INTERNATIONAL ISO
STANDARD 10993-10

Fourth edition
2021-11

Biological evaluation of medical
devices —

Part 10:
Tests for skin sensitization

Evaluation biologique des dispositifs médicaux —

Partie 10: Essais de sensibilisation cutanée

Reference number
1SO 10993-10:2021(E)

© IS0 2021


https://standardsiso.com/api/?name=95d1f316bd70151f12a58007a1e5b63a

ISO 10993-10:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

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

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=95d1f316bd70151f12a58007a1e5b63a

IS0 10993-10:2021(E)

Contents Page
FFOT@WOTM.........ccccccovvevee e85 5558558555585 \%
IIMEIOMUICTION ... vi
1 SCOPI@ ... 1
2 NOIMATIVE FEEETEIICES ..........cccoo e 1
3 Terms and defiNETIONIS ... 1
4 General principles — Step-wise approach
5 Pretest cONSIAErations. ... o
5.1 GBIET ALt e
5.2 Types of material.........ccccocn..
5.2.1 Initial considerations
5.2.2 Ceramics, metals and alloys ...
5.2.3  POlYMErS ...
5.2.4 Biologically derived materials
5.3 Information on chemical composition
5.3.1  General ...
5.3.2  EXisting data SOUICES ... e
6 SKin sensitization eSS ... e 5
6.1 Choice of test methods. ... 5
6.2 Murine local lymph node assay ... 6
6.2.1  Principle ... 6
6.2.2 Test sample preparation .6
6.2.3 Animals and husbandry ....qd e e 6
6.2.4  TeSt PrOCEAUTE. ..o il 7
6.2.5 Treatment groups .. 8
6.2.6 Determination of cellular proliferation and tissue preparation.............f..... 8
6.2.7 Results and iNterPFETaAtiON ... 9
6.2.8  TeSt TP O . i 9
6.3 Guinea pig assays for the detection of skin sensitization. 9
6.3.1  PrinCiplemit s 9
6.3.2 Choice'of test sample concentrations....
6.3.3  INAUCHON ...ooocccoeerne
6.3.4  ERAIIENZE ..ot
6.4  Importart factors affecting the outcome of the test. ...
6.5 Guined pig maximization test. ...
6571 Principle .
6.5.2 Test sample preparation
6.5.3 Animals and husbandry.........cccee
6.5.4 Testprocedure.......n.
6.5.5 Observation of animals ...
656 FEvaluatiomof tesuts T e
6.5.7 Testreport
6.6 Closed-patch test (BUERIET tESE) ...t
0.60. 1 PTINICIPIE e
6.6.2 Test sample preparation
6.6.3 Animals and husbandry ...
6.6.4  TEST PIOCEAUIE. ...
6.6.5 Observation 0f @NTMalS. ...
6.6.6 Evaluation of results
0.60.7  TOST TRPOT . ..ottt
7 Key factors in interpretation of test reSUltS ..., 18
Annex A (normative) Preparation of materials for skin sensitization testing...............ee 19

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=95d1f316bd70151f12a58007a1e5b63a

ISO 10993-10:2021(E)

Annex B (informative) Method for the preparation of extracts from polymeric test

IMATEITALS ... s 21
Annex C (informative) Non-animal methods for skin sensitization.............ces 24
Annex D (informative) Background information on sensitization tests for skin sensitization.....37
BIDLIOGIAPIY ... 40

iv © 1S0 2021 - All rights reserved


https://standardsiso.com/api/?name=95d1f316bd70151f12a58007a1e5b63a

ISO 10993-10

Foreword

:2021(E)

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 procedures used to develop this document and those intended for its further mainte
degcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documéntmay be the
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an
conpstitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific {
expressions related to conformity assessment, as well as information about ISO's adhere
Wdrld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see thg
UR[L: www.iso.org/iso/foreword.html.

Th
me
Col
Ag

s document was prepared by Technical Committee ISO/TC 194 Biological and clinical ev
dical devices, in collaboration with the European Committee for Standardization (CEN)
mmittee CEN/TC 206, Biological and clinical evaluation of medical devices, in accordancg
Feement on technical cooperation between ISO and CEN (Vienna Agreement).

Th
teg

s fourth edition cancels and teplaces the third edition (ISO 10993-10:2010), which
hnically revised.

Th

e main changes compargd-\to the previous edition are as follows:

this document now'contains a description of skin sensitization testing only;
Annex C on non<animal methods for skin sensitization (formerly Annex D) has been updd
the testing for irritation is now described in ISO 10993-23.

st of all-parts in the ISO 10993 series can be found on the ISO website.

nance are
ed for the
e with the

subject of
Details of
on and/or

1 does not

erms and
hce to the
following

1luation of
Technical
b with the

has been

ted;

ds body. A

feedback or questions on this document should be directed to the user’s national standar
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Introduction

This document assesses possible contact hazards from chemicals released from medical devices, which
may produce skin sensitization.

Some materials that are included in medical devices have been tested, and their skin sensitization
potential has been documented. Especially for dental materials, sensitizing properties were reported
—see Reference [51]. Other materials and their chemical components have not been tested and may
induce adverse effects when in contact with human tissue. The manufacturer is thus obliged to evaluate
each device for potential adverse effects prior to marketing

Traditionglly, small animal tests are performed prior to testing on humans to help predict.human
response (background information is provided in Annex D). Since 2015, several in chemico and'in vitro
assays haye been validated and Organization for Economic Co-operation and Development [OECD)
guidelined released to assess the skin sentization potential of chemicals.[Z31[79][104] Ap “overvie
available 3lternative skin sensitization tests for neat chemicals is given in Annex C. These test methdds,
each developed to address a specific key event, can possibly not be sufficient alone to conclude|on
the preselce or absence of skin sensitization potential of chemicals and should'be considered in the
context of integrated approaches such as integrated approaches to testing'and assessment (IATA),
combining them with other complementary information. Note that the in yitfe and in chemico tests|for
skin sensifization in Annex C have thus far been validated only for neat elifemicals and not for medijcal
devices. Tp confirm that they are applicable for evaluation of the skin sensitization potential of medical
devices, their assays need to be assessed and validated.

Where appropriate, the preliminary use of in vitro methods is encouraged for screening purposes pifior
to animal testing. To reduce the number of animals used, this,document presents a step-wise approdch,
with revigw and analysis of test results at each stage. It is iitended that, for regulatory submission, skin
sensitizat]on studies be conducted using GLP or ISO/IEE€\17025 as applicable to the respective coungry
and comply with regulations related to animal welfafé. Statistical analyses of data are recommended
and used whenever appropriate. This document includes important tools for the development of spfe
products &nd is intended for use by professionals;“appropriately qualified by training and experierce,
who can ipterpret its requirements and judge the outcomes of the evaluation for each medical dev]ce,
taking info consideration all the factorgrelevant to the device, its intended use and the currpnt
knowledgg of the medical device provided by review of the scientific literature and previous clinjcal
experience.

This docyiment is based on numerous standards and guidelines, including OECD Guidelifes,
US Pharmpcopoeia and the Eutopean Pharmacopoeia. It is intended to be the basic document for fhe
selection gnd conduct of tests-enabling the evaluation of dermal sensitization responses relevant to the
safety of medical materials-and devices.
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INTERNATIONAL STANDARD ISO 10993-10

:2021(E)

Biological evaluation of medical devices —

Part 10:
Tests for skin sensitization

1
Th

mdterials with regard to their potential to induce skin sensitization.

Th

Scope

s document specifies the procedure for the assessment of medical devices and ‘their c

s document includes:
details of in vivo skin sensitization test procedures;

key factors for the interpretation of the results.

bnstituent

TE Instructions for the preparation of materials specifically in(helation to the above tests gre given in
Anpex A.
Normative references

Th

comstitutes requirements of this document. For.dated references, only the edition cited aj

un

IS
ma

ISC

e following documents are referred to in the tegt'in such a way that some or all of thg

Hated references, the latest edition of the referenced document (including any amendment

10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing wi
nagement process

10993-2, Biological evaluation of medical devices — Part 2: Animal welfare requirements

ir content
pplies. For
5) applies.

hin a risk

ISQ 10993-12, Biological evaligtion of medical devices — Part 12: Sample preparation and reference
mdterials

ISQ) 10993-18, Biologieal-evaluation of medical devices — Part 18: Chemical characterization jof medical
devyice materials within-a risk management process

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10993-1 and the following
apply:

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1

allergen

sensitizer

substance or material that is capable of inducing a specific hypersensitivity reaction upon repeated
contact with that substance or material

© IS0 2021 - All rights reserved
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3.2
allergic contact dermatitis
clinical diagnosis based on an observed immunologically-mediated cutaneous reaction to a substance

3.3

blank

extraction vehicle (3.17) not containing the test material (3.15), retained in a vessel identical to that
which holds the test material and subjected to identical conditions to which the test material is
subjected during its extraction

Note 1 to entry: The purpose of the blank controlis to evaluate possible confounding effects due to the extraction
vessel, vehjcle and extraction process.

34

challenge
process following the induction (3.8) phase, in which the immunological effects of subsequent exposufes
in an indiyidual to the inducing material are examined

3.5
elicitation
immunoldgical reaction to exposure to a sensitizer in a previously sensitized-individual

3.6
erythems
reddening of the skin or mucous membrane

3.7
extract
liquid that results from extraction of the test sample (3.16)or control

[SOURCE:[ISO 10993-12:2021, 3.6]

3.8

induction
process that leads to the de novo generatiph of an enhanced state of immunological activity in|an
individual, after initial exposure to a specific material

3.9
irritant
agent that]produces irritation.(3.10)

3.10

irritation
localized [non-specifie~inflammatory response to single, repeated or continuous application of a
substance}/materidl

Note 1 to pntry:(Skin irritation is a reversible reaction and is mainly characterized by symptoms like Iqcal
erythema (B©))(redness), swelling, itching, peeling, cracking and scaling of the skin.

3.11

negative control

well-characterized material or substance that, when evaluated by a specific test method, demonstrates
the suitability of the procedure to yield a reproducible, appropriately negative, non-reactive or minimal
response in the test system

Note 1 to entry: In practice, negative controls include blanks (3.3), vehicles (3.17)/solvents and reference
materials.

[SOURCE: ISO 10993-12:2021, 3.10, modified — Note 1 to entry has been replaced.]
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3.12
oedema
swelling due to abnormal infiltration of fluid into the tissues

3.13

positive control

well-characterized material or substance that, when evaluated by a specific test method, demonstrates
the suitability of the test system to yield a reproducible, appropriately positive or reactive response in
the test system

3.14

skin sensitization

T-dell mediated delayed-type hypersensitivity reaction induced by low molecular weight reactive

che¢micals (allergens) comprising two phases, induction and elicitation

Note 1 to entry: In humans, the responses can be characterized by pruritis, erythema (3.6), oed¢ma (3.12),
papules, vesicles, bullae or a combination of these. In other species, the reactions caydiffer and only erythema

and oedema can be seen.

3.15
teqt material

mdterial, device, device portion or component thereof that is sampled*for biological or chemigal testing

3.16
teqt sample

m
big

3.1
vel

liq

4

Th
po

Th
thd

b)

terial, device, device portion, component, extract (3:7) or portion thereof that is subjected to
logical or chemical testing or evaluation

7
nicle
hid used to moisten, dilute, suspend, extract{3.7) or dissolve the test substance/material

General principles — Step-wise approach

b available methods for testing sensitization were developed specifically to detect skin sempsitization
ential. Other types of adverse‘effects are generally not predicted by these tests.

s document requires a'step-wise approach, considering that any stage can result in the ¢onclusion
t further testing for §kin sensitization is not necessary:

literature and“supplier information review, including chemical and physical properties, and
informatiomy'en the skin sensitization potential of any medical device constituent 3s well as
structurally-related chemicals and materials; refer to ISO 10993-1 for details; compduct risk
assessmment based on existing information to determine whether skin sensitizatiIn risk is
acceptable or whether further testing is necessary;

additional characterization and risk assessment, if needed, of the device material,| involving

d)

chemical characterization and analysis of the test sample according to the general principles
described in ISO 10993-18;

in vitro tests shall be considered in preference to in vivo tests in accordance with ISO 10993-2,
and the replacement of the latter as new in vitro tests are scientifically validated and become
reasonably and practicably available;

NOTE There are currently a number of internationally validated and accepted in vitro tests to detect
the skin sensitization potential of chemicals; however, these in vitro tests are not yet validated for medical
devices. Work is ongoing for some of these tests to qualify them for use with medical devices.

in vivo animal tests are only appropriate when test materials cannot be characterized and risk
assessments cannot be undertaken using information obtained by the means set out in a), b) and c).

©1S0 2021 - All rights reserved 3
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5 Pretest considerations

5.1 General

It is important to emphasize that pretest considerations can result in the conclusion that testing for
skin sensitization is not necessary.

The requirements given in ISO 10993-1:2018, Clause 5, and the following apply.

In vivo, non-sterile samples shall be 1nvest1gated by toplcal 1nvest1gat10n only, as the p0551b111ty of
microbial pomtammimatiomrof thetest bdmplc camrcontound thefimat dssdy TITteT pT etatiomhrcases where
the sterility of a test sample cannot be guaranteed, but the sample is still considered to be free frpm
microbial contamination, intradermal administration may be justified.

5.2 Types of material

5.2.1 Inlitial considerations

It shall be faken into consideration that during manufacture and assembly of medical devices, additiopal
chemical jomponents may be used as processing aids, e.g. lubricants or mould-release agents. In additjon
to the chemical components of the starting material and manufacturing process aids, adhesive/solvent
residues ffom assembly and also sterilant residues or reaction products resulting from the sterilizatjon
process may be present in a finished product. Whether these compenents pose a risk depends on the
leaching qr degradation characteristics of the finished products. Those chemical components whiich
have skin gensitization potential shall be identified.

5.2.2 Ce¢ramics, metals and alloys

These mafterials are normally less complex than polyiners and biologically derived materials in term$ of
the numbé¢r of chemical constituents.

5.2.3 Polymers

The chemjcal composition of these materials is typically more complex than those in 5.2.2. A numbper
of reactiof products/impurities/additives/residual catalyst can be present and the degree or extent of
polymerization can vary.

5.2.4 Blologically derived-materials

These materials are inheréntly complex in their composition. They often also contain process residyes,
for example, cross-linkers and anti-microbial agents. Biological materials can be inconsistent frpm
sample to[sample.

The meth¢dsdnithis document have not been designed for testing of biologically derived materials gnd
can therefore be less adequate. For example, the tests in this document do not consider cross-spedies
sensitization.

5.3 Information on chemical composition

5.3.1 General
Full qualitative data on the chemical constituents of the material shall be established. Quantitative data

on the chemical composition shall also be obtained. If quantitative data are not obtained, the rationale
shall be documented and justified.

4 © IS0 2021 - All rights reserved
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5.3.2 Existing data sources

Qualitative and quantitative information on the composition shall be obtained where possible from the
supplier of the starting material.

For polymers, this often requires access to proprietary information; provision should be made for the
transfer and use of such confidential information.

Qualitative information about any additional processing additives (e.g. mould-release agents) shall
also be obtained from appropriate members of the manufacturing chain, including converters and

component manufacturers.

If
thd

apj
Th

NO
int
qu3
the
Ma

6

6.1

In

nformation on composition is incomplete, a literature study to establish the likely
starting material and any additives is recommended, so as to assist in the selection o
propriate methods of analysis for the material concerned.

b chemical composition of finalized products shall be determined in accordance with 1SO 1
TE The composition of ceramics, metals and alloys can be specified in,accordance with IS
ntitative details on composition, it can be necessary to request these from/the supplier or many

starting material and also from component manufacturers to ensure thatprocessing aids are alsd
Lerial master files held by regulatory authorities are another source of,data, where they are access

Skin sensitization tests

Choice of test methods

vitro and in chemico alternative approaches have been developed for neat chemica

combination of different assays to identify skin$énsitizers. Several of these methods have bee

in
pr

To
ady
bin

the OECD test guidelines (TG 442CIZ3], TG 442DI79] and TG 442E[194]) or in the OECD tesf

pgraml121] (see Annex C).

bether, the assays described in these test guidelines cover three key events of the now

ding), induction of inflammation, and activation of dendritic cells. These test methods de

addlress a specific key event'can possibly not alone be sufficient to conclude on the presence

of
apj

In
ass
for

skin sensitization potential of chemicals and should be considered in the context of
proaches such as IATA,,combining them with other complementary information.

accordance with-ISO 10993-2, such integrated approaches shall be taken into conside
essing skin sensitization potential of neat chemicals. Whether these approaches are also
medical devices or medical device extracts is not yet known. An overview of available 3

skin sensjtization tests for neat chemicals is presented in Annex C.

Th

bre‘are currently three animal assays available for the determination of the skin sensitizin

of

nature of
F the most

0993-18.

D or ASTM

brnational standards and/or can be specified by the user. However, in order to obtain full qualjitative and

facturer of
identified.
ble.

s using a
h included
guideline

identified

erse outcome pathway (AOP) forskin sensitization, including the molecular initiating event (protein

yeloped to
r absence
ntegrated

ration for
applicable
Iternative

r potential

themicals. These include two guinea pig assays and one murine assay. The two guinea pig

pSSAys are

the guinea pig maximization test (GPMT) and the closed-patch test (Buehler test). Of these two assays,
the maximization test is the most sensitive method. See Reference [9]. The closed-patch test is suitable
for topical products.

The murine local lymph node assay (LLNA) was internationally accepted as an OECD test guideline in
2010(33] for testing single chemicals as a stand-alone alternative to the guinea pig assays, and is now
the preferred in vivo assay for chemicals. See References [19] and [32]. In some instances, guinea pig
assays can be necessary for the evaluation of the sensitizing potential of certain test samples. Such can
be true for certain metals (see Reference [44]) that can give false negative findings in the LLNA or skin

© IS0 2021 - All rights reserved
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irritants that can give false positive findings, as well as high molecular weight substances, which do not
penetrate the skin or substances that are not soluble in the recommended vehicles.

NOTE All three animal assays were developed for the detection of skin sensitizing potential of chemicals, i.e.
contact dermatitis, delayed type (type IV) hypersensitivity.

In view of the provisions laid down in ISO 10993-2 on animal welfare requirements, when an in
vivo assay is performed, the LLNA shall be taken into consideration. In addition to animal welfare
considerations, the LLNA has the advantage of providing objective quantitative data.

6 2 Mu amn lacal Ivzpanady maada accayy

ITIUCOarIy rmrpirnouacasysay

6.2.1 Principle

Following| topical treatment of a test sample on the dorsum of the ears, the extent of\lymphocjte
proliferatjon is measured in the lymph nodes that drain the sites of application (ears)HA responsq in
cellular pifoliferation of threefold or more compared with the activity of the controls(s the threshold|for
designating a test material as a sensitizer.

The LLNA shall be performed using a dose response approach when substances are used. For fipal
products/medical devices, it can be sufficient to test only the undiluted extract.

NOTE References [15] to [44] contain representative LLNA publicationsid.aboratories conducting this assay
are encourpged to review these and other relevant publications available:

6.2.2 T¢st sample preparation

The test dample shall be a liquid, suspension, gel or paste such that it can be applied to the earg of
the mice. [Where possible, a series of doses (dilutions)ishall be investigated. Otherwise, the highlest
concentrafion prepared as a chemical solution or suspension or as an extract should be used. When a
strong redponse in the LLNA is detected with ancextract, a follow-up study evaluating multiple dopes
may be ndcessary to evaluate the possible skin sensitization potency of the extract. Systemic toxidity
and excespive local skin irritation can invalidate the test results; these reactions should therefore|be
avoided. Ih certain circumstances, pre-testing can be necessary.

A commonly used vehicle for substanees/chemicals is an acetone olive oil (AOO) 4:1 mixture. Ligpid
samples that are hydrophilic and /er.do not adequately adhere to the skin of the ear should be modifjed
to adhere| to the test site. This cah be obtained by adding a thickening agent like carboxy methyl
cellulose gqr hydroxyethyl cellulese (with a density of 0,5 %) or by a surfactant such as Pluronic® L421
with a volume fraction of/1%. For water soluble chemicals, dimethyl sulfoxide (DMSO) or dimethyl
formamidp (DMF) are preféerred above the surfactant Pluronic® L92. See Reference [34]. Alternativgly,
other extfact vehicles\¢can be used, as mentioned. See Reference [33]. The effect of additions to the
extract mgdia and/or{changes in vehicle composition shall be validated and documented. This can|be
done by ekperiments using weak to moderate skin sensitizers as commonly used as positive contrgls.
In additiof, spiking of the test sample with a positive control can be performed in order to demonstrpte
that the LLNA is still able to detect the presence of potential skin sensitizers in the prepared extrjct.
Other fun i i iffed -

A separate extract shall be prepared for each daily application.

NOTE For polymeric materials, an optional extraction method is given in Annex B.

6.2.3 Animals and husbandry

Healthy female non-pregnant mice of the CBA/Ca, CBA/] or BALB/c strain shall be used, unless another
strain is validated. See References [33], [41] and [42]. Several mouse strains have been reported as

1) Pluronic® L92 is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

6 © IS0 2021 - All rights reserved
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acceptable (DBA/2, B6C3F1). See Reference [35]. The mice shall be 7 weeks to 12 weeks of age; the mice
in each study shall be matched in age (within a one-week age range).

Husbandry and selection of animals shall be in accordance with ISO 10993-2. The mice, routinely
acclimatized to the laboratory, shall be individually identified. For certain test samples, individual
housing can be necessary. This shall be justified and documented.

Animals shall be uniquely identified by methods not to include ear punches or ear tags.

When group housing is performed, cross contamination and unwanted oral intake should be taken into
consideration.

6.1.4 Testprocedure

For chemicals, the LLNA is generally performed in a dose-response manner. For splid medicpl devices,
samples to be tested shall be extracts. In these cases, only a single dose is available for testing. [n general,
th¢ extract can be investigated undiluted. However, when the extract contains highly toxic components,
can result in a negative response in the LLNA due to toxicity. It is therefore recomnjended, to
perform the LLNA in a dose-response manner and to dilute the extract When investigating cytotoxic
exf{racts (see ISO 10993-5). In addition, when a strong response is detected in the LLNA, a dos¢ response
follow up can be conducted to evaluate the possible sensitization potency of the extract.

To|ensure reproducibility and sensitivity, a test of a positive-Control substance for skin sepsitization
shall be included by the testing laboratory in order to validate the test system and demg¢nstrate a
positive response. Well-known weak to moderate contact allergens (e.g. mercaptobenzothiazole,
hexyl cinnamic aldehyde, or benzocaine), shall be used as positive control. The examples mentioned
can possibly not be suitable for each vehicle used forysample preparation (e.g. water-based vyehicle); in
sug¢h cases, another positive control can be selected. ASTM F2148 indicates that in such circgmstances
alin and 2,4-dinitrochlorobenzene (DNCB).should be used as positive controls. This shall be
ified and documented.

While inclusion of a concurrent positive<gontrol group is recommended, there may be sitpiations in
whiich only periodic testing (i.e. at intervals < 6 months) of the positive control test subdtance can
be [adequate. This is the case for laboratories that conduct the LLNA regularly (i.e. conduct{the LLNA
at p frequency of no less than once per month) and have an established historical positiye control
database that demonstrates theMaboratory’s ability to obtain reproducible and accurate regults with
positive controls. Adequate_ proficiency with the LLNA can be successfully demonstrated by generating
comsistent positive results'with the positive control in at least 10 independent tests conducted within a
redsonable period of time/(i.e. less than one year).

The individual bodyweights shall be recorded at initiation and at the end of the study. In ordefr to detect
potential toxicity ef the test sample, clinical observation shall be performed and recorded ¢luring the
study.

UsIng a pesitive control only once every six months can have consequences for the result§ obtained
in the“previous six months period when this positive control shows a negative outcome. |Reference
[33]*states that periodic testing (i.e. at intervals < 6 months) of the positive control subdtance can
be considered in laboratories that conduct the LLNA regularly (i.e. conduct the LLNA at a frequency
of no less than once per month), and that have a history and a documented proficiency for obtaining
consistent results with positive controls. It is important to realize that the decision to only include a
positive control periodically instead of concurrently can have ramifications on the adequacy and
acceptability of negative study results generated without a concurrent positive control during the
interval between each periodic positive control study. For example, if a false-negative result is obtained
in the periodic positive control test, all negative test substance results obtained in the interval between
the last acceptable periodic positive control test and the unacceptable periodic positive control test can
be questioned. In order to demonstrate that the prior negative test substance results are acceptable,
a laboratory can be expected to repeat all negative tests, which requires additional expenses and
increased animal use.
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6.2.5 Treatment groups

When the LLNA is performed, the data of a minimum of five mice per group shall be available for
evaluation. Lymph node responses may be determined either by individual measurement or by
measurement of pooled lymph node samples. For statistical analysis, individual measurement is
preferred.

When only a single dose is available for evaluation, for example, an extract, a minimum of five mice
shall be used for each group, when individual responses are measured.

Treatment groups shall be assigned to:

— blank|of each type of vehicle employed (see Annex A);
— whenfappropriate, positive control for each vehicle employed;
— test gfoups for each extract vehicle employed.

When tesfling a single chemical or substance, the LLNA shall be performed in a doSe-rfesponse manier.
For other types of test and sample-like extracts, a dose-response evaluation can possibly not be feasible.
When only one test group is employed, this shall be justified and documentegd.

NOTE When sufficient data have been collected to demonstrate consistency for the dose response of [the
positive coptrol, a single dose can be included to demonstrate the sensitivity<of the assay. See Reference [32].

The apprdpriate sample shall be applied to the dorsal side of both€ars of designated mice at a dos¢ of
25 pl/d fof three consecutive days. Each day, observe the ears for signs of irritation that can interfgre
with interjpreting results. See References [23], [27] and [29].

6.2.6 Determination of cellular proliferation and tissue preparation

The proliferating cells in the draining lymph nodes can be labelled by either a radioactive or fluorescpnt
label. Radiolabels commonly used are 3H-methyl thymidine and 125-iododeoxyuridine, while [for
fluorescernce, fluorodeoxyuridine can be useds

At (72 = 2) h after the last treatment, recerd individual mouse weights and administer intravenously
the label for cell proliferation. Inject_0;25 ml of phosphate buffered saline (PBS) containing 740 KBq
(20 pCi) upits of radioactivity of 3Hsmgethyl thymidine into all test and control mice via the tail vein. For
125]-jododpxyuridine, inject 0,25 ) PBS containing 74 KBq (2 uCi), and for fluorodeoxyuridine inject
0,25 ml C(I;taining 105 mol/l into the tail vein. See Reference [33].

Other alternative procedu¥es not requiring radiolabelling are available and should be considered [¢.g.
adenosing triphosphate (ATP) (OECD TG 442A [122]) determination (DA method), bromodeoxyuridjde
BrdU (OE(CD TG 442B1223]) determination (ELISA or FCM method)].

NOTE1 [For moreinformation, see References [33], [36], [42], [43] and [49].

Euthanize{the mice (5 + 0,75) h after the administration of the labelling solution according to ISO 10991

R the Ayraining i nyilose Tzl o dn Coen chall bha +ol-n +0 ovrnad rocg oantarain ot o) f
emOVe IC ol Ulllllls aulrituidal l)’ llltJll ITUUC,. wdl o DITAITT LA™ CANNCIT \uvj AVUIU CIUSO CUITILATIIIIIIacivIll 0

the tissue samples. The lymph nodes of each group may be pooled, or pairs of lymph nodes of each
individual animal may be pooled. Data from each individual animal is preferred as it provides the
variability between each animal in a group. Single cell preparations are prepared by gently pressing
the lymph nodes through a 200 um stainless steel wire mesh or nylon mesh over a container. Rinse the
strainer with chilled PBS into the container to remove cells from the mesh filter. The container now
contains the cell preparation. Cell preparations are washed twice by centrifugation and resuspended
in PBS. Cells are precipitated with 5 % trichloroacetic acid (TCA) at (4 + 2) °C for (18 + 1) h. After a
final centrifugation step, pellets are resuspended in 1 ml of TCA and transferred to scintillation vials
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containing 10 ml of scintillation fluid for 3H-counting, or transferred directly to a gamma counter for

125

NO

I-counting. See References [21], [35] and [36].

TE2  Alternatively, labelling and determination of cellular proliferation can be performed ex vivo. See
References [37] and [38].

6.2.7 Results and interpretation

Measure the level of radioactivity in the lymph node cells in counts per minute per mouse (cpm/

dp

Po

Fo1
md

6.2

mouse). Convert counts per minute (cpm) to disintegration per minute (dpm). Calculate the
tation 33 : hree : eaeh-ar eaehg i ybtract the

kground value from each result.

len using the individual sampling method continue to calculate the mean and stahdard
he dpm for each group of five mice. Determine the stimulation index (SI) by dividing the

bitive control samples shall produce an SI that is greater than or equal t0:3;0.

a valid study, the positive control shall be conducted either concurpently or within the pr
nths. See Reference [33].

.8 Testreport

b test report shall include:

a description of the test material(s) or device;

the intended use/application of the test samiple or material;

the International Standard used (including its year of publication);

device;

a description of the test animals;

the method of application to the ears;

a description of theymethod for determining cellular proliferation;

any deviations)ffom the procedure;

records-efithe observations, including clinical and body weight observations;
an, assessment of the results, including positive control;

the date of the test.

mean and

deviation
mean test

m by the blank dpm. An SI of three or more (23,0) shall be considered positive for designdting a test
samnple as a sensitizer. See Reference [16].

evious six

a detailed description of the method employed in preparing the test sample or test material or

k)

6.3 Guinea pig assays for the detection of skin sensitization

6.3.1 Principle

The two guinea pig assays currently used for the detection of sensitizing activity of chemicals and
medical devices are the Buehler assay and the GPMT. Both assays consist of an induction and challenge
phase, thus covering all stages of hypersensitivity.
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6.3.2 Choice of test sample concentrations

Current guidelines for testing the sensitizing potential of single chemicals recommend using only one

concentration for the test.

NOTE For polymeric materials, an optional extraction method is given in Annex B.

6.3.3 Induction

The sensitization rate 1s hlghly dependent on the 1nduct10n dose which in gumea pig assays shall
mildly to jmedera S
highest pq 531ble concentratlon shall be used However it shall not 1nterfere W1th the health of
animals. The induction dose in the guinea pig assays is normally selected based on preliminaryte
as describled for the individual guinea pig tests (see 6.5.4.2). Undiluted extracts with the usual.solve
need not He subjected to a preliminary test.

6.3.4 Challenge

The chall¢nge concentration in the guinea pig assays is also based on preliminary tests on anim

previously not exposed to the test material. The highest non-irritant dose,cas-determined in the Te-

test evaluptions, shall be used. The use of more than one concentration.is~advised for the challe
procedurd, in order to facilitate the evaluation of the results.

6.4 Important factors affecting the outcome of the test

The bioch¢mical and physical characteristics of the test sample€an influence the choice of test, since
maximizafion test requires intradermal injections. If the test’sample cannot be injected intradermg
an alterndtive method shall be used (i.e. topical application). The extract solutions shall be prepa
under aseptic conditions. Non-sterile samples shall beginvestigated by topical investigation only, as

possibility of microbial contamination of the test samiple can confound the final assay interpretation
cases whefre the sterility of a test sample cannot'be’ guaranteed, but the sample is still considered tg
non-contajminated, intradermal administratiohimay be justified.

The bioavailability of the test material is influenced by the choice of vehicle. Although there is no veh
that is optimal for all materials, a vehiicle that optimizes exposure by solubilization and penetrat
should be[selected. The concentration of test material should be the highest possible without affect

be
the
the
Sts
hts

als

ge

the
Ly,
red
the

In
be

cle
on

ng

the interpfetation of results. Mostinvestigators prefer the test sample as a solution because dispersigns

are prong to form a sediment, making exact dosing difficult. Examples of vehicles for intradery
injection ihclude saline, propylene glycol and vegetable oils.

Variation pmong results\from different laboratories can have several sources. The following factors
the test prjocedure are important:

— ambignt testseonditions;

nal

in

— test s1te on the animal;

— method of hair removal (clipping/shaving or chemical depilation);
— type of patch design;

— quantity of test material;

— quality of occlusion;

— exposure time and reading of the animals.

Animal responsiveness also varies according to genetic factors and husbandry.

Comparison of the number of test animals having a positive response at challenge with the appropriate
controls is essential for indication of a positive test result, though the severity of reaction will aid in the
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interpretation. Borderline reactions at challenge are best clarified by rechallenge. Histopathology has
not been shown to be of help in the evaluation of test results.

To ensure reproducibility and sensitivity, a test of a positive-control substance for skin sensitization
shall be included by the testing laboratory in order to validate the test system and demonstrate
a positive response. Positive controls should preferably be weak to moderate contact allergens
(e.g. mercaptobenzothiazole, hexyl cinnamic aldehyde and benzocaine). However, when consistency has
been demonstrated over a six-month or more extended period, a positive control does not need to be
included in every assay; but may be run at regular intervals which shall not exceed six months. Ten
anlmals are normally used as p051tlve controls 1n Gumea pig assays Fewer uinea plgs may be used

TasS - : every six
md nths At least flve test anlmals Wlth a p051tlve substance and flve control anlmals should b¢ used. See
Reference [1].

NO[TE In order to get a positive response, dilutions of moderate to strong skin sensitizers (e.g. forjmaldehyde
and DNCB) can be used. However, this does not guarantee that the assay can also identify responges of weak
serlsitizers in extracts of medical devices.

6.3 Guinea pig maximization test

6.3.1 Principle

An|assessment is made of the potential of the material under-test to produce skin sensitization in the
gulnea pig using the technique applied for single chemicalsin the guinea pig maximization tefst.

6.3.2 Test sample preparation

The test sample shall be prepared as specified in Anhex A. The concentration of the test samp]le shall be
th¢ highest possible without affecting interpretation of the results (see 6.5.4.2).

NO[TE For polymeric materials, an optiondlextraction method is given in Annex B.

6.3.3 Animals and husbandry

Heplthy young adult albino guinea pigs of either sex from a single outbred strain, weighing 300 g to
500 g at the start of the test,Shall be used. If female animals are used, they shall be nulliparopis and not
prg¢gnant.

The animals shall be @cclimatized and cared for as specified in ISO 10993-2. Preliminary t¢sts, when
ne¢essary, should bejcarried out on one set of animals to determine the optimal test concpntrations
(see 6.5.4.2).

If the test mraterial is powder or liquid, a minimum of 10 animals shall be treated with the t¢st sample
andl a minimGm of five animals shall act as a control group. If a preliminary test is needed, [it shall be
cafried qut on additional animals.

W +oct: bractc af 10 ot alc chall b denatnd azitlh o h asxzdea ot nd nim m f
1 \,ll \,\,.)l,llls \,A\,l Ol\,l,o, CA llllllllllulll Ul PV allllllulo >33 “ll e trvaltcu VV ll—ll b“bll CALlI ALy, Clllu Ol lll u O

five animals shall act as a solvent control group. If a preliminary test is needed, it shall be carried out on
additional animals.

If testing on 10 test animals and five control animals produces completely negative results, it is unlikely
that testing of a further 10 plus five animals will give positive results. However, if any equivocal
responses develop, a rechallenge (see 6.5.6) shall be carried out. If equivocal responses remain, conduct
anew study on a minimum of 20 test animals and 10 control animals.
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6.5.4 Testprocedure

6.5.4.1 Preparation

Clip and shave the fur on all treatment sites prior to all steps in the test procedure.

6.5.4.2 Preliminary tests

The preliminary tests are intended to determine the concentration of the test sample to be used in the

main test

given in 6.5.4.3.

Undiluted
prelimina

extracts using the usual solvents (e.g. saline or vegetable oil) need not be subjected
[y testing.

For topica] application, saturate an appropriate filter paper or absorbent gauze patch (4 em? to 8 cy

or chambge
secured b

When wr3
breathing
personnel

Topically 4
occlusive
using the
dilution of

For the to
moderate
It should k
obtained.
final prod

For the ch
(see Table

br with the test sample and apply the patch to the clipped skin under an occhisive dress
y a wrap and/or jacket around the torso of the animal.

pping an animal for securing an occlusive dressing, care should be taken to allow for norr

pply a range of dilutions of the test sample to the flanks of at least two animals. Remove
dressings and patches after 24 h and assess the applicatien sites for erythema and oede]
Magnusson and Kligman grading scale given in Table 1, It can also be appropriate to expl
the article by intradermal injection when using non:usual solvents.

pical induction phase in the main test, select thé -highest concentration that causes mild
erythema but does not otherwise adversely affect the animal in accordance with ISO 10993
e recognized that for extracts of medical deVices, the irritating threshold can possibly nof
[n such cases, the highest concentration possible shall be used (e.g. the undiluted extract).
icts/medical devices, it may be sufficiént'to test only the undiluted extract.

allenge phase in the main test, sélect the highest concentration that produces no erythe
1).

Table.l)— Magnusson and Kligman scale

Patch test reaction Grading scale
No visible change 0
Discrete or patchy erythema 1
Moderate and confluent erythema 2
Intense erythema and/or swelling 3

Considera

to

h?2)
ng

nal

of the animal. A flexible wrapping is preferred, which should be\applied by well-trained

Lhe
ma
bre

to
-2.
be
For

ma

iofisshall be given to the pre-treatment of all animals by injection with Freund's complete
adjuvant ([FGA). r

6.5.4.3 Main test

6.5.4.3.1

Intradermal induction phase

Make a pair of 0,1 ml intradermal injections of each of the following, into each animal, at the injection
sites (e.g. sites A, B and C), as shown in Figure 1, in the clipped intrascapular region.

— Site A: A 50:50 volume ratio stable emulsion of Freund's complete adjuvant mixed with the chosen
solvent. Use physiological saline (BP, USP or equivalent) or extraction vehicle/solvent.

— Site B: The test sample (undiluted extract); inject the control animals with the extraction vehicle/
solvent alone.

12
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— Site C: The test sample at the concentration used at site B, emulsified in a 50:50 volume ratio stable
emulsion of Freund's complete adjuvant and the solvent/extraction vehicle (the solution used at site
A); inject the control animals with an emulsion of the blank liquid with adjuvant.

6.5.4.3.2 Topical induction phase

At (7 £ 1) d after the intradermal induction phase, administer the test sample by topical application to the
intrascapular region of each animal, using a patch of area approximately 8 cm? (filter paper or absorbent
gauze), so as to cover the intradermal injection sites (see Figure 1). Use the concentration selected in
the preliminary test by topical application (if done; see 6.5.4.2). If the maximum concentration that
calf be achieved In 6.5.4.3.1 does not produce irritation, pretreat the area with 10 % sodjum dodecyl
sulfate (SDS) massaged into the skin (24 * 2) h before the patch is applied. Any remaining DS should
be removed prior to application of the patches for the topical induction phase, as the remaining SDS can
affect absorption of the extract. Secure the patches with an occlusive dressing. Remove the|dressings
angl patches after (48 + 2) h.

Fr¢shly prepared extracts are preferred. If an extract is stored longer than (24,# 2) h, then the stability
of the extract under the conditions of storage should be verified.

Treat the control animals similarly, using the blank liquid alone.

1
|
!
A | A
B B N
2<—] i 2
: 3
| ]
i
I
L
Key
1 cranial end
2 0,1 ml intradermal injections (see 6.5.4.3.1)
3 clipped intrascapularréegion
4 caudal end

A, B, Cinjection sites

Figure 1 — Location of intradermal injection sites

6.3.4.3.3 Challenge phase

For the challenge phase testing the procedure described below shall be followed:

a) Alltestand control animals shall be challenged at (14 * 1) d after completion of the topical induction
phase

b) For undiluted test extracts using standard solvents (e.g. saline or vegetable oil):

1) both test and control animals shall be dosed with both test and control extracts; or
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2) control animals shall be dosed with undiluted vehicle and test animals with undiluted test
extract.

For the challenge phase, the use of highest non-irritating concentration of the test sample is
recommended. For testing with medical device extracts, preliminary testing to determine the
highest non-irritating concentration of the extracts is not generally conducted. It is stated in
6.5.4.2 that undiluted extracts using the usual solvents need not be subjected to preliminary
testing.

The use of option b),1) allows one to determine if any skin reaction observed in the test animals is due
to irritation rather than sensitization Per aption h)1) hoth test and contral animals are dosed with
both test pnd control extracts. If any skin reactions to the test extracts are observed in the conffrol
animals, the reaction(s) can be due to irritation rather than sensitization as the control animals‘have
not been greviously exposed to the test extracts.

Per optior] b),2), the control animals are not dosed with the test extract and test animals.are not dosed
with the cpntrol extract. In the event of skin reactions observed in the test animals whereno prelimingry
testing wds conducted to determine the highest non-irritating concentration of the-ektracts, additiopal
testing cah be needed to rule out a false positive.

c¢) When[non-standard solvents are used, all test and control animals shalkb&dosed with both the tlest
and cgntrol extracts.

d) The extracts shall be administered by topical application to shaved sites that were not treated
during the induction stage, such as the upper flank of each_dnimal, using appropriate patcheq or
chambers soaked in the test sample at the concentration selected in 6.5.4.3.1 for site B. In case
the cdncentration selected in 6.5.4.3.1 for site B is not the highest non-irritating concentration, the
highebt non-irritating concentration determined in the preliminary test (see 6.5.4.2) shall be used.
The ektract volume used for saturation of patches/chambers shall be specified and justified.

e) The phtches/chambers shall be secured with an.@cclusive dressing.

f) Dressjngs and patches shall be removed after<(24 * 2) h.

6.5.5 Observation of animals

Observe the appearance of the challenge skin sites of the test and control animals (24 + 2) h gnd
(48 = 2) h after removal of the dressings. Use of natural or full-spectrum lighting is highly recommended
in order tq visualize the skin reactions. Describe and grade the skin reactions for erythema and oedema
according|to the Magnusson@nd Kligman grading scale given in Table 1 for each challenge site and at
each timefinterval. It is highly recommended that reading be done without knowledge of the treatmsgnt,
in order t¢ minimize bjas.ih the evaluation of the results.

Clipping dnd shaving' should be done before each step in the test procedure (see 6.5.4.1). Howeyer,
reshaving|may net:be necessary after the challenge or re-challenge when an animal is shaved the day
before.

6.5.6 Evaluation of results

Magnusson and Kligman grades of 1 or greater in the test group generally indicate sensitization,
provided grades of less than 1 are seen in control animals. If grades of 1 or greater are noted in control
animals, then the reactions of test animals which exceed the most severe reaction in control animals
are presumed to be due to sensitization. If the response is equivocal, rechallenge is recommended to
confirm the results from the first challenge. The outcome of the test is presented as the frequency of
positive challenge results in test and control animals.

Occasionally, the test group has a greater number of animals showing a response than the controls,
although the intensity of the reaction is not greater than that exhibited by the controls. In these
instances, a rechallenge can be necessary to define the response clearly. A rechallenge shall be carried
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out 1 week to 2 weeks after the first challenge. The method used shall be as described for the first
challenge, using a naive side on the animal.

6.5.7 Testreport
The test report shall include:
a) adescription of the test material(s) or device;

b) the intended use/application of the test sample or material;

c) | the International Standard used (including its year of publication);

d) | a detailed description of the method employed in preparing the test sample ortest material or
device;

e) | a description of the test animals;

f) | the method of application to the test sites;

g) | any deviations from the procedure;

h) | how the sites were marked, and the readings performed;
i) | records of the observations;

j) | assessment of the results;

k) | the date of the test.
6.¢ Closed-patch test (Buehler test)

6.4.1 Principle

Anjassessment is made of the potential'of the material under test to produce skin sensitization in guinea
pigs.

6.4.2 Test sample preparation

The test sample shall be_prepared as specified in Annex A. The concentration of test samp|e shall be
thg highest possible-without affecting interpretation of the results (see 6.6.4.2). Where shape and size
permit, topical devices (e.g. electrodes) can be used as they are.

6.4.3 Animals and husbandry

Heplthy \young adult albino guinea pigs of either sex from a single outbred strain, weighing 300 g to
50p gat the start of the test, shall be used. If female animals are used, they shall be nulliparops and not
pr Suaut.

The animals shall be acclimatized and cared for as specified in ISO 10993-2. Preliminary tests should
be carried out on one set of animals to determine concentrations of test sample (see 6.5.4.2).

For testing powders or liquids, a minimum of 10 animals shall be treated with the test material and a
minimum of five animals shall act as a control group. If a preliminary test is needed, it shall be carried
out on additional animals.

When testing extracts, a minimum of 10 animals shall be treated with each extract and a minimum of
five animals shall act as a control for each solvent. If a preliminary test is needed, it shall be carried out
on additional animals.
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If testing in 10 test and five control animals produces completely negative results, it is unlikely that
testing of a further 10 plus five animals will give positive results. However, if any equivocal responses
develop, a rechallenge (see 6.5.6) shall be carried out. If equivocal responses remain, conduct a new

study in a

minimum of 20 tests and 10 control animals.

6.6.4 Testprocedure

6.6.4.1 Preparation

Closely cli

or shave the fur on all treatment sites prior to all steps in the test procedure.

6.6.4.2

The prelin
main test

Medical d
subjected

For all to
dimensior
dressing f
wrapping
for erythe
(48+2)h

Topically
using app
applicatio
at (24  2)
Select:

a) forth
eryth

b) forth
6.6.4.3

6.6.4.3.1

Administg
using app

Preliminary tests

hinary tests are intended to determine the concentrations of the test sample to be.used in
escribed in 6.6.4.3.

bvices intended for topical use and undiluted extracts using the usual selvents need not
to preliminary testing.

pical applications, saturate a patch (filter paper or absorbent, gauze) of the appropri
s with the test material or extract and apply the patch to the clipped area under an occlusg
pr (6 = 0,5) h. Restraint for each animal can be used to ensure“occlusion of the test siteg

ma and oedema using the Magnusson and Kligman grading given in Table 1 at (24 + 2) h g
after patch removal.

hpply four concentrations of the test sample to the flanks of each of at least two anim
Fopriate patches. Remove the occlusive dressings and patches after (6 + 0,5) h. Assess

h and (48 * 2) h after patch removal.

e induction phase in the main test; the highest concentration that causes no more than sli
bma but does not otherwise adversely affect the animals;

e challenge phase in the,main test, the highest concentration that produces no erythema.
Main test

Induction phase

r the test sample by topical application to the clipped left upper back region of each anir
ropriate patches soaked in the test sample at the concentration selected in 6.6.4.2 a). Rem

the restrainef, of any occlusive dressings and patches after (6 + 0,5) h. Perform this procedure th
days a weekAfor three weeks. Treat the control animals similarly, using the blank liquid alone.

the

be

hte
ive
If

is used, its adequacy should be evaluated in every experiment. Assess the application sites

nd

als
the

h sites for erythema and oedema using the Magnusson and Kligman grading given in Table 1

bht

nal
hve
Fee

6.6.4.3.2

Challenge phase

At (14 = 1) d after the last induction application, challenge all test and control animals with the test
sample. Administer the test sample by a single topical application to a clipped untested area of each
animal using appropriate patches soaked in the test sample at the concentration selected in 6.6.4.2 b).
Remove the restrainer and occlusive dressings and patches after (6 + 0,5) h.

16
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6.6.5 Observation of animals

If necessary, at (24 * 2) h after the start of the primary challenge or rechallenge exposure, either

a) depilate all of the animals with a commercial depilatory by placing the material on the test site and

b)

surrounding areas according to the manufacturer's instructions or

shave all of the animals on the challenge sites and surrounding areas.

Thoroughly wash the depilated area with warm water and dry the animals with a towel before returning
them to their cages. At (24 * 2) h after removal of the challenge patches and a minimum of 2 h after

rex
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6.6
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of 1
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6.6

hoval of the hair, grade the test sites using the scale given 1n 1able 1. Repeat the grading
er removal of the challenge patch. Use of natural or full-spectrum lighting is highly recom
ler to visualize the skin reactions. It is highly recommended that reading be done without |
he treatment, in order to minimize bias in the evaluation of the results.

.6 Evaluation of results
e Magnusson and Kligman grading scale given in Table 1 shall be applied.

ides of 1 or greater in the test group generally indicate sensitizatiofi;provided grades of les

seen on control animals. If grades of 1 or greater are noted on<control animals, then the
est animals which exceed the most severe control reaction are*presumed to be due to sen
Challenge is recommended to confirm the results from the(first challenge. The outcome of]
sented as the frequency of positive challenge results in test and control animals.

fasionally, the test group has a greater number of animals showing a response than thg
hough the intensity of the reaction is not greatéf than that exhibited by the controlg
tances, a rechallenge can be necessary to define‘the response clearly. A rechallenge shall

illenge, using an untested area on the flankof the animal.

hese situations, a new negative contyol group is recommended.

.7 Testreport
e test report shall include;
a description of thetest' material(s) or device;
the International’Standard used (including its year of publication);
the intended-uSe/application of the test material(s) or device;
a detailed description of the method employed in preparing the test samples and materig

a.description of the test animals;

(48+2)h
mended in
fnowledge

s than one
reactions
sitization.
the testis

b controls,
. In these
be carried

1 week to 2 weeks after the first challenge:* The method used shall be as described fgr the first

Is;

thre mrethod of apptication to the testsites;

any deviations from the procedure;

a description of how the sites were marked, and the readings performed;
records of the observations;

assessment of the results, including statistical methods;

the date of the test.
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7 Key factors in interpretation of test results

The tests included in this document are important tools for development of safe products and shall
be executed in accordance with appropriate quality assurance measures (e.g. ISO/IEC 17025 or GLP)
and interpreted by trained personnel. Evidence shall be provided that those planning, conducting and
interpreting the tests are appropriately qualified by training and experience for the tasks undertaken.

Evidence of skin sensitization by any method does not necessarily exclude the test material or device
from use because the amount of test material in the test procedure can be exaggerated compared with
actual conditions of use. An adverse finding using any of the described procedures indicates the need

o ooy il Sccnccranmt af ot dad b o v aciien

for furthe s oo lcic th ot X
ullul] SI0 LITALU CAIT dIIUVY T1ToIZ dooloolniviit vrniritviTuTuu 11uIIiiars \/AHUJMI A

Predictivd test results generated by the procedures described in this document cannot stand atene 3
need to b¢ interpreted alongside other information to assess the risk of a hypersensitivity reaction
other fornps of immunotoxicity. A negative test result does not exclude the possibility that a‘product

nd
or
an

cause allefgic skin reactions. The results should be compared with other sources of information, sfich

as:
— indusfry and consumer complaint data;

— experjence with devices containing similar components;
— diagnpstic test results in dermatologic clinics;

— retrogpective epidemiologic data.
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Annex A
(normative)

Preparation of materials for skin sensitization testing

A.t—Gemerat

The conduct of the tests and interpretation of the data from skin sensitization tests(shall take into
acdount the nature, degree, frequency, duration and conditions of exposure of the.medical device in
humans. One of the parameters critical to these tests is the preparation of the test'material.

A.2 Materials for direct-contact exposure

A.2.1 Solid test materials

Sollid materials that have appropriate physical states (e.g. shéets, films) shall be tested without
mddification. Prepare samples 2,5 cm x 2,5 cm with a thickness:that approximates normal us¢ but is not
greater than 0,5 cm. Prepare suitable negative control samples in the same way. The negative control

sha
be

1l physically resemble the test material closely and sheuld be non-irritating. Absorbent §
used as a substitute if a more suitable control cannotbe identified.

Th
or
tis
pr
effpcts on biological activity.

e solid can be pulverized, care being taken to ensure no contamination occurs during th
moistened sufficiently with water or a suitable'non-irritant solvent to ensure good contag
bues. In the case of ceramics where pulverization is required, remember that the physicd

Powders (e.g. super-absorbents) shall be tested by direct deposition or by making a p{
appropriate solvent. A control using the same solvent shall be evaluated in parallel with the 1
dilpted or suspended test material.

NO[TE Either surface area/or particle size, or both, are important factors in biological respon
phdgocytosis, which plays an‘important role in inflammatory and immune responses.

A.2.2 Liquid testmaterials

pauze may

S process,
t with the
-chemical

pperties of the ceramic can be altered by-reducing the ceramic to a powder, with potentially marked

Iste in an
noistened,

es such as

Liduids shall be'tested undiluted by direct deposition or, if impractical, diluted with an appropriate

soljvent. A control using the same solvent shall be evaluated in parallel with the diluted test i

guid.

A.B“Extracts of test materials

A solid can be tested by preparing extracts from the solid. If extracts are tested, they shall be prepared
as specified in ISO 10993-12, using polar, non-polar and/or additional solvents when appropriate. A

rationale shall be provided for the adequacy of an extraction method.

A blank sample, using the extracting solvent, shall be evaluated in parallel with the extract
material.

NOTE For polymeric materials, an optional extraction method is described in Annex B.

© IS0 2021 - All rights reserved
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A.4 Solvents

If the test material has to be extracted, diluted, suspended or moistened, a suitable non-irritant and
non-sensitizing solvent shall be used. ISO 10993-12 provides a list of appropriate solvents.

A.5 Sterile test materials

If the final product is supplied in a sterile condition, then the test material shall be sterilized using the
same process prior to testing. Products sterilized by ethylene oxide present a technical difficulty in that

ethylene o

xide and its reaction prndnri’c can prndnr‘p 2 hin]ngir‘n] response inthe tests described in this

document

To enable
oxide resi
response |

o the device pre- and post-ethylene oxide sterilization.

Hifferentiation between effects produced by the test material and those produced by)ethyléne
luals when an irritant reaction is observed, consideration shall be given to evaluations of this

20
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Annex B
(informative)

:2021(E)

Method for the preparation of extracts from polymeric test

materials

B.

Th
the

I General

s annex provides guidance on the preparation of extracts of a polymeric test material to

is provided in ISO 10993-12:2021, Clause D.2 for “Points to be considered for@xhaustive ex{

po

B.

B.’

ymeric medical devices for biological testing”.

D

Preparation method

2.1 Preliminary extraction

A

reliminary extraction procedure is performed on the tést sample to determine the mo

ex{raction process for use in the GPMT.

Mgthanol and acetone are the recommended solvents/for extraction. The test sample is cut
pidces (if possible) and placed in two separate flasks. A 10- to 20-fold volume (i.e. 10 ml t

sol
at
(8
Th
to

Th
yie
as

De
(D

NO

car
sol

B.’

ent for each gram of test sample) of each splvent is added to each flask and the flasks 3
foom temperature for extraction. Extraction by shaking is performed three times [e.g. fo
1) h, or (24 * 2) h] within a 24 h to 72.h period using the same volume of fresh solvent
b extract is collected from each extraction period and pooled. The solvent is removed by ey
bbtain a residue.

b most suitable solvent for testing is determined based on the mass of residue obtained. T
ld of the residue should be~determined. The solvent yielding the highest amount of residusg
the extraction solvent for the skin sensitization testing.

fermine the solubility”of the residue by adding olive oil, acetone, methanol or dimethy
MSO). The solution,that dissolves most of the residue is used as a vehicle for testing in the

TE If the'test sample dissolves or degrades in acetone or methanol or if an adequate amoun

not be obtained, n-hexane or a 1:1 mixture of cyclohexane and 2-propanol can be used as an
yent.

.2 ‘Final extraction

be used in

GPMT. The extract preparation is originally described in Reference [3] and,additional infformation

raction of

bt suitable

into small
b 20 ml of
re shaken
(4+1)h,
pach time.
aporation

he percent
is chosen

Isulfoxide

LPMT.

of residue
extraction

B.2.2.1 General

There are two methods for preparing the test solution from the organic solvent extract.

Method 1 is applicable when the amount of residue obtained by solvent extraction of a test sample and
the weight of a test sample are relatively high because sufficient amounts of residue have been obtained.
In addition, Method 1 is especially recommended to evaluate the risk for the medical devices which are
repeatedly used. See Reference [14].

Method 2 is applicable when the amount of residue obtained by solvent extraction of a test sample or
the weight of a test sample is relatively low. Examples of the latter are contact lenses and intraocular
lenses.
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For both Methods 1 and 2, in parallel to the extraction of the test sample, the amount of solvent equal
to the total volume used during the extraction of the test sample is subjected to the same concentration
procedure as the test extracts. This solvent blank is used as negative control for each phase of testing.

B.2.2.2 Test sample preparation according to Method 1

For Method 1, the extraction is performed by covering the test sample with a 10- to 20-fold volume of
the appropriate solvent (as determined in the preliminary extraction test) and agitating (shaking) at
room temperature. The solvent is collected in another flask. The solvent is exchanged three times [e.g.
after extraction for (4 + 1) h, (8 £ 1) h or (24 + 2) h] and repeated to agitate at room temperature within
a 24 h to TZ hperiod depending on the leaching and stability of the substances extracted from the gest
material.

A residue|is obtained by evaporating the collected solvent. A rotary evaporator is used at.thé lowfest

possible t¢gmperature that provides controlled evaporation under reduced pressure.

by
on
for
ge

is

The residie is dissolved in an appropriate vehicle (olive oil/acetone/ethanol/DMSQ}as determined|
the solubility experiment in the preliminary extraction test, to prepare a mass fraction of mass fract
of 10 % t¢st solution for the intradermal induction phase and a mass fraction,ef 20 % test solution
the intradermal induction phase and for the topical induction phase in the GPMT. For the challe
phase in the GPMT, a mass fraction of 10 % solution is prepared in the yehicle. The 10 % solutio
further dijuted with the vehicle to obtain 1 %, 0,1 %, 0,01 % and 0,001 %(test solutions.

me
DIM

temperaty
three timg
are pooled

For the in
of milliliti
sample us
down to a
dissolved
is conside

In additio

ropriate solvent (as determined in the preliminafy extraction test) and shaking at ro
re for (24 * 2) h. The solvent is collected in one‘flask. The extraction procedure is repea
s within a 24 h to 72 h period using the same;volume of fresh solvent each time. The extra
| in one flask and the solvent is evaporated.

fradermal induction phase, the extracts obtained are evaporated until the residual num
es of the extract is equal to or slightly less than half the original number of grams of
ed (i.e. if 10 g of test sample aré.extracted, then the combined solvent extract is evapora
Found 5 ml), or evaporated completely to obtain a residue. When a residue is obtained, thi
n the suitable vehicle (as determined in the preliminary extraction test) to 5 ml. This solut
red as 200 % test solutigh,

1, 100 % test solution'is prepared by diluting the 200 % test solution with the vehicle.

rfed
cts

ber
the
fed
5 1S
on

For the to

ical induction phase, the 100 % test solution is used. For both the intradermal and top

cal

induction phase, the vehiele in the 200 % and 100 % test solutions is replaced with olive oil by combinjng
the test solution with\an equal volume of olive oil and evaporating the vehicle under a stream of nitrogen

gas.

For the ¢

llenge phase, the 100 %, 50 %, 25 %, 12,5 % and 6,25 % test solutions are used. The 104 %

test solutian=ds diluted with the vehicle ta obtain 50 % 25 % 12 5 % and 6 25 % test solutions
vehicle in the test solutions is not replaced with olive oil for the challenge phase.

B.3 Gui

he

nea pig maximization test

B.3.1 General

The GPMT should be performed as described in 6.5 with the exception of the challenge phase which
is described below. The challenge phase, using the solvent extraction method, should be performed
without an occlusive dressing.
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B.3.2 Challenge phase

Two weeks after the closed-patch application of the topical induction phase, all test and control animals
are challenged with the test sample.

For Method 1, a 0,1 ml aliquot of the 10 % (w/w), 1 % and 0,1 % test solutions are topically applied on
the right flank of each test and negative control animal. In addition, a 0,1 ml aliquot of the 0,01 % and
0,001 % test solutions and the negative control vehicle are applied topically to the left flank of each test
and negative control animal.

6,25 % test solutions and the negative control vehicle are applied topically to the left flank of each test
angl negative control animal.

For both Method 1 and Method 2, the positive control animals are treated with a 0,1'ml aliqupt of 0,1 %
DNCB in ethanol on the right flank and ethanol on the left flank.

NO[T'E Occlusive challenge can be performed similarly.
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Annex C
(informative)

Non-animal methods for skin sensitization

C1 Intluduuiuu

C.1.1 Background on alternative methods for skin sensitization testing

The effortjto reduce or replace the use of animals in toxicity testing has led to the development of many
new non-gnimal methods. While they are accepted for testing of chemicals, interest ip,using these new
methods fpr the safety assessment of drugs and medical devices has increased in recent years. For skin
sensitizat{on, in vivo test methods using animals or humans are often employed beeause they allow [for
observande of the adverse outcome (i.e. allergic contact dermatitis), in the living subject. However, gs a
greater urjderstanding of the molecular and cellular mechanisms of the skin‘sensitization process have
evolved, non-animal assays have been developed for the assessment of the skin sensitization potential
of chemicgls or materials[>Zl, These assays can be grouped in three categories:

— inchemico assays: study or procedure thatis related to the intrinsic reactivity of a material involving
physi¢ochemical measurements rather than biological testing;

— in silifo assays: study or procedure that is performed @sing a computer simulation (e.g. such| as
a conjputer model of a molecule or cell that accurately simulates its behaviour, or quantitatjive
strucfure-activity relationship (QSAR) evaluation);

— in vitfo assays: study or procedure that is eonducted outside of a living organism and unger
controlled conditions (e.g. cell cultures in a,dish).

To date, npne of the validated assays in these categories is able to reproduce entirely the precise dnd
intricate fetwork of molecular, cellular, and organ level mechanisms that operate in living organisins.
Consequeftly, each assay, when considered individually, cannot be able to completely replicate the
events thgat trigger the adverse outcome. Rather, the prediction of the skin sensitization potency adf a
chemical in human is based on.meehanistic approaches combining several individual assays in testjng
strategies|06l[70],

C.1.2 OECD’s adverse outcome pathway for skin sensitization

The OECIH has deseribed the sequential chain of linked events at the molecular, cellular, tissue gnd
organ lev¢l leadinig+to the skin sensitizing effectl2]. This series of events were structured to develop
and generfate, d detailed and standardized picture of the pathway leading to the adverse outcome
observed n the whole organlsm (anlmal or human) This serles of events is called the AOP The OP

between two pomts —a molecular 1n1t1at1ng event (MIE) and the adverse outcome [AO)[56] AOPs are
the central element of a toxicological knowledgebase created to support chemical risk assessment built
on mechanistic reasoning.

The AOP for skin sensitization begins after exposure to and absorption of a sensitizing agent. After
the agent penetrates the stratum corneum of the skin, a series of events at the molecular, cellular
and organ levels take place that lead to the adverse end point of allergic contact dermatitis or contact
hypersensitivity. The four key events in the AOP for skin sensitization are:

— Key event 1: covalent binding to skin proteins: the molecular initiating event after penetration of
the stratum corneum is the irreversible formation of the hapten-protein complex. In the animal, this
event is associated with the production of a specific memory T-cell response.
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Key event 2: keratinocyte response: this key event involves the activation of biochemical

pathways

in the keratinocytes and includes inflammatory mediator responses as well as gene expression
changes associated with cell signalling pathways such as the antioxidant/electrophile response

element (ARE).

Key event 3: activation of dendritic cells: the detailed biochemical events after formation of the
hapten-protein complex have not been fully elucidated. However, the pathways involved are known
to be inflammation-related such as the mitogen-activated protein kinase signalling pathway and

the oxidative stress response pathway which occur especially in keratinocytes and
cells. Effects at the cellular and tissue levels are also not completely known but involve

dendritic
epidermal

Laicl s 1o d
I COPUIIDCD VVIIICIT ITTICITUUT.,

1) immune recognition of chemical allergens by keratinocytes, specialized epiderma

cells (i.e. Langerhans cells) and dermal dendritic cells;

2) responses in the form of expression of specific cell surface markers like-adhesion

chemokines, and cytokines such as IL-1B or IL-12p70 are typicallyy-taken as ey
dendritic cell maturation.

Key event 4: T-cell proliferation: at the organ level (lymph nodes and’skin), the responses

1) dendritic cell migration to the lymph node, where the “antigen is presented
histocompatibility complex (MHC) molecules to naive T-lyshphocytes (T-cells), and

2) T-cell differentiation and proliferation as allergen-specific effector and memory T-ce

b final physiological response is acquisition of sensitivity. The key organism response
lammation upon receiving the substance challenge in the elicitation phase. Thisresponseis

ith stimulation of specific memory T-cell produced in the induction phase. The overall

mmals is allergic contact dermatitis in humagss; or its rodent equivalent contact hypersens

.1.3 Integrated approaches to testing and assessment

'A are pragmatic, science-based approaches for chemical hazard characterization that

pgrated analysis of existing infomation coupled with the generation of new information us
ptegies. To predict the skin sensitization potential of chemicals in humans, alternative n|
thods are either used in cotibination or with existing relevant information to fully chara
logical end point. The sensitization end point can be determined by utilizing an integrated
ereby all existing and-reliable information about a chemical or material are combined with

dendritic

molecules,
ridence of

are:

by major

Is.

is dermal
hssociated

effect on
itivityl6sl,

‘ely on an
ng testing
on-animal
terize the
approach
data from

ddequately

y require
dictor of a

he human
hy (DPRA)

sitization
used for

predicting skln sensmzatlon (TIMES SS)[56][67] Several ofthese methods can be combined in an IATA to
evaluate the skin sensitization potential of chemicals or materials.

To standardize the evaluation of IATAs in regulatory decision-making, guidance has been developed
by OECD to provide principles and templates for reporting defined approaches (DA) and individual
information sources[>Z1[6Z], A DA consists of a fixed data interpretation procedure (DIP) applied to data
generated with a defined set of information sources to derive a result that can either be used on its own,
or together with other information sources within an IATA, to satisfy a specific regulatory need.

To gain regulatory acceptance of IATAs for skin sensitization potential, integrated approaches include
defined approaches (DA) whereby for each DA, the relevant information and specific non-animal
methods to use in combination are clearly delineated and a procedure for interpreting the data from
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these identified methods are provided. Thus, DAs are rule-based strategies that can obviate the need
for expert judgment once a specific approach is described, validated, standardized and accepted[&],

OECD Guidance Document 256:2017, Annex [[124] (see Table C.1) outlines 12 illustrative case studies of
DAs for skin sensitization. Some of them are currently under consideration by OECD for a future test
guideline “Defined Approaches for Skin Sensitisation”.

Table C.1 — Case studies of the OECD Guidance Document 256:2017, Annex 1[124]

Case study

Purpose

I |Advefse outcome pathway-based "Z out of 3~ Integrated testing strategy ap- Hazard 1dentificatign
proagh to skin hazard identification (BASF)
Il |Sequé¢ntial testing strategy (STS) for hazard identification of skin sensitizers Hazard identifiéatiqn
(RIVM)
I [Non-{esting pipeline approach for skin sensitization (G. Patlewicz) Hazard identificatidn
IV [StacKing meta-model for skin sensitization hazard identification (L'Oréal) Hazapd identificatidn
V |Integrated decision strategy for skin sensitization hazard (ICCVAM) Hazard identificatiqn
VI |Consgnsus of classification trees for skin sensitization hazard prediction (EC- Hazard identificatidn
JRC)
VII |Sensitizer potency prediction based on Key event 1 + 2: Combination of kinetic Potency predictior
peptide reactivity data and KeratinoSens® data (Givaudan)
VIII | The drtificial neural network model for predicting LLNA EC3 (Shiseidoe) Potency predictioy
IX |Bayesian network DIP (BN-ITS-3) for hazard and potency identification of skin Potency predictioy
sensifizers (P&G)
X |STS fpr sensitizing potency classification based on in chemico’and in vitro data Potency predictiory
(Kao|Corporation)
XI |Integrated testing strategy (ITS) for sensitizing potenoy classification based on Potency predictior
in silico, in chemico, and in vitro data (Kao Corporation)
XII | DIP fpr skin allergy risk assessment (SARA) (Unilever) Potency predictior

C.2 Invitro assays for skin sensitization testing

C.2.1 G¢

Subclause
reviews a

C.2.2 T¢g

C2.21 |

The DPRA
of synthe
prediction model categorizes the chemical as a skin sensitizer or non-sensitizer. See Table C.2.

26

bneral

d international evaluation studies[28]1[591[65][68],

st methods

DPRA

C.2 provides summaries of in vitro skin sensitization assays that have been included in rec

iSan in chemico method that quantifies the reactivity of a test chemical through its deplet

ent

on

(IC peptlides containing cysteine or Iysine. rercent depletion values are calculated an
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Table C.2 — DPRA

Key event 1: Molecular initiating event of colvalent protein binding

OECD Guideline

OECD TG 442C[Z3]

Performance
(ves/no answer)

80 % accuracy, 80 % sensitivity, 77 % specificity

Experimental system

The concentration of cysteine or lysine remaining in a synthetic peptide is deter-
mined following incubation at 22,5 °C to 30 °C for 24 h with the test chemical.
in detection, the synthetic peptides contain phenylalanine. Peptide concentrations are
measured by high-performance liquid chromatography (HPLC) with gradient elution

and UV detection at 220 nm.

To aid

Principle of the test Cysteine and lysine peptide percent depletion values are determined anpd usdd in a
prediction model that assigns the test chemical to one of four reactivity-clasges that
categorize them as skin sensitizers or non-sensitizers.

Repd out Relative peptide concentrations are measured by HPLC with 220mm detectiqn.

Time of exposure 24 h

Applicability Not applicable for testing metal compounds since they caneact with proteirjs through
mechanisms other than covalent binding. The test chemical needs to be comilletely
dissolved in an appropriate solvent at a concentrationof 100 mM. Testing of mixtures
is possible if their constituents are known.

Application to medical |There is no data. DPRA works with acetonitrile,-water, isopropanol and acetdne. How-

deyices ever, it can possibly not work with non-polay medical device solvents such as|sesame,

cottonseed, or olive oil. As the assay uses/aii excess of chemical versus the peptides

used in the assay, it is unlikely that thelassay is suited to detect skin sensitizgrs in med-
ical device extracts.

Sep References [74] to [Z6].

C.2.2.2 KeratinoSens™ 2)

The KeratinoSens™ assay makes use of:an immortalised human keratinocyte adherent cell line

comtaining a luciferase reporter gene-controlled by the antioxidant response element (ARE) of the

hu

man AKR1C2 gene, which is known:to be up regulated by skin sensitizers. See Table C.3.

Table C.3 — KeratinoSens™

Key event 2: Activation of epidermal keratinocytes

OHCD Guideline OECD TG 442D[Z9

Pefformance 77 % accuracy, 78 % sensitivity, 79 % specificity

(y€s/no answer)

Experimental System |KeratinoSens™ transgenic cell line: immortalised adherent cell line derived ffom
human keratinocytes stably harbouring a luciferase reporter gene under the|control of
the ARE of the human AKR1C2 gene

Principle’of the test The KeratinoSens™ cell line contains the luciferase gene under the transcriptional
control of a constitutive promoter fused with the ARE element. The luciferasg signal

indicates the activation of endogenous Nrf2 dependent genes by electrophilic skin

sensitizers. Luciferase gene induction is determined quantitatively by measu

minescence produced by light generating luciferase substrates. Test chemicals are con-

sidered skin sensitizers if they induce a statistically significant increase in lu

activity (i.e. a 50 % increase), below a concentration which does not cause a significant

reduction in cell viability.

ring lu-

ciferase

Read out

Quantitative measurement (by luminescence detection) of luciferase gene induction

Time of exposure

48 h

2)

KeratinoSens is the trademark of a product supplied by Givaudan Schweiz AG, CH-8310 Kemptthal. This

information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Table C.3 (continued)

Key event 2: Activation of epidermal keratinocytes

Applicability The KeratinoSens™ assay is applicable to test chemicals covering a variety of organic
functional groups, reaction mechanisms, skin sensitization potency and physico-chem-
ical properties. In addition, the assay applies to soluble chemicals or those that form
stable dispersions (e.g. suspensions or colloids) in the exposure medium.

Application to medical |There is no data. KeratinoSens™ works with DMSO and aqueous solvents but can pos-
devices sibly not work with non-polar medical device solvents such as sesame, cottonseed, or
olive oil because their log P values exceed 15,0.

See Referefnces [77] to [8U]-

C.2.2.3 LuSens
The LuSens assay uses an immotalized human keratinocyte cell line harbouring a luciferase reporter

gene undgr control of the antioxidant response element (ARE) of the rat quinone oxidoreductasg 1
(NQO1) ggne, which is known to be up-regulated by skin sensitizers. See Table C.4.

Table C.4 — LuSens

Key Event 2: Activation of epidermal keratinocytes
OECD Guideline OECD TG 442D

Performar]ce 74 % accuracy, 74 % sensitivity, 74 % specificity
(yes/no arjswer)

Experimental system |LuSens transgenic cell line: immortalised adlrerent cell line derived from human kerjt-
inocytes stably harbouring a luciferase yeporter gene under the control of the ARE o
the rat NQO1 gene.

Principle df the test The LuSens transgenic cell line contains a luciferase reporter gene under the transcrjp-
tional control of a promoter fused with the ARE element. The luciferase signal reflects
the activation by electrophiles bf endogenous Nrf2 dependent genes. Luciferase gene
induction is quantitatively/determined by luminescence measurement of light produg-
ing luciferase substrates,as an indicator of the activity of the Nrf2 transcription factpr
in cells following exposiire to electrophilic skin sensitizers.

Read out Quantitative meaSurement (by luminescence detection) of luciferase gene induction
Time of exposure 48 h
Applicabiljty The LuSens assay is applicable to test chemicals covering a variety of organic func-

tional groups, reaction mechanisms, skin sensitization potency and physico-chemicall
properties. In addition, the assay applies to soluble chemicals or those that form stalle
dispersions (e.g. suspensions or colloids) in the exposure medium.

T

Applicatioh to medical _[There is no data. LuSens works with DMSO and aqueous solvents but can possibly no
devices work with non-polar medical device solvents such as sesame, cottonseed, or olive oil
because their Log P values exceed 15,0.

See References [81] to [84].

C.2.2.4 SENS-IS

The SENS-IS assay is an in vitro model developed for chemical and mixtures that measures KE2 by
assessing gene expression profiles in a human skin models (Episkin® RhE or SkinEthic™ RHE3).
SENS-IS allows classification of skin sensitizers into potency categories[84l. The SENS-IS assay has
been validated in an industry-led study[86l(8Z] and is currently being evaluated by EURL-ECVAM. See
Table C.5.

3) Episkin® RhE and SkinEthic™ RHE (EPISKIN) are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by ISO
of these products.
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Table C.5 — SENS-IS

:2021(E)

Key Event 2: Activation of epidermal keratinocytes

OECD Guideline

Project 4.107: New TG: Toxicogenomic analysis on 3D reconstituted epidermi
measuring skin sensitization potency — the SENS-IS assay

s for

Performance
(yes/no answer)

96,6 % accuracy, 97,7 % sensitivity, 95,2 % specificity[86][87]

Experimental system

Reconstructed human epidermis (RhE) models Episkin® RhE or SkinEthic™
(EPISKIN)

RHE

Pr

ncipe of the test

Gene expression of two groups of genesis measured: one group (REDQX groyp) in-

cludes a selection of 17 genes that have an antioxidant responsive elementin
moter and monitor the redox protective signals induced through the intérac

sensitizers binding to cysteine amino acids of the Keap1-NRF2 compléext82], T
group (SENS-IS group) includes a selection of 21 genes involved in inflammat
danger signals and cell migration to address the complex cascade of events le
activation of DCs by a skin sensitizing chemical.

their pro-
ion of skin
he second
ion,

ading to

Repd out

Quantitative analysis of 64 gene expression measured by quantitative revers
scription-polymerase chain reaction (QRT-PCR)

e tran-

Time of exposure

15 min exposure; the RhE tissues are then rinsed and.post-incubated for 6 h.

mgddical devices

Applicability The SENS-IS assay uses 3D RhE tissues to better¢take into account the step of skin pen-
etration of products with different solubility,or{physical state. SENS-IS can quiantitate
not only pure chemicals but also natural prdducts, mixtures, and finished products[20]
[o1],

Application to The SENS-IS assays works with polar (saline) and non-polar (sesame oil) extifaction

vehicles and can possibly be used for'testing of medical device extracts. In a proof-of-

concept study for assessment of skin sensitization for medical device extract
known skin sensitizers incorporated into medical-grade silicone and negativ
were analysed. All test itemsiwere extracted in polar (saline) and non-polar

oil) solvents and correctly'identified as skin sensitizers or non-sensitizers[88].

5, five
e controls
Kesame

Seg References [85] to [91].

C.2.2.5

Fo1
of

IL-18 RhE assay

Table C.6 — IL-18 RhE assay

the evaluation of the skin sénsitization by measurement of basal IL-18 release after the dpplication
W chemical to the air-liquid-interface of the RhE, see Table C.6.

Key event 2: Activation of epidermal keratinocytes

OHCD Guideline

None at this time

Pefformance
(v¢s/no answer)

On a limited set (<10) of compounds for the different models tested. Andres

ent performances are discussed in the paper.

calculated performance on a set of 19 chemicals. Five prediction models giving differ-

bt al.[92]

Expérinental system

Reconstructed human epidermis models SkinEthic™ RHE (EPISKIN), VUmc-

EE, Ep-

2B [021103110A4119C5]
=== =1 =1

OoQRa o 110 " oY IR IS a Y IM (NA Lo 1
TGS (CEIIS ySTTIIS ), dITU T PIDTTIIT (IMIdUTTRCUT D)

Principle of the test

assay and the maintenance media was recovered for the IL-18 ELISA testing

At the end of chemical exposure, the epidermises were subjected to the cell viability

Read out

viability is measured by MTT test

Quantification of [L-18 by ELISA in the medium of culture of the RhE; in parallel, cell

Time of exposure

24 h

Applicability

skin sensitization potentiall24],

The assay is applicable for testing soluble contact allergens and cationic metals for

3 VUmc-EE, EpiCS® (CellSystems) is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

b Epiderm™ EPI-200 (MatTek Corp.) is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.
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Table C.6 (continued)

Key event 2: Activation of epidermal keratinocytes

Application to medical |There is no data. Since this assay uses RhE tissues it can possibly work with polar and
devices non-polar medical device extracts.

a2 VUmc-EE, EpiCS® (CellSystems) is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

b Epiderm™ EPI-200 (MatTek Corp.) is an example of a suitable product available commercially. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of these products.

C.2.2.6 EpiSensA%

The epiddrmal sensitization assay “EpiSensA” uses RhE tissue models. The assay is based.on the
induction |of marker genes related to keratinocyte responses for inflammation and cytoprotéctior] in
the inductiion of skin sensitization. See Table C.7.

Table C.7 — EpiSensA

Key event 2: Activation of epidermal keratinocytes
OECD Guideline None at this time

Performar]ce 90 % accuracy, 94 % sensitivity, 78 % specificity[2¢]
(yes/no arjswer)

Experimental system |Reconstructed human epidermis models, LabGyte’EPI-MODEL 24 (Japanese Tissue
Engineering Co., Ltd.)2 and Epiderm™ EPI-200:(MatTek Corp.)

Principle df the test This assay is based on the induction of multiple marker genes (ATF3, IL-8, DNA]B4
and GCLM) related to two keratinocytetesponses (inflammatory or cytoprotective
in the induction of skin sensitization. The mechanistic relevance of the marker gends
has been confirmed by focusing ofikey molecules that regulate keratinocyte respois-
es in vitro (P2X, for inflammatory and Nrf2 for cytoprotective responses). The upreg-
ulation of ATF3 and IL-8, or PNA]B4 and GCLM induced by 2,4-dinitrochlorobenzenfe
in human keratinocytes ig significantly suppressed by a P2X; specific antagonist
KN-62, or by Nrf2 siRNA, respectively, which supports the mechanistic relevance of
the marker genes.

Read out Quantitative analysis of the expression of four marker genes as measured by quanti
tative reverse-transcription-polymerase chain reaction (RT-PCR)

Time of exposure 6 h exposure

Applicabil]ty EpiSensA tan be a mechanism-based skin sensitization test applicable to broad setqd of
chemicals including lipophilic chemicals and pre/pro-haptens[2Zl.

Applicatioh to medical |Noydata. Since this assay uses RhE tissues, it can possibly work with polar and
devices non-polar medical device extracts.

a  LabCyte EPI-MODELS 24 (Japanese Tissue Engineering Co., Ltd.) is an example of a suitable product availaple
commercially. This.inféormation is given for the convenience of users of this document and does not constitute |an
endorsement by, ISO.0f these products.

C.2.2.7 Sen€eeTox®S}

The SenCeeTox® assay measures the expression of 11 skin sensitization related genes in keratinocytes
of 3D RhE tissues. Increased gene expression, plus reactivity and cytotoxicity determine skin
sensitization potential. See Table C.8.

4) EpiSensA is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

5) SenCeeTox® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of these products.
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Table C.8 — SenCeeTox®

Key event 2: Activation of epidermal keratinocytes

OECD Guideline

None at this time

Performance
(yes/no answer)

84 % accuracy, 81 % sensitivity, 92 % specificityl29]

Experimental system

Reconstructed human epidermis assays EpiDerm™ EPI-200 (MatTek Corp.) and Skin-
Ethic™ RhE (EPISKIN)

Principle of the test

The expression of eight Nrf2/ARE, one AhR/XRE and two Nrfl/MRE controlled gene

are measured by quantitative reverse transcription-polymerase chain reaction (qRT-

PCR). The fold-induction at each exposure concentration is combined with feactivity
and cytotoxicity data to determine the sensitization potential.

Repd out

Quantitative analysis of the expression of 11 genes is measured by.qRT-PCR. Chem-
ical reactivity and cytotoxic potential are also determined. Thejresults of these
individual assays are analysed using an algorithm that incorporates all the|data from
each assay to predict skin sensitization potential.

Time of exposure

24 h

Applicability

The SenCeeTox® assay may be used to evaluate botlr¢hemical and metal skiin sensi-
tizers of varying potency[28],

Application to medical
deyices

The SenCeeTox® assays works with polar (salifie) and non-polar (sesame oill) extracts
vehicles and can possibly be used for testing medical device extracts. In References
[98] and [100], it was reported that the Sen€eeTox® assay was capable of agcurately
identifying solutions of certain medical/dévice-related chemical and metal gkin sensi-
tizers or sensitizers extracted frominedical grade silicone using polar and jnon-polar
solvents such as saline and sesameoil.

C.2.2.8 h-CLAT

The h-CLAT quantifies changes in the expression of cell surface markers associated with tle process
of pctivation of monocytes and dendritic.€élls following exposure to skin sensitizers. The g¢xpression
leviels of the surface markers are used te-identify skin sensitizers and non-sensitizers. See Taple C.9.

Table C.9 — h-CLAT

Keyevent 3: Activation of epidermal dendritic cells

OHCD Guideline

OECD TG 442E

Pefformance
(y€s/no answer)

85 % accuracy, 93 % sensitivity, 66 % specificity

Expperimental sysfem

hCLAT cell line: THP-1 human monocytic leukaemia cell line

P

—

nciple of thetest

The h-CLAT assay measures changes in the expression of CD86 and CD54 ¢ell sur-
face markers on THP-1 cells after exposure to the test chemical for 24 h. These sur-
face molecules are typical markers of monocytic THP-1 activation and can|imitate

dendritic cell activation, which plays an important role in T-cell priming. Q
in surface marker expression are measured by fluorescence-based flow cy

hanges
tometry.

The Tetative fluorescence of the SUTrface markers compared to COntrot vert

les are

determined and used to differentiate between skin sensitizers and non-sensitizers.
[104]

Read out

Expression levels of CD86 and CD54 cell surface markers measured by flow cytome-
try following cell staining with fluorochrome-tagged antibodies

Time of exposure

24 h exposure

Applicability

The h-CLAT assay is applicable to test chemicals that are soluble in an appropriate
solvent or that form stable dispersions in a suitable vehicle. Test chemicals with Log
P values above 3,5 have tended to yield false-negative results[1041[105],

Application to medical
devices

There is no data. The h-CLAT works with saline and DMSO solvents but is unlikely to
work with non-polar medical device solvents such as sesame, cottonseed, or olive oil
because their log P values exceed 15,0.
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C.2.2.9 U-SENS™ )

The U937 cell line activation test (U-SENS™) method is an in vitro assay that quantifies changes of CD86
cell surface marker expression by flow cytometry on a human histiocytic lymphoma cell line, U937
cells. See Table C.10.

Table C.10 — U-SENS™

U-SENS™ — Key event 3: Activation of epidermal dendritic cells

OECD Guideline OECD TG 442E

Performar]ce 86 % accuracy, 91 % sensitivity, 65 % specificity

(yes/no arjswer)

Experimental system U-SENS™ cell line: U937, human histiocytic lymphoma cell line

Principle df the test CD86 is known to be a co-stimulatory molecule that can mimic monocjiitic activa-

tion, which plays a critical role in T-cell priming. The changes of CD86/cell surface
marker expression are measured by flow cytometry following cellstaining typicallly
with fluorescein isothiocyanate (FITC)-labelled antibodies. Cytotoxicity measure
ment is also conducted (e.g. by using PI) concurrently to assess whether up regulg-
tion of CD86 cell surface marker expression occurs at sub*cytotoxic concentratior
The stimulation index (SI) of CD86 cell surface marker‘compared to solvent/vehidle
control is calculated and used in the prediction modgl;to support the discriminatjon
between skin sensitizers and non-sensitizers. [1041

©v

Read out Changes of CD86 cell surface marker expressign are measured by flow cytometry|
following cell staining typically with fluorescein isothiocyanate (FITC)-labelled
antibodies.

Time of exposure (45 + 3) h exposure

Applicabiljty Applicable to test chemicals that are'soluble or that form a stable dispersion (i.e.

colloid or suspension in which theitest chemical does not settle or separate from the
solvent/vehicle into different phiases) in an appropriate solvent/vehicle.[104]

Applicatioh to medical There is no data. U-SENS wiorks with saline and DMSO solvents but is unlikely to
devices work with non-polar medical device solvents such as sesame, cottonseed, or olive|oil
because their log P valués exceed 15,0.

C.2.2.10 1L-8 Luc assay

The interleukin-8 reporter gene @ssay (IL-8 Luc assay) makes use of a THP-1-derived IL-8 reporjter
cell (THP{G8 cells) that allow§ quantitative measurement of luciferase gene induction by detectjng
luminescence from well-established light producing luciferase substrates as an indicator of the actiyity
of the IL-§ and GAPDH in-cells following exposure to skin sensitizing chemicals. See Table C.11.

6) U-SENS is the trademark of a product supplied by L'Oréal, 41 rue Marthe, Clichy, 92110. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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Table C.11 — IL-8 Luc assay

:2021(E)

Key event 3: Activation of epidermal dendritic cells

OECD Guideline

OECD TG 442E

Performance
(yes/no answer)

86 % accuracy, 96 % sensitivity, 41 % specificity

Experimental system

IL8 Luc cell line: THP-1-derived IL-8 reporter cell line (THP-G8)

Principle of the test

The IL-8 Luc assay uses a THP-1-derived IL-8 reporter cell line, THP-G8, that har-
bours the stable luciferase orange (SLO) and stable luciferase red (SLR) luciferase

genes under the control of the 11.-8 and glyceraldehyde 3-phasphate dehyd

rogenase

(GAPDH) promoters, respectively (1). This allows quantitative measurem
luciferase gene induction by detecting luminescence from well-establishe
producing luciferase substrates as an indicator of the activity of the k-8
in cells following exposure to skin sensitizing chemicals.[104]

bnt of
light
d GAPDH

Repd out

Changes in IL-8 expression, a cytokine associated with the activation of d
cells

bndritic

Time of exposure

16 h exposure

Applicability

Although the IL-8 Luc assay uses X-VIVO™ 15 as a golvent, it correctly eval
chemicals with the n-octanol-water partition coéfficient log K, > 3,5 and
with a water solubility of around 100 pg/ ml.¢However, negative results fo
chemicals that are not dissolved at 20 mg/m{imay produce false-negative
due to their inability to dissolve in XVIVO%'15. Therefore, negative results
chemicals should not be considered. Achigh false negative rate for anhydri
seen in the validation study. Furthermore, because of the limited metabol

bility of the cell line (8) and the experimental conditions, pro-haptens (sulpstances

requiring metabolic activation),and pre-haptens (substances activated by

uated
those

I test
results
for these
les was
c capa-

air oxida-

tion) can give negative results\in the assay. The IL-8 Luc assay can classify] chemi-
cals as skin sensitizers or,non-sensitizers, however, at this time it does nof provide
potency assessments[105]]

Application to medical There is no data. The X-VIVO™ 15 culture medium, DMSO, or water are usgd as sol-

deyices vents to dissolve the'test chemicals. It is unknown whether the assay will work with
non-polar medical device solvents such as sesame, cottonseed, or olive oil

C.2.2.11 Genomic allergen rapid.detection™7)

Gehomic allergen rapid detection™ (GARD™) is a cell-based assay that utilizes the innate r¢cognition

of foreign substances by dendritic cells, as measured by a multivariate readout of genomic bijomarkers.

Following cellular stimulation, chemicals are classified as skin sensitizers or non-sensitizer:
induced transcriptienal profiles. See Table C.12. The GARD assay has been validated in an|
led study[18] and1s-Currently being evaluated by EURL-ECVAM, and have received a positivg
ESAC opinion oivGARD™ skin.

based on
industry-
scientific

7) GARD is the trademark of a product supplied by SenzaGen AB, Medicon Village (406), 22381 Lund, Sweden. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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Table C.12 — GARD™

Key event 3: Activation of dendritic cells

OECD Guideline Project 4.106: New TG: GARD™skin test: An in vitro method for identification of skin
sensitizers based on a genomic interpretation of the impact of chemicals on human
dendritic cell-like cells (AOP key event 3)[121]

Performance 94 % accuracy, 93 % sensitivity, 96 % specificity[118]

(yes/no answer) NOTE The GARD™skin assay can also be complemented with the GARD™potency to get
classification according to European classification, labelling, and packaging (CLP), Regulation
(e.g. weak or strong skin sensitizer).

Experimenjtal system The GARD™skin cell line: SenzaCells™ (SenzaGen) is of human myeloid origin wijth
characteristics similar to dendritic cells.

Principle df the test GARD™skin measures the gene expression of 200 genes induced in SenzaCells™

in response to chemical exposure. The 200 genes, referred to as GARD,prediction
signature (GPS) includes biomarkers for dendritic cell activation and maturation
(KE3), several danger signal pathways and pattern recognition receptors (KE2), and
antigen presenting molecules and cell proliferation pathways (KE4)[116][117],

Read out The GPS includes mechanistically relevant genes involved in the skin sensitizatior
process, such as upregulation of co-stimulatory molecules.and induction of cellulg
and oxidative stress[113], Gene expression of the 200 genés in the GPS is measured
using the Nanostring®2 analysis system. The resulting gene expression is analysgd
by pattern recognition, using a machine learningalgorithm based on a fixed set of
reference samples.[114] Each sample is classified as skin sensitizer or non-sensitiz¢r
with no subjective judgement required.

—

Time of exposure 24 h exposure

Applicability GARD™skin is widely applicable acrossia broad chemical space covering a variety jof
organic functional groups and end uses including pre-/pro-haptens and substanceg
with low water solubility[113][116],

Applicatioh to medical The GARD™ assays works withipolar (saline) and non-polar (sesame oil and olive

devices oil) extraction vehicles and-can possibly be used for testing of medical device ex-

tracts. In a proof-of-concept study for assessment of skin sensitization for medica
device extracts, four-.known sensitizers incorporated into medical-grade silicone
and polyurethane @and'negative controls were analysed. All test items were extradt
ed in polar (saline) and non-polar (oil) solvents and correctly identified as skin
sensitizers ornon-sensitizers.[119]

7]

2 Nanostfing® is an example of a suitable/product available commercially. This information is given for the conveniefce
of users of ghis document and does not censtitute an endorsement by ISO or IEC of this product.

C.3 Disfcussion

C.3.1 OECD-validated assays

The six vilidated OECD 442 test guidelines in vitro assays!Z21[79][104] for identifying chemical skin

sensitizerf, which address key events 1, 2, and 3, appear to have potential utility for detecting chemijcal
sensitizer Wﬂwmwmﬂw

and IL-8 Luc assay. However, since DPRA uses an excess of chemical to detect peptide reactivity, it
can possibly not be capable of identifying low levels of sensitizers in dilute medical device extracts.
These assays have been validated using pure test substances and not chemical mixtures. Because of the
limited metabolic capability of the cell lines used in some in vitro assays, pro-haptens (i.e. substances
requiring enzymatic activation for example via P450 enzymes) may also provide false-negative
results.[8211104] [,astly, these test methods developed to address a specific key event may not alone
be sufficient to conclude on the presence or absence of skin sensitization potential of chemicals and
should be considered in the context of integrated approaches such as IATA, combining them with other
complementary information.

Considering the specific context of medical devices biocompatibility assays used to evaluate finished
products or materials either as is or after extraction in polar and non-polar solvents, the applicability of
the OECD assays shall be confirmed. Many of them may have some limitations with non-polar medical
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device extraction solvents such as sesame, cottonseed, or olive oil. Besides the issue of mixtures and
solvent incompatibility, some OECD-validated assays can possibly not be able to detect potential skin
sensitizers in medical device extracts because they often are present at extremely low concentrations.

C.3.2 Genomic assays

The genomic assays listed in C.2.2, which address key events 2 and 3, are SenCeeTox®, SENS-IS, EpiSensA
and GARD™. The first three work with RhE tissues, while the fourth is based on a proprietary cell line.
They are all somewhat different, yet the common trait they share is their use of marker genes to identify
skm sensitizers. In addition, all assays, except EplSensA have successfully completed pllot projects

The accuracy reported on the limited set of samples for the pilot projects has been ¢omj

be

cu
te

Baged on their accuracy, their ability to work with polar and non-polar solvents, and pote
“sthnd alone” methods for medical device skin sensitization testing, these.assays may be p
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ter than the accuracy of the OECD-validated assays. Two of these assays, SENS-IS,-and G
rently being reviewed under OECD’s Test Guidelines Programme Section 411211 (grejects
the guidelines on health effects).

thods for evaluating the skin sensitization potential of medical deviees. Still, their ability
ionic metal sensitizers needs to be confirmed.

.3 Other assays

e [L-18 RhE assay is the remaining assay addressing key evént 2. This assay measures 1L
ndl cell viability. Testing data for the IL-18 RhE assay is:limited. Since this assay use RhE
T possibly work with polar and non-polar medical device solvents. Still, since this assay ha

s|use in medical device testing should be confirmed.

.4 General considerations for validation of in vitro methods for medical devi
sting

bre are currently six validated in‘chémico and in vitro assays (DPRA, Keratinosens, LuSq
ens, IL-8 Luc Assay) in the OECB-test guidelines for determining the skin sensitization p
micals and two more (GARDY, SENS-IS) [Z2][79][104] jncluded in the OECD Test Guideline Prg
b inclusion of any of theseyin vitro skin sensitization tests for medical device testing
ported by the validation data confirming the equivalence/superiority of the in vitr

pared to the current’in vivo methods used to evaluate the skin sensitization potential
Fices/medical devic€extracts.

4

Y

h validationprdcess shall be designed to allow performance comparisons between the
ays and todnvestigate their use as standalone or in combination within a testing strategy.

S

e following general points shall be considered in designing such validation studies:

deciding whether to use skin sensitizing reference materials or extracts of non-sensitizing

bnsitizers.
parable or
ARD™, are
related to

htial to be
prformant
r to detect

18 release
tissues, it
S not been

dated by OECD, or included in any of the major in.¥itro skin sensitization assay comparis¢n studies,

ce

ns, h-Clat,
ptential of
gram[121],
should be
0 method
bf medical

candidate

materials

izarc ol bho S ddad o+ 1o o
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ahich ¢ 14 AL ntrats
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identifying representative classes of skin sensitizing chemicals that may be present i
devices;

selecting a list of reference chemicals to build a validation database containing physic
charateristics, historical data from animal and human methods as well as in vitro and i
data from validated OECD assays;

identifying negative and positive control materials to be used in the validation;

n medical

ochemical
n chemico

defining the minimum reliability (within, between reproducibility) and accuracy (sensitivity,
specificity) values compared to human and/or animal methods to validate an in vitro assay;
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— identifying any chemical or physical properties of the medical device materials that can result in
test interferences, false negative or false-positive results;

— defining the applicability domain of the considered in vitro assays e.g. for materials suitable for
extraction or materials not suitable for extraction (e.g. liquids, gels, pastes, gases, vapors, aerosols,
condensates, nanomaterials).

C.4 Conclusions

Approximately 20 % of the chemicals in world commerce are sensitizers.[72] Yet, historically only about

1 % of mjq
facts, plus
that a par
Neverthel
vitro skin

pdical device extracts produce positive results in animal skin sensitization tests[24l, These
the availability of sophisticated in vitro skin sensitization assays, have led experts to-beligve
hdigm shift towards acceptance of in vitro assays for medical device testing is inevitable.[Z3]
bss, for this to happen well-designed evaluation/validation studies of the most promising in
sensitization assays or combination of assays will be necessary.
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Background information on sensitization tests for skin

sensitization

Sesitization in man occurs after single or multiple epicutaneous exposures and is initiated\ahd elicited
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"der present the antigen to specific lymphocytes which are then activated to,initiate t
ponses. A small percentage of these lymphocytes are long-lived memorycells, and t}
the primary activators during the challenge phase. Thus, subsequent refexposures car
ferse reactions that are mediated by lymphokines released by the activated lymphocytes
lammatory cells that are attracted to the area of the lesion.

1895, Jadassohn employed the patch test to disclose contact allergfto mercury in a clinid
s innovative approach provided the scientific basis for subsequent tests aimed at diag
diction of contact allergy in man and animals. The development of prospective/predi
evaluating the sensitizing potential of chemicals followed the pioneering work of Lands
hsellll, who firmly substantiated the use of the guinea pig-for studying skin sensitization.

1969, Magnusson and Kligmanl[12] explored many of the variables of guinea pig testing and
rocedure, the GPMT, based on intradermal injections (with and without Freund's complete
owed by topical application of the test material to the same area. The original procedur
treatment of the test site if the test material@s a non-irritant. By definition, it reputedly def

been extensively used. The use of Fréund's complete adjuvant increases the sensitivity

1965, BuehlerlZl advocated the‘use of the closed patch test to provide occlusion as a |
imize exposure and to mimic the procedures used in humans [human repeat insult

RIPT)]. It was suggested that the occlusive patch procedure was sensitive and can

dict moderate to severe skin sensitizers, thus avoiding exposure of human subjects to th
hdverse reaction during HRIPTs. The data presented demonstrated the superiority of]
br intradermal injections and open-type topical application. Stimulation of the immu
adjuvants wag-10t used. This method is established as a technique that is sufficiently s
ect most wedk'skin sensitizers and has been shown to be sufficiently flexible to be used
essment process. However, the closed-patch test (Buehler test) is less sensitive compare
MT. SeeReference [9].

bse’two tests, the closed-patch test in the United States and the GPMT in Europe, have bee

fre

components of the immune system. First, the hapten (chemical) must penetrate the/skfin. It then
cts with skin proteins to form immunogenic complexes. Langerhans cells at the epidermal/dermal

immune
ese serve
| result in
and other

al patient.
nosis and
[tive tests
[einer and

presented
adjuvant),
P requires
ects weak
e test and
pf the test
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guently used for safety assessment. The result from guinea pig sensitization assays d

ppends on

many animal-related and technical factors explaining the interlaboratory variation in test results, for
example, animal strain, sex, age, ambient test conditions, test site on the animal, method of hair removal
(clipping/shaving or chemical depilation), type of patch design, quantity of test material, quality of
occlusion, exposure time and reading of the tissue response. Numerous other tests have been employed
and investigated and all of these have their proponents. There are currently several procedures that
have been recognized as acceptable for regulatory purposes, provided the procedure is properly
documented and validated by the investigator. In all cases, the procedures should be performed in
accordance with the original references. A list of other tests is given below.

Reference [8] gives an update on skin sensitization testing.
a) Freund's complete adjuvant test.
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b) Split adjuvant test.

c) Open epicutaneous test.

d) Mauer optimization test.

e) Footpad testin guinea pig.

f) Cumulative contact enhancement test.

g) Scratched skin (adjuvant and patch) test.

h) Mous¢ ear swelling test.

The LLNA|is now preferred to the GPMT and the Buehler occluded patch test for hazard identificatjon
of chemicgls. LLNA has been accepted in 2010 by the OECD as a stand-alone alternative to.the currgnt
guinea pig tests, and as an improvement for animal welfare. See Reference [33]. The-LLNA has b¢en
validated for the determination of sensitizing activity of chemicals. See References [39}yand [40].

The scientific basis for the test is measurement of the incorporation of 3H-miethyl thymidine ipto
lymphocyfes in draining lymph nodes of mice topically exposed to the test sample as a measurempnt
of sensiti4ation. It does not include a challenge phase. The end point of interest is a stimulation in¢lex
giving thg ratio of thymidine incorporation in lymph nodes from dosed<animals compared with the
incorporation in lymph nodes from control animals. The test is positive’ when the stimulation inglex
exceeds 3 [/, > 3). Anintra- and inter-laboratory evaluation of the LLNA has demonstrated a reproduciple
dose-resppnse relationship within and between laboratories. See References [16], [17], [21], [25], [46],
[28] and [B2]. However, difficulties in differentiating between drritating and allergenic substances wjith
the LLNA have been reported. See References [18], [25] and [28]. Thus, the LLNA can give false-positjive
results with irritants and can overestimate the allergenitity of substances with both irritating gnd
allergenic|properties. See Reference [16]. However, the LENA has advantages compared with the guinea
pig assayq because of shorter test duration, a more:gbjective end point, less test substance required,
and it omfits the Freund's complete adjuvant injections. Improvements of the test procedure by fise
of analysif of cell activation markers and flow, cytometry are possible. See References [23] and [44].
Whether they can be practically implementedin standard LLNA protocols for routine toxicology is hot
determingd. On the other hand, the LLNA allows a more limited choice of test vehicles; most studies
have used| a mixture of acetone and oljve,oil. A recent study shows the variability of the results usjng
different yehicles. See Reference [27Z]::Further, it is not possible with the LLNA to study the challenge
phase or dross-reactivity patterns-because the animals are sacrificed after induction treatment befpre
the lymph|nodes are harvested.

The popliteal lymph node“assay (PLNA) using subcutaneous administration in the footpad (see
Referencef [19], [22] and{31]) is an alternative to the lymph node assay. In the latter assay, in additjon
to direct measurement oflymph node activation, reporter antigens may be used for further clarificatjon
of the imniunomodulation caused by the chemical under investigation. See Reference [15].

The risk ajssessment process should not rely on a single model or approach but should be thoughtfully
conducted to’provide maximum assurance of safety to the consumer. Generally, thls entalls both anlmal
or non-anima 2 ] : of
models and approaches as long as the ratlonale is documented and/or Valldated

Negative tests in guinea pigs, when they are properly conducted, can generally be definitive if the test
concentration has a sufficient safety factor over use conditions. However, one should avoid classifying
test materials solely on the basis of incidence and/or severity, without due consideration of eventual
product usage.

The risk, i.e. incidence and severity, of the allergic reaction to the product is determined mainly
with the following four factors: the sensitizing potency of the chemical allergen, its amount in the
product, bioavailability and the exposure conditions. The relative sensitizing potencies of chemicals
can be defined in terms of the minimum induction concentration required to induce a given level of
sensitization: the lower this concentration the more potent the sensitizer. See References [6] and [30].
It was shown that the significant incidence of allergic contact dermatitis was found in users when the
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