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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 a 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 generated
during the pre-examination process.

The
nee
dra
exa

RN/
indy
tiss

The

Int

refore, a standardization of the entire process from specimen collection to the RNA exa
ded. Studies have been undertaken to determine the important influencing factors. Thiy

ination in what is referred to as the pre-examination phase.

\ profiles in tissues can change drastically before, during and after collection (due t
iction or gene down regulation). RNA species can change differently in(different donor
Les.

his 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

vs upon such work to codify and standardize the steps for frozen tissue with'‘regard to RNA

D e.g. gene
s patients’

refore, it is essential to take special measures to minimize the deseribed RNA profile changes and
modlifications within the tissue for subsequent examination.
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Molecular in vitro diagnostic examinations —
Specifications for pre-examination processes for frozen

tissue —

Part 1:

Ispiated RNA

1 [Scope

Thi document gives guidelines on the handling, documentation, storage and processing of frozen
tisspe specimens intended for RNA examination during the pre-examination-phase before 4 molecular
assaqy is performed.

Thif document is applicable to any molecular in vitro diagnostic examination performed py medical
labgratories and molecular pathology laboratories that evaluate, RNA extracted from frozenftissue. It is
alsq intended to be used by laboratory customers, in vitro diagnostics developers and manpfacturers,
biolpanks, institutions and commercial organisations perforining biomedical research, and|regulatory
authorities.

Tisgues that have undergone chemical stabilization pre-treatment before freezing are not|covered in
thi§ document.

NOTE International, national or regional regilations or requirements can also apply to spg¢cific topics
covgred in this document.

2 |Normative references

The following documents are réferred to in the text in such a way that some or all of their content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For

und

ISO

3

For

ated references, the latést edition of the referenced document (including any amendmen

15189:2012, Medidahlaboratories — Requirements for quality and competence

Terms and-definitions

the purpeses of this document, the terms and definitions given in ISO 15189 and th

ters andrdefinitions apply.

ISO

[s) applies.

e following

dresses:

3.1

and IEC maintain fpr‘minnlngir‘n] databases for use in standardization at the fn]]m/ving ad

[SO 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 homogenous 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 [22], [23] and [24].
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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: I

3.4
analytical
accuracy, p

SO0 17511:2003, 3.2]

test performance
recision, and sensitivity of a test to measure the analyte 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 involv
distinct cat

3.7

DNA
deoxyriba
polymer @
(ssDNA) fo

[SOURCE: 1

3.8

DNase
deoxyribg
enzyme th

3.9

examinati
analytical
set of oper

Note 1 to e
chemical m

[SOURCE: I
been adde

3.10
grossing

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
b examinations and tests for classification of an individdal's condition into separate
egories or subclasses that allow medical decisions aboutteatment and prognosis to be m

nucleic acid

IC 11

SO 22174:2005, 3.1.2]

nuclease
ht catalyzes the degradatien of DNA into smaller components

n
test
htions havingthe object of determining the value or characteristics of a property

htry: Precesses that start with the isolated analyte and include all kinds of parameter testin
nipulation for quantitative or qualitative examination.

50715189:2012, 3.7, modified — Notes to entry 1 to 3 have been removed, Note 1 to entry

Cess
and
ade

f deoxyribonucleotides occurring in a, double-stranded (dsDNA) or single-stranded

lg or

has

and “analytical test” has been added as a preferred term.|

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

processed

3.11

for further microscopic examination

homogeneous

uniform in

structure and composition
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3.12
interfering substances

endogenous substances of a specimen/sample or exogenous substances (e.g. stabilization solution) that

can alter an examination result

3.13

pre-examination processes
preanalytical phase
preanalytical workflow

processes that start, in chronological order, from the clinician’s request and include the examination

request, preparation and identification ofthe patient, collection ofthe primary sample(s), tran
to qnd within the medical or pathology laboratory, isolation of analytes, and end when the
examination begins

Notg¢ 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.]

proficiency test
evaluation of participant performance against pre-established criteria by means of inter
conjparisons

[SOPRCE: ISO 17043:2010, 3.7, modified-— Notes to entry 1 and 2 have been removed.]

3.16
RNA profile

amounts of the individual RNA’molecules that are present in a sample and that can be meas
absgence of any losses, inhibition and interference

3.1

RN

ribpnucleic acid

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

[SOPRCEISO 22174:2005, 3.1.3]

sportation
analytical

come of the

W preferred

is of one or

laboratory

ired in the

3.1

RNase
ribonuclease
enzyme that catalyses the degradation of RNA into smaller components

3.19
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.

© ISO 2018 - All rights reserved
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3.20
sample

one or more parts taken from a primary sample

[SOURCE: I

3.21
stability

S0 15189:2012, 3.24, modified — EXAMPLE has been removed.]

characteristic of a sample material, when stored under specified conditions, to maintain a specified
property value within specified limits for a specified period of time

Note 1 to enftry: The analyte for the purpose of this document 1s 1solated RNA.

[SOURCE:
material”, |

3.22
storage
prolonged
derivatives
their prope

SO Guide 30:2015, 2.1.15, modified — “reference material” has been replaced by ‘sample

characteristic” has been replaced by “ability” and Note 1 to entry has been changed]

interruption of the pre-analytical workflow of a sample or analyte respectively, or of t
e.g., stained sections or tissue blocks, under appropriate conditions in order to prese
rties

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

3.23

validation
confirmati
intended u

bn, throughout the provision of objective evidencé,-that the requirements for a spe
Ke or application have been fulfilled

Note 1 to enftry: The term “validated” is used to designate the-€orresponding status.

[SOURCE: ]

3.24
verificatid
confirmati

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

n

heir
rve

rific

bn, through provision of objective’evidence, that specified requirements have been fulfilled

Note 1 to enftry: The term “verified” is uSed-to designate the corresponding status.

[SOURCE: IISO 9000:2015, 3.8.12;modified — Note 1 and Note 2 where not taken over.]

Note2toe
— perfory
compat

undert

ry: Confirmation-can comprise activities such as:
hing alternatiye.calculations;
ing a newr design specification with a similar proven design specification;

hking tests and demonstrations;

review

nadocuments nriortoissue
o r

3.25

warm ischemia
condition before the tissue is removed from the body, but where it is deprived of its normal blood supply

3.26
workflow

series of activities necessary to complete a task

© ISO 2018 - All rights reserved
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4 General considerations

For general statements on medical laboratory quality management systems and in particular on
specimen collection, reception 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 on
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 blomolecule stability and sample storage condltlons shall be verified and validated.

ass¢ssment of non- controllable workflow steps 1nclud1ng thelr potentlal 1mpact on the ana
performance shall be performed and mitigation measures shall be established to enable-th
analytical test performance.

Befpre or during the design of an analytical test, it should therefore be investigatediand assu
RNA profile(s) intended to be analysed is/are not compromised in a mannernimpacting the
test performance (e.g. by performing a time course experiment or study; see-also Annex A).

Befpre tissues are stabilized by freezing, the RNA profile(s) can change’e.g. by gene indu
down regulation and RNA degradation. These effects depend on the warm and cold ischem

1mented. A risk

lytical test
e required

ed that the
analytical

ction, gene
a duration

and| the ambient temperature before freezing. In addition, the desSoribed effects can vary in different

donjors'/patients’' tissues.

Gererally, the longer the duration of warm and cold ischemia and the higher the ambient t¢

befpre freezing the tissue specimen, the higher is the riskthat changes in the RNA profile ca
NOTE Intraoperative warm ischemia can result inyihore pronounced changes of RNA profiles
posfoperative cold ischemialZI[8]. RNA profiles can also vary, depending on the origin and type o
undprlying disease, the surgical procedure, the.drig regimen, and drugs administered for ang
treatment of concomitant disease and on the different environmental conditions after the tissue rd

mperature
1 occur.

fhan during
[ tissue, the
esthesia or
moval from

the pody.
As warm ischemia cannot be easily-standardized, its duration shall be documented. When it is not
poskible to avoid cold ischemia, duration shall be documented and temperatures of thg specimen

con
for
doc

fainer's surroundings shouldiberdocumented. Where the specimen is transported to anof
freezing, the transport duration shall be documented and the ambient conditions sho
Lumented.

Safé
and

ty instructions ondransport and handling shall be considered (see ISO 15189:2012, 5.2.
ISO 15190).

Duijing the whole-pre-examination process precautions shall be taken to avoid cross con
between different specimens/samples, e.g. by using single-use material whenever f
appropriatexcleaning procedures between processing of different specimens/samples.

If ajcommercial product is not used in accordance with the manufacturer’s instructions, res

her facility
1ld also be

3 and 5.4.5

famination
easible or

ponsibility

for lts=use and pprfnrm:\nr'p lies with the user.

5 Outside the laboratory

5.1 Specimen collection

5.1.1 General

For the collection of the specimen, the requirements (e.g. disease condition, specimen si
intended molecular examination (see also Clause 6) should be considered.

See also ISO 15189:2012, 5.4.4.

© ISO 2018 - All rights reserved
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5.1.2

Information about the specimen donor/patient

The documentation shall include the ID of the specimen donor/patient, which can be in the form of a code.

entation should include, but is not limited to:

disease, demographics [e.g. age and gender]);

(e.g. anaesthetics, medications, surgical or diagnostic procedures);

The docum

a)

b)

c) theap

5.1.3 Inf

The docun

a) the sta3
vessel
NOTE

b) the tin
needle

c) thede
includ
radiolg

If the freez
under 6.2,

The docunij

5.14 Sp

Tissues th

propriate consent from the specimen donor/patient.

ormation about the specimen
entation shall include, but is not limited to:

rt of ischemia within the body (warm ischemia) by documentation of the‘ischemia-reley
ligation/clamping time point (usually arterial clamping time);

Not needed where small tissue biopsy resection for freezing is performed.

he and date when tissue is removed from the body and the/method of removal (e.g. c
biopsy, resection, biopsy device used for the collection);

bcription of tissue type and origin, tissue condition (e:grdiseased, unaffected by the disez
ng references to any marking applied in or outside the operating theatre made by surg
gist or pathologist.

iwhere pathology evaluation is required, aind 6.3 has to be performed.

entation should also include the ID pf:the responsible person collecting the specimen.

pcimen processing

it need to be frozen for diagnostic purposes can originate from a large tissue specime

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

the information about routine medical treatment and special treatment prior to tissue collection

rant

pre-

ing of the tissue is performed outside the ldboratory, the documentation of steps described

1 Or

can be a small tissue specimen like/biopsies e.g. taken by endoscopy or taken from patients during a

surgical pr

Post-mortg
on the timg

Any additi
orientatior

Where a p

ocedure where fastfrozen section diagnosis is required.

m tissues can b&frozen for diagnostic purposes. However, preservation of RNA is depeng
interval between death and autopsy and the temperature of storage of the body after de

pns or modifications to the specimen after removal from the body (e.g. labelling for
of thesspecimen [e.g. ink-marking, stitches, incision(s)]) shall be documented.

hthelogy diagnosis is required on the specimen, sampling shall be performed by or ur

lent
qth.

the

der

supervisio

OT guidarnce of a medicatly quatified (e-g- board certified ) pathotogist(see 6-27-

Where the specimen was removed without the requirement of pathology diagnosis, the evaluation,
selection and documentation of specimens may be done by other qualified persons than pathologists.

The freezing of the specimen or samples taken from the specimen can be performed outside the

laboratory

or inside the laboratory.

Cold ischemia can influence the RNA profile; therefore direct freezing should be preferred.

a)

In case the specimen or sample is frozen outside the laboratory, proceed with 6.2 without delay.

© ISO 2018 - All rights reserved
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In case the specimen or sample is frozen inside the laboratory, fresh tissue specimens

need to be

transported to the laboratory. The steps described under 5.2 for fresh tissue transport shall be

performed without delay.
Fresh tissue transport requirements

1 General

Where transport of the specimen or sample to the laboratory is required for freezing, the laboratory
in collaboration with the clinical or surgery department shall establish a protocol for the transport

pro

5.2
Thd

a)

b)

Sev
tiss
con

Spe
con

Thd
roo
sho

5.2

Temperature moiritoring should be applied in a suitable manner.

Cedure of the specimen.

2 Preparations for the transport
following steps shall be performed:

the selection and use of containers and packages (e.g. cooling box, box forstoring and tran
vacuum packaging) according to applicable transport regulations;

the selection and use of stabilization procedures (e.g. cooling metheds) for transport;

NOTE Accidentally freezing the tissue (e.g. by using cool packs’in a wrong manner) will
degradation when the tissue thaws. It can also impact the morphological characterization.

the labelling of the container (e.g. registration-nuniber, barcode, specimen type, qu
organ tissue of origin) and additional documentation’[information as specified in 5.1.2
5.1.4 and 5.2.2 a) and b)].

lie type, disease status, 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 wét-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 temperature is not measured, the temper3
1ld be estimated by classification as ambient temperature, room temperature, or at 2 °C

3 During transport

e speciimen is not already frozen, it should be transported on wet-ice or at 2 °C to 8 °C wi

If th

sportation,

ead to RNA

hntity, and
, 5.1.3, and

bral specimens from the same patient/donor sharing similar features (macroscopic appearance,

/container

e body. The
hanges.

n different
ture range
fo 8 °C.

Chout delay

in order to-minimize changes to the RNA profile.
NO ]E There is evidence that RNA in tissues can be stabilized in plastic bags under vacuum wher kept at 0 °C

to 4 C° during transport before the samples are archived for biobanks or used for histopathological evaluation[9].

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

6 Inside the laboratory

6.1 Information about the reception of the specimen

The 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

© ISO 2018 - All rights reserved
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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.

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

The evaludtion 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 fof a
medically qualified (e.g. board certified) pathologist.

Local, natipnal or regional regulations can apply.

Options toselect the sample(s) for RNA examination.

a) Theselection of appropriate parts of the specimen for molecular and histopathological examinatjons
as well as for optional further research purposes shall be done by efAunder supervision pf a
medicglly qualified (e.g. board certified) pathologist to ensure thatthe collection of the sample
for RINA examination does not compromise the histopathological analyses. For molecplar
examihation suitable tissue parts should be selected, whereas parts potentially compromising|the
molecyilar 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 fof a

b be

In the fontext of the macroscopic evaluation @f the surgical specimen before and/or after freezing,
the clipical information (see 5.1.2 and 5.13) of the specimen (e.g. type, size, number), hospital
admisgion 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
ical
fion
may
be mafked if necessary and helpful for later microscopic evaluation; photographs may be taken.
Repregentative samplesfar microscopic evaluation shall be taken (i.e. grossing) according to|the

NOTE 2
in the

e.g.

b) When | the \tissue specimen was removed from the body without the requirement qf a
histophthel fion

c¢) When frozen section diagnosis is required, the selected part of the specimen shall be frozen (see
6.3) in an appropriate freezing medium. The freezing medium used shall be documented. Frozen
sections shall be evaluated by a medically qualified (e.g. board certified) pathologist.

6.3 Freezing of the specimen or sample(s)

Freezing of the specimen or sample(s) shall be performed without delay. The most optimal freezing
method (see 6.3.2) for the specimen or sample in regards to the intended use and the working conditions
should be chosen and used.

The vial shall be labelled before it is pre-cooled.

8 © ISO 2018 - All rights reserved
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three possible freezing procedures are as follows.

a) Snap-freezing procedurellQ]: This method should be preferred as it gives the best preservation
of morphology in frozen tissue samples. Isopentane (CsHiz, also called methylbutane or

2-methylbutane), shall be pre-cooled ranging from <-80 °C to >-160 °C where it can be us
freezing. Pre-cooling can be done with liquid nitrogen (=196 °C), dry ice (-80 °C), -80 °C
dedicated freezing appliances that keep the isopentane <-80 °C with or without control

ed for snap
freezers or
led cooling

rate. The isopentane shall be cooled in a tube or other container (e.g. glass beaker) resistant to the

large and sudden temperature shifts. The volume of pre-cooled isopentane shall be atlea
the volume of the specimen or sample. For snap freezing the tissue sample shall be
submerged into the pre-cooled isopentane

st 10 times
completely

b)

NO1T
sep:

NO1
qua

The

After the tissue is frozen it shall be transferred into its designated pre-cooled labelletli cryo-vial.

The vial shall be closed according to the manufacturer’s instructions. The isopentane
refreshed when tissue sediment is seen at the bottom of the tube.

Isopentane is an extremely volatile and extremely flammable liquid at toom tempe
pressure. Therefore, the laboratory should be well ventilated. The isppéntane in the t
be cooled.

Fast freezing procedure: Tissues shall be fast frozen on a pre-cooled metal plate, or m
placed on the surface of liquid nitrogen, or on dry ice. The“metal surface shall be
ranging from <-80 °C to >-196 °C. The metal plate or metaltbasket can be fixed into po

should be

rature and
ibe should

btal basket
pre-cooled
Ssition with

a suitable stand and clamp. Alternatively, the sample can.be frozen directly in liquid pitrogen or

even in the labelled and closed storage vial in liquid nitrogen or in dry ice. However, a sla
process can cause membrane disruption by compattmental rising salt concentrations
formation which can seriously affect the morpholagy. To avoid cross-contamination, th
plate should be cleaned between freezing samples.

NOTE Freezing in liquid nitrogen is characterized by the Leidenfrost effect[1l] caused b
liquid nitrogen around the tissue due to its refatively high temperature. This reduces the heat c
the sample to the liquid nitrogen; this becames worse when the sample is placed in the labelled {

Frozen section procedure: For freezing tissue for fast frozen section diagnosis: The tig
be transported freshly to the laboratory without delay. The selected part of the spec
be frozen onto the specialized metal grids that fit onto the cryostat in an appropria
medium. The freezing medium used should be documented. The metal grid containing
and freezing medium is frozen by holding the metal in liquid nitrogen or dry ice unti
is frozen. After cutting'the frozen sections the remainder should be removed from the
without thawingand stored in a pre-cooled vial for long term storage.

E1 The use“of a freezing medium is known to harm protein mass spectrometry where
ration can betome impaired.

E2 <$Sawiples treated with freezing medium should be stored at =70 °C to avoid dryness a
ity should be evaluated for each freezing medium treated sample before use.

w freezing
ind crystal
k basket or

y boiling of
bnduct from
Fial.

sue should
imen shall
Le freezing
the tissue
the tissue
metal grid

the column

hd the RNA

Fn”nuling steps shall be pnrfnr'mpd hpFnrp, dnring and afterthe frnp'7ing prnr‘pdnrn-

a)

the documentation of the freezing procedure (e.g. freezing in liquid nitrogen, snap-freezing in

isopentane cooled by liquid nitrogen or dry ice, freezing in an appropriate freezin
freezing with controlled cooling rate);

g medium,

b) the documentation of the freezing time point and date (to determine the lag time: time period

between removal from the body - until freezing of the specimen or sample);

c) determine if the required tissue size of the sample fits into the chosen cryo-vial before freezing,
because the tissue size determines the size of the container; it is therefore recommended, that the

specimen/sample does not exceed 1 cm in one dimension;
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d) the selection of the specimen/sample container for cryo-storage:

1) the container shall have a sufficient volume for the size of the specimen or sample to be stored in;

2) the container shall be certified for the storage temperature;

3) the container shall be safely closable, preferably with screw caps; containers with a flip cap
shall not be used;

NOTE

liquid nitrogen.

Containers can explode upon specimen or sample retrieval when they have been stored in

4) th
e) thelab

NOTE
pre-lab

e containers shall be suited for permanent labelling under frozen storage conditions;
elling shall be suitable for the respective frozen storage conditions;

Suitable labels are e.g. self-adhesive labels, handwriting, radio frequency identification (R}
elled containers, which have been verified for purpose.

f) the la&elling of the container shall ensure appropriate traceability of specimens and samyj

There

1) th
an
Sa
2) th
tu

th
3) th
g) thedo

It should b
not be pre
actual tiss
certified) j

re, the container labelling shall provide the minimum information. éf:

d/or sample was collected, which all can be in the form of a code-(unique for every specim
nple);

e basic information on e.g. the tissue type, tissue and disease condition such as affected
mour) or unaffected, unless a sample tracking system.can supply this information couple
e jdentification of the specimen or sample used in-6:3.3 f) 1).;

e unique numbering of each container, which.ean be included in 6.3.3 f) 1);

fumentation of types, quantity and description of the specimen(s) or sample(s).

sent homogeneously in the tissue-sample. Therefore, it is important that the part of
le sample used for molecular examination is evaluated by a medically qualified (e.g. ba
pathologist. In this contextsit'should be documented which aspect of a disease is actu

reflected ifh the tissue sample used formolecular examination (e.g. different molecular mechanisms

be activatg
showing v3

6.4 Stor

d at the centre or the.invasion front of the tumour, also tumours can be composed of aj
riations in differentiation grades).

age requirements

The constant temperature shall be <-70 °C. Systems monitoring and controlling the temperature shg

be implem

Freezers o

bnted and used.

" liquid nitrogen tanks shall have a temperature alarm system.

ID),

les.

b [D of the specimen donor/patient, unique specimen/sample ID ‘and date when the specien

en/

e.g.
d to

e considered that under some diseasg conditions, such as tumours, molecular features nay

the
ard
ally
can
eas

uld

Major temperature shifts can occur during retrieval of the specimen(s) or sample(s). Therefore, retrieval

times shou

1d be kept as short as possible to avoid the thawing of samples.

Occurring temperature shifts, that can have accidentally thawed the specimen(s) or sample(s) to be
processed or to be further stored, shall be documented.

Back-up cryo-storage facilities should be provided.

The storage position, storage temperature, time and date of the retrieval of any specimen or sample
from the storage system shall be documented.
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6.5 Isolation of RNA

6.5.1 General

A histopathological characterization of the cellular composition and disease condition of the specimen
or sample shall be performed (e.g. on hematoxylin/eosin (H&E) sections) according to an internationally
defined histopathological classification (e.g. WHO/IARC Classification of Tumoursl[12]). When the
specimen or sample is used for molecular diagnosis, the fraction of target cells shall be evaluated prior
to the RNA isolation. The quantity of target cells shall be sufficient to perform the examination. When
the specimen or sample is not used for diagnosis, e.g. for research, a similar approach is recommended.

Fre
As 3
of H
buf
ord
inh
buf

step has a major impact on the stabilization of the RNA integrity and (yield and should be

int
ava

Altg
sha
sub

In ¢

6.5
a)

b)

)

bzing of tissue may result in the disruption of cellular membranes and organelles withi
consequence, after thawing, enzymes may be released and activated which may lead\to
INA. Therefore, the specimen or sample shall not thaw before its homogenous dispers
fers containing RNase inhibiting substances. The specimen or sample should be thoroug
ut into small pieces in its frozen state and thoroughly dispersed with lysis buffers contai
biting substances. The subsequent homogenization of the frozen specimen or sample

fer shall be processed immediately after having introduced the tissue, into the lysis 1

he laboratory. Suitable homogenization devices for isolation of RNA/from tissues are co
lable.

rnatively, sections that have been cut on a cryotome (recommended thickness of 4 pm
1 be submerged, while still frozen, directly into the lysis buffers containing RNase
stances.

hse, the processed specimen or sample contains{réézing medium, this shall be documen

2 Requirements and recommendations

All materials that can contact the sample or tissue slides, that includes the lysis buffi
containing this buffer, vials and topls-used to manipulate the frozen sample for cryo-se
transferring to the lysis buffer shall be nuclease free. All materials (excluding the lysis
vial containing this buffer) and tools used to manipulate the frozen sample for cryo-se
transferring to the lysis buffer shall be cooled to <0 °C while kept in an environment
before use. Histotechnolégists shall wear gloves. The relevant parts of the microtome, in
reusable blade, shall be.cleaned after the cutting of each frozen tissue specimen/sample
new disposable blades on the microtome should be considered to avoid cross-contamina

Where morphoelogy changes (e.g. tumour content) it can influence the examination r
strongly recommended to use cryo-sections for RNA isolation and check the morph
every 50 pim-by cutting a section for Hematoxylin and Eosin (H&E) staining.

The incorporation of a DNase treatment step into the RNA isolation procedure is recqg
Thé DNase, other reagents and consumables coming in touch with the RNA shall be RNa

(nlLthe tissue.
gradation

on in lysis
hly minced
hing RNase
n the lysis
uffer. This
controlled
nmercially

to 20 um)
inhibiting

Fed.

br and vial
ctioning or
buffer and
Ctioning or
of <-20 °C
cluding the
The use of
tions.

bsults, it is

blogy after

mmended.
Se-free.

d)

T e method used as wetlas Ritsand ot Tumbers USed 1T the process Need to be doCcuIme

ted.

e) 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.

f) To avoid a 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, which is designed to avoid cross-contamination.

If there is doubt in the correct identification of the specimen or sample, an identification verification
test shall be performed.

The isolation of RNA is a key step in the diagnostic workflow, which shall be especially focused on
during the validation of the entire workflow.

© ISO 2018 - All rights reserved
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The RNA isolation performance should be tested in a RNA proficiency test program.

6.5.3 Using commercial Kits

When using commercial kits dedicated to the isolation of RNA from frozen tissues, the manufacturer’s
instructions for use shall be followed.

6.5.4 Using the laboratories own protocols

If a commercial kit is not used in accordance to its intended use, but is validated fit for purpose as

: 1 : . s 1 111  dede. S L£.11 pa |
defined by tIreuse, nrstructions  siaroe wiritteiana rorrowea:

If the labpratory uses its own protocol independently from a commercial kit, the validation
demonstralting that it is fit for purpose shall be done, and instructions shall be written and followed.

The use off products from different manufacturers can compromise results as the products may[not
be compatjble. They should be used for diagnostic testing only if the components*have been tegted
together and validated to work satisfactorily.

6.6 Quapntity and quality assessment of isolated RNA

The RNA fuantity and quality should be checked according to the’diagnostic kit manufacturer’s
instructior}s, or where provider's instructions are not available, by generally accepted physical, chentical
and biochgmical procedures[131[14][15], These may include one or.more of the following, depending on
the specifi¢ examination:

a) quantification by absorbance measurements (Az60) or.spectrofluorometry;

b) test for purity by absorbance measurements (e.g. wavelength scan, A60/A2g0 ratio);

c) test for RNA integrity (by e.g. electrophoresis; chromatography, molecular methods such as|the
3’/5" afsay or differential length amplicon ratiol16][17][18], or microfluidic methods to deternpine
quality coefficients [e.g. RNA Integrity Nufmber (RIN), RNA Quality Indicator (RQD]);

d) test for presence of interfering substances (using exogenous controls (spiked in RNA and IPNA
controls) or inspecting qPCR response curves for anomalies)[19][20] or using an endogenous RNA
for an RT-PCR inhibition test by introducing increasing eluate volumes into the examination.

NOTE or qualitative examinations, such as presence/absence of a RNA profile , 6.6, a)and b) canp be
sufficient; fpr quantitative examinations, such as gene expression, examination 6.6, a) to d) can be required.

6.7 Storpge of isolated RNA

6.7.1 Geperal

For long-t¢rm storage, usually the isolated RNA is frozen. However, for RNA preservation other
validated methods for archiving can also be used.

For long-term storage, aliquots of the isolated RNA should be generated to avoid repeated freezing and
thawing or repeated recovery from other archiving systems. The aliquots should not be further diluted
to avoid a reduction of the RNA quality.

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.
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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.

6.7.2 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 he followed

6.7]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
proyider, or if the laboratory's own validated RNA isolation procedures are used; the isolated cellular
RNA should be assayed immediately, the laboratory shall have verified: procedures|[including
appropriate storage medium (e.g. RNase-free water)] in place on how to store the isolated RNA before
thefanalytical phase.

NOTE1 Depending on the RNA isolation procedure the resulting RNA‘eluate quality, storage on yet-ice for a
short period of time (i.e. 1 h) can be appropriate in certain circumstancess

For|long-term storage, isolated RNA should be eluted in an{appropriate buffer and stored pt <-70 °C.
Othler validated methods for archiving can also be used[21];

NOTE2  Some RNA isolation procedures can allow storing,the RNA in the range from -20 °C to -7( °C.
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Annex A
(informative)

Impact of pre-examination variables on RNA profiles obtained
from frozen liver tissue samples collected during and after

A.1 Comnpparison of stable and unstable genes identified under ischaemic
conditions

Within th

routine surgery

d EU FP7 SPIDIA project!) a comprehensive multicentre study was performed to identify

changes of[RNA profiles by pre-examination variation in tissue samples. Non-malignant tissue samples
were collected at different time points during and after routine liver surgery and snap frozep in

2-methylb

Uitane cooled by and stored in liquid nitrogen until further examination.

RNA was dxtracted and microarray examination of all ischemia samples was performed. Genes were

selected
further va

ich showed RNA profile changes due to pre-examinatignjvariation. These changes wWere
idated by RT-qPCR.

It was obsprved that some RNA profiles reacted differently ffom patient to patient under ischagmic
conditions]as displayed in Figure A.2 in comparison with a stable RNA profile (see Figure A.1) identified
in the study. These unpredictable variations could cause major problems, e.g. in biomarker discoyery
and development. Hence, the pre-examination workflowshould be carefully evaluated and documenfed.

During thel design of the examination system it is Strongly recommended to investigate, if the spe¢ific

RNA profilg/s intended to be examined is/are not affected by the entire pre-examination process.

1) Research by the EU FP7 SPIDIA project funded by the European Union Seventh Framework Programme

[FP7/2007-

14

2013] under grant agreement no 222916. For further information see www.spidia.eu.
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