range of 18 °C to 25 °C

Note 1 to entry: Local or national regulations can have different definitions.

3.18

xamination

p(s) (3.15),

, and ends

come of the

W preferred

analysis of

laboratory

sample

one or more parts taken from a primary sample (3.15)
[SOURCE: ISO 15189:2012, 3.24, modified — EXAMPLE has been removed.]

3.19
stability

ability of a sample material, when stored under specified conditions, to maintain a stated property

value within specified limits for a specified period of time

Note 1 to entry: The analyte for the purpose of this document is isolated DNA.

[SOURCE: ISO Guide 30:2015, 2.1.15, modified — “reference material” has been replaced by “sample

material” and Note 1 to entry has been changed.]
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3.20

standard buffered formalin solution

neutral buffered formalin

NBF

10 % formalin (3.9) solution in water with a mass fraction of 3,7 % (corresponding to a volume fraction
of 4 %) formaldehyde, buffered to pH 6,8 to pH 7,2

Note 1 to entry: Standard buffered formalin solutions often contain small amounts of methanol to inhibit
oxidation and polymerisation of formaldehyde.

3.21
storage

prolonged
respective
conditions

Note 1 to enftry: Long-term storage typically occurs in laboratory archives or in biobanks.

3.22
tissue pro
automated

3.23

validation

confirmati
intended u

interruption of the pre-analytical workflow (3.14) of a sample (3.18) or analyte{
y, or of their derivatives, such as stained sections or tissue blocks, under appropr
in order to preserve their properties

cessor
instrument where tissue fixation, dehydration, clearing and paraffin infiltration occurs

bn, throughout the provision of objective evidence, thdt the requirements for a spe
Ke or application have been fulfilled

B.3)
iate

Fific

Note 1 to enftry: “Validated” is used to designate the correspondingstatus.

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

3.24
warm isch
condition H

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

3.25
workflow

series of adtivities necessary to compléete a task

3.26
homogene
uniform in

ous
structure and.composition

4 General considerations

For generdl statements on medical laboratory quality management systems and in particulay on
specimen ¢oHection and handling (including avoidance of cross contaminations) see ISO 15189:2012,
4.2,5.4.4, 5.4.6 or ISO/IEC 17020:2012, clause 8 and 7.2. The requirements for laboratory equipment,
reagents, and consumables in accordance with ISO 15189:2012, 5.3 shall be followed; ISO 15189:2012,
5.5.1.2 and 5.5.1.3, and ISO/IEC 17020:2012, 6.2 can also apply.

All steps of a diagnostic workflow can influence the final analytical test result. Thus, the entire
workflow including biomolecule stability and sample storage conditions shall be verified and validated.
Workflow steps which cannot always be controlled (e.g. warm ischemia) shall be documented. A risk
assessment of non-controllable 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.

In contrast to RNA or proteins, DNA in tissue is relatively stable during warm and cold ischemia.
Changes of DNA sequence or copy numbers [e.g. comparative genomic hybridization (CGH) profiles] due

© ISO 2018 - All rights reserved
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to longer warm and cold ischemia durations are unknownl[Zl. However, DNA methylation patterns may
change in response to ischemial€l. The duration until the specimen is placed into standard buffered
formalin solution should be kept as short as possible in order to avoid enzymatic degradation of DNA.
The duration before fixation shall be documented and the temperature before fixation should be
documentedI[3].

During the fixation, processing and storage, the DNA integrity can change depending on the kind
of fixative, fixation time and temperature, storage or archiving of the fixed paraffin-embedded
tissue as well as the method used for DNA isolation and purification. When using a fixative based on
formaldehyde, temperature and fixation duration have a significant impact on DNA integrity. The longer
the fixation duration and the higher the temperature, the more chemical modifications and crosslinks
arelintroduced, which can lead to degradation or sequence alterations[2][10][11][12][13][14].(FHese effects
can|limit the size of amplifiable target DNA and/or influence the target sequence of primefs used for
amplification.

Safe¢ty instructions on specimen transport and handling shall be considered and. followed in fccordance
with ISO 15189:2012, 5.2.3 and 5.4.5 and ISO 15190.

Duijing the whole pre-examination process precautions shall be taken-to'avoid cross confamination
betveen different specimens/samples, e.g. by using single-use material whenever feasible or
appjropriate cleaning procedures between processing of different specimens/samples.

If ajcommercial product is not used in accordance with the manufacturers' instructions, regponsibility
for |ts use and performance lies with the user.

5 [Outside the laboratory

5.1 Specimen collection

5.1/1 General

Fori|the collection of the specimen, therequirements (e.g. disease condition, specimen size) f¢r intended
molecular examination (see also Clause 6) should be considered.

Seelalso ISO 15189:2012, 5.4.4-

5.1)2 Information about the specimen donor/patient
Theg documentation shall include the ID of the specimen donor/patient, which can be in the fori of a code.
Thgq documentation should include, but is not limited to:

a) |the relevant health status of the specimen donor/patient [e.g. healthy, disease type, concomitant
disease, demographics (e.g. age and gender)];

b) the information about routine medical treatment and Qppr‘inl treatment prior to tissig collection
(e.g. anaesthetics, medications, surgical or diagnostic procedures);

c) the appropriate consent from the specimen donor/patient.

5.1.3 Information about the specimen
The documentation shall include, but is not limited to:

a) the start of ischemia within the body (warm ischemia) by documentation of the ischemia-relevant
vessel ligation/clamping time point (usually arterial clamping time);

b) the time and date when tissue is removed from the body and the method of removal (e.g. core-
needle biopsy, resection, biopsy device used for the collection);

© IS0 2018 - All rights reserved 5
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c) 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;

d) the documentation steps described under 6.2, if the formalin fixation starts outside the laboratory,
and also the documentation steps described under 6.3, if the evaluation of the pathology of the
specimen and selection of the sample(s) is also done outside the laboratory.

The documentation should also include the ID of the responsible person for collecting the specimen.

5.1.4 Specimen processing

The follow|ng steps shall be performed:

a) the dofumentation of any additions or modifications to the specimen after removal frem"the body
(e.g. lapelling for the orientation of the specimen [e.g. ink-marking, stitches, incision(s)];

b) theselpction and use of containers and packages (e.g. cooling box, box for storing@and transportatfion,
Vacuut packaging) according to applicable transport regulations;

c) the selection and use of stabilization procedures (e.g. cooling methods) fottransport;

NOTE 1 Accidentally freezing the tissue (e.g. by using cool packs in a,wrong manner) can lead to PNA
degradption when the tissue thaws thereafter. It can also impact the morphological characterization.

NOTE 4 This step can be omitted, if the specimen is transferred.directly into standard buffered fornalin
solution (see 6.2 and notice the importance of volume of fixative’and tissue sectioning to allow adeqpate
penetrjtion of fixative).

d) the labelling of the collection transport container (€.g. registration-number, barcode (1D or RD),
specin]Len type, quantity, and organ tissue of originy’and additional documentation [informatioh as
specified in 5.1.2, 5.1.3, 5.1.4 a) to c]].

Several sppcimens from the same patient/donor sharing similar features (macroscopic appearahce,
tissue type¢, disease status and anatomical}location) may be put into a single container/contajner
compartment.

Specimens|should be transferred without delay into the transport container after the removal ffom
the body. The container should then be kept on wet-ice or at 2 °C to 8 °C in order to minimize [DNA
degradati

The tempefratures of the tfansport container’s surroundings during cold ischemia (e.g. temperatyres
in different rooms, transport) should be documented. If the temperature cannot be measured,|the
temperatufe range shellld be estimated by classification as ambient temperature, room temperatjre,
orat2°Ctp 8°C.

5.2 Trapsport requirements

The laboratory in collaboration with the clinical or surgery department shall establish a protocol for
the transport procedure of the specimen.

Temperature monitoring should be applied in a suitable manner.

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

If the specimen is already placed into standard buffered formalin solution outside the laboratory, the
temperature during transport should not exceed room temperature.

The compliance with the protocol for the transport procedure shall be documented. Any deviations
from the protocol shall be described and documented.

6 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0a615e31cf76a5a9e36b85ba07267685

6

6.1

IS0 20166-3:2018(E)

Inside the laboratory

Information about the reception of the specimen

The ID or name of the person receiving the specimen shall be documented. The specimen arrival
date and time, and conditions (e.g. labelling, transport conditions including temperature, tissue type
and quantity of the specimen, leaking/breaking of the container) of the received specimens shall be
documented. Any deviations from the established protocol for the transport procedure (see 5.2) shall
be documented.

Th

(sed
pat

6.2

Thi
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Thd
NOT
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a)
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PR | ek £ 41 H 1 111 1 1 q Tl 1 1d . Jaa ol 41 1 - h
LUIITCLU 1ucut.u._y Ul L1IT D}JCLllllCll olldll UT CIITUATU. 11115 SIIUUIU ITITIUUCT LT LIt dr 1
5.1.2 and 5.1.3) of the specimen, hospital admission number and/or donor/patient 1D
ent, date of birth of the patient.

Formalin fixation of the specimen or sample(s)

formation
ame of the

5 procedure is applicable to the specimen, and, in the event that one or more parts are taken from a

Cimen, to the resulting sample(s).
fixative used shall be standard buffered formalin solution.
E

pH-value of the standard buffered formalin solution shéuld be checked at least once pe
re use or with every new batch as formalin is not stable (e.g. formaldehyde has a tend
ized to formic acid)[13l.

following steps shall be performed:

the consultation of the manufacturer's Safety Data Sheet (SDS) before handling standat
formalin solution;

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

the documentation of the time point of placing the tissue sample into standard bufferg
solution;

NOTE The total (formalin fixation duration can have an impact on further exami
immunohistochemi€al techniques, nucleic acid based molecular examinations[16]; see also A.2.

formalin fixation{dyration can vary depending on tissue type and size. For larger surgical spec
resected stomach), inhomogeneous fixation can occur before the grossing process due to slow pe
formaldehyde/from the surface of the tissue to the interior.

EXAMPLE For tissue pieces with a thickness of 5 mm, fixation durations between 12 h ang
mosticases reasonable for an appropriate penetration and fixation. See also 6.8.2.

In some countries standard buffered formalin solution is reférred to as neutral buffered forpalin (NBF).

' week and
ency to be

d buffered

tissue and

d formalin

hations e.g.
[he optimal
mens, e.g. a
hetration of

24 h are in

the selection of container(s):

1) the capacity of the collection containers should be such that the specimen can be

completely

submerged into the standard buffered formalin solution. The minimum standard buffered
formalin solution to tissue ratio depends on the tissue concerned, but should be at least 10:1
(volume to volume)[Z]. To ensure complete formalin fixation of larger specimens a special tissue
handling such as incision(s) of solid organs or opening of hollow organs should be performed.

Larger specimens may need to be bisected and appropriate portions selected to ensur

e adequate

fixative penetration. In this case, the standard buffered formalin solution shall be changed

periodically.

2) when using containers pre-filled with standard buffered formalin solution, provide
instructions shall be followed;

© ISO 2018 - All rights reserved
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d)

6.3 EvaIation of the pathology of the specimentand selection of the sample(s)

The evalu

3) the container shall be securely closable;

the labelling of the container [e.g. by using self-adhesive labels, handwriting, Radio Frequency
Identification Devices (RFID), pre-labelled containers, bar codes] shall ensure appropriate
traceability of specimens or samples. Therefore, collection container labelling shall provide the
minimum information of:

1) the patient/donor ID, unique specimen/sample ID and date when the sample was collected,
which all can be in the form of a code (unique for every sample);

2) the basic specimen or sample information, e.g., the tissue type, tissue condition, and related

adﬁ'ﬁ_f_f'_h_f’lpﬁl‘l—#)_ff_m_l—l_l.—il fonal information such as atfected (€.g. tumour) or unaifected, Unless a sample tracking

syptem can supply this information coupled to the identification of the specimen orisample
used in 6.2 d) 1);

3) the unique numbering of each container, which can be included in 6.2 d) 1);

the dofumentation of types, quantity and description of specimens or samples.

It shoyld be considered that under some disease conditions, such as tumours, molecular featyres
may npt be present homogeneously in the tissue specimen or sample. Therefore, it is imporfant
that the part of the actual tissue specimen or sample used for molecular‘examination is evalujted
by a medically qualified (e.g. board certified) pathologist (see 6.3)."In this context, it should be
documented which features of a disease are actually reflected4n,the tissue specimen or sample
used f¢r molecular examination (e.g. different molecular mechdnisms can be activated in the cer]itre
and atfthe invasion front of the tumour. Tumours can also be:¢composed of areas showing diffefent
differgntiation grades).

ion and documentation of the pathology of the specimen and the selection of the sample(s)

from the specimen for further processing shall be:done by or under supervision or responsibility jof a

medically qualified (e.g. board certified) pathalogist.
Local, natipnal or regional regulations can apply.

Options toselect the sample(s) for DNAexamination.

a)

The selection of appropriate-parts of the specimen for molecular and histopathological examinatjons
as well as for optional fither research purposes shall be done by or under supervision pf a
medicglly qualified (e.g~board certified) pathologist to ensure that the collection of the sample(s)
for DNA examination does not compromise the histopathological examination. For molecplar
examihation, suitable tissue parts should be selected, whereas parts potentially compromising|the
moleciilar examination, such as bleeding and necrotic parts, should be avoided where appropriate.
Microdissection of tissue should be considered to select or enrich for certain cellular features [of a

0 be

In the context of the macroscopic evaluation of the surgical specimen before and/or after formalin
fixation, the clinical information (see 5.1.2 and 5.1.3) of the specimen (e.g. type, size, number),
hospital admission number and/or pathology case number and/or donor/patient ID, name of the
patient, date of birth of the patient and type of tissue should be checked. The surgical specimen and
all findings shall be described appropriately according to the guidelines of the respective medical
societies, e.g. societies of pathology, and in correlation with the clinical information and questions,
e.g. patient record or clinician’s request. The anatomic localization represented in the specimen
shall be described, resection margins and other important areas may be marked if necessary
and helpful for later microscopic evaluation; photographs may be taken. Representative samples
for microscopic evaluation shall be taken (i.e. grossing) according to the organ/disease specific
guidelines from the respective medical societies.
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NOTE 2  The above described evaluation or documentation can also be done outside of the laboratory, e.g.
in the operating theatre.

b) When the tissue specimen was removed from the body without the requirement of a
histopathological diagnosis, the documentation of this specimen, as well as the evaluation, selection,
and documentation of the samples may be done by other qualified persons than pathologists.

Documentation can include photographs. The size of the samples shall be appropriate for the tissue
cassette (maximum of approximately 3 cm x 2 cm x 0,5 cm). If the specimen is not yet fixed appropriately,
post-fixation can be performed within the tissue cassette. Each tissue cassette shall be labelled with a
unique identifier (e.g. barcode, number, tissue abbreviation). If a single tissue cassette contains several
sanfples of the same specimen, and the samples represent different features (e.g. tissue type, disease
staflus, location), this shall be documented.

When the sample taken from the specimen is transferred into the tissue cassette, this’time|point shall
be Jocumented.

Without delay, i. e. preferably within 60 min, the sample shall be placed intoe.either standard buffered
formalin solution or, if already fixed, it should be placed into an alcohol-containing solutior] (e.g. 70 %
ethanol) on the tissue processor.

The total duration of formalin fixation and the temperature during the fixation procegs shall be
documented.

6.4| Post-fixation of frozen samples

Frofen specimens or samples (e.g. after frozen sectiondiagnosis) can be post-fixed in standafd buffered
formalin solution for further paraffin embedding.

Thq total formalin fixation duration shall be documented.

If an FFPE specimen or sample was generated from a frozen specimen or sample, thfs shall be
documented.

6.5/ Decalcification

Dedalcification adjusts the hard composition of bones to the softness of paraffin. Sampled should be
dechplcified, e.g., with EDTA (ethylenediaminetetraacetic acid). The decalcification procedure shall be
documented.

6.6 Processing and paraffin embedding

Aftér the speeimen or sample is fixed in standard buffered formalin solution, the time poinf when it is
subpequentlyvplaced into an alcohol-containing solution of the tissue processor shall be dgcumented.
Further ‘processing shall be performed in a tissue processor according to the manpufacturer’s
insfiructions.

NOTE1 During processing, the tissue is dehydrated and water is replaced by paraffin wax. Residual water can
affect the quality and stability of tissues, including DNA, during storagelZl.

The replacement of all reagents shall be done on a regular basis according to the manufacturers’
instructions.

The duration and temperature of paraffin infiltration can impact the biomolecule integrity in fixed
tissue. Paraffin with standardized composition and with low melting temperature for tissue infiltration
should be used. The duration and temperature of each embedding step shall be performed according
to the manufacturers’ instructions or laboratories’ validated protocols. The applied protocol shall be
documented.

NOTE 2  Typical low melting point temperatures for paraffin are in the range from 50 °C to 56 °C.
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6.7 Storage requirements

The storage duration and temperature, typically ambient temperature in routine archives, influence
the DNA stability in FFPE tissuel22] (see A.2).

The FFPE tissue block should be stored dry at room temperature or preferably at lower temperature.

NOTE1 Lower storage temperatures (e.g. 2 °C to 8 °C, -20 °C) slow down the DNA degradation process over
time (see also Annex A).

NOTE 2  If FFPE tissue is not stored dry, the DNA degradation can increase, and fungal and bacterial growth
can be stimp

prrereeerT

NOTE 3  There is evidence that the FFPE blocks can be analysed after 5 years or longer, if they are processed

and stored §

For DNA e}

ppropriately.

ktractions, FFPE sections should be freshly prepared. If storage of these sections canno

avoided, thley should be stored for as short a duration as possible, dry, refrigerated (at.2-2C to 8 °C)

lower temy

A system
temperatu
returntot

eratures.

for long-term storage of FFPE tissues should be in place. The storage position, stof
Fe and the retrieval of any specimen or sample from the storage’system, its use, anc
he storage system shall be documented.

6.8 Isol:

tion of DNA

6.8.1 Gejneral

k be
rat

age
its

A histopathological characterization of the cellular compesition and disease condition of the specifen
or sample ghall be performed (e.g. on hematoxylin/eosity(H&E) sections) according to an internationfally
defined histopathological classification (e.g. WHOAARC Classification of Tumours[24]). When [the
specimen dr sample is used for molecular diagnosis; the fraction of target cells shall be evaluated pjrior

to the DN
the speci

6.8.2 Ge

Formalin f
second ste
bridges be

isolation. The quantity of target cells-shall be sufficient to perform the examination. W|
n or sample is not used for diagnosis, e.g. for research, a similar approach is recommenc

neral information for DNA:isolation procedures

xation introduces covalent modification to DNA by addition of mono-methylol groups.
b electrophilic addjtion of N-methylol on an amino base leads to the formation of methy
ween two aming-greups.

hen
ed.

[n a
ene

Formaldehlyde introdueges chemical modifications interfering with enzymatic reactions in subseqgent
molecular gxaminations'e.g. DNA polymerase.

Requiremgnts and.recommendations.

a)

ults
the

The optimal fixation duration depends on the tissue type and size. Prolonged tissue fixation res
in irreversible DNA modilications and should be avoided. For a tISSUe tNICKNESs of up to b mm,
fixation duration should be 12 h to 24 h in standard buffered formalin solution.

b) Starting material for DNA purification should be freshly cut sections, with a thickness of up to
10 um, obtained from FFPE tissue blocks, manuallyl1Z] dissected samples, laser microdissected[18]
samples or tissue cores [for e.g. tissue microarray (TMA)]. Histotechnologists shall wear gloves.
The relevant parts of the microtome, including the reusable blade, shall be cleaned after the cutting
of each paraffin block. The use of new disposable blades on the microtome should be considered to

avoid cross-contaminations.

Parallel hematoxylin/eosin (H&E) stained sections should be used to identify, select and control
dissection of unstained specimens for subsequent DNA purification.

NOTE Staining can impair DNA quality and performance in later (downstream) analytical applications.
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For all DNA isolation procedures, measures should be included to reverse as many of the
formaldehyde modifications as possible without further DNA degradation:

— Digestion with, for example, proteinase K and heating partially reverses formaldehyde-
introduced modifications of nucleic acids and protein-DNA crosslinks.

NOTE1  Alterations of DNA in FFPE tissues include base modifications and deamination which upon
PCR or primer extension may lead to erroneous read-out.

NOTE 2  Most frequent is a C:G to T:A transitional change which can be reversed to some extent by
treatment of FFPE DNA with uracil-DNA glycosylase[19] after or during DNA purification.

If D
firs
DN/
exa

To avoid cross contamination with amplified material from the DNA analytical testftle isolation
of the DNA should not be performed in the same area as the amplification, unlessca closed system
is used.

NA is extracted from archived tissue blocks, the blocks should be trimméd by dispoping of the
I sections before taking the sections for DNA isolation, as the outer sectidns’can contaip degraded
\. It may be necessary to further trim blocks in order to enrich for tissue’components relevant for
mination.

If there is doubt in the correct identification of the specimen or sample, an identification yerification

test

The
dur

Thd

6.8

Wh
inst

6.8

6.8
asd

6.8
vali

follpwed.

The
be (
bee

shall be performed.

isolation of DNA is a key step in the diagnostic workftow, which shall be especially focused on
ing the validation of the entire workflow.

DNA isolation performance should be tested in a DA proficiency test program.

3 Using commercial Kits

bn using commercial kits dedicated to theisolation of DNA from FFPE tissues, the manpufacturers'
ructions for use shall be followed.

4 Using the laboratories’ ownprotocols

4.1 Ifa commercial kit iS hot used in accordance to its intended use, but is validated fit for purpose
efined by the user, instructions shall be written and followed.

4.2 If the laboratory uses its own protocol independent from a commerecial kit, the veriffcation and
dation demonstrating that it is fit for purpose shall be done, and instructions shall be written and

use of‘products from different manufacturers can compromise results as the producfs may not
ompatible. They should be used in combination for diagnostic testing only if the components have
htested together and validated to work satisfactorily.

DNA isolation procedures for FFPE tissue sections should contain the following steps.

a)

b)

©IS

Removal of paraffin from freshly cut FFPE tissue sections.

NOTE1 This can be done with solvents such as xylene. Alternatively, high temperature methods can be
used, which release tissue from paraffin but avoid the need for solvents.

NOTE 2 Commercially available deparaffinization solutions can be used, obviating the need to pellet
FFPE tissues.

Resuspension of the sections in a lysis buffer is followed by digestion with, for example, proteinase K
to remove cross-linked proteins and to release the DNA from the sections.

[tis advised to optimize lysis buffer for the proteinase digestion step and the following heating step.
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NOTE The typical digestion period with proteinase K is 1 h to 18 h, at a temperature in a range from

37°Cto 60 °C.

c) Heat incubation for up to 1 h at up to 90 °C to remove the majority of methylol-additions and to

reverse cross-links.

NOTE Longer incubation durations or higher incubation temperatures can result in more

fragmented DNA.
d) Optional: If RNA-free genomic DNA is required, incubation with RNase A shall be performed.

NOTE For laboratory developed methods, it can be required to incorporate an RNase digestion stey

ifa

too high amount of RNA, disturbing the examination test, is co-purified with the DNA.

NOTEZ Co-purified RNA, even after digestion, can lead to over quantification of DNA‘yield
spectrgphotometric methods. This over quantification and the actual presence of RNA cancalso inter]
with thfe examination test.

e) Extradtion of the DNA from the lysate, e.g. by phenol/chloroform based methods or by u
commercially available kits for DNA purification from FFPE tissue.

6.9 Quaptity and quality assessment of isolated DNA

The DNA fluantity and quality should be checked according to thé<{diagnostic kit manufactur
instructior]s, or according to verified and validated procedures by generally accepted physical, chem
and biochemical procedures. These may include one or more of the following techniques, dependin
the specifi¢ examination test:

a) quantification by absorbance measurements (Az40), spectrofluorometry or a genome specific q
assayl[$0l;

b) test for purity by absorbance measurements (e.g-wavelength scan, A60/A280 ratio);

c) test for DNA integrity and amplifiability by e.g. electrophoresis, chromatography, or molec
methofs such as the differential length-amplicon ratio)[21]1[22];

d) test fof presence of interfering substances [using exogenous controls (spiked in DNA controlg
inspecfting qPCR response curvesfor anomalies].

For qualitative examinations, such.ds presence/absence, sequencing, copy number variation 6.9 a)
b) are often applied; for quantitative examinations 6.9 a) to d) can be required.

NOTE ormalin fixatignyHas a negative impact on the DNA integrity and reliability of DNA qu
measuremehts. Chemicakmedifications caused by formaldehyde cannot be reliably detected in standard qu
control assjiys such as\électrophoretic DNA fragment length measurement, but they can interfere with
enzymatic gxkamination.

6.10 Storpge of isolated DNA

fere

bing

er’s
ical
b on

PCR

1lar

) or

and

lity
lity
the

The specific instructions supplied by the DNA isolation kit provider for storing isolated DNA should
be followed. Where the examination provider’s instructions are more stringent than the specific
instructions supplied by the DNA isolation kit provider, e.g. lower temperature, the examination

provider’s instructions shall be followed.

If there is no information available from the DNA isolation kit provider, or if the laboratory’s own
validated DNA isolation procedures are used, the clinical laboratory shall have verified procedures in

place on how to store the isolated DNA.
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For long-term storage, the DNA should be eluted in weakly alkaline elution buffer, e.g. TE buffer which
is a 10 mm Tris solution including 1 mM EDTA and brought to pH 8,0 with HCI for DNA examinations.

NOTE Depending on the DNA isolation procedure and the resulting eluate quality, storage at room
temperature for a short period of time or at 2 °C to 8 °C can be appropriate in certain circumstances.

Storage for long-term purposes should be at -20 °C or below. Other validated methods for archiving can
also be usedl[23].

Appropriate storage vessels, such as cryogenic vials, should be used.

Forleng-termstorage aliguotsolthe isolated DNA should be generated toaveidrepeatedfreczing and

thawing.

For|long-term storage, a validated process should be in place to organize and uniquely mrark the storage
vessel containing the isolated DNA or aliquots derived therefrom.

Trageability shall be ensured, e.g., by the use of readable RFID, 1D- or 2D#batrcodes or pre-printed
stoage vessels with unique codes provided by manufacturers suitable, forlow storage temperatures.
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