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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

International Standards can be used to demonstrate the safety and compliance of medical devices.
[SO 10993-10 specifies the procedure for the assessment of medical devices and their constituent
materials with regard to their potential to induce skin sensitization (Type IV hypersensitivity reaction).
The methods included in ISO 10993-10 are based on animal or human testing, with an annex on in vitro
and in chemico tests for skin sensitization that have been validated for neat chemicals. The effort to
reduce or replace the use of animals in toxicity testing has led to the development of many new non-
animal methods. The test guidelines in References [56] and [57] include alternatives to animal testing
meathods—for—skir—sensitizatic rt—tavebeerrpreviousty—vatidated—to—contt etr—equivalence/
superiority to the current in vivo methods. However, currently, none of the OECD test guideling methods

Cufrent OECD test guideline methods are validated with neat chemicals and not with morg complex
iktures such as medical devices or medical devices extracts. In order to use these methpds in the
specific context of medical devices, an evaluation is needed to verify theit-applicability for|assessing
skin sensitization of medical devices. Given the number of candidate test*methods and the|time that
is fequired to assess them, it is important to ensure that the same science-based evaluatign process
anfl criteria are consistently applied to any new candidate test method. The purpose of this|document
is o provide a framework for the conduct of prevalidation and ihterlaboratory studies to assess the
applicability of candidate test methods for assessing one or mor'e key events related to OECI}’s adverse
oufcome pathway (AOP) for skin sensitization when evaluating medical devices[2l.
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TECHNICAL SPECIFICATION ISO/TS 11796:2023(E)

Biological evaluation of medical devices — Requirements
for interlaboratory studies to demonstrate the
applicability of validated in vitro methods to assess the
skin sensitization of medical devices

1| Scope

Thiis document specifies the framework and the methodology to evaluate and ‘demonstrate the
applicability of a validated non-animal method from an OECD test guideline to assess'the skin densitizing
potential of a medical device or a medical device material. This document addresses:

—| the database of reference chemical skin sensitizers and non-skin sensitizers;
—| reference materials;

—| feasibility testing of candidate test methods, including any-method optimization for| use with
extracts of medical devices;

—| prevalidation of candidate test methods;

—| the interlaboratory study:

— sample preparation and coding;

— spiking of the extracts from the negative control medical device material;
— data collection;

— statistical analysis to assess-reliability and reproducibility.

The use of the approaches deseribed in this document to assess the applicability of a candidate test
mgthod does not imply that the candidate test method can be used as a stand-alone test for ¢valuating
the¢ skin sensitization poténtial of medical devices. For certain candidate test methods, Integrated
approaches and/or defimed approaches are needed.[l] The evaluation of skin sensitization pofential of a
mgdical device is deséribed in ISO 10993-10.

2 | Normative references

Thf following documents are referred to in the text in such a way that some or all of thejir content
conpstitutes requirements of this document. For dated references, only the edition cited applies. For
unfated references, the latest edition of the referenced document (including any amendmentf) applies.

ISO 10993-12, Biological evaluation of medical devices — Part 12: Sample preparation and reference
materials

3 Terms and definitions
For the purposes of this document, the following terms and definitions 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/

©1S0 2023 - All rights reserved 1
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sensitizer
substance or material that is capable of inducing a specific hypersensitivity reaction upon repeated
contact with that substance or material

3.2

candidate test method
test method for in vitro skin sensitization testing of medical devices that is under evaluation

3.3

interlabolratory study

ILS
organizat
two or mg

3.4

interlaboratory reproducibility

between-]
measure (
same subd

Note1toe
and indicat

3.5

intralabgratory reproducibility

within-lak
determind
results us

3.6
prevalidd
PRE
initial ph3
relevance

3.7
test artic
material (|

(3.8) (e-g-

3.8

test samy
sample (e
a candida

on, performance and evaluation of measurements or tests on the same or similar jtems
re laboratories according to predetermined conditions

aboratory reproducibility
f the extent to which different qualified laboratories, using the samé protocol and testing
tances, can produce qualitatively and quantitatively similar results

htry: Interlaboratory reproducibility is determined during the prevalidation and validation process
es the extent to which a test can be successfully transferred betwgen laboratories.[29]

oratory reproducibility
ition of the extent that qualified people within the same laboratory can successfully replic
ing a specific protocol at different times

tion

se of a validation (3.10) small-scale study intended to obtain preliminary information on
and reliability of a candidateitest method (3.2)

e
e.g. a final finishedddevice or a reference material) that is to be used to generate a test sam
using extraction)

le
g. a testiarticle extract or spiked extract vehicle) that in its present form can be evaluated
e testmethod

by

he

hte

he

ble

by

39

test system
system (e.g. in vivo animal model, in vitro cellular model and in-silico computational models) that is

used for h

3.10

azard identification as part of a test method

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

[SOURCE:

[SO 9000:2015, 3.8.13, modified — Notes 1, 2 and 3 to entry have been deleted.]
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4 Consideration on the process for demonstration of the applicability domain

The process for evaluating the applicability of a candidate test method for skin sensitization testing of
medical devices shall include feasibility, prevalidation and interlaboratory studies (see Figure 1).

The required sample size was determined according to Reference [80]. The basis for the determination
was that the candidate test methods for the application to medical device extracts or medical device
material extracts, predict the spiked extracts (non-skin sensitizer versus skin sensitizer) as good as
the original OECD test method with the neat chemicals used for spiking the extracts. To demonstrate
test samples were predicted
dida S oMy re-ortging est-mrethod—H was also
umed tha rdance was not below 70 %. Considering a one-sided proportion-0£(,05 and a
wwer of 0,8, a sample size of 28 was calculated. The sample size was increased to 29 t0 afcount for

Fential drop-out of chemicals, e.g. due to commercial unavailability.

ass
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ine if any
st sample,

or to conducting a prevalidation study, a feasibility study may be needed\to determ
dification of the OECD TG protocols (e.g. dilution, solvents, incubation timés, volume of te]
mulation index value) is necessary for the evaluation of medical devices.

md
sti

Pr
be

btocols for feasibility studies are not described in this document as the)design of these studfies should
specific to the OECD TG method.

If the candidate test method protocols planned for the prevalidation and interlaboratofy studies
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During the prevalidation and interlaboratory phases, evaluation of the performance of n

me
Cla
thg

ktures such as medical devices extracts) and integrated in OECD test guidelines (e.g. see

iate from the OECD TG protocol, the number and nature of the modifications as well as th
Cumentation available (e.g. from a feasibility study) to_support the modifications shall be
cientific rationale for the impact of these changes on the acceptance of the method for ass|
n sensitizing potential of sample tests should be provided to justify that the method use
hivalent to the original OECD method.

e same candidate test method and protocols'shall be used for both the prevalidation stuc
erlaboratory study.

the non-animal methods considered are already validated with single chemicals (but

] and Reference [1] on defined approaches for skin sensitization) with historical data of
essment, the prevalidation step shall be conducted to:

prepare the standard-operating procedures (SOPs), so that they can be readily used
laboratories;

generate preliminary data on the reliability and relevance of the candidate test m
assessing skifi'sensitization of medical devices.

thods_shall be performed with positive and negative control test samples (in accord
use, 5)that are representative of medical devices extracts. The concordance of results (co
original OECD test method) and reproducibility shall be calculated and compared to th

b data and
provided.
essing the
d remains

ly and the

not with
Reference
chemicals

by other

ethod for

pn-animal
hnce with
mpared to
b targeted

FHormance valuesin Clause 7 and Clause 8

pe

If the prevalidation study does not achieve the performance criteria in accordance with Clause 7, then
additional feasibility testing can be needed to optimize the assay protocol for increased concordance
and/or intralaboratory reproducibility prior to conducting a repeat prevalidation study. If the
prevalidation study meets the performance criteria in accordance with Clause 7, then an interlaboratory
study can be considered.
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Feasibility study

- Preliminary assessment of OECD TG
method applicability for assessing skin
sensitization of medical devices

- Ifnecessary, method adaptation to
improve the assay reliability and
relevance for assessing medical devices

2

OECD TG
method as is/
optimized for medical
devices and ready for
prevalidation?

A 4

A

No

Prevalidation study
- Study with 1 or more laboratories
- Evaluation of 16 reference chemicals
(13 skin sensitizers, 3 non-skin‘sensitizers)
- Evaluation of reliability and rélevance

Test method
performance
acceptable
(per Clause 8)?

Interlaboratory study
- Blind study with 3 or more laboratories
- Evaluation of 13 reference chemicals
(9 skin sensitizers, 4 non-skin sensitizers)
- Evaluation of reliability and relevance

Figure 1 — General process for the evaluation of candidate test methods

5 Positive and negative control test samples

5.1 General
Due to the lack of existing positive reference test articles, samples for prevalidation and interlaboratory

studies are comprised of negative reference material extracts spiked with a known concentration
of a chemical skin sensitizer. By spiking an extract of an existing medical device material, the
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final composition of test samples evaluated by in vitro test methods can better mimic the chemical
complexity of a real extract containing a low concentration of one or more chemical skin sensitizers.

For this purpose, chemical skin sensitizers and non-skin sensitizers that can be identified in extracts
of certain medical device materials have been selected. Annex A contains a database of reference
chemicals with animal, and human data when available, that will be used in the prevalidation and

interlaboratory studies.

5.2 Database of reference chemicals

A lfstofTeference chemicals was devetoped Including chemicats:
representative of raw materials and/or leachables found in medical devices;
representative of a balanced range of skin sensitizer potency (weak, moderate, stfong and

supported by robust reference data on potency and no-observed-adverse-effect-levels
from human and animal sources, including human repeat insult patch test (HRIP

pig maximization test (GPMT).

Additional criteria considered for selection of chemicals are:

effect;

a range of physicochemical properties considered f¢levant to skin sensitization in Refere]

commercially available compounds.

Acfording the sample size considerations, a total of 29 chemicals are required. For each cang
mdthod evaluated, the results obtained for the original OECD test methods with neat chemic
collected or, when not available, generated:experimentally.

NO
bas

TE The selection of chemicals-alieady detected in medical devices or medical device maf
ed on a review of References [3][4][&][6] and [7]. Particular attention was paid to the quality of th
icological data for these chemicals: The estimated concentrations required to generate a threefold 3
roliferation in draining lymph'iode (EC3 values) are derived from curated databases such as Skin
thg Cosmetics Europe databaSe,¥l supplementary data from Reference [10], the integrated chemical en
(ICE) from the national texicology program (NTP),[L1 the National Toxicology Program Interage
for| the Evaluation of Afternative Toxicological Methods (NICEATM) LLNA Databasell2] and the OE
database for OECD Guideline 497[13][14][15],

extreme);

(NOAELS)
), human

maximization test (HMT), local lymph node assay (LLNA), closed-patehi’(Buehler) test and guinea

to be representative of the different mechanisms by which-the compounds exert a skin sensitization

nce [1];

lidate test
hls will be

erials was
b historical
timulation
benseDB, (8]
vironment
nhcy Centre
CD curated

All chemicals até-presented in Table 1 with name, CAS Registry Number®1), medical devices application

examples and/the spiking concentration to be used for prevalidation and interlaborator
itional\information on their physicochemical and skin sensitizing properties in hu
anjmalsiis' presented in Annex A (e.g. GPMT, LLNA EC3, human potency, reference publicg
coinplementary data).

y studies.
mans and
tions and

1) CAS Registry Number® is a trademark of the American Chemical Society (ACS). This information
the convenience of users of this document and does not constitute an endorsement by ISO of the prod
Equivalent products may be used if they can be shown to lead to the same results.
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Table 1 — Database of reference chemicals for PRE and ILS

S/NS Set Name CAS Application in the medical device industry Spiking
concentration
w/v
%

Disinfectant and crosslinker for animal derived

S PRE Glutaraldehyde 111-30-8 : 0,08
tissue product
S PRE 1,4-Phenylenediamine 106-50-3 — 0,11
S PRE Phthalic anhydride 85-44-9 — 0,16
S PRE Cobalt chloride 7646-79-9 Orthopaedic implants, stents, pacemakers 0,4
S FRE Phenylacetaldehyde 122-78-1 — 3
S LS Hydratropic aldehyde 93-53-8 — 673
Alpha- .
S PRE hexylcinnamaldehyde 101-86-0 Ink, lubricants, etc. 10,8
S PRE Linolenic acid 463-40-1 Lubricants 9,9
Acrylates, methacrylates and monomers
S PRE Ethyl acrylate 140-88-5 Found in adhesives, wearable devices, veund 10
dressings
TPO (diphenyl(2,4,6- Photo-initiator for additive manufa¢turing in
S PRE trimethylbenzoyl) 75980-60-8 many light-cured acrylic polynrers) such as 27
phosphine oxide) composite materials, dentalfillers, etc.
S PRE 2,4,7,9—Tetramet_hyl—5— 126-86-3 Plastic and rubber products 34,3
decyn-4,7-diol
S PRE Isopropyl myristate 110-27-0 Plasticizer, lubricant 44
S PRE Tridecane 629-50-5 Solvent, rubber industry 48,4
S PRE Methyl methacrylate 80-62-6 Bone cement, dental materials, hearing aids 75
NS PRE Diethyl phthalate 84-66-2 Solventyplasticizer, extractable associated 1

with polyethylene and PET

NS | BRE 1,3-diphenylguanidine 102-06-7 Rubberaccelerators 1
Found in gloves

NS PRE Zinc oxide 1314-13-2 Anti-bacterial and anti-biofilm activity 1
2,4-Dinitrochlorobenzen
S LS (DNCB) 97:0057 — 0,06
Formaldehyde Sterilization-low temperature steam and for-
S LS (act. 37 %) 50-00-0 maldehyde (LTSF) 0.3

Plastic materials, valves, tubes lining, stoppers,
sealants, coatings, inks, glues
S LS Isobornyl acrylate (lBOAJ 5888-33-5 Found in adhesives, wearable devices such 1
as glucose monitoring sensors, insulin patch
pumps and some wound dressings

2-Mercaptebenzothiazole Rubber accelerators
S LS (MBT) 149-30-4 Gloves 1,35
Acrylates, methacrylates and monomers
S LS 2¢hydroxyethyl acrylate 818-61-1 Wound dressings, EKG electrodes, contact 1,4
lenses
S LS Nickel(II) sulfate hexahydrate 10101-97-0 Nickel alloys and stainless steels in implanta- 48
(NiSOy) 7786-81-4 ble medical devices !
s ILS Abietic acid 514-10-3 AADESIVES 15

Wound dressing

Key

S skin sensitizer

NS non-skin sensitizer
w  weight

v volume

The database of reference chemicals contains 29 chemicals, 7 non-skin sensitizers and 22 skin sensitizers. The selected chemicals are distributed in two
sets. The first set of 16 chemicals (13 skin sensitizers and 3 non-skin sensitizers) which shall be used for the prevalidation phase, are labelled “PRE” in
Table 1 and are included in Clause A.1. The second set of 13 chemicals (9 sensitizers and 4 non sensitizers) which shall be used for the interlaboratory study
phase, are labelled “ILS” in Table 1 and included in Clause A.2. The size of this set, 13 chemicals, represents half the number of chemicals originally used
for the validation of OECD test methods. It was considered appropriate from a statistical point of view because minor deviation of the protocols during the
feasibility study are unlikely to affect the transferability and interlaboratory reproducibility.
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S [skin sensitizer
NS [non-skin sensitizer
w |weight

v [volume

Table 1 (continued)
S/NS Set Name CAS Application in the medical device industry Spiking
concentration
w/v
%
S ILS «-Methylstyrene 98-83-9 Intermedia.te used ir} the manufacture of plasti- 46
cizers, resins and polymers
NS ILS Chlorobenzene 108-90-7 Intermediate in rubber, solvent in adhesives 1
NS ILS Octanoic acid 124-07-2 Antibacterial agent 1
NS ILS Glycerol 56-81-5 Lubricant 1
Monomer of polymer polylactic acid (PLA). PLA
is commonly used in biodegradable polymers
NS ILS Lactic acid 50-21-5 for drug delivery systems, tissue engineering; 1
temporary and long-term implantable devices,
etc.
Key

Thg¢ database of reference chemicals contains 29 chemicals, 7 non-skin sensitizers and 22 skin senS§itizers. The selected chemicals are distfibuted in two
setp. The first set of 16 chemicals (13 skin sensitizers and 3 non-skin sensitizers) which shall be¢ised for the prevalidation phase, are labelled “PRE” in
Talle 1 and are included in Clause A.1. The second set of 13 chemicals (9 sensitizers and 4 non génsitizers) which shall be used for the interlalporatory study
phdse, are labelled “ILS” in Table 1 and included in Clause A.2. The size of this set, 13 chemieals, represents half the number of chemicals ¢riginally used
for|the validation of OECD test methods. It was considered appropriate from a statistical peint/of view because minor deviation of the protogols during the
feapibility study are unlikely to affect the transferability and interlaboratory reproducibility.

The selected chemicals are representative of chemicals\previously found in leaching studies pf medical
deyices extracts (see Annex A). The skin sensitizersover the different potency categories[according
to the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) classificationl16] as
represented in Figure 2: 9 weak, 8 moderate, 3;strong and 2 extreme skin sensitizers.

Methyl methacrylate

Tridecane

a-Methylstyrene

Isopropyl myristate
,4,7,9-Tetramethyl-5-decyn-4,7-diol
Ethyl acrylate

0 (diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide
Abietic acid
Alpha-hexylcinnamaldehyde

=]

Weak

Hydratropic aldehyde m— 6,3
Nickel(II) sulfate héxahydrate mm 4,8
Formaldehyde, (act. 37%) mmm 3,8
Phenhylacetaldehyde mm 3
Isobornyl acrylate mmm 3
2-hydroxyethyl acrylate m 1,4
2¢Mercaptobenzothiazole m 1,35

Linolenic acid mu— 0,9

Moderate

Cobalt chlorider 0,4
Phthalic anhydride: 0,16
1,4-Phenylenediamine| 0,11

Strong

Glutaraldehyde| 0,08

Extreme

4 1] 1. a-a
Z oot oo eRZe—0; 00

0 10

20

30 40 50 60 70

80
EC3%

Figure 2 — Distribution of EC3 values of the reference chemical skin sensitizers

The physicochemical properties considered relevant to skin sensitization in the supporting document
to Reference [1] are presented in Table 2 for the 29 chemicals selected compared to the 167 chemicals of

the OECD databasel13l.
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Table 2 — Physicochemical property ranges of the chemicals

Property OECD Guideline no. 49711l This document, i.e. ISO/TS 11796

min. to max. min. to max.

MW (g/mol) [30,0 to 512,6] [30,0 to 348,4]

LogP [-3,9 t0 9,4] [-1,8 to 7,5]

LogWS (mol/1) [-7,6 to 1,2] [-7,6 to 1,2]

MP (°C) [-122,5 to 252,7] [-105 to 411]

BP (°C) [-19,1 to 445,3] [-19,1 to 1 000]

LogVP [-18,7 to 11,6] [-8,5 to 2,916]

Key

MW  mojecular weight

BP bojling point

MP mejting point

LogVP vapour pressure

LogP  octanol-water partition coefficient

LogWS wdter solubility

5.3 Refprence materials

5.3.1 General

In order tp reproduce the real-life conditions of a medical device evaluation, a negative control medilcal

device mdterial shall be extracted under the usual extraction conditions used in an in vivo test. The

negative ¢ontrol medical device material shall be a material commonly used in medical devices gnd

known to| release a complex mixture of non-skin sensitizing chemicals representative of a medical

device exfract. The polar and non-polar extracts.ef this negative control medical device material sHall

then be sgiked with the skin sensitizing or non=skin sensitizing chemicals to perform the evaluation

5.3.2 Nggative control medical device material

The negative control medical deyice) material shall be a silicone available commercially and knovn

to releasd numerous compoundswithout eliciting a positive skin sensitization response. MED-2(00

silicone syipplied by Nusil Technology?) can be used as the negative control medical device materjal.

Use of any alternative negative control medical device material shall be described and justified. Affter

extraction in accordance with ISO 10993-12, the extracts shall be used as a negative control and [for

preparing the test samples by spiking these extracts with skin sensitizing and non-skin sensitizjng

chemicals

5.3.3 P¢sitive reference material

If a positi

as a positive control according to ISO 10993-12:2021, 3.11.

NOTE

The positive control is a well-characterized material and/or substance, which, when evaluated

PR WA | £ 4 L | yRpn I | H 1 1 N H 2lolal il 1 d
CLCIUTIITU TTITTTHLT HIALCT AT SUPPUTICTU Uy dlIIllidl U TTUIINAIT Udtd 15 dVdlldUIC, TU L4ll DT trse

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.

2) 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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ISO/TS 11796

Preparation of the test samples

6.1 General

:2023(E)

Test samples should reflect the chemical complexity of medical device extracts which can contain skin
sensitizers at a concentration likely to induce a positive reaction in vivo.

6.2 Preparation of the extracts

qug

re

Th
tes
de
alt

lity defined in various pharmacopoeias recommended in ISO 10993-12, if the vehicle.dees not caus
Jponse in the assay.

use of extraction vehicles such as culture media with or without serum*for any candidate

non-polar

oil) of the
P a positive

cell-based

t methods (in addition to the standard polar and non-polar vehicles) ¢an be included in the method

Felopment to assess vehicle-related effects and extraction efficiehcy. However, use of any
ernative extraction vehicles shall be described and justified withregards to comparative ij

sensitization data as well as suitability for medical device extraction.

Fo
re

wi
ad
ml
thd

If
ter
ac

6.

To
de
po
ex

" the purpose of the interlaboratory study, the negative control medical device materi
eived by the testing laboratories ready to use (e.g: ddequate sample size or weight for

thout need for additional laboratory work). An adeguate volume of polar or non-polar solve

led directly to the vials and extraction performé&d-50 °C for 72 h using an extraction ratio
for films or 0,2 g/ml for pellets in accordance:with ISO 10993-12. After the extraction is g
extracts shall be collected and used within'24 h.

Ain extraction solvent other than salifie-and oil is used for method development, the aj
hperature for the negative reference'material should be justified (e.g. extraction at 37 °C
eptable if cell medium with serumnis used as the extraction vehicle).

3 Spiking of the extracts

prepare the positive test samples, polar and non-polar extracts of the negative contr
Vice material (see 5:3.2) shall be spiked with a concentration of skin sensitizer known t
Sitive reaction in-animals or humans. The final concentration of the chemical skin sensit
ract shall be based on the recognized valid lowest concentration known to cause a pos

sensitization résponse in an animal or a human. Table 1 (column “spiking concentration”) an

giy
In
thd

e the reconimended concentration that shall be used to spike the extracts.

hdditional
1 vivo skin

al will be
bxtraction
nt shall be
of 6 cm?/
ompleted,

propriate
for 72 h is

1 medical
b induce a
zer in the
itive skin
d Annex A

the absence of quantitative and confident data derived from human assays or from GPMIT assays,

threshold EC3 value derived from the LLNA has generally been used as the lowest con

centration

kn

bwh to cause a pncifivp skin sensitization response inanimal or human As shown in T4

ble 3, the

EC3 value is commonly used for estimation of skin sensitizing potency and recommended by the World
Health Organization in its guidance document “immunotoxicity for risk assessment of chemicals”[17] as
a surrogate of human NOELs and benchmark doses (BMD)[181119](20][21][22][23][24][25],
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Table 3 — Derivation of a point of departure for risk assessment for skin sensitization induction

Type of data | Values used as a point of derivation[17]

Skin sensitization: Induction

Human data

HRIPT (or HMT) NOEL (or BMD;) (pg/cm? skin per day)

Laboratory animal data

S
C

LLNA in mice EC; (pg/cm? skin per day)?
GPMT or Buehler test in guinea pigs Generally not suitable for derivation of a POD
Weight of evidence approach for grouping |Use of the lower boundary of category

ibstance into a skin sensitizing potency (expressed as pg/cm? skin per day)
htegory

a

= O

1

=

Skin sensitization potency in the murine LLNA is as reported as an EC3 in percentage af)test
hemical, in the vehicle, giving a threefold stimulation index (SI). For comparison with human repeat
sult patch test data, the EC3 can be converted in units of micrograms per square centimetre by
ultiplying the value of EC3 in percent by 250.[25]

7 Preyv

The goal g
of a candi

The prev
samples ¢
original t
polar and
one labor

stable horogeneous suspension in a solvent, only thé’most appropriate solvent should be used. T

shall be j
OECD test
chemical

reproducipility shall also show a concordance of predictions (skin sensitizer versus non-skin sensitiz

equal or g

This docy

evaluation of applicability to non-extractable medical devices (e.g. gels, pastes, creams or particulat

8 Intel

8.1 Ger

After a syiccessful prevalidation, an interlaboratory study can be considered. The main objectiy

of this st¢

alidation of candidate test methods

f the prevalidation phase is to obtain preliminary information én the relevance and reliabil
late test method for assessing medical devices extracts.

hlidation stage will demonstrate the applicability of\the assay to correctly classify t
ontaining chemicals representative of the medical‘device domain in concordance with

bst method. For this purpose, a minimum of 16 cliemicals from Table 1 shall be spiked il
non-polar extracts of the negative control medical device material to be evaluated by at le
htory in three independent runs. In cases where a chemical will not dissolve or produc

stified in the report. The skin concordance of the candidate test method with the origi
method in the prevalidation study shall reach 88,0 % based on the comparison between
tkin sensitization classification (i.e{skin sensitizer, non-skin sensitizer). The intralaborat

reater than 80,0 %.

ment does not provide-guidance for prevalidation testing of candidate test methods

rlaboratorystudy

jeral

pCare to assess the robustness of the method and its transferability to other laborator

ity

est
he
nto
nst
e a
his
nal
he
ry
er)

for

bS).

yes
es.

Existing

Uidarnce doCuIents and standards provide directions for conducting intertaboratory studies

on the applicability of validated non-animal methods for determining the skin sensitization of medical
devicesl261[27][28][29],

8.2 Study organization

8.2.1 General

The organization and functions of the participants in the interlaboratory study follow the
recommendations of the OECD Guidance no. 34[29] with a management team, participating laboratories
and a lead laboratory.

10
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8.2.2 Management team

The management team oversees the organization of the interlaboratory study, the collection of the
resulting data and the preparation of reports.

8.2.3 Lead laboratory

A minimum of three independent laboratories shall participate in the interlaboratory study. For a
candidate test method, a lead laboratory, preferentially the one that conducted the prevalidation phase,
shall be responsible for providing the SOP for the method and the necessary assay datasheets and
wdrksteets for the Teports. T e fead faboratory Shatt atso be responsibie for tratming the pagticipating
laHoratories. It is necessary for each laboratory to demonstrate its competence in the use-gf the non-
anjmal method by successfully classifying polar and non-polar control medical device material extracts
splked with 13 chemicals (9 skin sensitizers and 4 non-skin sensitizers) from the preyalidatiop set prior
to participating in the study.

8.2.4 Sample management

Th
bli

pa

Whenever possible, chemicals should be sent in appropriate-eontainers in quantity sufficier
dirfect dilution by addition of a specified volume of the(negative control medical devicg
exfracts. This is to limit manipulation and sources of variability not directly related to the met
evaluated. In cases where a chemical will not dissolve ot.produce a stable homogeneous susp¢
solvent, only the most appropriate solvent can be used’ This shall be justified in the report.

ted using
bent to the

ree runs of three independent batches of the experimental test system shall be condug
hded test chemicals. The chemicals used for test sample preparatiémsshall be encoded and
rticipating laboratory by a third-party laboratory not participating in the study.

t to allow

material
hod being
bnsion in a

8.2.5 Independent biostatistician

Th| end of the

ex

e assessment of reproducibility, concordance and predictivity shall be performed at the
perimental step by an independent biostatistician.

8.3 Sample preparation

aboratory
een three
portion of
pxtreme, 1

For the interlaboratory study, @ sample size of 13 has been determined, assuming that the interl
reproducibility in terms of . éoncordant results (i.e. skin sensitizer, non-skin sensitizer) betw
laHoratories is at least-85 %, that it should not be below 50 % and considering a one-sided prog
0,d5 and a power 0f0,8/The set of 13 chemicals have been selected with 9 skin sensitizers (1 §
strjong, 5 moderate,and 2 weak) and 4 non-skin sensitizers (see Clause A.2).

The third pdrty laboratory shall prepare the samples and encode them before shippipg to the

pa
su
the

rticipating/laboratories. Samples shall be weighed or pipetted in sufficient quantity and pz
table;tubes to allow for the addition, whenever possible, of a fixed volume of extraction so
négative control medical device material. After coding, the samples shall be sent to the paf

ckaged in
vent from
ticipating

lahoratories.

Extraction of the negative control medical device material (see 5.3.2) by the participating laboratories
shall be performed as described in 6.3. Spiking of the extracts shall be performed on the day the study
is conducted. For this, the laboratory shall finalise the preparation of the samples by adding a fixed
volume of the polar or non-polar extract of the negative control medical device material to the tube
provided.

The final concentration of the chemicals classified as skin sensitizers in the test samples shall be the
valid lowest skin sensitizing concentration (see 6.2) listed in Table 1 and in Annex A. For chemicals that
are classified as non-skin sensitizer, the final concentration shall be just below the minimum irritating
level, if applicable.
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8.4 Performance review

Criteria for evaluating the applicability of an OECD in vitro method for medical devices will be based
on the analysis of concordance of the candidate test method with the original OECD test method. The
concordance shall reach 90 % combining the prevalidation and intralaboratory data (at least 26 of
29) based on the comparison of chemical skin sensitization classification (i.e. skin sensitizer, non-skin
sensitizer). Reason for non-concordant results shall be discussed.

The interlaboratory reproducibility shall show a concordance of predictions (skin sensitizer versus
non-skin sensitizer) between three laboratories equal or greater than 80,0 %. The 1ntralaboratory

aliey choll ooy o copmondaon of e diobione (clri capmcitigny unrce o cloin oo

reproduci
within ea
performa

method![3¢

9 Statistical analysis

For futurdg

the practi

in the seld

help with

The biost
procedurs
statisticall

reproduc

i
include thF

laborator
the classi
method c

1
TITCy  STIarr SIovy o contoTOaCC—UT pTroOTCTtIoTTS (SIS SCITSTCIZCT veT SHSHROR-SEH—-SeRSttts

Ch participating laboratory equal or higher than 85,0 % This threshold is derived frofn

ce required by OECD to assess the predictive capacity of a proposed similar or modified t
1[31][32],

interlaboratory studies the biostatistician should be familiar with the, biological basis 4
ral limitations of the proposed method and of the reference method( This knowledge will
ction of appropriate statistical procedures, development of appropriate decision criteria J
communicating the study results.

atistician should be involved in the establishment @f‘)appropriate data managem
s for data collection and data submission. The interlaboratory study shall be designed w
support in order to allow a sound statistical evaluation of the reliability (repeatability 3
ility) and relevance (accuracy) of the candidate test method. The method reliability sh
qualitative and quantitative reproducibility of ¥esults within and between the participat
es. The candidate test method’s predictive capacity (relevance) shall be assessed by compar
fication predicted by the candidate test méthods to data obtained with the reference t|
urrently accepted by regulatory agenciés (e.g. LLNA, GPMT) and also, when possible,

r)
he
est

nd
nid
nd

bnt
ith
nd
all
ng
ng
est

to

human data or recognized human toxicity infortination. This shall be done by calculating performaimce

paramete

s such as skin sensitivity, specificity,as well as positive and negative predictive values[2?]

10 Testjreport

The test reports shall include at 1éast the following details:

a) the test samples;

b) the International Standard used (i.e. ISO/TS 11796:2023);

c) a detailed description of the test method (including the relevant OECD test guideline used) gnd
information omall modifications to the test method (see Clause 4);

d) a detpiléd, description of the method employed in preparing the test samples, including the
refergnce materials, extraction conditions and observations, chemical name and concentration of
reference chemicals;

e) animal, human or other appropriate reference data for reference chemicals used to assess the test
method’s accuracy;

f) adescription of the test acceptance criteria (e.g. standard deviation, negative and positive control
performance); the acceptance criteria of the evaluated candidate test method shall be the same as
those of the considered OECD method;

g) all individual raw data;

h) adescription and reporting of statistical analysis;

12 © IS0 2023 - All rights reserved
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i) an assessment of the results and classification of the test samples/devices (i.e. true positive, true
negative, false positive, false negative) for the prevalidation and for the interlaboratory studies;

j) an assessment of the performance characteristics (i.e. accuracy, sensitivity, specificity,
interlaboratory reproducibility, intralaboratory reproducibility);

k) any unusual features observed;

1) the date of the test.

©1S0 2023 - All rights reserved 13
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Annex A
(normative)

Reference chemicals

A.1 Physicochemtcat properttes ]

The physiicochemical properties of the 29 reference chemicals to be used in the PRE stuglies

corresporjding to the requirements and recommendations in Clause 7, and in the ALS”studfies

correspording to the requirements and recommendations in Clause 8, are presented in Tdble A.1.

Table A.1 — Physicochemical properties
Set Name CAS Molecular MW LogP LogWs MP BP LogyP
formula
g/mol mol/] °C °C Pa
PRE Glutaraldehyde 111-30-8 CsHgO, 100,12 | -0,18 | (6,223 -11,9 129 -0,212
PRE 1,4-Phenylenediamine 106-50-3 C¢H4(NH,), 108,14 -0,3 -0,420 146 267 -2,893
PRE Phthalic anhydride 85-44-9 Cg-H,-0, 148,12 1,6 -1,384 | 130,8 295 -3,246
PRE Cobalt chloride 7646-79-9 Cj,Co 129,84 |\)0,63 411 1000
PRE Phenylacetaldehyde 122-78-1 CgHgO 120,14 1,44 0,250 33,5 195 -0,4(6
ILS Hydratropic aldehyde 93-53-8 C1H;60 13448 | 2,113 | -1,659 | 1492 | 203,5 | -0,5¢8
PRE Alpha-hexylcinnamaldehyde 101-86-0 Ci5H,00 216,3 4,34 -49 39,9 303 -2,5(7
PRE Linolenic acid 463-40-1 C1gH3003 278,44 | 6,46 0,064 | -13,8 392 -6,27
PRE Ethyl acrylate 140-88-5 CsHgO, 100,12 1,22 | -0,780 | -71,2 99,4 1,586
TPO (diphenyl
PRE 2,4,6-trimethylbenzoyl) 75980-60-8 |*.CyH,0,P | 348,37 3,1 -5,106 133 474 -8,4p
phosphine oxide)

PRE 2’%‘%2&?322{?33" 126-86<3 CuHy0, | 22635 | 361 | 0243 | 448 255 | -2,8B
PRE Isopropyl myristate 110-27-0 C17H340, 270,5 6,9 -7,289 3 292,4 -4,029
PRE Tridecane 629-50-5 Cy3Hyg 184,37 | 6,73 -7,592 | -5,08 235 -1,2p
PRE Methyl methacrylate 80-62-6 CsHgO, 100,12 1,38 | -0,812 -48 100,5 | 1,585
PRE Diethyl phthalate 84-66-2 C1,H140, 222,23 | 244 | -2,331 | -405 295 -2,678
PRE 1,3-diphenylguanidire 102-06-7 Cy3H3N;3 211,26 | 242 | -2,322 149 170 -6,
PRE Zinc oxide 1314-13-2 Zno 81,4 -0,12 | -4,611
ILS 2,4°DNCB 97-00-7 C¢H,CIN,0, | 202,55 2,17 | -3,119 53 315 -4,071
ILS Hormaldehyde (act. 37 %) 50-00-0 CH,0 30,03 0,35 1,173 -105 -19,1 2,91p
ILS IBOA 5888-33-5 Cy3H,00, 208,3 3,9 0,544 97 242 -1,3B
ILS 2-MBT 149-30-4 C,H:NS, 167,3 2,42 | -3,170 181 289 5,366
ILS 2-hydroxyethyl acrylate 818-61-1 CsHgO4 116,12 | -0,21 | 0935 | -26,7 191 -0,934
LS Nickel(1I) 51(111\Ifiast85exahydrate 017(?718061_—2;)17_—4 NiSO, 154,76 ~0,84

Key

MW  molecular weight

BP boiling point

MP melting point

LogVP vapour pressure

LogP  octanol-water partition coefficient

LogWS water solubility

14 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=f60555be9e2f3adc38779de5d139c549

ISO/TS 11796

:2023(E)

Table A.1 (continued)
Set Name CAS Molecular MW LogP LogWSs MP BP LogVP
formula
g/mol mol/I °C °C Pa
ILS Abietic acid 514-10-3 C,0H300, 302,5 6,46 173,5 347 -7,933
ILS a-Methylstyrene 98-83-9 CoHyg 119,17 348 | -3,009 | -231 168 0,28
ILS Chlorobenzene 108-90-7 C4HsCl 112,56 | 2,34 | -2,365 | -452 | 131,7 | 1,078
ILS Octanoic acid 124-07-2 CgH, 40, 144,2 305 | -2,281 | 16,3 239 -2,431
ILS Glycerol 56-81-5 C5-Hg-0;4 92,09 -1,76 | 1,083 18,2 290 -3,775
IS Tacticacid 50-21-5 T;H.0; 90,08 | =0,72 | 1,045 70,8 708, -1,089
Key
MW  molecular weight
BP boiling point
MP| melting point
LogVP vapour pressure
LogP octanol-water partition coefficient
LogWS water solubility
A.2 SKkin sensitizing properties in human and animal;of the reference chemicals
for prevalidation and interlaboratory studies
Skin sensitizing properties in human and animal properties of the 29 reference chemicals §o be used
in the PRE studies correspond to the requirements and.recommendations in Clause 7 (see [fables A.2

to
Ta

Th
ch
su

ICE from the National Toxicology Program (NTP),[11] the NICEATM LLNA Databasell2] and

cu

Th

software version 3.1.0 (v3,1{0). Toxtree is a silico prediction software from Ideaconsult Ltd ¢
skin sensitization alerts baseéd on the reaction mechanistic domains classification (opensourg

bles A.18 to A.30).

e skin sensitizing properties in humans and‘@nimals are derived from the registration dosg
pmicals available in the European Chemijcal'Agency (ECHA) databasel23] and from curated
th as SkinSenseDB,[8] the Cosmetics Eurepe database,[?] supplementary data from Referend

Fated database for OECD Guidelifie no. 497[131[14](15]

k identification of the mechanistic domains of chemical reaction was assessed with the

A.17), and in the ILS studies correspond to the requirements and recommendations in Clause 8 (see

sier of the
databases
e [10], the
the OECD

Toxtree?)
ontaining

e).

3)

Toxtree is an example of a suitable product available commercially. This information is given for the convenience of users of this docu

not constitute an endorsement by ISO of this product.
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Table A.2 — Glutaraldehyde (CAS 111-30-8)

Mechanistic domain of chemical reaction: Schiff base formation

Human data

Potency: extreme One study with Bactron K-139 - pesticide: 61789-71-7: (10,0 %); 111-30-8:
(5,0 %)

One HRIPT study with glutaraldehyde:

Concentration, 5 % incidence of positive responses: 1,071 4 %

LLNA (mopse) EC3 %: 0,08 Spiking concentration (w/v) to be used in the prevalidation study: 0,08.%
based on the EC3 value

Skin sensifizer in GPMT and/or |Induction: 5 % in propylene glycol
Buehler (guinea pig) Challenge: 2,2 %

GPMT refdrence: Ballantyne et al., 1997[34]

Medical d¢vice relevance: Present in disinfectant and crosslinker for animal derived tissute product.

Observatipns: Used to clean med devices, used as a cold sterilant to disinfect a vari€ty-of heat-sensitive instry-
ments, alsp used as a crosslinker for animal derived tissue product.

Chemical present in the following reference databases (Y/N):
OECD G497: Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: Y
Other references: de Groot, AC. 2018[35],

Table A.3 — 1,4-Phenylenediamine (CAS 106-50-3)

Mechanistic domain of chemicalteaction: Michael acceptor

Human dalta

Potency: sftrong ICE database: 14 human studies:

Concentrationy.ene positive response: 0,02 % and 1,25 %

Mean: 0,21-%

Concentration, 5 % incidence of positive responses: 0,069 % and 1,25 %
Mean: 0,24 %

Reliability 1 to 2

From curated OECD human data:

7 HMT and 3 HRIPT studies.

Induction concentration were from 0,001 % to 25 %

LLNA (mopse) EC3.%: 0,11 Spiking concentration (w/v) to be used in the prevalidation study: 0,11 %
based on the EC3 value

Skin sensitizer in GPMT and/or |Induction: 1,0 %

Buehler (guinea pig) Challenge: 30 % and 3 %
GPMT reference: in ECHA dossier[33]

Chemical present in the following reference databases (Y/N):
OECD G497:Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: N
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Table A.4 — Phthalic anhydride (CAS 85-44-9)

Mechanistic domain of chemical reaction: Acylating agent

Human data

Potency: strong No human data in the ICE database

LLNA (mouse) EC3 %: 0,16 Spiking concentration (w/v) to be used in the prevalidation study: 0,16 %
based on the EC3 value

Skin sensitizer in GPMT and/or |Induction: intradermal: 0,1 %
Buehler (guinea pig) Topical: 25 %
Challenge: 10 %

GHMT reference: in ECHA dossier[33]: https://echa.europa.eu/fr/registration-dossier/-/registered*doksier/
19845/7/5/2

Mgdical device relevance: in Jenke et al., 2013,[5] Jenke and Carlson, 2014[3]

Priesent in the ELSIE database:Extractable and leachable compounds from materials used in containejr-closures
for pharmaceuticals, biologics and medical devices (https://comptox.epa.gov/dashboard/chemical-ligts/ELSIE)

Chemical present in the following reference databases (Y/N):
OHCD G497: Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: N
Other references: OECD GD497:2021, Annex 3[15], Coleman et al., 2015[38},NIEHS report, 1999[37]

Ddarman, et al., 2000[38]

Table A.5 — Cobalt chloride\(CAS 7646-79-9)

Mechanistic domain of chemical reaction: specifictoll-like receptor (TLR4) present in humans

Hyman data
Patency: strong In NIH Publicatiofimo. 11-7709[391;

2 HMT study with LOAEL of 1 148 pg/cm? and 3 620 ug/cm?2.

LINA (mouse) EC3 %: 0,40 Spiking concentration (w/v) to be used in the prevalidation study: 0,40 %
based.en'the EC3 value

SKiin sensitizer in GPMT and/or | GPMT-(modified)
Byehler (guinea pig)

Induction: 3 %

Challenge: 0,01 % -3 %

GHMT reference: ECHA dessier,[33] NICNAS: report, 2014[40]

Mg¢dical device relevance: orthopaedic implants, stents, pacemakers

Ohservations: Cobalt sulfate (CAS 10124-43-3) and cobalt chloride (CAS 7646-79-9) have similar bigacces-
sibility and bieavailability in biological fluids to chemicals. They are used as analogue chemicals to agsess the
syptemic hazards of chemicals in this group (cobalt dinitrate CAS 10141-05-6 and cobalt dinitrate hgxahy-
drpte CAS10026-22-9) from NICNAS Australia, 2014[49],

—

Nq paftition coefficient study because study technically not feasible in ECHA dossier,[33] but a value i provided
in [N Publication no. 11-7709(39]

Chemical present in the following reference databases (Y/N):

OECD G497: N / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N
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Table A.6 — Phenylacetaldehyde (CAS 122-78-1)

Mechanistic domain of chemical reaction: Schiff base formation

Human data

Potency: moderate Same data in ICE database and OECD GD497:2021, Annex 4[4 - positive
in 4 HMT assays (induction dose per skin area: 1 296 pg/cm?2) negative in
2 HRIPT (induction dose per skin area: 531 pg/cm?and 1 550 pg/cm?); it
will influence of the design of the study

LLNA (mouse) EC3 %: 3,00 Spiking concentration (w/v) to be used in the prevalidation study: 3,00 %
based on the EC3 value

Skin sensitizer in GPMT and/or |Buehler test:

Buehler (guinea pig) Induction: 100 %

Challenge: 100 %

GPMT refdrence: in ECHA dossier[33]

Chemical present in the following reference databases (Y/N):
OECD G49[7: Y / ICE: Y/ SkinSensDB: N / CosEU: N / NICEATM: N

Table A.7 — Alpha-hexylcinnamaldehyde (CAS 101-86-0)

Mechanistic domain of chemical reaction: Michael acceptor (ToxTree v3.1.0)

Human dafta

Potency: weak ICE database: four human studies:
2 HMT studies, negatives, induction dose per skin area: 7 776 pg/cm?
2 HRIPT negatives with induction dose per skin area: 5 906 pg/cm?to 23
622 pg/cm?

LLNA (mopse) EC3 %: 10,8 Spiking concentration_(w/Vv) to be used in the prevalidation study: 10,8 %
based on the EC3 vatue

Skin sensifizer in GPMT and/or

Buehler (guinea pig)

GPMT refdrence: ICE database
Medical d¢vice relevance:

Observatipns: Used as a positive contro¥(PC) in ISO 10993-10 and in OECD Guideline no. 406[24 and OECD
Guideline 291651,

Chemical present in the following reference databases (Y/N):

OECD G49[7: Y / ICE: Y / SkinSénsDB: Y / CosEU: N / NICEATM: Y
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Table A.8 — Linolenic acid (CAS 463-40-1)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified

(ToxTree v3.1.0)

Human data

Potency: moderate

LL

NA (mouse) EC3 %: 9,90

Spiking concentration (w/v) to be used in the prevalidation study: 9,90 %
based on the EC3 value

Non-skin sensitizer in GPMT

a

/or Buehler (guinea pig)
T O I OJ

Induction: intradermal: 5 % / topical: 100 %

Challenge: 50 %

GH

MT reference: ECHA Dossier,[33] Basketter, 1992,[41] Kreiling et al., 2010[42]

M¢dical device relevance: lubricants

Of
GH

Ca

servations: in OECD G497:2021, Annex 6 [43], linolenic acid is classified as false positivein-LLNA compared to
MT because of logP > 3,5. In ECHA dossier[33], this chemical is also suggested to be a.false positive.

nsidered as a skin sensitzer based on SkinSense database classification.

Ch
OH

emical present in the following reference databases (Y/N):
CD G497: N / ICE: N/ SkinSensDB: Y / CosEU: N / NICEATM: Y

Table A.9 — Ethyl acrylate (CAS/140-88-5)

Mechanistic domain of chemical reaction: Michael acceptor

Hyman data
Pgtency: weak ICE: five human studies;
1 HMT study, positivéyinduction dose per skin area: 2 592 pg/cm?
4 HRIPT positiveswith induction dose per skin area: 2 834 pg/cm? fo
2 519 ug/cm?
From curated OECD human data:
1 HMT\and 4 HRIPT studies.
Induction: 4 %
(In two of the studies, the result was negative.)
LINA (mouse) EC3 %: 32,75 Spiking concentration (w/v) to be used in the prevalidation study: 10,00 %
derived from induction dose per skin area in human
Ngn-skin sensitizer ilGPMT One study negative:
and/or Buehler (guinea pig)

Induction: 0,5 M / challenge: 0,3 M

One study negative:

Induction: 5 % / challenge 5 %

GH

MTaeference: ECHA dossier(33]

M

pdiCal device relevance: acrylates, methacrylates and monomers.

Found in adhesives, wearable devices, wound dressings.

Chemical present in the following reference databases (Y/N):
OECD G497:Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: Y
Other references: de Groot, AC. 2018,[33] Uter et al., 2015,[44] Spencer et al., 2016[45]
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Table A.10 — TPO (Diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide) (CAS 75980-60-8)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)

Human data

Potency: weak —

LLNA (mouse) EC3 %: 27,00 Spiking concentration (w/v) to be used in the prevalidation study: 27,00 %
based on the EC3 value

Data not available for GPMT and/or Buehler (guinea pig)

Medical d¢viteTelevance: USed a5 piioto-itiator for adaitive manufacturing T many Hght-cured acryiic poty
mers such|as composite materials, dental fillers, etc.

Observatipns: solubility to be confirmed

Chemical present in the following reference databases (Y/N):

OECD G49[7: N / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N

Other references: Jenke, 201431

SCCS opinjon on the Trimethylbenzoyl diphenylphosphine oxide (TPO), 2014[6]

Table A.11 — 2,4,7,9-Tetramethyl-5-decyn-4,7-diol (CAS 126-86-3)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)

Potency: weak —

LLNA (mopse) EC3 %: 34,30 Spiking concentration (w/v) to be uSed in the prevalidation study: 34,30 %
based on the EC3 value

Data not ajailable for GPMT and/or Buehler (guinea pig)

Medical d¢vice relevance: plastic and rubber products.

Other references: de Groot, AC. 2018,[35] Jenke et al., 201 7[47]
Chemical present in the following reference databases (Y/N):
OECD G49[7: N / ICE: N/ SkinSensDB: N / CosEUyN / NICEATM: N

Table A.12-—'Isopropyl myristate (CAS 110-27-0)

Mechanistic domain of chemicalreaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)

Human dalta

~

Potency: weak One HMT study negative in human (induction dose per skin area: 12 960 pg
cm? - equivalent to 50 %)

LLNA (mopse) EC3'%:44,00 Spiking concentration (w/v) to be used in the prevalidation study: 44,00 %
based on the EC3 value

Non-skin 4ensitizer in GPMT Induction: 5 %
hlgr (cuinea nig)
and/or Buk A 7t Challenge: 25 %

GPMT reference in ECHA dossier(33]

Medical device relevance: plasticizer, lubricant

Observations: classified non-skin sensitizer in the ECHA dossier!(33]

Chemical present in the following reference databases (Y/N):
OECD G497:Y / ICE: Y/ SkinSensDB: N / CosEU: N / NICEATM: N
Other references: OECD GD497:2021, Annex 3[15]
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Table A.13 — Tridecane (CAS 629-50-5)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)
Human data
Potency: weak —
LLNA (mouse) EC3 %: 48,40 Spiking concentration (w/v) to be used in the prevalidation study: 48,40 %
based on the EC3 value
Data not available for GPMT and/or Buehler (guinea pig)
M¢ditatdevice Tetevance: SOIVent, TUbber IMaustry
Olyservations: identified in extractable from polyethylene materials in materials used in pharmaceutjcal con-
stfuct and their associated extractables[48l,
Cdnsidered as false positive in Kern et al. 2010[49]: “...a number of chemicals may be regardedas false|positive
orffalse negative, a problem that may be expected with a predictive toxicology assay. A classic false pgsitive,
sodium lauryl sulfate, was noted in that first article. In the present article, a good example of the samg phenom-
enjon would be tridecane, which delivered an SI of 3.1 at a concentration of 50 %.”
Chemical present in the following reference databases (Y/N):
OHCD G497: N / ICE: N/ SkinSensDB: Y / CosEU: N / NICEATM: N
Table A.14 — Methyl methacrylate (CAS 80-62-6)
Mechanistic domain of chemical reaction: Michael acceptor
Hyman data
Patency: weak ICE: one human study (HRIPT) with no positive answers.
An induction dose perskin area of 7 874 pg/cm? was used (equivalgnt to a
30 % concentratjon).
LINA (mouse) EC3 %: 75,00 Spiking concentration (w/v) to be used in the prevalidation study: 75,00 %
based on thé EC3 value
Skiin sensitizer in GPMT and/or |Inductieni100 %
Byehler (guinea pig) Challenge: 5 %
NS in other studies ranging from 0,2 % to 10 %
GHMT reference: ECHA dossjef[33[:
—| Human data: skin patch test data indicate that MMA is a contact skin sensitizer in humans with irjdication
offa weak potency based-or low prevalence in relevant cohort studies.
—| Animal data (guifiea pig): inconsistent results from various test methods; mainly positive in studjies with
copcentrations thatindicate that MMA is a weak skin sensitizer.
M¢dical devicetelevance: bone cement, dental materials, hearing aids, monomer of polymethyl methacrylate
(PMMA) acrylic-based polymers
Chemiealpresent in the following reference databases (Y/N):
OHCBDG497:Y / ICE: N/ SkinSensDB: Y / CosEU: Y / NICEATM: N
Other references: de Groot, AC. 2018,[33] Gosavi et al., 2010[39]
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Table A.15 — Diethyl phthalate (CAS 84-66-2)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)

Human data

Potency: Human patch test in ECHA dossier[33]: no allergic reactions were found
among 309 persons tested from 1991 to 1996, but 2 irritant reactions were
observed.

Tested at 5 % in PET

Non-skin sensiizeriHENA Spidingeconecentration{w/-to-be-usedin-the prevalidationstudy100-%

(mouse) based on GHS generic cut-off value for skin corrosion/irritation

Non-skin gensitizer in GPMT Buehler test

and/or Bughler (guinea pi C .

/ (8 pig) Topical induction: 50 %
Challenge: 50 %

GPMT refdrence: in ECHA dossier[33]: dermal sensitization has been investigated using the Buehler method.
There waq no evidence of sensitization to diethyl phthalate. In a comparison of guinea pigskin sensitization
tests by Klecak et.al. 1977[51], diethyl phthalate was not a skin sensitizer in the open gpicutaneous test, Draize
test, Maximization test and Freund's complete adjuvant test.

Skin sensifization has also been investigated in the more recent LLNA and, again, diethyl phthalate was not
skin sensitizing.

Medical d¢vice relevance: solvent, plasticizer, extractable associated with‘polyethylene and PET

Identified|in Extractables and Leachables in Single-Use Bags for Biomanufacturing from Dorival-Garcia,
20180521,

Identified|in Extractables and Leachables in Extractables and L.eachables in Cosmetic Plastic Packaging, Murat,
2020[331,

Chemical present in the following reference databases (Y/N):
OECD G49[7: Y / ICE: Y/ SkinSensDB: N / CosEU: N / NIGEATM: N

Table A.16 — 1,3-Diplienylguanidine (CAS 102-06-7)

Mechanistic domain of chemical reaction: Acylating agent

Human dalta

Potency: No.data in ICE database

Non-skin 4ensitizer in LLNA Spiking concentration (w/v) to be used in the prevalidation study: 1,00 %
(mouse) based on GHS generic cut-off value for skin corrosion/irritation

Non-skin gensitizer in GRMT Induction: 1 %

and/or Bughler (guinea'pig) Challenge: 25 %

GPMT refdrence: it ECHA dossier[33]
Medical d¢vice relevance: Rubber accelerators. Found in gloves.

=

Observatipnsnon-skin sensitizer in ECHA, skin sensitizer in human in Dejonckheere et al., 2019,[34], No LLN4
data.

Chemical present in the following reference databases (Y/N):

OECD G497: N / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N
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Table A.17 — Zinc oxide (CAS 1314-13-2)

(ToxTree v3.1.0)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts identified

Human data

Potency: non-skin sensitizer

Negative in human from the SkinSenseDB database

Non-skin sensitizer in LLNA
(mouse)

Spiking concentration (w/v) to be used in the prevalidation study: 1,00 %

based on GHS generic cut-off value for skin corrosion/irritation

Data not available for GPMT and/or Buehler (guinea pig)

M¢ditatdevice Tefevance: antibactertat and anti-piofiimractvity

Other references: Jenke, 2013[5],

Chemical present in the following reference databases (Y/N):
OHCD G497: N / ICE: N/ SkinSensDB: Y / CosEU: N / NICEATM: Y

Table A.18 — 2,4-Dinitrochlorobenzen (CAS 97-00-7)

Mechanistic domain of chemical reaction: SNAr (electrophile)

Hyman data

Pgtency: extreme

6 HRIPT studies:

Concentration with one positivesesponse: from 0,005 % to 0,125 9.

mean concentration is 0,032 9%.

Concentration, with 5 % incidence of positive responses: from 0,00
0,037 5 %. The mean concentration is 0,024 %.

The

b 9 % to

LINA (mouse) EC3 %: 0,06

Spiking concentration\(iv/v) to be used in the interlaboratory study
based on the EC3 value

0,06 %

Skiin sensitizer in GPMT and/or
Byehler (guinea pig)

Buehler test:

First and se¢ond induction: 0,5 %
Third.imduction: 0,1 %
Challenge: 0,1 %

GHMT reference: ECHA dossier!(33]

M¢dical device relevance: —

Uged as PC in ISO 1099310

ORservations: Tested in pelar-and non-polar solvent extracts[55]

Rdference samplednythe OECD 429 LLNA performance standard
Bdlongs to the;QECD 442D proficiency listl50]
Used as PCNnOECD 442E (4,0 pug/ml in DMSO/medium)[57]

Chemijcalpresent in the following reference databases (Y/N):

OHCDUG497:Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: N
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Table A.19 — Formaldehyde (act. 37 %) (CAS 50-00-0)

Mechanistic domain of chemical reaction: Schiff base formation

Human data

Potency: moderate ICE database - six human studies:
1 HMT positive with induction dose per skin: 1 148 pg/cm?

5 HRIPT studies: 4 positives with induction dose per skin area: 287 ug/cm? to
2 857 ug/cm?

1 negative with induction dose per skin area = 287 ug/cm?
From curated OECD GD497 human datall4l:
1 HMT and 5 HRIPT studies

Induction concentration (%) was from 0,37 % to 3,7 %

1 study (HRIPT) negative with 0,037 % induction

LLNA (mopse) EC3 %: 3,80 Spiking concentration (w/v) to be used in the interlaboratory study: 0,30 %
based on the GPMT value

Skin sensifizer in GPMT and/or |GPMT
Buehler (guinea pig) Induction: 0,003 % - 3 %
Challenge: 1 %

GPMT refdrence: in ECHA dossier,[33] in the NTP report of the Murine Logal lymph Node Assayl37l and in
Frankild gt al. 2000[58]

Medical d¢vice relevance: sterilization-LTSF

Observatipns: used as positive control in ISO 10993-10

Chemical present in the following reference databases (Y/N):
OECD G49[7: Y / ICE: Y/ SkinSensDB: Y / CosEU: Y / NICEATM: Y
Other references: Aerts, 20200521, OECD GD497:2021,. Ahnex 4[14]

Table A.20 — Sebernyl acrylate (CAS 5888-33-5)

Mechanistic domain of chemical reaction: Michael acceptor

Human dath not available

Potency: mpderate —

LLNA (moufse) EC3 %: 3,00 Spiking concentration (w/v) to be used in the interlaboratory study: 1,00 % based dn
experts decision

No data avdilable for GPMT.and/or Buehler (guinea pig)

Medical deyice relevancesplastic materials, valves, tubes lining, stoppers, sealants, coatings, inks, glues

Found in adhesives, wWearable devices such as glucose monitoring sensors, insulin patch pumps and some wound dressinjgs

Observatiops: numerous publications identifying IBOA as a skin sensitizer in different medical devices,
including glueose. monitoring devices.

Rational fortowesttoncentratiomestimration:
a) lowest concentration which has been tested in the animal model (LLNA) is 5 % and resulted in SI of 4,07;

b) extrapolation with linear regression, quadratic regression and log linear extrapolation were performed and resulted in
an extrapolated EC3 of 1,6 %, 2,2 % and 4,4 %;

c) leverage RAC opinion and derived classification: based on human data IBOA fulfils HRIPT classification criterion for
skin sensitization. 1A < 500 pg/cm? threshold > 2 %;

d) predicted EC3 value from the GARDskin potency assay in vitro model is 0,848 %.

Chemical present in the following reference databases (Y/N):
OECD G497: N / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N
Other references: ECHA: Committee for Risk Assessment RAC,[8Y Annex I to the CLH report,[61] Nath et al., 2020[62]
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Table A.21 — 2-Mercaptobenzothiazole (CAS 149-30-4)

:2023(E)

Mechanistic domain of chemical reaction: Acylating agent

Human data

Potency: moderate Two HMT studies in OECD GD497
Dose per skin area for one positive response (DSA,;) between 1 245 and
1724 ug/cm?2 equivalent to an EC3 between 4,98 % and 6,9 %
Two HMT studies in the ICE database:
Concentration, one positive response (DSAy;): 2 % and 2,777 8 %
Concentration, 5 % incidence of positive responses (DSAs): 2,4-% aInd 3,33%
LINA (mouse) EC3 %: 1,35 Spiking concentration (w/v) to be used in the interlaboratory,study| 1,35 %
based on the EC3 value
SKin sensitizer in GPMT and/or |GPMT
Byehler (guinea pig) Induction: intradermal 5 % / topical 25 %
Challenge: 12 %
Induction: intradermal: 1 % / topical: 25 %
Challenge: 15 %
Induction: intradermal: 0,4 % / topical: 10 %
Challenge: 10 %
GHMT reference: in ECHA dossier,[33] DHHS (NIOSH) Publication no. 2014-142[63]
Mg¢dical device relevance: rubber accelerators, gloves
ORservations: used as a PC in ISO 10993-10 and in OECD Guideline no. 40624l and OECD Guideline no]429[63],
Alpo in the proficiency list of the OECD TG442DIeok,
In[Jenke list of extractables (2014)[3]
Chemical present in the following reference.databases (Y/N):
OHCD G497:Y / ICE: Y/ SkinSensDB: N-/:CosEU: Y / NICEATM: Y
Other references: Jenke, 2014,[31 QECD GD497:2021, Annex 4[14]
TableA.22 — 2-Hydroxyethyl acrylate (CAS 818-61-1)
Mechanistic domain of chemical reaction: Michael acceptor
Human data
Potency: moderat€ No human data in the ICE database nor in the OECD GD497:2021, Annex 4134
LLNA (mouse)-E€3 %: 1,40 Spiking concentration (w/v) to be used in the interlaboratory study: 1,40 % based on
the EC3 value
Skjn sensjtizer in GPMT and/or Induction: intradermal: 0,25 % / topical: 5,0 %
Buehler\(guinea pig) Challenge: 1,0 %

GPMT reference: OECD, Screening Information Dataset Initial Assessment Report for hydroxyethyl acrylate, 2005[83]

Medical device relevance: acrylates, methacrylates and monomers

Wound dressings, EKG electrodes, contact lenses

Ch

emical present in the following reference databases (Y/N):

OECD G497: Y / ICE: Y/ SkinSensDB: N / CosEU: N / NICEATM: N
Other references: in the NICEATM database, Peters et al., 1986,[67] Mestach et al., 2018[68] Basketter et al., 2014[69]
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Table A.23 — Nickel(II) sulfate hexahydrate (CAS 10101-97-0)

Mechanistic domain of chemical reaction: Specific toll-like receptor (TLR4) present in humans

Human data

Potency: moderate —

LLNA (mouse) EC3 %: 4,80 Spiking concentration (w/v) to be used in the interlaboratory study: 4,80 %
based on the EC3 value

Skin sensitizer in GPMT and/or |Induction: intradermal: 0,1 % / topical: 5 %

Buehler (guinea pig) Challenge: 0,5 %

GPMT refdrence: in ECHA dossier(33]

Medical d¢vice relevance: nickel alloys and stainless steels in implantable medical devices
Observatipns: used as PC in OECD TG442EI[Z0],

EC3 from $upplementary material in Nishijo et al., 2019[Z1]

Chemical present in the following reference databases (Y/N):
OECD G49[7: N / ICE: N/ SkinSensDB: Y / CosEU: N / NICEATM: N
Other references: Basketter et al., 2021[72]

Table A.24 — Hydratropic aldehyde (CAS 93-53-8)

Mechanistic domain of chemical reaction: Schiffbase formation

Human dafta

Potency: moderate 1 negative HMT in ECHA dossier[38Mtested at 2 % for induction and chal-
lenge). NOEL in human: 3 887 aig/cm?

LLNA (mopse) EC3 %: 6,30 Spiking concentration (w/y)\to be used in the prevalidation study: 6,30 %
based on the EC3 value

Data not ajailable for GPMT and/or Buehler (guinea pig)

Medical d¢vice relevance:

Chemical present in the following reference databases (Y/N):
OECD G49[7: Y / ICE: N/ SkinSensDB: Y / CosEUTN / NICEATM: N
Other references: de Groot, AC. 2018[33]

Table A.25 — Abietic acid (CAS 514-10-3)

Mefchanistic domain éf¢hemical reaction: No skin sensitization reactivity domains alerts identified
(ToxTree v3.1.0)

Human dath

Potency: wgak —

LLNA (moufse) EC3:%: 15,00 Spiking concentration (w/v) to be used in the interlaboratory study: 15,00 % based
on the EC3 value

Skin sensitlzerdn GPMT and/or Induction: intradermal- 4 % / topical: 25 %
Buehler (guinea pig)

Challenge: 5 %
GPMT reference: in Abietic acid [MAK Value Documentation, 2013][Z3]

Medical device relevance: adhesives, wound dressing

Observations: non skin sensitizer when pure but, depending on storage, skin sensitization via autoxidation derived hy-
droperoxides; Roberts et al. 2007 (SkinSenseDB)[Z4],

Detected in medical device (MD) extracts from Jenke (2009)[48] and in extractables associated with PMMA materials.

Chemical present in the following reference databases (Y/N):
OECD G497:Y / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N
Other references: NICNAS, 2005[75], Omura et al., 2020181
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Table A.26 — a-Methylstyrene (CAS 98-83-9)

:2023(E)

Mechanistic domain of chemical reaction: Michael acceptor

Human data

Potency: weak —

LLNA (mouse) EC3 %: 46,00 Spiking concentration (w/v) to be used in the interlaboratory study

based on the EC3 value

146,00 %

Data not available for GPMT and/or Buehler (guinea pig)

Medical device relevance: intermediate used in the manufacture of plasticizers, resins and polymers

(01

Dq
dr]

servations: identified in extractable and leachable from some plastic packaging: Murat et al., 2020

ug products, 20171771

rival-Garcia et al., Non-volatile extractable analysis of prefilled syringes for parenteral admifistration of

76]

Ch
OH

emical present in the following reference databases (Y/N):
CD G497: N / ICE: N/ SkinSensDB: N / CosEU: N / NICEATM: N

Table A.27 — Chlorobenzene (CAS 108-90-7)

Mechanistic domain of chemical reaction: No skin sensitization reactivity domains alerts id
(ToxTree v3.1.0)

bntified

Hy

man data

Po

tency: —

L[
se

NA (mouse) EC3 %: non-skin |Spiking concentration (w/v).to be used in the interlaboratory study
hsitizer based on GHS generic cut-off value for skin corrosion/irritation

1,00 %

Nd

n-skin sensitizer in GPMT and/or Buehler (guinea pig)

GH
Ca

MT reference: Recommended Performance Standards from the Murine Local Lymph Node Assay Ir
ordinating Committee on the Validation of Alternative Methods[78]

teragency

M

bdical device relevance: intermediate in rubber, solvent in adhesives

Of

servations: tested in polar and non-polai-solvent extracts[23]

Ch
OH

emical present in the following reference databases (Y/N):
CD G497:Y / ICE: Y/ SkinSensDB:'N / CosEU: N / NICEATM: N

Table A.28 — Glycerol (CAS 56-81-5)

Mechanistic domain‘ef’chemical reaction: No skin sensitization reactivity domains alerts id
(ToxTree v3.1.0)

bntified

Hy

man data

Po

tency: —

Nd
(m

n-skinsensitizer in LLNA Spiking concentration (w/v) to be used in the interlaboratory study
ouseg) based on GHS generic cut-off value for skin corrosion/irritation

1,00 %

Ed

3@: hon-skin sensitizer

Data not available for GPMT and/or Buehler (guinea pig)

Medical device relevance:

Observations: In the proficiency list of the OECD TG442DI66]
Detected in MD extracts from Jenke, 2014131

Chemical present in the following reference databases (Y/N):
OECD G497:Y / ICE: N/ SkinSensDB: Y / CosEU: Y / NICEATM: N
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