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A prospective multicentric study of the reconstructed human corneal epithelial tissue-based in vitro test method
(SkinEthic™ HCE) was conducted to evaluate its usefulness to identify chemicals as either not classified for
serious eye damage/eye irritation (No Cat.) or as classified (Cat. 1/Cat. 2) within UN GHS.

The aim of this study was to demonstrate the transferability and reproducibility of the SkinEthic™ HCE EITL
protocol for liquids and define its predictive capacity. Briefly, 60 chemicals were three times tested (double
blinded) in 3 laboratories and 45 additional chemicals were tested three times in one laboratory. Good within

{féﬁ;girawry validation laboratory reproducibility was achieved of at least 88.3% (53/60) and 92.4% (97/105) for the extended data set.
SkinEthic HCE Furthermore, the overall concordance between the laboratories was 93.3% (56/60). The accuracy of the
Reproducibility SkinEthic™ HCE EITL for the extended dataset, based on bootstrap resampling, was 84.4% (95% CI: 81.9% to
Performance 87.6%) with a sensitivity of 99.0% (95% CI: 96.4% to 100%) and specificity of 68.5% (95% CI: 64.0% to 74.0%), thereby

Serious eye damage-irritation
UN GHS Classification and Labelling of
Chemicals

meeting all acceptance criteria for predictive capacity. This efficient transferable and reproducible assay is a
promising tool to be integrated within a battery of assays to perform an eye irritation risk assessment.
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction and Permeability (BCOP) test method (OECD Test Guideline (TG) 437)

and the Isolated Chicken Eye (ICE) test method (OECD TG 438)

Considerable progress has been made in the partial replacement of
the regulatory in vivo Draize rabbit eye test. Currently, four test methods
are accepted by the Organisation for Economic Co-operation and Devel-
opment (OECD) to classify chemicals as inducing serious eye damage
according to the United Nations Globally Harmonized System of Classi-
fication and Labelling of Chemicals (UN GHS Category 1) (UN, 2013).
Two test methods are organotypic assays, the Bovine Corneal Opacity

(OECD, 2013a, 2013b). Two test methods are performed on confluent
monolayers: the Fluorescein Leakage test method (OECD TG 460) is a
cytotoxicity and cell function-based assay and the Short-Time Exposure
(STE) test method (OECD TG 491) is a cytotoxicity based assay (OECD,
2012, 2015a). Furthermore, at this time, three methods are accepted
by the OECD for the identification of chemicals not requiring a classifica-
tion for serious eye damage/eye irritation (UN GHS No Category). The

Abbreviations: BCOP, Bovine Corneal Opacity and Permeability; BLR, between laboratory reproducibility; C, classified; CAS RN, Chemical Abstracts Service Registry Number; Cat 1, UN
GHS classification for chemicals causing irreversible effects on the eye/serious damage to the eye; Cat 2, UN GHS classification for chemicals causing reversible effects on the eye/eye ir-
ritation, sub-categorised in 2A (irritant to eyes, eye effects are not fully reversible within 7 days of observation) and 2B (mildly irritant to eyes, eye effects fully reversible within 7 days of
observation); CI, confidence interval; CM, Cytosensor Microphysiometer; CO, corneal opacity; CRL, Charles River Laboratories; EIT, Eye Irritation Test; EITL, Eye Irritation Testing of Liquids;
ESAC, ECVAM Scientific Advisory Committee; EURL ECVAM, European Union Reference Laboratory for Alternatives to Animal Testing; HCE, Human Corneal Epithelium; ICCVAM,
Interagency Coordinating Committee on the Validation of Alternative Methods; ICE, Isolated Chicken Eye; LO, L'Oréal; NgC, negative control; NC, not classified; NICEATM, National
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods; No Cat, chemicals not classified for serious eye damage/eye irritation under UN GHS/
EU CLP; NSC, Non Specific Colour; NSCjiying, Non Specific Colour on living tissues; NSCyiieq, Non Specific Colour on killed tissues; NSMTT, non-specific reduction of MTT; MTT, 3-[4,5-
dimethylthiazole-2-yl] 2,5-diphenyltetrazolium bromide; OD, optical density; OECD, Organisation for Economic Co-operation and Development; PC, positive control; PBS, phosphate-
buffered saline; RhCE, Reconstructed human Cornea-like Epithelium; STE, Short-Time Exposure; S.0.P., standard operating procedure; TG, Test Guideline; UN GHS, United Nations
Globally Harmonized System of Classification and Labelling of Chemicals; VITO, Flemish Institute for Technological Research; VMG, Validation Management Group; VRM, validation ref-
erence method; WLR, within laboratory reproducibility.
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organotypic BCOP (OECD TG 437) and ICE (OECD TG 438) test methods
were adopted for this purpose (OECD, 2013a, 2013b). The third test
method uses a three-dimensional Reconstructed Human Cornea-like
Epithelium (RhCE) (OECD TG 492) and measures cytotoxicity (OECD,
2015b). OECD TG 492 covers at this time only the commercially avail-
able EpiOcular™ Eye Irritation Test (EIT) validated by the European
Union Reference Laboratory for Alternative to Animal testing (EURL
ECVAM) and Cosmetics Europe in a prospective validation study
(Freeman et al., 2010). In addition, the Cytosensor Microphysiometer
(CM) (Hartung et al., 2010), a cytotoxicity and cell function-based
method, has been endorsed as scientifically valid for the identification
of Cat 1 and No Cat chemicals for limited applicability domains (ESAC,
2009; Interagency Coordinating Committee on the Validation of Alter-
native Methods ICCVAM, 2010). This method is currently in the process
of review by the OECD. A more detailed description of the principle and
background of the methods listed above is presented in the review pub-
lished by Wilson et al. (2015).

Despite all these efforts, full replacement of the in vivo Draize rabbit
eye test is however yet to be achieved. During a workshop held in 2005
by the European Centre for the Validation of Alternative Methods
(ECVAM), a testing scheme was proposed using a Bottom-Up or Top-
Down progression of in vitro tests (Scott et al., 2010). The outcome of
this expert meeting identified that test methods that are using RhCE
could be considered for incorporation into a testing strategy as an initial
step in a Bottom-Up approach or the second step in a Top-Down
approach. Currently, there are two such test methods available namely,
the EpiOcular™ Eye Irritation Test (EIT) (Kaluzhny et al, 2011;
Pfannenbecker et al., 2013; OECD, 2015b) and the SkinEthic™ Human
Corneal Epithelium (HCE) test (Van Goethem et al., 2006; Cotovio
etal., 2007, 2010; Alépée et al., 2013). In the past, various test protocols
using the SkinEthic™ HCE model have been evaluated in order to
improve the predictive capacity of this test method. Briefly, the method
consists of topical exposure of the chemical onto the SkinEthic™ HCE
test system for a defined time period after which the extent of cell injury
is assessed by measurement of cytotoxicity. In a multicenter
prevalidation study performed by Van Goethem et al. (2006), the
validity of a 10-min exposure period (Short-Time Exposure) without
post-incubation, was evaluated in four laboratories resulting in a predic-
tive capacity of greater than 80%. Subsequent in-house evaluation of this
protocol with a set of about 100 cosmetic ingredients showed an
increase in specificity (probability of predicting no irritant given the
true state is No Category) whereas the sensitivity (probability of
predicting irritant given the true state is serious eye damage causing
irreversible effects (Cat 1)/reversible effects on the eye/eye irritation
UN GHS Category 2 (Cat 2))reduced substantially (unpublished data).
In order to correctly identify the irritants which were under predicted
with the 10-min treatment protocol, the exposure period was
prolonged to 1 h (Long-time Exposure) followed by a post-incubation
period of 16 h (Cotovio et al., 2007, 2010). Applying the UN GHS rules,
in terms of differentiating between No Cat versus Classified (Cat 1/Cat
2), in combination with a threshold value of 50% viability to distinguish
between irritants and non-irritants, an overall predictive capacity of 82%
was obtained with 81% sensitivity and 82.8% specificity. In a next step,
the validity of the SkinEthic™ HCE Short-time and Long-time Exposure
protocols was evaluated with a set of 104 chemicals in a European
Union Reference Laboratory for Alternatives to Animal Testing (EURL
ECVAM)/Cosmetics Europe prospective validation study (Freeman
et al., 2010). None of the protocols met the acceptance criteria for
predictive capacity (Barroso et al., 2014).

The present paper presents a further optimization of the SkinEthic™
HCE test method for the Eye Irritation Testing of Liquids (EITL protocol).
The primary aim of this multicenter study was to assess the reliability
and relevance of the test method to discriminate chemicals not requir-
ing classification for serious eye damage/eye irritancy (No Cat) from
chemicals requiring classification and labelling (Cat 1 and Cat 2).
Whereas in the previous validation studies the aim was to obtain a

balance between sensitivity and specificity, the purpose of the current
study was to obtain a high sensitivity of at least 90%, a specificity of at
least 60%, and an accuracy of at least 75%. Furthermore, none of the
Cat 1 chemicals should be under-predicted (No Cat) in the majority of
the runs. These values were based on the acceptance criteria set by
the Validation Management Group (VMG) for the prospective
validation study of RhCE-based test methods conducted by EURL
ECVAM and Cosmetics Europe (EC EURL ECVAM, 2014; Kaluzhny
et al,, 2015; Barroso et al.,, 2015a).

2. Materials and methods
2.1. Tissues, media and reagents

The SkinEthic™ HCE tissues and tissue maintenance medium were
purchased from Episkin SA (Lyon, France). Tissues were shipped in
agarose semi-solid culture medium. Upon receipt, the tissue cultures
were placed into 1 mL fresh maintenance medium (6-well plate) and
incubated overnight in standard culture conditions (37 °C, 5% CO,,
>95% humidity). Following this equilibration period, the cultures were
then transferred into a 24-well plate containing 300 pL fresh
maintenance medium per well.

3-[4,5-Dimethylthiazole-2-yl] 2,5-diphenyltetrazolium bromide
reagent (MTT), Ca? - and Mg? "-free Dulbecco's phosphate-buffered
saline (PBS), and methyl acetate were purchased from Sigma (CAS RN
79-20-9, Sigma-Aldrich, France).

2.2. Chemicals

2.2.1. Validation set

A total of 60 liquid chemicals representing different chemical classes
were selected and are listed in Table 1. The chemicals were chosen to
provide a balanced representation of chemicals not requiring classifica-
tion (n = 28) and chemicals inducing serious eye damage/eye irritation
(Cat1,n = 16; Cat 2,n = 16). MTT and/or colour interfering chemicals
were also selected. All chemicals were sourced and blind coded
independently for each laboratory and distributed to the testing
laboratories by VitroScreen (Milano, Italy). Fig. 1 shows a scheme of
the management structure of the study. PBS and methyl acetate were
used as negative control (NgC) and positive control (PC), respectively.
Each laboratory tested each chemical in at least three independent
runs, performed with different tissue batches. During each run, a
maximum of 13 liquid test chemicals, NgC and PC were all tested
concurrently on two tissue replicates. A test chemical concurrently
tested on two tissue replicates is called a test herein after.

2.2.2. Additional chemicals

In order to enlarge the chemical diversity and to increase the dataset
for evaluating the predictive capacity of the SkinEthic™ HCE EITL proto-
col, 45 additional liquid chemicals were evaluated unblinded by L'Oréal
in three independent runs. The chemicals represented 22 non-classified
and 23 classified, consisting of 11 Cat 1 and 12 Cat 2 chemicals (Table 2).
In total, 105 liquid chemicals (50 non-classified and 55 classified
chemicals, consisting of 27 Cat 1 and 28 Cat 2 chemicals) were evaluated
on SkinEthic™ HCE test method for the Eye Irritation Testing of Liquids.

2.3. Participating laboratories

The within laboratory reproducibility and between laboratory repro-
ducibility (WLR and BLR, respectively) of the SkinEthic™ HCE EITL
method were assessed in three laboratories. L'Oréal (L'Oréal Research
& Innovation, Aulnay sous Bois, France) participated as lead laboratory,
Charles River Laboratories (CRL, Edinburgh, United Kingdom) and VITO
(Flemish Institute for Technological Research, Mol, Belgium) acted as
naive laboratories.
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Table 1

Overview of the chemicals tested in the multicentre study.
No. Chemical CAS RN Generic chemical class Functional group class UN GHS
1 1,9-Decadiene 1647-16-1 Neutral organic Hydrocarbon-diene No Cat
2 1,6-Dibromohexane 629-03-8 Neutral organic Halogenated (electrophile) No Cat
3 1-Bromo-4-chlorobutane 6940-78-9 Neutral organic Halogenated (electrophile) No Cat
4 1-Ethyl-3-methylimidazolium ethylsulphate 342573-75-5 Cation organic Pyridinium, imidazolium No Cat
5 Ethoxydiglycol 111-90-0 Neutral organic Ether, alcohol No Cat
6 2,2-Dimethyl-3-pentanol 3970-62-5 Neutral organic Alcohol No Cat
7 2-4-Pentanediol 625-69-4 Neutral organic Alcohol No Cat
8 2-Ethoxyethyl methacrylate 2370-63-0 Neutral organic Ether, acrylates (electrophile) No Cat
9 3-Phenoxybenzyl alcohol 13826-35-2 Neutral organic Aromatic alcohol No Cat
10 Dicaprylyl ether 629-82-3 Neutral organic Ether No Cat
11 Dipropyl disulphide 629-19-6 Neutral organic Disulphide No Cat
12 Ethyl thioglycolate 623-51-8 Neutral organic Thiol ester No Cat
13 Glycerol 56-81-5 Neutral organic Alcohol, polyols No Cat
14 Glycidyl methacrylate 106-91-2 Neutral organic Acrylate, epoxide (electrophile) No Cat
15 Iso-octyl acrylate 29590-42-9 Neutral organic Acrylate (electrophile) No Cat
16 Iso-propyl myristate (22-A; S2-10) 110-27-0 Neutral soap/surfactant Ester No Cat
17 n-Hexyl bromide 111-25-1 Neutral organic Halogenated (electrophile) No Cat
18 n-Octyl bromide 111-83-1 Neutral organic Halogenated (electrophile) No Cat
19 Octyltrimethoxysilane (SILAN 108) 3069-40-7 Neutral organic Silicium, silane No Cat
20 Piperonyl butoxide 51-03-6 Neutral organic Aromatic ether No Cat
21 p-Methyl thiobenzaldehyde 3446-89-7 Neutral organic Aldehyde, thio-ether (electrophile) No Cat
22 Polyethylene glycol 400 25322-68-3 Soap/surfactant Alcohol, polyether No Cat
23 Polyoxyethylene hydrogenated castor oil 61788-85-0 Neutral soap/surfactant Ester, polyether No Cat
24 Propylene glycol 57-55-6 Neutral organic Alcohol, polyols No Cat
25 Propylidynetrimethanol, propoxylated 25723-16-4 Neutral organic Polyether, acrylate (electrophile) No Cat
26 Hexamethyldisiloxane 107-46-0 Neutral inorganic Silicium, siloxane No Cat
27 Triphenyl phosphite 101-02-0 Neutral organic Organophosphoric, aromatic No Cat
28 Tween 20 9005-64-5 Neutral soap/surfactant Ester, polyether No Cat
29 2-Methyl-1-pentanol 105-30-6 Neutral organic Alcohol Cat 2B
30 3-Chloropropionitrile 542-76-7 Neutral organic Nitrile, halogenated (electrophile) Cat 2B
31 Di(propylene glycol) propyl ether 29911-27-1 Neutral organic Alcohol, ether Cat 2B
32 Diethyl toluamide 134-62-3 Neutral organic Aromatic amide Cat 2B
33 Ethyl-2-methylacetoacetate 609-14-3 Neutral organic Ester, ketone Cat 2B
34 Glycolic acid 10% 79-14-1 Organic acid Alcohol, acid Cat 2B
35 Iso-butanal 78-84-2 Neutral organic Aldehyde (electrophile) Cat 2B
36 Isopropyl acetoacetate 542-08-5 Neutral organic Ester, cetone Cat 2B
37 2,6-Dichlorobenzoyl chloride 4659-45-4 Neutral organic Acid chloride, Halogenated (electrophile) Cat 2A
38 Acetone 67-64-1 Neutral organic Ketone Cat 2A
39 Allyl alcohol 107-18-6 Neutral organic Allyl alcohol (electrophile) Cat 2A
40 Chlorhexidine gluconate 20% 18472-51-0 Organic base Guanidine halogenated Cat 2A
41 Cyclopentanol 96-41-3 Neutral organic Cyclic alcohol Cat 2A
42 Gammabutyrolactone 96-48-0 Neutral organic Cyclic ester Cat 2A
43 Propasol solvent P 1569-01-3 Neutral organic Ether, alcohol Cat 2A
44 Sodium hydroxide 1% 1310-73-2 Inorganic base Alkali Cat 2A
45 [3-(2-Aminoethylamino)propyl]trimethoxysilane 1760-24-3 Organic base Amine, silicium, silane Cat1
46 1-Chloroctan-8-ol 23144-52-7 Neutral organic Alcohol, halogenated (electrophile) Cat1
47 3-Methyl-pentynol 77-75-8 Neutral organic Alcohol, alkyne Cat 1
48 Acid Red 92 (22-D; S2-3) 10%* 18472-87-2 Organic acid Phenol, halogenated aromatic, salt Cat1
49 Benzalkonium chloride 1% 63449-41-2 Cationic soap/surfactant Ammonium salt Cat1
50 Benzethonium chloride 10% 121-54-0 Neutral organic Ether, ammonium salt Cat 1
51 Di(2-ethylhexyl)sodium sulphosuccinate 10% 577-11-7 Organic acid Ester, sulphonic acid Cat1
52 Diethylaminopropionitrile 5351-04-2 Organic base Amine, nitrile Cat1
53 Domiphen bromide 10% 538-71-6 Cationic soap/surfactant Ammonium salt Cat1
54 Ethyl 2-hydroxyisobutyrate 80-55-7 Neutral organic Alcohol, ester Cat1
55 Hexadecyltrimethylammonium bromide 10% 57-09-0 Cationic soap/surfactant Alkylammonium salt Cat1
56 Hydroxyethyl acrylate 818-61-1 Neutral organic Acrylate, alcohol (electrophile) Cat1
57 Lactic acid 50-21-5 Organic acid Carboxylic acid, alcohol Cat1
58 Methyl thioglycolate 2365-48-2 Neutral organic Carboxylic acid, ester, thioalcohol Cat1
59 Tetraethylene glycol diacrylate 17831-71-9 Neutral organic Polyether, acrylate (electrophile) Cat1
60 Triton X-100 10% 9002-93-1 Soap/surfactant Aromatic polyether Cat1
¢ 3,4,5,6-Tetrachloro-2-(1,4,5,8-tetrabromo-6-hydroxy-3-oxoxanthen-9-yl)-benzoic acid.

2.4. Technology transfer the additional controls which are needed for tissue colouring chemicals.

The MTT interacting chemical was chosen with the intention to perform

Identical protocols and Excel templates for data collection were the specific controls for direct MTT reduction of chemicals.

transferred to each laboratory. Both naive laboratories (CRL and VITO)

received formal hands-on training in assay methodology and analysis 2.5. SkinEthic™ HCE tissue

from L'Oréal Research & Innovation, using the EITL protocol. Both

laboratory assistants tested 9 chemicals in two independent runs. This 2.5.1. Principle of the test system
set of chemicals contained a strong colourant (Phloxine B-Acid Red 92, The SkinEthic™ HCE model uses immortalized human corneal
10%) and an MTT reducer (Butyraldehyde). The strong colourant was epithelial cells cultured in a chemically defined medium. When cultured
selected in order to evaluate the crucial rinsing step procedure and at the air-liquid interface on a permeable synthetic membrane insert,
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Fig. 1. Management structure of the SkinEthic™ HCE EITL validation study.

the epithelial cells stratify and differentiate into a 3-dimensional tissue
which bears close resemblance to normal Human Corneal Epithelium.
The tissue construct contains at least four viable layers including colum-
nar basal cells, transitional wing cells and superficial squamous cells.
Other structural features of corneal tissue, such as the presence of ma-
ture desmosomes and intermediate filaments, as well as the expression
of corneal specific cytokeratin 64 kD (K.3) similar to that of the normal
Human Corneal Epithelium, have been described (Nguyen et al., 2003).

2.5.2. Eye Irritation Test Liquid protocol

SkinEthic™ HCE tissues (0.5 cm?) were topically exposed to 30 L of
undiluted liquid chemical for 30 + 2 min at 37 °C at 5% CO- in a
humidified incubator (standard culture conditions). Two tissues were
used per test substance (NgC, PC, or chemical). After a 30 minute
treatment, tissues were rinsed at least two times with 10 mL of PBS to
remove the residual test substance from the tissue surface. After rinsing,
the tissues were immersed into 1.5 mL fresh maintenance medium
(750 L underneath and 750 L topically) for a 30 4 2 minute incuba-
tion period in standard culture conditions. After the incubation period,
duplicate tissues were assessed for tissue viability.

2.5.3. Tissue viability assessment

Following the 30-minute incubation, tissues were carefully rinsed
with PBS. Each tissue was transferred to a new well containing 300 pL
of freshly prepared MTT (1 mg/mL) solution for a 3 h £+ 15 minute
incubation period under standard culture conditions. Then the tissue
inserts were rinsed with 300 pL PBS and transferred into new plates
containing 1.5 mL of isopropanol per well (750 pL underneath and
750 pL topically) for either 4 h at room temperature or overnight at
4 °C to extract the reduced MTT (formazan crystals) out of the tis-
sues. 200 L aliquots of formazan solution extracts were transferred
to 96-well flat bottom microtitre plates for optical density (OD) mea-
surement using a spectrophotometer equipped with a 570 nm filter
(filter band pass £ 30 nm). Isopropanol was used as a blank. The per-
centage viability of each of the treated cultures was calculated from
the percentage MTT conversion in the treated cultures relative to the
corresponding negative controls (100% viability). Results were
expressed as mean OD and mean % viability and the difference of viabil-
ity between the two replicate tissues.

2.5.4. Assessment for direct MTT reduction by the chemical

Possible interference of each chemical, e.g. ability to reduce MTT in
absence of tissue, was verified before the start of the experiment.
Therefore, 30 pL of the chemical was added to 300 pL of MTT solution
(1 mg/mL), the mixture was incubated at 37 °C protected from light
for 3 h. If the MTT solution colour turns blue or purple, the chemical

interacts with the MTT. In case of MTT interaction, non-specific
reduction of the MTT by the chemical needs to be determined in a sep-
arate experiment by using killed epithelial tissues. The killed tissues are
treated with the chemical, rinsed and exposed to MTT according to the
standard protocol. In addition, two killed tissues were treated with PBS
as control. For the determination of the final viability, this non-specific
reduction of MTT (%NSMTT) was taken into account and the viability
was calculated as: the percent tissue viability obtained with living
tissues exposed to the MTT reducer minus the percent non-specific
MTT reduction obtained with the killed tissues exposed to the same
MTT reducer, calculated relative to the negative control run concurrent-
ly to the test being corrected (¥NSMTT).

2.5.5. Adapted controls for colouring chemicals

Coloured chemicals or chemicals able to develop a colour after con-
tact with the tissue can generate a remaining Non Specific Colour (NSC).
Therefore, each chemical was checked on a single occasion, for its
colourant properties. In order to determine non-specific colouring, all
steps of the EITL protocol were followed except the MTT incubation
since 300 pL of maintenance medium was dispensed instead of MTT
medium. The %NSCjiying was determined after isopropanol extraction
and OD reading in similar conditions. For the determination of the
final viability, the %NSCj;ying was taken into account and the viability
was calculated as: the percent tissue viability obtained with living
tissues exposed to the colour interfering chemical and incubated with
MTT solution minus the percent non-specific colour obtained with
living tissues exposed to the colour interfering test chemical and
incubated with medium without MTT, run concurrently to the test
being corrected (%NSCiiving).

Therefore a coloured chemical can, in some cases, interfere with the
MTT pre-check. In that case, each colouring chemical was applied onto
two killed tissues and incubated in maintenance medium instead of
MTT solution to determine the Non Specific Colour on killed tissues
(NSCiyilied)- The final viability was calculated as: the percent tissue viabil-
ity obtained with living tissues exposed to the test chemical minus
%NSMTT minus %NSCiying plus the percent non-specific colour obtained
with killed tissues exposed to the colour interfering test chemical and
incubated with medium without MTT, calculated relative to the nega-
tive control ran concurrently to the test being corrected (%NSCiijed)-

2.6. Prediction model

Based on the relative viability the SkinEthic™ HCE EITL protocol can
distinguish between chemicals not requiring classification for serious
eye damage/eye irritancy (No Cat) from chemicals requiring classifica-
tion and labelling (Cat 1 and Cat 2) according to UN GHS. No Cat (NC;
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Table 2
Overview of the additional chemicals.
No. Test substance CAS RN Generic class Functional group class UN
GHS
61 1,2,6-Hexanetriol 106-69-4 Neutral organic Alcohol, polyols No Cat
62  1,3-Di-iso-propylbenzene 99-62-7 Neutral organic Cyclic, aromatic phenyl No Cat
63  1,3-Dibromopropane 109-64-8 Neutral organic Halogenated (electrophile) No Cat
64  1,4-Dibromobutane 110-52-1 Neutral organic Halogenated (electrophile) No Cat
65 1,5-Dibromopentane 111-24-0 Neutral organic Halogenated (electrophile) No Cat
66  3-Methoxy-1,2-propanediol 623-39-2 Neutral organic Alcohol, ether polyols No Cat
67  Cetylpyridinium bromide 0.1% 140-72-7 Cationic. Onium c?mp9und, heterocyclic ammonium, aromatic, No Cat
soap/surfactant alkyl-pyridinium
68  Cis-cyclooctene 931-87-3 Neutral organic Hydrocarbon cyclic, cycloalkene No Cat
69 DMSO 67-68-5 Neutral inorganic Sulfoxide No Cat
70  Ethanol 10% 64-17-5 Neutral organic Alcohol No Cat
71  Ethyl acetate 141-78-6 Neutral organic ester No Cat
72 Ethyl trimethyl acetate 3938-95-2  Neutral organic Ester No Cat
73  Gamma-methacryloxypropyltrimethoxy silane  2530-85-0  Neutral organic Silicium, acrylate (electrophile) No Cat
74  Methyltetraglycol 9004-74-4  Neutral organic Polyether alcohol No Cat
75  n-Butyl acetate 123-86-4 Neutral organic ester No Cat
76  Phloxine B/Acid Red 92 (22-D; S2-3)* 1% 18472-87-2 Organic acid Phenol, halogenated No Cat
77 l(jf (l))f%c;xyethy elene 23 lauryl ether (Brij-35) 9002-92-0  Neutral soap/surfactant Polyether No Cat
78  Sodium salicylate (22-I; S2-14) 10% 54-21-7 Organic salts Carboxylic acid, phenol No Cat
79  Triethanolamine orthovanadate (30%) 13476-99-8 Neutral inorganic Cetone No Cat
80 Triethylene glycol monomethyl ether 112-35-6 Neutral organic Ether, alcohol No Cat
81 Triethylene glycol 112-27-6 Neutral organic Ether, alcohol No Cat
82  Triton X-100 1% 9002-93-1  Soap/surfactant Aromatic polyether, alcohol No Cat
83  n-Butanal 123-72-8 Neutral organic Aldehyde (electrophile) Cat 2B
84  1-Decanol 112-30-1 Neutral organic Alcohol Cat 2A
85  1-Octanol 111-87-5 Neutral organic Alcohol Cat 2A
86  2-Ethyl-1-hexanol 104-76-7 Neutral organic Alcohol Cat 2A
87  2-Methyl-1-propanol 78-83-1 Neutral organic Alcohol Cat 2A
88 Cetylpyridinium bromide 1% 140-727  Cationic See No. 67 Cat2A
soap/surfactant
89  Ethanol 64-17-5 Neutral organic Alcohol Cat 2A
90 Isopropanol 67-63-0 Neutral organic Alcohol Cat 2A
91  Methyl acetate 79-20-9 Neutral organic Ester Cat 2A
92  Methyl cyanoacetate 105-34-0 Neutral organic Ester, nitrile Cat2A
93  n-Hexanol 111-27-3 Neutral organic Alcohol Cat 2A
94  Poly(ethylene glycol) butyl ether 9004-77-7  Neutral organic Polymer, polyether alcohol ;a\tb
95  Acetic acid (10%) 64-19-7 Organic acid Carboxylic acid Cat1
96 Anisole 100-66-3 Neutral organic Aromatic ether, phenyl ether SCNM*®
N . Cationic
97  Cetylpyridinium bromide 6% 140-72-7 soap/surfactant See No. 67 Cat1
S . " Cationic
98  Cetylpyridinium bromide 10% 140-72-7 soap/surfactant See No. 67 Cat1
99  Gamma-aminopropyl triethoxy silane 919-30-2 Organic base Amine, silicium, silane Cat1
100 n-Butanol-10% 71-36-3 Neutral organic Alcohol Cat1
101 n-Butanol 71-36-3 Neutral organic Alcohol Cat1
102 Sodium hydroxide (10%) 1310-73-2  Inorganic base Alkali Cat 1
103 Stearyltrimethylammonium chloride (10%) 112-03-8 Cationic Alkylammonium salt Cat1
soap/surfactant
104 Surfonic N-102 9016-45-9  Neutral soap/surfactant Polyether Cat1
105 Trichloroacetic acid (30%) 76-03-9 Organic acid Carboxylic acid, halogenated Cat1

¢ 3,4,5,6-Tetrachloro-2-(1,4,5,8-tetrabromo-6-hydroxy-3-oxoxanthen-9-yl)-benzoic acid.

b Study criteria were not met for the in vivo Draize rabbit eye test, the UN GHS/EU CLP classifications corresponds with at least a Cat 2A.
¢ Study criteria were not met for the in vivo Draize rabbit eye test, the UN GHS/EU CLP classifications correspond with classified. The summary results of this study were published in the
DRD (Barroso et al.,, 2015b). The study was terminated on day 7 with CO = 2, CC = 2 and CC = 2 in 1/1 animal.

UN GHS No Cat) correspond with chemical that result in a mean tissue
viability >60%, Classified (C; UN GHS Cat 1/Cat 2) correspond with
chemical that result in a mean tissue viability <60%.

2.7. Acceptance criteria

A run was considered qualified if the following criteria were met,
mean OD of the NgC was >1.4 and <2.5 and mean % viability of the PC
was <30. In addition, the difference of viability between the two repli-
cate tissues of a single test chemical was <20 in the same run whatever
the test item (for PC, NgC, test chemical and all adapted controls) (S.O.P.
HCE-EITL version 1.0, 2015). As mentioned before, each chemical was
tested three times in three independent runs in each laboratory. If a
test did not meet the acceptance criteria in a run, a maximum of two

additional independent tests was performed for each chemical in each
laboratory.

2.8. Statistical data analyses

The frequency of non-qualified runs and non-qualified tests per
laboratory was reported. The within-laboratory reproducibility (WLR),
between-laboratory reproducibility (BLR), accuracy, sensitivity and
specificity of the SkinEthic™ HCE EITL test method were calculated
according to the rules described in the OECD Performance Standards
for the Assessment of Proposed Similar or Modified In Vitro
Reconstructed Human Cornea-like Epithelium (RhCE) Test Methods
for Eye Hazard (ENV/JM/MONO, 2015). Furthermore, the Validation
Management Group (VMG) specified the following minimum values
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Table 3
WLR for SkinEthic™ HCE EITL protocol. Mean cell viability (n = 2) for 60 chemicals and
concordance of prediction within a laboratory.

No. LO CRL VITO

WLR WLR WLR
Run1 Run2 Run3 concord. Run1l Run2 Run3 concord. Run1l Run2 Run3 concord.

1 579 592 562 Yes 712 66,5 575 No 575 || 882 || 588 Yes
2 994 106.7 1019 Yes 1211 1021 1100 Yes 1054 913 1269 Yes
3 625 800 58.0 No 737 720 542 No 980 744 878 Yes
4 733 725 716  Yes 843 866 82.0 Yes 904  76.1 78.2 Yes
5 344 596 705 No 852 769 709  Yes 20 || Bl 75.3 No
6 1.0 1.1 1.1 Yes 2.7 2.0 12 Yes 13 JIE5) 13 Yes

620 631 614 vy, 795 843 730 943 813 832
(62.4) (637) (618) o €
8 53 42 45 Yes 205 159 247 Yes 373 483 355  Yes

. o 2 2 14 15|V lo 20 || 37 || 36
Y@n Gy Gy T 28 @3 63 G @s @y ¢

100 941 979 948 953 1002 962 911 908 966
0 YeS  (952) (1003) (963) 'O Yes

1 482 545 437  Yes 547 687 629 No 814 519 585 No

122 20 00 03 vy 00 00 00 43 35 93 vy,
(280) (254) (267) O (305) (274) (280) 'O (22.9) (194) (264) &

13 88.1  89.1 99.1  Yes 86.6 93.0 948  Yes 91.7 956 643 Yes

14 115 158 130 vy, 168 193 210 v, 128 343 95 vy,
(115) (158) (130) & (168) (193) (210) ' e

15 66.5 913 862 Yes 909 976 947 Yes 1025 822 926 Yes
16 932 993 910 Yes 102.0 19.0 942 No 107.8 975 103.7 Yes
17 395 428 370 Yes 349 148 420 Yes 438 373 375 Yes
18 85.1 109.7 986  Yes 758 850 87.6  Yes 838 704 994 Yes
19 924 927 954  Yes 108.5 100.0 98.1 Yes 1053 978  96.0 Yes

200 987 989 957  yes 975 1004 999 yes 819 1053 904  yes

(989) (99.1) (95.9) (97:7) (100.5) (100.1) (819) (1053) (90.4)
. 664 552 564 892 668 452 606 750 928
2 @68) (335) (368) °  (895) (670) (435) °  (6L1) (934) (932)

22 892 936 900 Yes 830 964 914 Yes 1108 780 958  Yes
23 925 861 818 Yes 877 837 929 Yes 1153 739 876  Yes
24 897 975 926 Yes 874 832 971 Yes 1007 927 972  Yes
25 791 860 820 Yes 839 1040 1098 Yes 765 944 872  Yes
26 704 1006 985 Yes 886 923 852 Yes 956 887 1032 Yes
270 923 934 876 yes 883 847 777  yes 1030 893 899  yes

(923) (93.6) (87.7) (8856) (85.0) (78.0)

28 853 892 904 Yes 815 900 908 Yes 751 808 802  Yes
29 10 12 13 Yes 836 13 11 No 13 20 14  Yes
30 21 29 30 Yes 28 21 20 Yes 151 42 92  Yes
31 14 15 11 Yes 32 11 10 Yes 24 97 15  Yes
2 17 16 19 Yes 21 53 21 Yes 34 35 36  Yes

. 276 321 238 vy 372 423 385 674 554 493

3 379) (323) (a0) ' (372) (423) (3s83) No
34 21 20 21 Yes 25 26 30 Yes 26 23 26  Yes
350 09 10 08  vyes 09 35 49  vyes 10 13 27 Yes

11) 36) (50)

s 64 117 60 268 163 116 177 323 265
36 65 A1) 61 ' @iy a3 dig) ‘e Yes
37 264D NEIN v, 38 28 45 vy, 66 94 82 vy,
(38 (28 @45 e
38 31 39 32 Yes 34 49 47 Yes 92 80 123 Yes
39 1.5 2.1 22 Yes 0.8 0.9 1.0 Yes 0.8 0.9 1.0 Yes
40 08 10 09 Yes 09 12 14 Yes 36 12 12 Yes
41 1.6 1.6 1.6 Yes 1.6 1.5 14 Yes 14 1.6 14 Yes
2 36 17 35 Yes 52 27 65 Yes 74 104 85  Yes
43 12 14 15 Yes 19 2.6 14 Yes 19 1.9 15 Yes
4 08 06 06 v 45 17 14y, 14 52 107y
©8) (06 (06 '© @8 (19 @18 e
. 141 147 243 439 274 444 251 651 657
' (143) (149) (243) ' @a0) (275) @445 ' (331) 631) (657) MO
46 2.2 1.6 1.7 Yes 6.7 1.9 1.6 Yes 29 18 1.6 Yes
47 18 21 17 Yes 16 19 16 Yes 18 17 17  Yes
4g 00 00 00 v 00 00 00 vy, 80 36 23 vy,
8 39 36 60 T (122 253) (186) ' (©8) @7 (59) s
49 18 17 18 Yes 20 23 19 Yes 24 23 31  Yes
50 14 18 16  Yes 16 21 23 Yes 15 25 19  Yes
51 38 47 29  Yes 27 42 25 Yes 39 26 34  Yes
spe 21 14 21y, 1713 00 vy, 04 07 06 vy,
(42) (39 @4 ' @2 @9 an ' ©9 13 @13
53 19 24 17 Yes 37 18 21 Yes 23 26 28  Yes
54 23 20 20 Yes 30 28 27 Yes 24 29 41  Yes
55 1.7 24 1.6 Yes 1.7 22 2.1 Yes 1.8 42 1.8 Yes
56 08 06 05 Yes 17 42 19 Yes 11 28 07  Yes
57 22 27 27 Yes 40 18 25 Yes 24 27 24  Yes
s 00 00 00 vy, 15 38 22 vy, 175 126 116y,
(280) (244) (242) ' (284) (326) (319) = (324) (269) (264) o
. 280 155 221 517 620 279 536 524 595
M 380) (158) @21) Y (B19) 622) (81) °  (338) (324) (393) '
60 09 09 08 Yes 08 10 08 Yes 06 08 08 Yes

for WLR (>85%), BLR (280%), accuracy (>75%), sensitivity (>90%) and
specificity (>60%) for the prospective validation study of RhCE-based
test methods conducted by EURL ECVAM and Cosmetics Europe (EC
EURL ECVAM, 2014; Kaluzhny et al., 2015; Barroso et al., 2015a).

Calculation of basic statistical parameters such as difference and
standard deviation was performed. The difference was used to analyse
how consistent two values are such as for the % tissue viability between
two tissue replicates and the standard deviation (a measure of the
amount of dispersion (or variability) around the mean in a dataset)
was used to evaluate the variation in % tissue viability values obtained
by the three participating laboratories.

2.8.1. Within laboratory reproducibility (WLR)

For each laboratory, the mean viability of each run for each chemical
was calculated. The WLR of the independent runs was evaluated based
on the concordance of predictions (C or NC) of the qualified tests. WLR
was reported with the Wilson's 95% confidence intervals (CI) for
proportions. The Wilson CI's based on the score test provides more
reliable values for small samples and estimates close to 1.0 (Agresti
and Coull, 1998) and does not violate the constraints of probability
estimates (i.e., estimates must be between 0 and 1).

2.8.2. Between laboratory reproducibility (BLR)

For each laboratory, the mean viability and standard deviation of the
independent qualified tests was calculated to obtain a final classification
for each chemical. The evaluation of the between-laboratory reproduc-
ibility was on the concordance of the final predictions Classified (C) or
No Cat (NC). Between- laboratory reproducibility was reported with
the Wilson 95% CI.

2.8.3. Predictive capacity

The predictive capacity of the assay was evaluated by comparing the
prediction results, on the basis of the individual laboratory results using
all qualified tests obtained for each chemical (as recommended by the
OECD guidance document ENV/JM/MONO, 2015), with the existing
proposed classification. Therefore 2 x 2 contingency tables (C versus
NC) were constructed and sensitivity (probability of predicting C
given the true state is serious eye damage/eye irritancy (Category 1
and Category 2)), specificity (probability of predicting NC given the
true state is No Category), and accuracy were calculated.

In addition to the calculation of predictive capacity as recommended
by the OECD guidance document, the uncertainty of the point estimates
for accuracy, sensitivity and specificity was assessed with the bootstrap
method. Bootstrap resampling (10.000 times with sample size = 1) was
used to obtain 95% CI's for accuracy, sensitivity and specificity. The ratio-
nale for performing bootstrap resampling with size n = 1 is that in
reality a chemical will be tested only once. Therefore it was opted to
calculate sensitivity, specificity, and accuracy on 10.000 simulated sets
of 60 chemicals, based on observed predictions (9 predictions per
chemical). Briefly, random sampling with sample size n = 1 was
performed per chemical (pool of 9 predictions, being 3 runs for each
of the 3 laboratories) for the set of 60 chemicals. Next, the accuracy, sen-
sitivity and specificity were calculated for each of the 10.000 resampling
sets. The mean of the bootstrap sample and 95% CI applying the percen-
tile method was calculated for the three performance parameters.

All analyses were performed with R version 3.1.1. (R Core Team,
2015).

Notes to Table

LO: L'Oréal; CRL: Charles River Laboratories; concord.: concordance. Cells with a grey
background correspond to irritant prediction (mean cell viability <60%).

4Chemical was identified as an MTT reducer by at least one laboratory. Values in brackets
correspond to uncorrected viabilities, i.e. before subtraction of viability measured in killed
epithelial tissue.

PChemical corresponds with a colourant. Values in brackets correspond to uncorrected vi-
abilities, i.e. before subtraction of non-specific colouring.
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3. Results and discussions
3.1. Multicenter study: SkinEthic™ HCE EITL test method

Before starting the multicenter study, the effectiveness of the train-
ing phase was assessed in a transferability study. During this study,
the laboratory technicians from CRL and VITO tested each 9 liquids
under blinded conditions in at least three independent runs. These

data were submitted to the test method developer (L'Oréal) for quality
check. The results (data not shown) demonstrated effectiveness of the
training.

Next, a total of 60 chemicals were tested in three laboratories.
Overall, L'Oréal produced one unqualified result (chemical No. 27)
over the 18 runs that were performed. Charles River Laboratories
(CRL) performed 21 runs; one run was unqualified due to high deviation
between the viability of the replicate NC tissues (difference 35%). Five

Table 4
BLR for SkinEthic™ HCE EITL protocol. Mean cell viability of 3 independent runs for 60 chemicals and agreement of prediction between the laboratories.
No. In vivo UN GHS/EU CLP LO CRL VITO BLR concord.
Cell viability (%) In vitro class Cell viability (%) In vitro class Cell viability (%) In vitro class
1 No Cat 57.8+1.5 65.1+7.0 NC 555+2.2 No
2 No Cat 102.6+£3.7 NC 111.14+96 NC 107.8+17.9 NC Yes
3 No Cat 66.8+11.6 NC 66.64+-10.8 NC 86.74+11.8 NC Yes
4 No Cat 72.4+0.38 NC 843423 NC 81.6+7.7 NC Yes
5 No Cat 54.8+18.5 777+72 NC 62.14+12.0 NC No
6 No Cat 1.1+0.1 C 2.0 C 14402 C Yes
+0.7
7 No Cat 62.24+09 NC 78.9+5.7 NC 86.2+7.0 NC Yes
8 No Cat 4.7+06 C 204 C 404+69 C Yes
+4.4
9 No Cat 2.0+0.2 C 1.6+03 C 3.1+09 C Yes
10 No Cat 95.64+2.0 NC 972426 NC 92.8+3.3 NC Yes
11 No Cat 488+54 C 62.14+7.1 NC 63.9415.5 NC No
12 No Cat 0.8+1.1 C 0.04+0.0 C 5.7+3.1 C Yes
13 No Cat 92.14+6.1 NC 91.4+43 NC 83.9+17.0 NC Yes
14 No Cat 134422 C 19.0+2.1 C 1894135 C Yes
15 No Cat 81.3+13.1 NC 944+34 NC 92.4410.2 NC Yes
16 No Cat 94.5+43 NC 71.7+45.9 NC 103.0+£5.2 NC Yes
17 No Cat 39.84+29 C 30.6+14.1 C 39.543.7 C Yes
18 No Cat 97.8+12.3 NC 82.846.2 NC 84.5+14.5 NC Yes
19 No Cat 935416 NC 102.24+5.6 NC 99.7+4.9 NC Yes
20 No Cat 97.7+£1.8 NC 993+1.6 NC 925+11.9 NC Yes
21 No Cat 59.34+6.2 C 67.0422.0 NC 76.14+16.1 NC No
22 No Cat 90.9+2.3 NC 90.3+6.8 NC 949+ 16.4 NC Yes
23 No Cat 86.8+5.4 NC 88.1+4.6 NC 92.3+21.1 NC Yes
24 No Cat 933439 NC 89.24+7.1 NC 96.94-4.0 NC Yes
25 No Cat 82.4+3.5 NC 99.2+13.6 NC 86.0+9.0 NC Yes
26 No Cat 89.9+169 NC 88.7+3.5 NC 95.847.2 NC Yes
27 No Cat 91.14+3.1 NC 83.64+54 NC 941478 NC Yes
28 No Cat 883426 NC 87.445.1 NC 78.74+3.1 NC Yes
29 Cat 2B 12+0.1 C 28.7+476 C 1.6+04 C Yes
30 Cat 2B 2.74+0.5 C 23+04 C 95454 C Yes
31 Cat 2B 13402 C 1.8+12 C 45+45 C Yes
32 Cat 2B 1.7+0.2 C 32+19 C 3.5+0.1 C Yes
33 Cat 2B 278442 C 393+26 C 57.4+9.2 C Yes
34 Cat 2B 2.140.1 C 27402 C 2.540.2 C Yes
35 Cat 2B 0.940.1 C 3.1+£20 C 1.7+0.9 C Yes
36 Cat 2B 8.04+3.2 C 182478 C 255+74 C Yes
37 Cat 2A 40+13 C 3.7+08 C 8.0+14 C Yes
38 Cat 2A 34404 C 434038 C 9.842.2 C Yes
39 Cat 2A 19+04 « 0.9+0.1 C 0.9+0.1 C Yes
40 Cat 2A 0.940.1 C 1.1+03 C 20+14 C Yes
41 Cat 2A 1.6+0.0 C 1.5+0.1 C 1.5+0.1 C Yes
42 Cat 2A 294+1.0 C 48+19 C 88+1.5 C Yes
43 Cat 2A 14+02 C 2.0+06 C 1.7+£0.2 C Yes
44 Cat 2A 0.7+0.1 C 25417 C 58+47 C Yes
45 Cat1 17.7+5.7 C 38.6+9.7 C 52.04+233 C Yes
46 Cat1 1.84+0.3 C 34+29 C 21407 C Yes
47 Cat1 19+0.2 C 1.7+0.2 C 1.7+0.1 C Yes
48 Cat1 0.04-0.0 C 0.04+0.0 C 46+3.0 C Yes
49 Cat1 1.8+0.1 C 2.1+02 C 2.6+04 C Yes
50 Cat1 1.6+0.2 C 2.0+04 C 19405 C Yes
51 Cat1 3.840.9 C 31409 C 33407 C Yes
52 Cat1 1.9+04 C 1.0+09 C 0.6+0.2 C Yes
53 Cat1 2.04+0.3 C 25+1.0 C 26403 C Yes
54 Cat1 2.140.1 C 2.840.1 C 31409 C Yes
55 Cat1 1.9+04 C 2.0+03 C 26+14 C Yes
56 Cat1 0.640.1 C 26+13 C 15+1.1 C Yes
57 Cat1 25403 C 28411 C 2.540.2 C Yes
58 Cat1 0.0+0.0 C 25+1.2 C 13.9+3.1 C Yes
59 Cat1 21.9+6.2 C 4724175 C 552438 C Yes
60 Cat1 0.940.1 C 0.8+0.1 C 0.74+0.1 C Yes

LO: L'Oréal; CRL: Charles River Laboratories; concord.: concordance. Values correspond with mean =+ SD of 3 independent runs.
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Table 5
Predictive capacity for the set of 60 chemicals based on individual laboratory predictions:
overall and for each laboratory.

In vivo UN GHS Cumulative L'Oréal Charles River VITO
Laboratories

C NC C NC C NC C NC
Classified (n) 283 5 96 0 94 2 93 3
No Category (n) 72 180 25 59 22 62 25 59
Total (n) 540 180 180 180
Sensitivity (%) 98.3 100 97.9 96.9
Specificity (%) 71.4 70.2 73.8 70.2
Accuracy (%) 85.7 86.1 86.7 84.4

additional results were unqualified, three based on the difference of
viability of the replicate tissues which was >20% (chemicals No. 21
(two runs) and 45). Two other results were unqualified because of
technical issues (chemicals No. 4 and 47). VITO performed 16 runs
and obtained two unqualified results, the difference of viability of the
replicate tissues was >20% for chemical Nos. 10 and 28. In total 54
valid independent runs were performed by three laboratories, the
mean viability of the PC (methyl acetate) was clearly below the
acceptance threshold of 30% (range: 1.4% to 12.1%) and mean OD of
the NC was within the acceptance limit (between 1.4 and 2.5) (data
not shown).

Among the chemicals, two colourants that were also MTT reducers,
were identified (No. 48 and 52, Table 3), requiring the use of adapted
controls for the determination of non-specific colouration and MTT
reduction. Eight chemicals (No. 9, 12, 20, 21, 45, 58, and 59) were
identified as MTT reducers by all the three laboratories. Five chemicals
(No. 14, 27, 33, 36, and 44) were identified as MTT reducers by L'Oréal
and CRL. Four chemicals were identified as MTT reducer by one labora-
tory only (CRL No. 10, 35, and 37, and L'Oréal No. 7). Both uncorrected
and corrected (final) viabilities were reported in the Table 3.

3.1.1. Within laboratory reproducibility

The reliability of the SkinEthic™ HCE EITL protocol was assessed in
terms of concordance in predictions for three independent runs. The re-
sults for each laboratory are presented in Table 3. The WLR was 95%
(95% CI: 86.3%; 98.3%) for L'Oréal, 93.3% (95% Cl: 84.1%; 97.4%) for
VITO, and 88.3% (95% Cl: 77.8%; 94.2%) for CRL. Chemicals No. 3, 5, 11,
and 21 resulted in discordant results in two laboratories. Chemical
Nos. 1, 16, 29, 33, 45, and 59 resulted in a discordant prediction in one
laboratory. The discordant predictions obtained for chemical No. 1 can
be attributed to the viability which fluctuated around the cut-off value
of 60% (between 53% and 66.5%), except for one run that resulted in a
higher viability (71.2%). For chemical No. 16, one result (viability:
19%), deviated clearly from all other runs (viability >93%). Charles
River reported that this chemical was hydrophobic or oily resulting in
spreading and rinsing difficulties. This laboratory reported the same
problem for chemical No. 29, low viabilities were reported for all runs
(<2%), except one run (viability: 83.6%). Chemical Nos. 33, 45, and 59
resulted generally in viabilities <60%, for the discordant results, the
viability varied between 62% and 67.4%.
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In conclusion, low variation (WLR > 88%) between the independent
runs was observed within the laboratories, indicating that the
SkinEthic™ HCE EITL protocol is robust.

3.1.2. Between laboratory reproducibility

In order to assess the transferability of the method, mean viability of
the three independent runs within each laboratory was calculated to
determine the final classification for each laboratory. The results are
presented in Table 4. Fifty six of the 60 chemicals were consistently
classified (NC/C) by the three laboratories resulting in a BLR of 93.3%
(95% CI: 84.1%-97.4%). The BLR for the pair-wise comparisons was
93.3% (56/60 chemicals) for L'Oréal and CRL, 95% (57/60 chemicals)
for L'Oréal and VITO, and 98.3% (59/60 chemicals) for CRL and VITO.
Chemicals No. 1, 5, 11, and 21 resulted in discordant predictions. The
BLR of the SkinEthic™ HCE EITL test method was higher than the de-
fined minimum value of 80% set by the VMG (Barroso et al.,, 2015a).

3.1.3. Predictive capacity

Predictive capacity was calculated for each laboratory and for the
cumulative results of the three laboratories using the cut-off of 60%
viability to distinguish between chemicals not requiring classification
for serious eye damage/eye irritancy (No Cat) from chemicals requiring
classification and labelling (Cat 1 and Cat 2) according to UN GHS
(Table 5). The calculations were based on the individual predictions de-
rived from the qualified tests for each chemical in each laboratory. The
sensitivity varied between 96.9% (VITO), 97.9% (CRL) and 100% (lead
laboratory L'Oréal). The specificity varied between 70.2% (L'Oréal and
VITO), and 73.8% (CRL). An accuracy of 86.1%, 86.7%, and 84.4% was ob-
tained by L'Oréal, CRL, and VITO, respectively. In order to estimate the
uncertainty of the sensitivity, specificity and accuracy estimates, the
bootstrap resampling method was used. The bootstrap sample
consisted of 10,000 resamplings of size 1 per chemical for the set of 60
chemicals. The distribution of the bootstrap samples is presented in
Fig. 2. This resulted in an overall sensitivity of 98.2% (95% CI: 93.8% to
100%), a specificity of 73.4% (95% CI: 67.9% to 82.1%), and an accuracy
of 86.6% (95% Cl: 81.7% to 90.0%). In conclusion, the SkinEthic™ HCE
EITL test method exceeds the defined values for sensitivity (>90%),
specificity (260%) and accuracy (>75%) that were set by the VMG.

3.2. Additional data

The lead laboratory (L'Oréal) tested 45 additional chemicals
(Table 2) in three independent runs. Twenty two chemicals did not
require classification in vivo and 23 chemicals (including 11 Cat 1 and
12 Cat 2) were classified. Concordant prediction was obtained for 41
of the 45 chemicals, resulting in a WLR of 91.1% (Table 6). The predictive
capacity to distinguish chemicals not requiring classification from
classified chemicals was determined for the extended dataset (60
chemicals of the multicenter study and 45 additional chemicals). This
resulted in an accuracy of 84.8% with a 100% sensitivity and 68% speci-
ficity for L'Oréal only (Table 7). Overall, the sensitivity, specificity, and
accuracy based on the individual predictions of the three laboratories
were 98.6%, 70.1%, and 85.2% respectively. The bootstrap estimates for
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Fig. 2. Distribution of the bootstrap sample representing 10,000 resamplings of size 1 per chemical for the set of 60 chemicals (multicentre study).
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Table 6
WLR for SkinEthic™ HCE EITL protocol. Mean cell viability (n = 2) for 45 additional
chemicals and agreement of prediction within L'Oréal (LO).

No. in vivo LO
UN GHS/
EU CLP Run1 Run 2 Run 3 Concordance

61 No Cat 78.4 78.0 713 Yes
62 No Cat 73.2 81.8 76.1 Yes
622 (73.2) (81.8) (76.1)

63 No Cat 36.5 57.5 30.1 Yes
632 (36.5) (57.6) (30.2)

64 No Cat 93.0 81.1 72.8 Yes
642 (93.0) (81.1) (72.8)

65 No Cat 104.6 98.6 103.2 Yes
652 (104.6) (98.7) (103.2)

66 No Cat 71.4 64.8 80.4 Yes
67 No Cat 90.3 88.8 99.0 Yes
68 No Cat 232 10.0 14.7 Yes
69 No Cat 60.5 56.9 774 No
70 No Cat 101.7 106.0 86.0 Yes
71 No Cat 3.9 1.5 13 Yes
72 No Cat 24 6.0 33 Yes
73 No Cat 69.9 64.7 61.5 Yes
74 No Cat 86.3 81.2 88.8 Yes
75 No Cat 2.1 23 1.7 Yes
76 No Cat 84.0 99.7 96.2 Yes
76> (94.9) (112.1)  (106.9)

77 No Cat 75.7 89.4 72.5 Yes
78 No Cat 89.6 914 94.9 Yes
79 No Cat 73.6 65.4 59.2 No
792 (73.7) (65.5) (59.3)

80 No Cat 57.6 73.9 58.2 No
81 No Cat 88.7 75.0 59.0 No
82 No Cat 10.1 1.2 5.8 Yes
83 Cat 2B 10.5 0.0 7.7 Yes
832 (13.3) (0.0) (10.7)

84 Cat2A 259 17.6 40.0 Yes
85 Cat 2A 1.2 1.5 1.4 Yes
86 Cat2A 1.9 1.5 1.5 Yes
87 Cat 2A 1.5 1.8 1.9 Yes
88 Cat2A 9.5 143 40.4 Yes
89 Cat 2A 1.6 2.2 1.7 Yes
90 Cat 2A 1.7 1.6 2.2 Yes
91 Cat 2A 3.0 5.6 1.6 Yes
92 Cat 2A 239 23.6 9.3 Yes
93 Cat 2A 1.5 1.5 13 Yes
932 (1.6) (1.5) (1.3)

94 Cat 2A¢ 3.9 10.7 0.9 Yes
942 (3.9) (10.7) (0.9)

95 Cat1 2.2 2.8 23 Yes
96 SCNMd 17.9 3.7 6.5 Yes
97 Cat1 1.8 1.9 5.7 Yes
98 Cat1 14 24 22 Yes
99 Cat1 2.1 1.6 1.6 Yes
992 (2.1) (1.6) (1.6)

100 Cat1 223 32.0 34.8 Yes
101 Cat1 1.7 1.6 13 Yes
102 Cat1 0.1 03 0.1 Yes
103 Cat1 3.9 5.2 6.9 Yes
104 Cat1 21.7 29.8 12.2 Yes
105 Cat1 2.8 32 2.8 Yes

this extended dataset of 105 chemicals correspond with an overall sen-
sitivity of 99.0% (95% CI: 96.4% to 100%), a specificity of 68.5% (95% CI:
64.0% to 74.0%), and an accuracy of 84.4% (95% CI: 81.9% to 87.6%).
The distribution of the bootstrap samples is presented in Fig. 3. In con-
clusion, also for the extended set of 105 liquid chemicals, the
SkinEthic™ HCE EITL test method met all the acceptance criteria set
by the VMG.

3.3. Misclassified chemicals

The misclassified chemicals were investigated in more detail by
taking into account the functional group. Besides this, the Draize eye
test irritation data of the misclassified chemicals were also evaluated
for the following reason. A comprehensive in depth analysis of historical
in vivo Draize eye data co-sponsored by Cosmetics Europe and the
European Commission, provided more insight in the importance of
understanding of individual in vivo tissue effects that drive classification
of chemicals for serious eye damage/eye irritation (Adriaens et al.,
2014). Recently, Cosmetics Europe has compiled a database of Draize
eye test data, the so-called Draize eye test Reference Database (DRD)
(Barroso et al., 2015b). The DRD contains a full description of all the
ocular effects observed in vivo from 681 independent in vivo Draize
eye studies on 634 individual chemicals. In order to evaluate the
predictive capacity of the SkinEthic™ HCE EITL test method and its
limitations, the misclassified chemicals were correlated with the in
vivo drivers of classification as presented in the DRD published by
Barroso et al. (2015b).

In total, out of 55 classified chemicals that were tested, four false neg-
ative results were obtained. Chemicals No. 29, 33 and 59 were predicted
NC in 1 out of 9 runs and chemical No. 45 was predicted NC in 2 out of
9 runs (Table 3). Furthermore, the four false negatives represented four
different functional groups (alcohol; ester, ketone; amine-silane; and
polyether-acrylate). Two chemicals (No. 29: 2-methyl-1-pentanol and
No. 33: ethyl-2-methylacetoacetate) correspond with an in vivo UN GHS
Cat 2B classification. No. 29 resulted in an abnormal high viability
(83.6%) in one run performed by Charles River in comparison with all
other runs (viability <2%). A single false negative result was obtained
for chemical No. 33 with a viability of 67.4% (VITO). Two other false
negatives (No. 45: [3-(2-aminoethylamino)propyl]-trimethoxysilane
and No. 59: tetraethylene glycol diacrylate) correspond with an in vivo
Cat 1 classification. No. 45 resulted two times in a NC prediction (viability:
65.1% and 65.7% in runs 2 and 3, respectively) by VITO. For this chemical
crystal formation in the sample was reported upon storage. The first run
(viability: 25.1%) was performed in the beginning of the experimental
phase whereas the second and third runs were performed at the end of
the experimental phase (more than 60 days later). The effect of storage
condition on the stability of chemical No. 45 ([3-(2-aminoethyl
amino)propyl]trimethoxysilane) was evaluated after the validation
study. Indeed, the viability increased when the container was not closed
properly. After 14 and 30 days of storage with half open or open lid,
mean viability increased above 50% (51.5% to 66.3%). In the two other
laboratories, the independent runs for chemical No. 45 were performed
within a period of less than 30 days. Chemical No. 59 resulted in a NC
prediction for one experiment performed by CRL, the viability of 62%

Notes to Table

Cells with a grey background correspond to irritant prediction (mean cell viability <60%).
?Chemical was identified as an MTT reducer by at least one laboratory. Values in brackets
correspond to uncorrected viabilities, i.e. before subtraction of viability measured in killed
epithelial tissue.

bChemical corresponds with a colourant. Values in brackets correspond to uncorrected vi-
abilities, i.e. before subtraction of non-specific colouring.

“Study criteria were not met for the in vivo Draize rabbit eye test, the UN GHS/EU CLP clas-
sifications corresponds with at least a Cat 2A

dStudy criteria were not met for the in vivo Draize rabbit eye test, the UN GHS/EU CLP clas-
sifications correspond with classified. The summary results of this study were published in
the DRD (Barroso et al., 2015b). The study was terminated on day 7 with CO = 2,CC = 2
and CC = 2 in 1/1 animal.
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Table 7
Predictive capacity for the set of 105 chemicals based on individual laboratory predictions:
overall and for each laboratory.

In vivo UN GHS Cumulative L'Oréal® Charles River VITOP
Laboratories®

C NC C NC C NC C NC
Classified (n) 352 5 165 0 94 2 93 3
No Category (n) 95 223 48 102 22 62 25 59
Total (n) 675 315 180 180
Sensitivity (%) 98.6 100 97.9 96.9
Specificity (%) 70.1 68.0 738 702
Accuracy (%) 85.2 84.8 86.7 84.4

2 Predictions based on all chemicals (60 from the multicentre study and 45 additional
chemicals).
b Predictions based on the 60 chemicals from the multicentre study.

was just above the classification cut-off of 60%. In terms of the in vivo
drivers of classification, chemicals No. 29 and 33 were classified Cat 2B
based on corneal opacity in the Draize eye test. Chemical No. 45, classified
Cat 1 in the Draize eye test based on persistent conjunctival and corneal
effects on day 21 in the majority of the animals. Chemical No. 59, was
classified as Cat 1 based on iritis and resulted in severe but delayed corne-
al opacity in the Draize eye test. It is important to note that the false
negative results were only obtained for 1 or 2 out of the 9 independent
runs. Therefore, we can conclude that the false negative results are not
related to the drivers of in vivo classification. Of the 50 in vivo No Cat
chemicals, 28 were correctly predicted. Twenty two chemicals not requir-
ing classification resulted in a false positive prediction in at least one run.
Twelve in vivo UN GHS No Cat chemicals (No. 6, 8,9, 12, 14,17, 63,68, 71,
72,75, and 82) were consistently predicted C (mean viability < 60%) in all
runs. Among them were three esters, Ethyl acetate (No. 71), ethyl
trimethyl acetate (No. 72), n-butyl acetate (No. 75) which resulted in a
mean viability <10% (Table 2). These esters also resulted in a false positive
prediction in the BCOP (Balls et al., 1995) and EpiOcular™ EIT (Kaluzhny
et al, 2011). The other 9 false positives represent 8 different functional
groups, the number of chemicals within a functional group is too small
to draw conclusions with regard to over-predictions.

Nine additional in vivo UN GHS No Cat chemicals were sometimes
predicted C but the viability was in the majority of the cases between
50% and 60%. In particular, 1,9-decadiene (No. 1) was seven times
predicted C. Dipropyl disulphide (No. 11) was six times predicted C
and ethoxydiglycol (No. 5) was four times predicted C, p-methyl
thiobenzaldehyde (No. 21) was three times predicted C, and 1-
bromo-4-chlorobutane (No. 3) was predicted C twice. The false
positive results for dimethyl sulfoxide (No. 69), triethanolamine
orthovanadate 30 (No. 79), triethylene glycol monomethyl ether
(No. 80), and triethylene glycol (No. 81) all resulted in a mean viabil-
ity of 256.9%. The single false positive result obtained for iso-propyl
myristate (No. 16, mean viability of 19%) was an exception, for all
other runs the mean viability was >90%. With respect to the in vivo
No Cat chemicals, an interesting relation was found between the
SkinEthic™ HCE EITL data and the Draize eye test data. Of the 50 in
vivo No Cat chemicals that were tested, 40 chemicals showed

1000 2000
2000 4000

Frequency
Frequency

0
0

corneal opacity (CO) scores equal to 0 in all animals and all observed
time points in the Draize eye test (CO = 0) (Barroso et al., 2015b).
Twenty six out of those 40 chemicals were consistently predicted
NC with the SkinEthic™ HCE EITL method by all laboratories. For 9
out of 40 chemicals, the false positive result corresponded often
with a mean viability between 50% and 60%. Another five chemicals
resulted in a false positive result in all runs (mean viability <50%).
Ten of the 50 in vivo No Cat chemicals showed CO scores equal great-
er than 0 in at least one animal for at least one observed time point in
the Draize eye test (CO>0) (Barroso et al., 2015b). Seven out of those
10 chemicals were consistently predicted C with the SkinEthic™ HCE
EITL method by all laboratories (mean viability <35%).

Since several false positives resulted in a mean viability between 50%
and 60%, the effect of decreasing the cut-off value to 50% for
distinguishing chemicals that have irritant potential (Cat 1/Cat 2) from
No Cat chemicals was evaluated. A cut-off of 50% would result in an
increase of the specificity from 70.1% (60% cut-off) to 76.1% with a slight
decrease in sensitivity from 98.6% to 97.2%. However, one Cat 1 chemical
(No. 59) would result in an overall false negative prediction by VITO. As
a consequence, the performance criteria were not met with the 50% cut-
off value since none of the Cat 1 chemicals should be under-predicted in
the majority of the runs (OECD, 2015b). However, with the 60% cut-off
value, the SkinEthic™ HCE EITL method resulted in a similar sensitivity
(98.6%), specificity (70.1%) and accuracy (85.2%) as obtained with the
RhCE EpiOcular™ Eye Irritation Test (EIT) test method validated in the
EURL ECVAM/Cosmetics Europe study and being accepted for identify-
ing No Cat chemicals (OECD, 2015b). Considering the data obtained in
the validation study, the EpiOcular™ EIT has an overall accuracy of
80% (based on 112 chemicals), sensitivity of 96% (based on 57
chemicals), specificity of 63% (based on 55 chemicals) (EC EURL
ECVAM (2014). The SkinEthic™ HCE EITL test method is currently in
the work plan 2015 programme of the OECD for identifying No Cat
chemicals.

4. Conclusions

The present work assessed the reliability (WLR and BLR) and
relevance (predictive capacity) of the SkinEthic™ HCE EITL test method
to discriminate chemicals not requiring classification for serious eye
damage/eye irritancy (No Cat) from chemicals requiring classification
and labelling (Cat 1 and Cat 2). Following successful transfer to two
naive laboratories, good WLR was achieved of at least 88.3% (53/60).
The WLR for the extended data set (L'Oréal only) was 92.4% (97/105).
Furthermore, the overall concordance between the laboratories was
93.3% (56/60). The accuracy of the SkinEthic™ HCE EITL method for
the extended dataset, based on bootstrap, was 84.4% (95% Cl: 81.9% to
87.6%) with a sensitivity of 99.0% (95% CI: 96.4% to 100%) and specificity
of 68.5% (95% CI: 64.0% to 74.0%).
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Fig. 3. Distribution of the bootstrap sample representing 10,000 resamplings of size 1 per chemical for the extended data set of 105 chemicals.
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