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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO dgcuments should be noted. This document was drafted in accordance with the editorial rul

ISO/IEC
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Directives, Part 2 (see www.iso.org/directives).

vs attention to the possibility that the implementation of this document may invelve‘the y
respect thereof. As of the date of publication of this document, ISO had not received not

not represent the latest information, which may be obtained from the patent database av4
.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.
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complet
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htion (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/forewd

ument was prepared by Technical Committee ISOATC 212, Medical laboratories and in vitro d
in collaboration with the European Committee for Standardization (CEN) Technical Co
140, In vitro diagnostic medical devices, in acéprdance with the Agreement on technical coo
ISO and CEN (Vienna Agreement).

hll parts in the ISO 7552 series can be found on the ISO website.
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Introduction

Solid tumours release cells and bioanalytes into blood and other body fluids. This has opened the option
of utilizing such body fluids (liquid biopsies) for a minimally-invasive procedure for tumour detection,
diagnosis and characterization. Liquid biopsies can enable earlier detection and diagnosis of cancers and

advance

personalized patient treatment.[12.20]

These applications have become one of the fastest growing segments of the entire diagnostic market.

Circulating tumour cells (CTCs) in venous whole blood can reflect the disease complexity that evolves during
tumour progression, with distinct genetic, epigenetic and expression features.[21]

Besides
and ana
of the p4

CTCs ar
metasta

Molecul
therapie
selectin

CTCs ar
tubes, e.
early dis
white bl
identifid

Further
lead to
This can

CTCexa
as exprd
prior to

CTCenr
or CTCs
cell loss

CTCenr
staining]

Standar
stabilizg
standar
develop

the prognostic role of CTC identification and enumeration in cancer progression, CTC idenpt
ysis can improve disease outcome prediction, therapeutic guidance and post-treatment md
tient.[19]

e now considered as a surrogate of tumour tissue in cancer early development; progres
Lic phase.[22]

ir characterization of CTCs can provide a strategy for monitoringZcancer during
s,[23] identifying mechanisms of disease progression, identifying novel\targets for treatmen
y targeted therapies19,

e fragile and tend to degrade within a few hours when collected in conventional blood ¢
c. EDTA containing tubes, without dedicated CTC stabilizer§<CTCs are extremely rare, esp¢
ease, e.g. less than 10 cells per 10 ml of blood, representing a ratio of approximately 1:107

htion and examination as tumour-derived cells.

nore, CTC morphology and biomolecules can change during the pre-examination process.
hanges in protein quantity, integrity, modification, conformation, and localization within
impact the validity and reliability of the ekxamination result.

mination usually requires a CTC enrichiient step (e.g. based on biological properties of the C'1
ssion of surface molecules, or physical properties, such as size and density, or their com}
cytomorphological examinationorimmunofluorescent staining.

in suspension, requiring €xtra processing steps prior to the examination. This can lead to
[25]

chment is usually.fellowed by their identification by conventional cytochemical or protein-
procedures that-allow detection of the cell traits.

lization includes all steps of the pre-examination process, including blood collect

lizationis crucial to ensure reliable examination results in current clinical use and is also ¢
new GTC based diagnostic examinations and to establish these in clinical healthcare.[2¢]
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This document describes measures to standardize the pre-examination process to obtain appropriate CTC

staining
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Molecular in vitro diagnostic examinations — Specifications
for pre-examination processes for circulating tumour cells

(CTC

s) in venous whole blood —

Part 3:

Preparations for analytical CTC staining

1 Scope

This dodqument specifies requirements and gives recommendations on the handling, storage, CTC enr

prepara
CTCs du

This dogument is applicable to molecular in vitro diagnostic examinations’ncluding laboratory d¢

tests pe

diagnostics developers, and manufacturers, biobanks, institutions, and commercial orgar
performling biomedical research, and regulatory authorities.

This dod
culturin

Differenf dedicated measures are taken for stabilizing CTCs genomic DNA and RNA that are not des

this doc
NOTE 1

NOTE 2

this document.

2 Normative references

The folld

ISO 15189, Medical daboratories — Requirements for quality and competence

[SO 15190, Medical laboratories — Requirements for safety

fion for CTC staining, and documentation of venous whole blood speciméns intended for st
Fing the pre-examination phase before an examination is performed.

Fformed by medical laboratories. It is also intended to be used\by laboratory customers,

.

iment; they are covered in ISO 7552-1 and I1S©7552-2.
The requirements given in this documentcan also be applied to other circulating rare cells (e.g. foe

International, national or regional regnilations or requirements can also apply to specific topics ¢

chment,
hining of

bveloped
in vitro
izations

ument does not cover pre-analytical workflow requirements for viable CTC cryopreservation and

'ribed in

tal cells).

bvered in

wing documents are(referred to in the text in such a way that some or all of their content constitutes
requirements of this documeént. For dated references, only the edition cited applies. For undated ref
the latedt edition of thereferenced document (including any amendments) applies.

erences,

TO I A CIIIITI TR O ITY

For the purposes of this document, the following terms and definitions apply.

ISO and
— ISO
— [EC

[EC maintain terminology databases for use in standardization at the following addresses:

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

Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1
aliquot

ISO/TS 7552-3:2024(en)

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.

[SOURCE: ISO 20166-3:2018, 3.1]

3.2
analyte

component represented in the name of a measurable quantity

[SOURC

- 1S0Q. 17511 -')n')n’ 21 . modified The nvamp]c\ has heenremaoved ]

3.3
backflo
flow of 4

3.4

W
liquid opposite to the usual or desired direction

blood c¢llection set

intraven
(tubing)

Note 1 to

3.5

with attached plastic wings and fitting connector

blood c¢llection tube

tube useq
into the

3.6
circulat
CTCs
cells pre

3.7

closed ¢
non-moq
hardwal

[SOURCI

3.8
CTC enn
method

39
CTC isol
method

d for blood collection, usually in a vacuum which forces blood from the vein through the ne
tube

ing tumour cells

sent in blood, originating from a primary or metastatic site(s) of a tumour

ystem

e, software, procedures and reagents)

: 1SO 20186-2:2019, 3.6]

ichment

ation
resulting in a sample (3.21) containing CTCs (3.6) without any other cell types

3.10

ous device specialized for venipuncture consisting of a stainless steel’beveled needle gnd tube

entry: The connector attaches to an additional blood collection device, e.g’ a blood collection tube (3.5).

edle and

lifiable system provided by the-vendor including all necessary components for the analysis (i.e.

that is able toificrease the ratio of CTCs (3.6) to other cells including white blood cells in a sample (3.21)

diagnosis
identification of a health or disease state from its signs and symptoms, where the diagnostic process can
involve examinations (3.11) 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 made

[SOURCE: ISO 20184-1:2018, 3.6]

© IS0 2024 - All rights reserved
2


https://standardsiso.com/api/?name=c32ce1a6f9cc9b9a84f3409980fb14da

ISO/TS 7552-3:2024(en)

3.11

examination

analytical test

set of operations having the objective of determining the numerical value, text value or characteristics of a

property

Note 1 to entry: An examination includes the processes that start with CTC staining and include all kinds of parameter
testing or chemical manipulation for quantitative or qualitative examination.

[SOURCE: ISO 15189:2022, 3.8, modified — The original Notes to entry have been removed, and a new Note 1
to entry has been added; “analytical test” has been added as a preferred term.]

3.12
examination performance

analyti¢al test performance

analyti¢al performance

ability of an examination (3.11) procedure to measure or detect a particular analyte (3.2}

Note 1 to|entry: Analytical performance is determined from analytical performance studies ised to assess the ability
of an in vjitro diagnostic examination procedure to measure or detect a particular analyte.

Note 2 tp entry: Analytical performance includes such characteristics as analytical sensitivity, detect]on limit,
analyticdl specificity (interference and cross-reactivity), trueness, precision and lineadrity.

[SOURCE: 1SO 20186-3:2019, 3.11]

3.13
immunocytochemistry
in situ detection technique that uses the principle of antibodie$binding specifically to antigens in orf on cells
to detecf the antigens (e.g. proteins) using brightfield micrgscopy

3.14
manufagcturer
entity that is legally responsible for manufacturing‘a specific workflow (3.26) component

Note 1 to|entry: For the purpose of this document/-manufacturers can be examination (3.11) manufacturers, ¢ollection
device mpnufacturers, CTC enrichment (3.8) andiisolation manufacturers, nucleic acid isolation manufacturers.

3.15
needle holder
barrel ufed in routine venipunctutre procedures to hold the blood collection tube (3.5) in place and t¢ protect
the phlepotomist from directrcontact with blood

[SOURCE: ISO 20186-1:2019;73.16]

pre-examination.process

mination

transportatlon toand W1th1n the laboratory, cell enrichment, and 1solat10n of analytes (3 2) endlng when the
analytical examination begins

Note 1 to entry: The pre-examination phase includes preparative processes that influence the outcome of the intended
examination.

[SOURCE: ISO 15189:2022, 3.24, modified — “pre-analytical phase” and “pre-analytical workflow” have
been added as preferred terms; in the definition, “user’s request” has been changed to “clinician’s request”;
“cell enrichment, isolation of analytes” has been added to the definition; Note 1 to entry has been added.]

© IS0 2024 - All rights reserved
3


https://standardsiso.com/api/?name=c32ce1a6f9cc9b9a84f3409980fb14da

3.18

ISO/TS 7552-3:2024(en)

primary sample
specimen

discrete portion of a body fluid or tissue or other sample (3.21) associated with the human body taken for
examination (3.11), study or analysis of one or more quantities or characteristics to determine the character
of the whole

[SOURCE: ISO 15189:2022, 3.25, modified — Note 1 to entry has been removed.]

3.19

proficiency testing

PT
evaluati

pbn of participant performance against pre-established criteria by means of interla

comparisons

[SOURCE: ISO/IEC 17043:2023, 3.7, modified — Note 1 to entry has been removed.]

3.20

room temperature
temperdture in the range of 18 °C to 25 °C

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

3.21
sample

one or mjore parts taken from a primary sample (3.18)

[SOURCE: ISO 15189:2022, 3.28.]

3.22

stability

ability

value within specified limits for a specified period oftime

[SOURCI

material”’; “specified” replaced by “stated” before “property value”. Note 1 to entry has been remove

3.23

storage
prolong
respecti
in order

», «

to preserve their prdperties

Note 1 tolentry: Long-termistorage typically occurs in laboratory archives or in biobanks.

[SOURCE: ISO 20166-3:2018, 3.21]

3.24
validati
confirm

jon

: [SO Guide 30:2015, 2.1.15, modified “="The words “reference material” were replaced by

bd interruption of the pre:examination workflow (3.26) of a sample (3.21) or analy
vely, or of their derivatives, such as stained sections or tissue blocks, under appropriate cgnditions

boratory

a sample (3.21) material, when stored under‘specified conditions, to maintain a stated property

“sample
d.]

te (3.2)

htion; through the provision of objective evidence, that the requirements for a specific intelllded use

3 dos 1 ] L1011 1
or applll,auuu ITave DTTIT TUIr et

Note 1 to entry: The term “validated” is used to designate the corresponding status.

[SOURCE: I1SO 9000:2015, 3.8.13, modified — The original Notes 1 to 3 to entry have been removed.]

3.25

verification
confirmation, through the provision of objective evidence, that specified requirements have been fulfilled

Note 1 to entry: The term “verified” is used to designate the corresponding status.

Note 2 to entry: Confirmation can comprise activities such as:

© IS0 2024 - All rights reserved
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— performing alternative calculations;

— comparing a new design specification with a similar proven design specification;

— undertaking tests and demonstrations;

— reviewing documents prior to issue.

[SOURCE: ISO 9000:2015, 3.8.12, modified — The original Notes 1 and 2 to entry have been removed and
Note 2 to entry has been added.]

3.26

workflow

series offactivities necessary to complete a task

[SOURCE: ISO 20166-3:2018, 3.25]

4 General considerations

Refer to

ISO 15189, ISO/IEC 17020 or ISO/IEC 17025 for general statements on medical laboratory

management systems. In vitro diagnostic (IVD) manufacturers should followISO 13485. Genera
management system requirements can be found in ISO 9001. For other (general requirements
examingtion processes, including pre-collection activities, collection, transport, receipt, and har

specime]

n, see [SO 20658 and ISO 15189:2022, 7.2.

All steps of a diagnostic workflow can influence the final analytical‘test result. Thus, the entire w

includin
and vali
medical
analytic

b biomolecule stability and both specimen and sample storage conditions shall be specified,
Hated during the development of the examination including the development of in vitro di
devices. A risk assessment of relevant workflow steps including their potential impac
hl test performance shall be performed and mitigation measures shall be established to er

required analytical test performance. Guidance is provided in ISO 14971 and ISO 35001.

CTC analysis usually involves a CTC enrichment stép (e.g. by size, immunomagnetic-, or microfluid

approac
procedul
during t

The deg

hes) prior to CTC staining. Due to the mature of the specimen/sample and the complexit
Ire potentially affecting the morphology and integrity of CTCs, appropriate measures shall
he pre-examination workflow to myaintain the CTCs features required for the examination.

ree of contamination of CTCs with WBCs or other cells is critical. The presence of WBCs

enriched sample is unavoidable andcan affect the performance of the examination e.g. the CTC stai
to nonspecific binding of detection-components to WBC count. To overcome this problem, an isolat

can be n

ecessary to obtain a pure CTC sample.

 quality
quality
on pre-
dling of

rorkflow
verified,
agnostic
t on the
able the

ic-based
y of the
be taken

na CTC
ning due
ion step

Safety instructions for theswhole pre-examination process shall be in place and followed. They shall be in

accorda

During

ce with requirerments specified in ISO 15189 and ISO 15190.

the whole \pre-examination process, precautions shall be taken to avoid cross contamination

betweer] either different specimens or samples, e.g. by using single-use material whenever feasiljle or by

using approptiate cleaning procedures between processing of either different specimens or samples

The ma
hazardo

hufacturer's material safety data sheet shall be considered before first use of any po

D.

[tentially

us material (e.g. chemicals in stabilizers).

For all pre-examination steps, the examination manufacturer's instructions shall be followed, if provided.

Where, for justified reasons (e.g. unmet patient needs), a commercial product is not used in accordance with
the manufacturer's instructions, responsibility for its verification, validation, use and performance lies with
the laboratory.

© IS0 2024 - All rights reserved
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5 Activities outside the laboratory

5.1 Specimen collection

5.1.1

General

For the collection of the blood specimen, the requirements for the intended molecular examination (e.g. type
of blood collection tube, collection procedure) laid out in Clause 6 shall be followed.

5.1.2

The doc
The doc
a) the

demographics such as age, sex, and gender);

b) the Information about medical treatment and special treatment prior to blood.collection;
c) thetype and purpose of the examination requested;
d) the appropriate consent from the specimen donor/patient (see also ISO15189);

e) time point of the blood draw where relevant (e.g. patients rest ofactive times).

NOTE
patients.

5.1.3
The CT

inappropriate storage/transport conditions, as well as by enrichment and isolation procedures.

Due to the low number of CTCs, a high recovery efficiency is required during enrichment. Thi
hampere¢d by the potential instability of-CFCs during transport and storage, leading to a reductid
CTC number in the specimen or reduced tompatibility with the enrichment system.[13]

Therefore, venous whole blood(should be collected in appropriate collection tubes with st
maintaining the integrity of the(CTCs (CTC stabilizer).

The exa
be used
shall be

Where the examination manufacturer does not provide such specifications, but either the CTC enf
or the ijolation-manufacturer specifies a dedicated blood collection tube, this can serve as a basi
laborato

Information about the specimen donor/patient

imentation shall include the ID of the specimen donor/patient, which can be in the form of 3
imentation should include, but is not limited to:

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

A recent study demonstrated a higher CTC concentration, inblood during the rest phase of brea
30]

Selection of the venous whole blood collection'‘tube by the laboratory

[ staining can be influenced by inadeqiate venous whole blood collection procedu

mination manufacturer instructions should contain specifications on the blood collection t
Where the examination manufacturer specifies usage of dedicated blood collection tube
used.

ry'sitube verification for the examination. Where such specified blood collection tube does
1nat10n requlrements or none of the manufacturers spec1f1es a blood collectlon tube tl

code.

disease,

St cancer

res and

t can be
n of the

hbilizers

ibe(s) to
s), these

ichment
5 for the
hot meet
he blood

ollection

variability of the CTC (numbers and morphology) venous whole blood should be collected in commercially
available venous whole blood collection tubes containing CTC stabilizers preserving CTC morphology and
integrity.

The blood collection tube catalogue and lot number should be documented.

Blood collection tubes not containing any CTC stabilizers should be used only if specified by the examination
manufacturer's instructions. In these cases, conventional blood collection tubes, e.g. EDTA containing tubes,
should be used, although EDTA does not prevent changes of CTCs but it prevents blood clotting, which can
minimize the potential impact of blood clots on the CTCs. Blood micro clots can impact some CTC enrichment

© IS0 2024 - All rights reserved
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procedures thus changing the CTC subpopulation, or even strongly hamper the entire CTC enrichment
procedure. The examination manufacturer's specifications shall be considered for further details.

NOTE1 Studies have shown that CTC detection is possible in EDTA-collected venous whole blood within 4 h after
blood draw from patients with different tumour types.[32-36]

NOTE 2  There are also alternatives to conventional blood collection-based CTC enrichments. These systems allow
for in vivo and ex vivo CTC sampling from larger blood volumes.[3Z38]

5.1.4 Venous whole blood specimen collection from the patient/donor

The identity of the person collecting the specimen shall be documented. This can be documented in form of
the namporacode. The date and time of btood cottection shatl be documented.

For the labelling (both specimen and sample identification) of the blood collection tube, a routine’prjocedure
(e.g. ISO| 15189 for medical laboratories or ISO 20387 for biobanks) or a similar procedurelwith |optional
additionjal information (e.g. 2D-barcode) shall be used.

Standarg venipuncture techniques can be used, if not specified differently by thé blood collectjon tube
manufadturer. For avoiding significant changes of the CTC population during the-blood collection (e.g. lysis
of CTCs by shearing), a suitable needle of sufficiently large gauge diameter shall*be specified and|verified
during the development of a blood collection tube intended for collecting CTC$contained in blood. $teps for
preventing possible backflow into the donor's/patient’s body can be required.

The blopd collection tube manufacturer shall provide specified and-verified instructions on the blood
collectign procedure. These shall be followed. A blood collection setand needle holder can be required when
using CTC stabilizer containing tubes. In this case, the instructions of the collection set and needle holder
manufadturer shall be followed, as long as not specified and verified differently (e.g. by the blood collection
tube mahufacturer).

Blood cdllection tubes shall be filled in accordance with the manufacturer's instructions and attention should
be drawn to the correct positioning of the collection<tube during the blood draw as well as the fequired
blood vdlume. Blood collection tube developers and manufacturers shall specify and verify the limitf of tube
underfilling. The examination manufacturers shall verify the specification for the dedicated examiration.

NOTE 1 | The integrity of CTCs can be influencded by inadequate venous whole blood collection procedures.

NOTE 2 | Underfilling of blood collection tubes containing CTC stabilizers can compromise the functign of the
stabilizefs due to an unfavourable bloed to stabilizer ratio. This can in itself compromise the CTC which cgn impact
the validjty and reliability of the examihation results.

The blo(:Ed collection tube manufacturer's instructions for mixing or inverting the tube immediately after
blood cdfllection shall be followed. If no information about mixing or inverting is given by the manufacturer’s
instructjons, each tubeshould be gently inverted 8 to 10 times.

Either incorrect orvinisufficient mixing can be one of the most frequent pre-examination variables. Unless
additivep in the<blood collection tubes are homogenously mixed with the specimen, the CTCY4 can be
compromised, Which can impact the validity and reliability of the examination results. Correct mixjing shall
thereforg bé.a‘focus during education and periodic training of all personnel involved in blood collection.

The blood cottection procedure shatt be documented, as requested by the medical faboratory. Both any
tampering with and any addition to the specimen shall be documented.

5.2 Specimen storage and transport

5.2.1 General

When selecting and using transport packages (e.g. box for storing and transportation), transport regulations
can apply. A specified and verified procedure for specimen storage and transport and written instructions
shall be in place. The specified storage and transport conditions (e.g. temperature and duration) shall be
followed and documented including any deviations from them.
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Temperature monitoring should be applied in a suitable manner in case the specified storage and transport
conditions cannot be ensured e.g. by the specified transport packages. The duration of temporary storage in
the blood collection facility and the duration of transport to the laboratory contribute to the total duration of
storage and transport. Special care should be taken to avoid CTC lysis as this will change the CTC population.
Therefore, the specimen shall not be frozen or shaken vigorously.

5.2.2 Storage and transport using blood collection tubes with stabilizers

The examination manufacturer shall provide specified and verified instructions for the storage and
transport of the collected blood specimen (e.g. duration, temperature) and these shall be followed.

Where th inati rer n rovi h ification |

g ent legal
framewgrks), the procedure shall be specified, verified, and documented by the laboratory.

Instructjions shall be written accordingly for the user and followed. The blood collection tube)manufacturer
specifications on storage and transport conditions can serve as a basis/framework for the'laboratory's own
specific werification for the intended examination.

5.2.3 Btorage and transport using blood collection tubes without stabilizers

Where the examination manufacturer specifies usage of blood collection tubeswithout stabilizers, they shall
provide |specified and verified instructions for the storage and transportefthe collected blood specimen
(e.g. durption, temperature) and these shall be followed.

Where the examination manufacturer does not provide such specifiCations (e.g. due to less stringent legal
framewgrks), the procedure shall be specified, verified, and doectimented by the laboratory. This should be
done by time course studies analysing the stability of the targeted examination analyte after blood draw.

NOTE A time course study involves repeated observations;of the same variables at specific intervaﬂs over a
relevant fime-period (e.g. time 0, 2 h, 6 h, 12 h, 24 h, 36 h, 48\h). This reflects any knowledge on the stabilfity of the
analyte(q) of interest. Typically, this involves multiple aliquets from the same donor taken from the same blgod draw,
repeated|for several donors.

Dependilng on the results of the time course studies, it can be necessary to process specimens withgut delay
or after pnly a short storage duration to maximize the CTC recovery.

Instructjons shall be written accordingly-for the user and followed.

The makimum duration and temperature of storage shall be specified and verified for the intended
examingtion.

6 Activities inside the laboratory

6.1 Specimen reception

The iderftity ofsthe person receiving the specimen or sample shall be documented. This can be dochimented
in form pf thie\name or a code. The correct identity of the specimen or sample shall be checked. This should
include [the) clinical information (see 5.1.1 and 5.1.2), hospital admission number, name of theg patient
or donor, and date of birth of the patient or donor. In certain instances, e.g. in research studies, it can be
necessary to only work with a code. The arrival date, time and nonconformities of labelling, storage and
transport conditions (e.g. temperature, duration) and blood volume differences to specifications, leaking/
broken tubes, etc. shall be documented. A procedure for handling nonconformities shall be in place.

Where there are nonconformities, e.g. usage of non-specified blood collection tubes, in transport conditions,
overall storage, and transport duration or blood volume or accidental freezing, that can affect the validity
and reliability of the examination result, a new specimen should be obtained.
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6.2 Specimen storage after transport and reception

Where further storage in the laboratory is needed, the storage temperature and the date and time when
starting either specimen or sample storage shall be documented. Storage temperature and total storage
duration shall not exceed the specifications identified in 5.2.

The specimen total storage duration includes the duration of storage at the blood collection facility (5.1.4), of
transport to the laboratory (5.2) and of further storage at the laboratory or other institutions. The maximum
storage duration specified by the examination manufacturer or, if this is not provided, by the laboratory (see
5.2) shall not be exceeded.

6.3 Enrichment of CTCs

6.3.1 eneral

CTC exgminations usually require an enrichment of CTCs from other cell types, typically white blood
cells. CT|C enrichment is achieved based on the physical (e.g. cell size, cell deformability) or the bjiological
properties (e.g. presence of specific epitopes) of these cells.[23] More details on CT@énrichment prgcedures
can be fpund in Annex A. Different methods for CTC enrichment can result in different yields (nymber of
recover¢d CTCs) and different CTC to white blood cells ratio. Moreover, different enrichment methods can
select different CTC subpopulations (e.g. epithelial, mesenchymal.[22] Thesé aspects should be copsidered
during the design, verification, and validation of an examination (e.g. by~specifying the minimum|number
of required CTCs, the maximum percentage of contaminating white bloed cells that is acceptable). [Chis can
be done|by analysing the recovery of spiked-in cancer cells from established cell lines prior and after the
enrichment procedure. Where unacceptable CTC yield occurs, action should be taken to minimize|changes
e.g. by adlding a CTC stabilizer before starting the enrichment.

The CT( stabilizer in a blood collection tube can also be effective during the CTC enrichment depending on
the cherpical characteristics of the stabilizer. If the CTC(Stabilizer used in the blood collection tube is not
effectivg anymore during CTC enrichment, an additional stabilizer should be added for the CTC entfichment
procedure.

To minimize cross contamination with amplified nucleic acids, the enrichment of CTCs should not be
performled in the same area as the nucleic acid-amplification steps of the examination process, unless closed
systems|are used, which are verified to avoid cross-contamination for the intended application.

6.3.2 sing a commercial CTC enrichment system intended for diagnostic use

The examination manufacturershall provide specified and verified instructions on CTC enrichnment and
these shpll be followed.

Where the examinationmanufacturer does not provide such specifications (e.g. due to less stringent legal
frameworks), but the blood collection tube manufacturer and/or the pretreatment system(s) [for CTC
staining| manufacturer has/have specified and verified one or several dedicated commercially gvailable
CTC enrjchmentsystem(s), these can serve as a basis/framework for the laboratory's examination| specific
verificatfion.

Where pore of these manufacturers has specified and verified a specific CTC enrichment system, the
laboratory shall select, specify, verify, and document an appropriate CTC enrichment system approved for
diagnostic use, where available. Instructions for use shall be written accordingly and followed.

Where the selected CTC enrichment procedure does not sufficiently support the specified examination
performance characteristics, the laboratory should modify it accordingly (e.g. by increasing the volume
of either the blood specimen or sample, by modifying the pressure applied for filtration, by adjusting the
quantity of the capture antibody or using an additional antibody for CTC enrichment).
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6.3.3 Using the laboratory developed CTC enrichment procedure

Where no commercially available CTC enrichment procedure intended for diagnostic use can be successfully
verified with the intended examination (see 6.3.2), the laboratory shall develop its own procedure by either:

— modifying an existing CTC enrichment procedure for diagnostic use;

— using a commercially available system for research use only that can be modified as required; or

— developing its own CTC enrichment system.

The procedure chosen from the list above shall be specified, verified, and eventually validated based on the
outcome_of the risk assessment (see Clause 4) for the intended use of the examination. Instruction
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with the morphologic heterogeneity of cells commonly found in the primary and metastatic tumour.[40-42]

Although CTCs are morphologically distinct from normal white blood cells (WBCs) and can be identified
according to standard diagnostic cytopathology criteria (i.e. cell dimension, nuclear-to-cytoplasmic ratio)
[43], immunochemical staining of tumour specific proteins should be considered for CTC identification.
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6.6.2 Pretreatment for different staining techniques (antibody, colour staining, in situ techniques)

6.6.2.1 General

Where pretreatment steps for staining techniques are needed, these shall be specified and verified (e.g.
length of incubation, buffer/enzyme concentrations and temperature). This shall be done for each CTC
stabilization and enrichment method specified for the intended examination (e.g. specific antigen/epitope
and antibody, or the nucleic acid target and probe).

CTC stabilizers in blood collection tubes and /or applied during CTC enrichment or any other pre-examination
step can contain chemicals which modify the CTC intracellular and surface markers (e.g. crosslinks by
fixatives such as formaldehyde or similar compounds). Depending on the examination requirements, it can
be necegsary to revert these modifications or make them compatible with the examination byjdpdicated
pretreatiments for CTC staining. Specifically, for staining techniques based on antibodies or@the affinity
binders [(e.g. immunocytochemistry, immunofluorescence staining), it shall be determined if an| antigen
retrieval (AR) [also called epitope retrieval (ER)] is required.

Where processing CTCs without having applied a stabilizer in any pre-exandination step, |specific
pretreatiments are generally not needed. However, some examinations can require post-enrichment fixation
of CTCs as the applied examination staining antibody only recognizes modified$trface markers.

For clasgical staining (i.e. haematoxylin and eosin), pretreatment steps are gsually not necessary. Incontrast
examingtions detecting intra-cellular targets usually require pretreatments for permeabilization [of CTCs.
Specifically, for nucleic acid hybridization-based techniques, it shall be) determined if a pre-hybridization
step including permeabilization of the cells is required.

6.6.2.2 | Using a commercial pretreatment system for CTC staining procedure intended for
diagnostic use

The examination manufacturer shall provide specified ‘and verified instructions on pretreatment| for CTC
staining|and these shall be followed.

Where the examination manufacturer does notcprovide such specifications (e.g. due to less stringent legal
framewgrks), but the blood collection tube.manufacturer and/or the CTC enrichment manufactufrer has/
have sp¢cified and verified one or several.dédicated commercially available pretreatment system(s) for CTC
staining) these can serve as a basis/framework for the laboratory's examination specific verification.

Where rlone of these manufacturers:has specified and/or verified a specific pretreatment for CTC $taining,
the labdratory shall select, speeify, verify and document an appropriate pretreatment for CTC [staining
approved for diagnostic use, where available. Instructions for use shall be written accordingly and fpllowed.

Where the selected pretreatment for CTC staining procedure does not sufficiently support the dpecified
examindtion performanee-characteristics, the laboratory should modify it accordingly (e.g. by modifying the
pretreatiment tempefatire or by changing the concentration of permeabilizing reagents).

6.6.2.3 | Using-the laboratory developed pretreatment for CTC staining procedure

Where rlorcommercially available pretreatment for CTC staining procedure intended for diagnostid use can

Flley rai oo d caziil b g ot o Ao d o o bt oo LD O Lo loly rirchall dazal 1
be SUcCC€ SSTUITYy veTTIIICT wH—thehteraeaexamiation |CARZA A IY-TY =y N HHer1anot atul_y Staraevetop 1ts own

procedure by either:

— modifying an existing pretreatment for CTC staining procedure for diagnostic use;
— using a commercially available system for research use only that can be modified as required; or
— developing its own pretreatment for CTC staining.

The procedure chosen from the list above shall be specified, verified and eventually validated based on the
outcome of the risk assessment (see Clause 4) for the intended use of the examination. Instructions for use
shall be written accordingly and followed.
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Annex A
(informative)

Decision guideline for critical steps of the CTC pre-analytical
workflow
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First step Options
| Blood collection without CTC and NA stabilizers |
BLOOD SAMPLING | Blood collection without CTC stabilizer and with NA stabilizer|
(STABILIZATION,

) | Blood collection with CTC stabilizer and without NA stabilizer|

STORAGE, TRANSPORT
| Blood collection with CTC and NA stabilizers |

/ Second step Options \

— Biological properties . )
— Immunomagnetic capture (positive or negative

enrichment)
— Microfluidic immunocapture

— Physical properties (positive selection)
— Membrane filtration

CTC ENRICHMENT — Size based microfluidics
— Density based

— Dielectrophoresis

— Combined methods . . \
— Chips (e.g. biological plus physical propérties)

— ex vivo methods

— Diagnostic leukapheresis
— Intravenous cell collector
— Photoacoustic separation

Alternative workflows

A A
( NAs ) 4
ISOLATION Molecylar CTC STAINING
See 1SO TS 7552-1; |«—analysis of :
1SO TS 7552-2 enriched CTCs [ E)%IVQNATION = Morphological analysis and ]
Molecular in WBC > CTC COUNTING
(DNA/RNA-based) Molecular analysis ofl pure CTC population
\_ technologies / b
ISOLATION OF SINGLE CELLS OR POOLS
— Laser assisted microdissection
— Micromanipulation
\_ — FACS
CELL LYSIS and AMPLIFICATION
— Targeted pre-amplification
— Whole Genome/Transcriptome
Amplification (WGA/WTA)
v A 4
EXAMINATION (e.g. NGS, qPCR, dPCR)
— Mutational analysis
— Gene expression analysis
k — Epigenetic analysis J

Figure A.1 — Decision guideline for critical steps of the CTC pre-analytical workflow
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