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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 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 profile
during the pre-examination process.

generated

Thdrefore, a standardization of the entire process from specimen collection to the RNA exa
needed. Studies have been undertaken to determine the important influencing factors. Tlis
draws upon such work to codify and standardize the steps for formalin-fixed and paraffin
(FFPE) tissue with regard to RNA examination in what is referred to as the pre-examination

Thg formalin-fixation and the paraffin-embedding processes lead to medifications o
molecules, which can impact the validity and reliability of the examinationtest results.

RNA profiles in tissues can change drastically before, during and after,callection and change
in different donors'/patients' tissues. Therefore, it is essential to take'special measures to m
desfribed RNA profile changes and modifications within the tissuefor subsequent examinat

In this document, the following verbal forms are used:
— |"shall" indicates a requirement;

— |"should" indicates a recommendation;

— |"may" indicates a permission;

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

mination is
document
embedded
phase.

- the RNA

differently
nimize the
ion.
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fixed and paraffin-embedded (FFPE) tissue —
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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 RNA 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

NO']
covd
2

Thd
con
und

ISO
ISO
ISO

pery

3

For

porities.

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

Normative references

following documents are referred-to in the text in such a way that some or all of th
Ktitutes requirements of this decument. For dated references, only the edition cited 3
ated references, the latest edition’of the referenced document (including any amendmen

15189:2012, Medical laborateries — Requirements for quality and competence
15190, Medical laboratories — Requirements for safety
IEC 17020:2012; Conformity assessment — Requirements for the operation of various typ
forming inspection
Terms.and definitions

thée purposes of this document, the terms and definitions given in ISO 15189 and the follo

f formalin-
hg the pre-

laboratory
. It is also

pfacturers,

regulatory

ecific topics

Pir content
pplies. For
[s) applies.

bs of bodies

ving apply.

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

3.1

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

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

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 [28], [29] and [30].
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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, 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 ischemia
condition dfter removal of the tissue from the body until stabilization or fixation

3.6

cDNA
complemegntary DNA
single-stranded DNA that is complementary to a given RNA synthesized in the presence of reverse
transcriptgse to serve as a template for synthesis of DNA copies

[SOURCE: SO 17822-1:2014, 3.12]

3.7

diagnosis
identification of a health or disease state from its signs.and/or symptoms, where the diagnostic pro¢ess
can involvg examinations (3.10) and tests for classification of an individual's condition into separate and
distinct categories or subclasses that allow medical'decisions about treatment and prognosis to be njade

3.8

DNA
deoxyribonucleic acid
polymer df deoxyribonucleotides‘\occurring in a double-stranded (dsDNA) or single-stranded
(ssDNA) form

[SOURCE: ISO 22174:2005, 3.1.2]

3.9
DNase
deoxyribonuclease

enzyme that catalyzes the degradation of DNA (3.8) into smaller components

3.10
examination

analytical test

set of operations having the object of determining the value or characteristics of a property

Note 1 to entry: Processes that start with the isolated analyte and include all kinds of parameter testing or
chemical manipulation for quantitative or qualitative examination.

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

3.11

formalin

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

2 © ISO 2018 - All rights reserved
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3.12
formalin fixation
treatment of a sample with standard buffered formalin solution (3.25) for stabilization

3.13

grossing

gross examination

inspection of pathology specimens with the bare eye to obtain diagnostic information, while being
processed for further microscopic examination

3.14

int¢rfering substances
endogenous substances of a specimen (3.17)/sample (3.23) or exogenous substances (e.g. stabilization
solytion) that can alter an examination result

3.15
panaffin embedding
profess in which a tissue sample is placed in paraffin to generate a hard surrounding mafrix so that
thi) microscopic sections can be cut

3.1¢
prefexamination process
pretanalytical phase
pretanalytical workflow
profess that starts, in chronological order, from the clinician’s request and includes the examination
reqiest, preparation and identification of the patient, collection of the primary sample(s), trarjsportation
to dnd within the medical or pathology laboratory, isolation of analytes, and ends when the analytical
examination begins

Notg¢ 1 to entry: The pre-examination phase includés preparative processes that influence the outcome of the
intended examination.

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

disqrete portion of a bodyfluid, breath, hair or tissue taken for examination (3.10), study or|analysis of

evaluation~of participant performance against pre-established criteria by means of inter{laboratory
conjpagisons

[SOURCE: I1SO 17043:2010, 3.7, modified — Notes to entry 1 and 2 have been removed.]

3.19

RNA profile

amounts of the individual RNA molecules that are present in a sample and that can be measured in the
absence of any losses, inhibition or interference

3.20

RNA

ribonucleic acid

polymer of ribonucleotides occurring in a double-stranded or single-stranded form

[SOURCE: ISO 22174:2005, 3.1.3]
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3.21

RNase

ribonuclease

enzyme that catalyzes the degradation of RNA into smaller components

3.22
room temperature
for the purposes 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.

3.23
sample
one or morje parts taken from a primary sample (3.17)

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

3.24

stability
ability of 4 sample material, when stored under specified conditions, to maintain a stated prope¢rty
value with|n specified limits for a specified period of time

Note 1 to enftry: The analyte for the purpose of this document is isolated RNA.

[SOURCE: ISO Guide 30:2015, 2.1.15, modified — “reference matefial” has been replaced by “sample
material”, |characteristic” has been replaced by “ability” and Note.l to entry has been changed.]

3.25
standard buffered formalin solution
neutral byffered formalin

NBF
10 % formqlin (3.11) 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 ¢ntry: Standard buffered formalin splutions often contain small amounts of methanol to inhibit
oxidation and polymerization of formaldehyde,

3.26

storage
prolonged [interruption of the pre-analytical workflow of a sample or analyte, or of their derivatiyves,
such as stpined sections or\tissue blocks, under appropriate conditions in order to preserve their
properties

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

3.27
tissue proressor

automated|instrument where tissue fixation, dehydration, clearing and paraffin infiltration occurs

3.28

validation

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

Note 1 to entry: “Validated” is used to designate the corresponding status.
[SOURCE: ISO 9000:2015, 3.8.13, modified — Notes to entry 1 and 3 have been removed.]

3.29
warm ischemia
condition before the tissue is removed from the body, but deprived of its normal blood supply
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3.30
workflow

seri

es of activities necessary to complete a task

3.31
homogeneous
uniform in structure and composition

4

General considerations

For
spe
ISO
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analytical test performance.
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test
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fixation (e.g. gene induction, gene down regulation, RNA degradation). In addition, those c

var
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befgre fixation of the tissue specimen, the higher is the risk that changes in the RNA profile

NO1
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und|
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As
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dur]

pratory equipment, reagents, and consumables in accordance with ISO 15189:2012,

general statements on medical laboratory quality management systems and in pajticular on
cimen collection, reception, and handling (including avoidance of cross contaminations) see
15189:2012, 4.2, 5.4.4, 5.4.6 or ISO/IEC 17020:2012, Clause 8, and 7.2. Theyequirements on
.3 shall be
wed; ISO 15189:2012, 5.5.1.2 and 5.5.1.3, and ISO/IEC 17020:2012, 6.2 can als¢"apply.

steps of a diagnostic workflow can influence the final analytical test,result. Thus,|the entire
kflow including biomolecule stability and sample storage conditions shall be verified and validated.
'kflow steps which cannot always be controlled (e.g. warm ischemia) shall be documented. A risk
essment of non-controllable workflow steps including their potential impact on the andlytical test

formance shall be performed and mitigation measures shall beyestablished to enable th

bre or during the design of an analytical test, it should therefore be investigated and assur
\ profile(s) intended to be analyzed is/are not compromized in a manner impacting the
performance (e.g. by performing a time course experiment or study; see also Annex A).

bre tissues are fixed in standard buffered.formalin solution, the RNA profile(s) d
ificantly depending on the warm and cold.jschemia duration and the temperature befo}

 in different donors’/patients’ tissues.

erally, the longer the durations of'warm and cold ischemia and the higher the ambient td

E Intraoperative warm~ischemia can result in more pronounced changes of RNA prof
operative cold ischemialZl[8} RNA profiles can also vary, depending on the origin and type o
erlying disease, the surgical procedure, drugs administered for anaesthesia or treatment of

ase, and on the differentenvironmental conditions after the tissue removal from the body.

lvarm ischemia~cannot be easily standardized, its duration shall be documented. Wh
Kible to avoid/eold ischemia (e.g. transport to the laboratory before formalin fixation), i
| be doeumented and the temperatures of the specimen container’s surrounding
umented.Where the specimen is transported to another facility for formalin fixation, th
htion'shall be documented and the ambient conditions should also be documented.

In d

e required

ed that the
analytical

an change
e formalin
hanges can

mperature
an occur.

les than in
[ tissue, the
oncomitant

en it is not
's duration
s shall be
P transport

ddition the formalin fixation itself as well as the Qlthqu]th FFPE tissue storage di

ration and

storage temperature cause modifications of biomolecules and leads to suboptimal analytical test
performance of RNA extracted from FFPE tissues (see A.2.1 and A.2.2). This should be considered in the
quality control and application of molecular analytical tests, especially in the context of gene expression
studies [9][10][11] [12], These effects can limit the size of amplifiable target cDNA and/or influence the
cDNA target sequence of primers used for amplification. Analytical test optimization for FFPE tissues or
the use of non-crosslinking alternatives to standard buffered formalin solution are options to minimize
this issue for molecular examinations[13][14].

Safety instructions on transport and handling shall be considered and followed in accordance with

ISO

©IS

15189:2012, 5.2.3 and 5.4.5, and ISO 15190.
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During the whole pre-examination process precautions shall be taken to avoid cross contamination
between different specimens/samples, e.g. by using single-use material whenever feasible or
appropriate cleaning procedures between processing of different specimens/samples.

If a commercial product is not used in accordance with the manufacturers' instructions, responsibility
for its use and performance lies with the user.

5 Outside the laboratory

5.1 Spel‘im en collection

5.1.1 Gepneral

For the collection of the specimen, the requirements (e.g. disease condition, specimen.size) for|the
intended njolecular examination (see also Clause 6) should be considered.

See also ISP 15189:2012, 5.4.4.

5.1.2 Information about the specimen donor/patient
The documlentation shall include the ID of the specimen donor/patient, which can be in the form of a cpde.
The documjentation should include, but is not limited to:

a) the relevant health status of the specimen donor/patient ‘(¢:g. healthy, disease type, concomifant
diseasg, demographics [e.g. age and gender]);

b) the information about routine medical treatment and special treatment prior to tissue collecfion
(e.g. arnjaesthetics, medications, surgical or diagnostic procedures);

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

5.1.3 Information about the specimen
The docunjentation shall include, butis:not limited to:

a) the stdrt of ischemia within the’body (warm ischemia) by documentation of the ischemia-releyant
vessel ligation/clamping titme point (usually arterial clamping time);

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

c) the description‘of tissue type and origin, tissue condition (e.g. diseased, unaffected by the disedse),
including references to any marking applied in or outside the operating theatre made by surggon,
radiolggist.or pathologist;

d) the documentation steps described under 6.Z, if the formalin fixation starts outside the Taboratory,
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 following steps shall be performed:

a) the documentation of any addition or modification to the specimen after removal from the body
(e.g. labelling for the orientation of the specimen [e.g. ink-marking, stitches, incision(s)]);

6 © ISO 2018 - All rights reserved
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b) theselectionand use of containers and packages (e.g. cooling box, box for storing and transportation,

A

vacuum packaging) according to applicable transport regulations;
the selection and use of stabilization procedures (e.g. cooling methods) for transport;

NOTE 1

Accidentally freezing the tissue (e.g. by using cool packs in a wrong manner) can lead to RNA

degradation when the tissue thaws thereafter. It can also impact the morphological characterization.

NOTE 2

This step can be omitted, if the specimen is transferred directly into standard buffered formalin

solution (see 6.2 and notice the importance of volume of fixative and tissue sectioning to allow adequate

penetration of fixative).

d)

Sev
tiss
con

Spe
con,

The
roo
ran

5.2

Thd
the

the labelling of the container [e.g. registration-number, barcode (1D or 2D), specimen tgp

and organ tissue of origin] and additional documentation [information as specified in b.

5.1.4 a) to d)].

bral specimens from the same patient/donor sharing similar features (macroscopic a
Lle type, disease status and anatomical location) may be put into a single containel
partment.

cimens should be transferred without delay into the container after.the removal from th
fainer should then be kept on wet-ice or at 2 °C to 8 °C in order to minimize RNA profile @

temperatures of the container's surroundings during cold_ischemia (e.g. temperatures
ns, transport) should be documented. If the temperatuye cannot be measured, the te
be should be estimated by classification as ambient temperature, room temperature, or at

Transport requirements

laboratory in collaboration with the clinicalior surgery department shall establish a p
transport procedure of the specimen.

Temperature monitoring should be applied\in a suitable manner.

If th
on \

NOT
usin

e specimen is not already placed ihto standard buffered formalin solution, it should be t

E There is evidence that'stabilization of RNA profiles in tissues on wet ice can be further
g plastic bags under vacuum[15].

If the specimen is alr€ady placed into standard buffered formalin solution outside the labd

tem

The

perature duringitpansport should not exceed room temperature.

conformity with the protocol for the transport procedure shall be documented. Any

fromn the pratocol shall be described and documented.

6

Inside the laboratory

ppearance,
/container

e body. The
hanges.

n different
mperature
P °C to 8 °C.

rotocol for

fansported

vet-ice or at 2 °C to 8 °C without delay in order to minimize the changes to the RNA profit.
iimproved by

ratory, the

deviations

6.1

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.
NOTE Temperature conditions during transport can influence the RNA profile and RNA quality.

The correct identity of the specimen shall be checked. This should include the clinical information
(see 5.1.1 and 5.1.3) of the specimen, hospital admission number and/or donor/patient ID, name of the
patient, date of birth of the patient.
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6.2 Formalin fixation of the specimen or sample(s)

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

The fixative used shall be standard buffered formalin solution.

NOTE

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 and
before use or with every new batch as formalin is not stable (e.g. formaldehyde has a tendency to be

AR Y W

oxidized tgformcacidjtes:

The follow

a)

b)

d)

the co
forma

NOTE
chemic

the do
formalin solution;

NOTE

immun
The optimal formalin fixation duration can vary depending on tissue type and size. For larger surg
specim
slow pdnetration of formaldehyde from the surface of the tissue'to the interior.

ng steps shall be performed:

Tsultation of the manufacturer's Safety Data Sheet (SDS) before handling standard buffg
i

n solution;

Formaldehyde is a carcinogenic and hazardous compound that penetrates the tissue
hlly modifies biomolecules. However, there are potentially different local classifications.

fumentation of the time point of placing the tissue specimen or sample into standard buffg

The total formalin fixation duration can have an impact on further examinations,
phistochemical techniques, nucleic acid based molecular examinationsl[12]; see also A.2.1 and A

ens, e.g. a resected stomach, inhomogeneous fixation can-occur before the grossing process dy

EXAMHBLE For tissue pieces with a thickness of 5 mm, fixation durations between 12 h and 24 h aj
most cdses reasonable for an appropriate penetrationiand fixation. See also 6.8.2.

the sel

1y

2)

3)

th

pction of container(s):

b capacity of the container(s) should be such that the specimen can be completely submer

into the standard buffered formalin solution. The minimum standard buffered form

SO
VO
su

L
a

ution to tissue ratio depends en the tissue concerned, but should be at least 10:1 (volum
lume). To ensure complete formalin fixation of larger specimens, a special tissue hand
ch as incision(s) of solid‘organs or opening of hollow organs should be performed.

ger specimens midy need to be bisected and appropriate portions selected to eng
quate fixative-penetration. In this case, the standard buffered formalin solution shal

chpnged periodically.

red

and

red

e.g.
2.2,
Fical
e to

ein

ged

hlin
e to

ling

ure
| be

when using containers pre-filled with standard buffered formalin solution, provider’s product
instructions shall be followed;

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, the container labelling shall provide the minimum
information of:

1y

2)

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);

the basic specimen information, e.g. the tissue type, tissue condition, and related additional
information such as affected (e.g. tumour) or unaffected, unless a sample tracking system can
supply this information coupled to the identification of the specimen or sample used in 6.2 d) 1);
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3) the unique numbering of each container, which can be included in 6.2 d) 1);

e)

It should be considered that under some disease conditions, such as tumours, molecular features
may not be present homogeneously in the tissue specimen or sample. Therefore, it is important that
the part of the actual tissue specimen or sample used for molecular examination is evaluated 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 reflected in the tissue specimen or sample used for molecular
examination (e.g. different molecular mechanisms can be activated in the centre and at the invasion

the documentation of types, quantity and description of specimen or samples.

front of the tumour, also tumours can be composed of areas showing different differentiation grades).

6.3

The
fro
me

Loc
Opt
a)

b

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

evaluation and documentation of the pathology of the specimen and the selectien of th
the specimen for further processing shall be done by or under supervisign or respon
cally qualified (e.g. board certified) pathologist.

pl, national or regional regulations can apply.
ions to select the sample(s) for RNA examination.

The selection of appropriate parts of the specimen for histopathological and molecular ex
as well as for optional further research purposes shalkbe done by or under super
medically qualified (e.g. board certified) pathologist to ensure that the collection of th
for RNA examination does not compromise the histopathological examination. For
examination, suitable tissue parts should be selected, whereas parts potentially comprd
molecular examination, such as bleeding and necrotic parts, should be avoided where a
(Micro)dissection of tissue should be considered to select or enrich for certain cellular fg
disease.

NOTE1 Depending on local procedures;the selection of appropriate parts of the specimen
done outside of the laboratory, e.g. in the'operating theatre (see 5.1.3).

In the context of the macroscaopie’evaluation of the surgical specimen before and/or aft
fixation, the clinical inforniation (see 5.1.2 and 5.1.3) of the specimen (e.g. type, siz¢
hospital admission number*and/or pathology case number and/or donor/patient ID, n
patient, date of birth of the patient and type of tissue shall be checked. The surgical spg
all findings shall be(described appropriately according to the guidelines of the respecti
societies, e.g. societies of pathology, and in correlation with the clinical information and
e.g. patient reeotd or clinician’s request. The anatomic localization represented in thg
shall be deseribed, resection margins and other important areas may be marked if]
and helpfulfor later microscopic evaluation; photographs may be taken. Representati
for mictescopic evaluation shall be taken (i.e. grossing) according to the organ/dises3
guidelines from the respective medical societies.

e sample(s)
bibility of a

hminations
vision of a
e sample(s)
molecular
mising the
bpropriate.
atures of a

can also be

br formalin
, humber),
ame of the
cimen and
ve medical
questions,
P Specimen
necessary
’e samples
se specific

NOTE 2  The above described evaluation or documentation can also be done outside of the lab

oratory, e.g.

b)

in the operating theatre.

Where 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.

The 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 samples from the same specimen, and the samples represent different features (e.g.
tissue type, disease status, location), this shall be documented.
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When the sample taken from the specimen is transferred into the tissue cassette, this time point shall
be documented.

Without delay, i.e. preferably within 30 min, the sample shall be placed into either standard buffered
formalin solution or, if already fixed, it should be placed into an alcohol-containing solution (e.g. 70 %
ethanol) on the tissue processor.

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

6.4 Post-=fixation of frozen cnmplpc

Frozen specimens or samples (e.g. after frozen section diagnosis) can be post-fixed in standard-buffgred
formalin s¢lution for further paraffin embedding.

The total formalin fixation duration shall be documented.

If a formal]n-fixed and paraffin-embedded specimen or sample was generated from a frozen specimen
or sample, this shall be documented.

6.5 Decalcification

Decalcification adjusts the hard composition of bones to the softnessf paraffin. Samples should be
decalcified, e.g. with EDTA (ethylenediaminetetraacetic acid). The decalcification procedure shall be
documentdd.

6.6 Progessing and paraffin embedding

After the specimen or sample is fixed in standard buffered formalin solution, the time point when it is
subsequently placed into an alcohol-containing solution of the tissue processor shall be documenfted.
Further processing shall be performed in a ‘tissue processor according to the manufactuer’s
instructiors.

NOTE 1 Euring processing, the tissue is dehydrated and water is replaced with paraffin wax. Residual wjater
can affect the quality and stability of tissues, including RNA, during storagel1Z].

The repladement of all reagents shall be done on a regular basis according to the manufactuier’s
instructior)s.

The duration and temperature’ of paraffin infiltration can impact the biomolecule integrity in fixed
tissue. Parjffin with standardized composition and with low melting temperature for tissue infiltration
should be fised. The ddration and temperature of each embedding step shall be performed according
to the marfufacturers(instructions or laboratories’ validated protocols. The applied protocol shall be
documentgd.

NOTE 2  Typicallow melting point temperatures for paraffin are in the range from 50 °C to 56 °C.

6.7 Storage requirements

The storage duration and temperature, typically ambient temperature in routine archives, influence
the RNA stability in FFPE tissuel18] (see also A.2.4).

RNA degradation occurring during storage can have an impact on the validity and reliability of
examination test results[19].

The FFPE tissue 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 RNA degradation process over
time[2][18], See also A.2.4.
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be stimulated.

If FFPE tissue is not stored dry, the RNA degradation can increase, and fungal and bacterial growth

For RNA extractions, FFPE sections should be freshly prepared. If storage of these sections cannot be
avoided, they should be stored for as short a duration as possible, dry, refrigerated (at 2 °C to 8 °C) or at
lower temperatures (e.g. <-20 °C).

Stained and stored sections should not be used, since staining procedures performed on sections can
adversely affect RNA quality.

A system for long-term storage of FFPE tissues should be in place. The storage position, storage

te

6.8

6.8

Ah
ors
defi
spe
to t
the

6.8

For
gro
che

Req
a)

b)

retIrn to the storage system shall be documented.

Isolation of RNA

1 General

stopathological characterization of the cellular composition and disease condition of th
pmple shall be performed (e.g. on hematoxylin/eosin (H&E) sectiorfs))according to an inte
ned histopathological classification (e.g. WHO/IARC Classifigation of Tumours[23]).
Cimen or sample is used for molecular diagnosis, the fraction of-target cells shall be eval
he RNA isolation. The quantity of target cells shall be sufficient to perform the examin

2 General information for RNA isolation procedures

ips[10]. Fixation leads to crosslinking befween RNA and proteins. Formaldehyde
mical modifications interfering with enzymatic downstream examination such as RT-PC

uirements and recommendations.

The optimal fixation duration depends on the tissue type and thickness. Prolonged tiss
results in enhanced RNA modifications and should be avoided. For a tissue thickness of U
the fixation duration shouldibe 12 h to 24 h in standard buffered formalin solution[20].

Starting material for\RNA purification should be freshly cut sections, with a thickne
10 um, obtained from’FFPE tissue blocks, manually(21] dissected samples, laser microdi
samples or tissue,cores [e.g. tissue microarray (TMA)]. Histotechnologists shall wear

relevant part$ of the microtome, including the reusable blade, shall be cleaned after the

avoid cross-contaminations.

Parallel hematoxylin/eosin (H&E) stained sections should be used to identify, select 3

se, and its

P specimen
rnationally
When the
hated prior
ion. When

a
specimen or sample is not used for diagnosis, e.g. for research, a similar approach is recJ:mmended.

malin fixation introduces covalent modifications to the RNA by addition of mono-methylol

introduces
R.

ue fixation
p to 5 mm,

5s of up to
ssected(22]
rloves. The
 cutting of

each paraffin block. The use of new disposable blades on the microtome should be copsidered to

nd control
ification is

dissection of unstained specimens for subsequent RNA purification. Where RNA pur

S dod o 1 £ | 1] g | Eoaral oo ) 1 111 £ AP |
ITILTIIUTU U UCT lJCl TUTIIICTU VWILID SUdIlITuU 111dicl1dl, DLallllllS SUIULIVUIL SI1IUUIU DT 1TTCTOIIT

using RNase-free reagents to minimize the impact of the staining on RNA quality.

NOTE

prepared,

Staining of tissue can impair RNA quality and performance in later (downstream) examinations.

d) The DNase (see 6.8.4.2), other reagents and consumables coming in touch with the RNA shall be
RNase-free.

e) For all RNA isolation procedures from FFPE tissues, measures (e.g. proteinase K digestion and
heating) should be included to reverse the formaldehyde modifications such as nucleic acids and
protein-RNA crosslinks, without further RNA degradation.

f) The extracted RNA should be kept on wet-ice or at 2 °C to 8 °C (e.g. cooling block) and should be
assayed immediately.
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g) To avoid cross contamination with amplified material from the RNA examination, the isolation of
the RNA should not be performed in the same area as the amplification steps of the examination

process, unless a closed system is used.

If RNA is extracted from archived tissue blocks, the blocks should be trimmed by disposing the first
sections before taking the sections for RNA isolation, as the outer sections can contain degraded
RNA. It may be necessary to further trim blocks in order to enrich for tissue components relevant for

examination.

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

test shall be performed.

The isolatiLn of RNA is a key step in the diagnostic workflow, which shall be especially focuse¢
during the|validation of the entire workflow.

The RNA idolation performance should be tested in a RNA proficiency test program.

6.8.3 Usjng commercial Kits

When usinfg commercial kits dedicated to the isolation of RNA from FFPE tissues, the manufactuy
instructior}s for use shall be followed.

6.8.4 Usjng the laboratories’ own protocols

If a commdrcial kit is not used in accordance with its intended use, but is validated fit for purpos
defined by|the user, instructions shall be written and followed.

If the 1abIratory uses its own protocol independent from a commercial kit, the validation
verificatiofh demonstrating that it is fit for purpose shallthe done and instructions shall be written
followed.

The use off products from different manufacturers’can compromise results as the products may
be compatjble. They should be used for diagnostic testing only if the components have been tes
together anpd validated to work satisfactorily.

RNA isolat]on procedures for FFPE tissue sections should contain the following steps.
a) Remotal of paraffin from freshlycut FFPE tissue sections.

NOTE 1 This can be doneje,g’ by treating with xylene or alternatives, subsequent centrifugation, follo|
by washing of the resulting pellet with ethanol.

NOTEZ Commercially available deparaffinization solutions can be used, obviating the need to p
FFPE tissues.

b) Resuspension-of the sections in a lysis buffer, followed by digestion with e.g. proteinase K to rent

on

ers

E ds

and
and

not
ted

wed

bllet

cross-linked" proteins and release the RNA from the sectlons Where a heating step is incl

combination of high concentration of chaotropic salt and elevated temperatures can lead to RNA

degradation.

NOTE The typical incubation duration can range from 10 min to 18 h (depending on the tissue type
size) at a temperature varying from 37 °C to 60 °C.

It is advised to optimize lysis buffer for the proteinase digestion stepl10].

and

c) Extraction of RNA from thelysate can be performed by mono- or biphasic-extraction, such as phenol/

chloroform-based procedures, or by solid phase absorption, such as silica bead procedures[10],

d) A DNase treatment step or other measures to minimize DNA content in the isolated RNA should be
incorporated into the RNA isolation procedure. The DNase, other reagents and consumables which

come in contact with the sample shall be RNase-free.
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For the isolation of RNA from a very low number of cells like laser microdissected single cells,
different dedicated RNA isolation procedures might be needed. For such sensitive procedures,
it is recommended to follow the latest literature and verify and validate the isolation procedure
before use.

6.9 Quantity and quality assessment of isolated RNA

The RNA quantity and quality should be checked according to the diagnostic kit manufacturer’s
instructions, or according to validated and verified procedures by generally accepted physical, chemical
and biochemical procedures(10][11]. These may include one or more of the following techniques,

de

3. L1 - r . L.
ITUIIlg OIT'UIC SPELUITIU CXdITTTIdUUILL

a) |quantification by absorbance measurements (Az¢0) or spectrofluorometry;

b) [test for purity by absorbance measurements (e.g. wavelength scan, Az0/A280 ratio);

c) |test for RNA integrity and amplifiability (by e.g. electrophoresis, chromatography,| molecular
methods such as the 3’/5%assay or differential length amplicon ratiol10};'or microfluidic methods to
determine quality coefficients [e.g. RNA Integrity Number (RIN), RNA Quality Indicator] (RQI)])[12]
[25][26];

d) |test for presence of interfering substances (using exogenous controls [spiked in RNA and DNA
controls] or inspecting qPCR response curves for anomaliest261[27] or using an endogendus RNA for
an RT-PCR inhibition test by introducing increasing eluate'volumes into the examinatior).

For|qualitative examinations, such as presence/absence.efra RNA profile 6.9 a) and b) can bd sufficient;

for guantitative examinations, such as gene expressiomexamination 6.9 a) to d) can be requifed.

NOTE1 Formalin fixation has a negative impact on RNA integrity and reliability of RNA quality mejsurements.

Chemical modifications caused by formaldehyde ca@not be reliably detected in standard quality coptrol assays

such as electrophoretic RNA fragment length measurement, but they interfere with the enzymatic edamination.

NOTE 2  Chemical modifications caused\by formaldehyde are not reflected by the RIN value [calculation.

Thefefore, measurement of the integrity~alone is not sufficient to assess the usability of RNA frdqm FFPE for

qua

6.1

6.1

For

validated methaedsfor archiving can also be used.

For
tha

htitative RT-PCR.
0 Storage of isolated RNA
D.1 General

long-term storage, usually the isolated RNA is frozen. However, for RNA preservg

long-term storage, aliquots of the isolated RNA should be generated to avoid repeated fi
ving errepeated recovery from other archiving systems. The aliquots should not be furt

to

oidha'reduction of the RNA quality.

tion other

eezing and
her diluted

For small RNA amounts, storage vessels with reduced nucleic acid adsorption to the tube wall should
be used.

Unintended freeze-drying of the isolated RNA during long-term storage due to water evaporation should
be avoided as the RNA can degrade, and the recovery from the storage vessel can be difficult or even
impossible. Therefore, appropriate storage vessels, such as cryogenic vials, to avoid water evaporation
during long-term storage, should be used. The storage vessel type and cap type should be documented.

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

Traceability shall be ensured, e.g. by the use of readable RFID, 1D- or 2D-barcodes or pre-printed
storage vessels with unique codes provided by manufacturers suitable for low storage temperatures.
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6.10.2 Using commercially available Kkits for RNA isolation

The RNA isolation kit provider’s specific instructions for storing the isolated RNA before the
examination should be followed. Where the examination provider’s instructions are more stringent,

these shall

be followed.

6.10.3 Using the laboratory's own protocols for RNA isolation

If there are neither instructions available from the RNA isolation kit provider nor from the examination

provider, or if the laboratories’ own validated RNA isolation procedures are used, the isolated RNA
should be 3 ccnynﬂ immpdinfn]y Where the isolated RNA cannotbe :\ccnynﬂ immediately the labora ory

shall have
on how to s

Depending
a short per

For long-te|
also A.2.4.

NOTE N

tore the isolated RNA before the analytical phase.

iod of time (i.e. 1 h) can be appropriate in certain circumstances.

Dther validated methods for archiving can also be used[23].

ome RNA isolation procedures can allow storing the RNA in the range from -20 °C to -70 °C.

verified procedures including appropriate storage medium (e.g. RNase-free water) injplace

on the RNA isolation procedure and the resulting RNA eluate quality, storage on wet-icq for

rm storage, isolated RNA should be eluted in an appropriate buffer and stored at <-70 °Cj[see

14
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Annex A
(informative)

Quality control of RNA extracted from formalin-fixed and paraffin-
embedded tissue samples: implications for RT-qPCR based

examinationsy

A.1 Summary

RN/
to 4
rea
polj
sna
effi
tra

\ from different formalin-fixed and paraffin-embedded (FFPE) human liver samples
ssess the impact of formalin fixation, fixation time and storage of tissue.blocks on

'merase chain reaction (RT-qPCR) and its implications for qualitycontrol in comp
b frozen samples which served as reference. The data revealed.that formalin fixation
ient cDNA synthesis and RT-qPCR reactions and introduced major gene transcri
script variations. These differences could not be reliably detected by quality control us

was used

dgwnstream
ctions such as complementary DNA (cDNA) synthesis and reverse)transcription (i[:!antitative

ison with
led to less
bt to gene
ng routine

eledtrophoresis or spectrophotometry based methods, but céuld be detected using an RT-¢PCR assay

baspd on different amplicon length and a cDNA generation efficiency assay?). Further
degjradation depending on storage conditions and fixatiomtime was observed in human sam

usimg an animal model.

A.2 Results

A.2l1 Time dependency of RNA integrity

Formalin fixation impairs RNA integrity in a time-dependent manner as shown in Figu

Multiple samples of a humantiver sample were fixed for different time periods ranging fi
120 h in standard buffered formalin solution before paraffin embedding. Similar RNA Integr]
(RIN) values were obtained for all fixation time points ranging from 2,1 to 2,7. However, th
amplification of fragnients of different length of the housekeeping gene GAPDH revealed a 11
threshold (cy) valués)for different amplicons correlating with the fixation time. Prolong
indyuced a steeperislope of the generated curves indicating increased fragmentation and
amplification afloenger fragments impossible.

more, RNA
bles and by

re A.1 and

fom 4 h to
ty Number
e RT-gPCR
ise in cycle
bd fixation
made the

1) Research by the EU FP/ SPIDIA project funded by the European Union Seventh Framework
[FP7/2007-2013] under grant agreement no 222916.

Programme

2) LiBUS]. STORCHOVA H. Quantification of cDNA generated by reverse transcription of total RNA provides a simple
alternative tool for quantitative RT-PCR normalization. Biotechniques. 2006, Aug 41 (2), pp. 156, 158, 160 passim
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X amplic¢n length in bp 5 48h
Y cyvalug(threshold = 0,2) 6 72h
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3 12h 9  snap frozen tissue sample
4 24h

Figure A.1 — RT-qPCR amplification of GAPDH fragments of different length for human liver
samples fijxed in standard buffered formalin solution for different time periods before paraffin
embedding

A.2.2 Imjpact of formalinfixation on cDNA synthesis efficiency

The cDNA |generation 6f"RNA extracted from snap frozen human liver tissue (see Figure A.2) wals in
direct coryelation te.the amount of template RNA. Such correlation is wanted. RNA extracted ffom
FFPE tissue (see<figtare A.2) produced only small amounts of cDNA even when more template RNA
was provided,/Ttre'error bars in Figure A.2 depict the standard deviation of the median result in three
individual FPNA preparations.
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Figure A.2 — Generation of extracted cDNA from snap frozen and FFPE human live
samples in correlation to the amount of template RNA

- tissue
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A.2.3 Fixation and storage introduces major gene-to-gene variations in RT-qPCR
Y
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X  different tested genes
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1  snap frezen liver tissue sample
2 FFPE liyer tissue sample after 6 months
3 FFPE liyer tissue sample after 1 year

Figure A.3 — c values for 92 genes from snap frozen and FFPE human liver tissue

Samples off a human liver specimen’were snap frozen or fixed in standard buffered formalin solufion
and paraffin embedded. The RNA was extracted from tissue samples at different time points (affter
6 months @and 1 year). Comparison of RT-qPCR data for 92 genes from snap frozen and FFPE huiman
liver tissud samples revedled an average difference of the c; values ranging from 4 cycles (6 monthg) to
8 cycles (1 year) increasing with storage time at room temperature (see Figure A.3). Furthermore, mpjor
transcript ffo gene trafnscript variations were observed in RNA from all FFPE samples as comparefl to
the snap frozen reference sample. This different and gene-specific behaviour of RNA extracted ffom
FFPE samples.could severely impact on the results and interpretation of gene expression studies.
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