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ACD, allergic contact dermatitis;
AOP, adverse outcome pathway;
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ARE, antioxidant response element;
BA, Benzoic acid,

BB, Benzyl benzoate;

BBP, Butylbenzylphthalate;

BC, Benzyl cinnamate;
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BP, Benzoyl peroxide;

BS, Benzyl salicylate;

BZA, Benzyl alcohol;

DAs, defined approaches;

DBP, Dibutyl phthalate;

DEP, Diethyl phthalate;

DPRA, direct peptide binding assay;
DT, N,N-Diethyl-m-toluamide;

EBA, Ethyl benzoylacetate;

EV, Ethyl vanillin;

EC3, estimated concentration that produces a stiionlindex of 3 in the LLNA;

h-CLAT, human Cell Line Activation Test;
HMT, human maximization test;

HRIPT, human repeat insult patch test;
HS, Hexyl Salicylate;

ITS, integrated testing strategy

LLNA, local lymph node assay;

LOEL, lowest observed effect level,
6-MC, 6-Methylcoumarin;

MIO, a-iso-Methylionone;

MMP, 2-Methoxy-4-methylphenol;
mMUSST, modified myeloid U937 skin sensitizatiostie

NESIL, no expected sensitization induction level;
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NOEL, no observed effect level; LOEL, lowest obseheffect level;
OECD, Organization for Economic Cooperation and é&eyment;
PA, Phthalic anhydride;

SI, stimulation index;

10-UDE, Undec-10-enal;

WOoE, Weight of Evidence,
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Abstract

There has been significant progress in recent yedhe development and application of
alternative methods for assessing the skin seasdiz potential of chemicals. The pathways
involved in skin sensitization have been describeah OECD adverse outcome pathway
(AOP). To date, a single non-animal test methatbissufficient to address this AOP so
numerous approaches involving the use of 2 or rassays are being evaluated for their
performance. The 2 out of 3 approach (DPRA, Kengen$"/LuSens and h-CLAT) is a
simple approach that has demonstrated very goaitsély, specificity and overall accuracy
numbers for predicting the skin sensitization po&mf chemicals. Chemicals with at least two
positive results in tests addressing Key event8 are predicted sensitizers, while chemicals
with none or only one positive outcome are predicten-sensitizers. In this report we have
thoroughly reviewed the discordant results of 28naiczals with 1 out of 3 positive results to
understand better what led to the results obseamddchow this information might impact our
hazard assessments of these chemicals. We initiaiggorized each chemical using a weight of
evidence approach as positive, negative or indétatsnbased on review of available human
and animal data as well as what skin sensitizatlerts were triggered using two versions of
OECD Toolbox and DEREK Nexus. We determined that #he 29 chemicals should be
classified as indeterminate and not included iryaiof method performance based on
insufficient, borderline and/or conflicting datadonfidently categorized the chemicals as
allergens or non-allergens. Of the 29 chemicalsided in this analysis, 17 were classified as
negative and would be correctly identified usingy@ut of 3 approach while 8 chemicals were
classified as positive in vivo and would be falsgrative with this approach. For some of these

chemicals, the outcomes observed can be explaneuitro borderline results (13 chemicals)
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or in some instances there is mechanistic undetstgof why a chemical is positive or negative
in a particular assay (9 chemicals). Thus, whenparing the performance of different defined
approaches, one should attempt to only include daswhich demonstrate clear evidence to
be categorize as allergens or non-allergens. inalien interpreting the results obtained for an
individual unknown chemical it is critical that threvitro skin sensitization data is reviewed
critically and there is a good understanding ofwgance and applicability domain limitations

for each assay being used.

1. Introduction

Allergic contact dermatitis (ACD) continues to beimportant clinically relevant outcome with
an estimated 15-20% of the general population bewpsensitized over the course of their lives
(Thyssen et al, 2007). Therefore, it is criticattthere are robust test methods and defined
approaches available to address this importantdtogical endpoint. Over the past few decades,
there has been significant progress in the devetoprf alternative methods for assessing the
skin sensitization potential of chemicals. Theas hlso been progress in understanding what
key events are being addressed with an individsgdy The key events involved in skin
sensitization have been described by the Organiz&ir Economic Co-operation and
Development (OECD) in a document titled “The Adee@utcome Pathway for Skin
Sensitization Initiated by Covalent Binding to Rias” which has been helpful in facilitating the
development of methods and approaches (OECD, 20h2)four key mechanistic events
covered in the adverse outcome pathway (AOP) ircl(d binding of haptens to endogenous

proteins in the skin, (2) keratinocyte activati{8), dendritic cell activation, and (4) proliferatio
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of antigen specific T cellsln chemicoandin vitro methods addressing the first three
mechanistic events of the skin sensitization AOReHzeen adopted by the OECD including the

Direct Peptide Reactivity Assay (DPRA, OECD TG 432CGECD 2015), the ARE-Nrf2

Luciferase Test Method (KeratinoSérr% and LuSens, OECD TG 442D) (OECD 2018a) and
the human Cell Line Activation Test (h-CLAT, OECIGHB42E, OECD 2018b). It is proposed
that these methods, and others should be considetled context of defined approaches (DA) to
testing and assessment and in combination withr ofhevant complementary information if
available, e.g., physical-chemical properties,nmi@tion on other key events of the skin
sensitization AOP as well as non-testing methodasuding read-across from chemical

analogues (Casati et al, 2018) in Integrated Apgresito Testing and Assessment (IATA).

Since none of the currently accepteditro methods are approved as stand-alone methods, test
strategies for skin sensitization based on the a@Mreferred (Mehling et al, 2012; Rovida et

al, 2015; Basketter et al, 2013; Casati et al, 28déinstreuer et al, 2018). There are numerous
integrated approaches being developed and evaluatgslection of DAs was submitted to the
OECD (OECD 20164, 2016b). The Cosmetics Europetskenance task force and the National
Toxicology Program Interagency Center for the Eatibn of Alternative Toxicological

Methods partnered to produce a review of DAs iraadparent manner and evaluated them using
a data set of 128 substances chosen based ondattebdiy of both animal and human skin
sensitization information (Hoffmann et al. 2018gKistreuer et al, 2018) and an OECD expert
working group has been established to set up stinéto eventually facilitate the mutual

acceptance of data of the DAs (OECD 2018c).



119 One simple approach has been to use a 2 out girf®agh using OECD approved methods:

120 DPRA, KeratinoSer$' or LuSens and h-CLAT, U937-CD86 and mMUSST (Baeichl, 2012;
121 Natsch et al, 2013; van der Veen et al, 2014; @dhbet al, 2015). Placed in the context of the
122 AOP, the DPRA evaluates key event 1 — the proteptigde reactivity of a substance, the

123  KeratinoSen8" and LuSens assays represent key event 2 and gieasure of keratinocyte

124  activation, and the h-CLAT, U937-CD86 and mMUSS¥aibe key event 3, namely dendritic
125 cell activation. Thus, when used together, theyecthe first three of the four key events of the
126 sensitization AOP, thus being of mechanistic redeeaand supporting the scientific rationale for
127 using a combination of these methods in an AOPéaregrated testing strategy. Chemicals
128 with at least two positive results in tests addres&ey events 1 - 3 are rated positive, while

129 chemicals with none or only one positive outconeerated negative.

130 Not surprising some chemicals are not compatibth gpecific assays so it becomes important
131 to understand, as well as possible, how a chensidehaving in each assay. Obviously, this
132 becomes critical when one obtains discordant resgtween assays or there are results not
133 supporting what is known of the how the chemica&lave, from a skin sensitization point of
134 view, in human and/or animal models. Investigat@ge reported challenges due to solubility
135 issues with materials that have high LogP valuedeaules reacting with water in aqueous

136 incubation media; surfactants that can disrupt ntamds in cell-based assays and due to the
137 need for metabolic activation/biotransformatiorpcé/prohaptens. However, using a LogP cut-
138 off is no longer part of the 442D guideline andréhis discussion to have it refined to be less
139 restrictive in the 442E guideline. It is also imjamt to note, regarding metabolic activity of cell-
140 Dbased assays, that it was shown that there is s@tabolic activity in these systems (Fabian et

141 al, 2013). Pre- and pro-haptens are also thoughbrbe a significant problem as theory suggest
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for reactivity-based assays (Patlewicz et al, 2Qrbjsch et al, 2016). No doubt the future
development of multi-cell 3D models will addressngoof these issues but there will still be a
need with any future model to know its strengthd Emitations for testing a diversity of
chemistries. Thus, it is critical to develop agleaderstanding of how chemicals perform in
each individual assay so one can have confidenaedepting the results and using them for
hazard identification and risk assessment purp®seally, it is important to understand that
human categorization of a chemical’s skin sengitmgpotency can be exceptionally
challenging, especially for chemicals where thernited sensitization data and/or exposure
data. Efforts have been undertaken to categorig@hisensitizers to help facilitate evaluation of
DAs (Basketter et al. 2014; Api et al. 2017). Thepgosed categories for evaluating DAs
included: category 1, extreme; category 2, streatggory 3, moderate; category 4, weak; and
category 5 and 6, negative. The approach takendskddteret al. integrated human sensitization
information from both predictive human tests (Humepeat insult patch test, HRIPT and
Human Maximization test, HMT) and clinical datafoequency of positive patch tests (taking
exposure into account). The latter is influencetlamby by sensitizer potency but very much also
by exposure. The approach described in&mil.is mainly targeted at risk assessment to define
a NESIL (No Expected Sensitization Induction Lev&his is determined from a No Observed
Effect Level (NOEL) in human predictive tests. Sirnany human tests have led to no cases of
sensitization, they only report a NOEL and no LQElwest observed effect level) which limits
usefulness to determine sensitizer potency, althelig approach is highly valuable for
determining a NESIL in risk assessment. These rajteaution are important when evaluating
alternative methods for their appropriateness éadliogt human sensitization potential and will be

discussed here at the level of the individual clocafsi
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Generally, performance statistics are used foruatedn of how well a particular defined
approach is performing, especially when comparimg approach to another. This, of course,
makes perfect sense but it is our view that itse anportant to vet carefully the individual
results to see if there are obvious scientificoaasor possibilities why a particular outcome was
achieved. In this report, discordant predictionsrbyitro testsin published data (Urbisch et al.,
2015) are evaluated to see if on an individual dbahbasis one can better understand what led
to the discordant results and how it might imphaet2 out of 3 approach for hazard assessments
which is based on the first three key events of&8® of skin sensitization. Specifically, this
manuscript reviews the data on 29 compounds wighpmsitive and two negative results in the
DPRA, KeratinoSeris/LuSens or h-CLAT/ U937-CD86 /mMUSST, i.e. chemscadted

negative by the 2 out of 3 approach in the daté&se€13) published by Urbisch et al., 2015. In
a number of instances having 2 out of 3 negatisalte gave the correct prediction based on the
expert review of the available vivodata. Even in these cases where a correct piedigas
obtained, the discordant results were evaluatel@termine if it could be understood why it may
have occurred. Where the expert review conclubdeahemical is a true sensitizer and hence
should be positive in the vitro assays, the two discordant results were evaluatedderstand
why they gave negative results. Finally, of thec@thpounds, 5 were predicted to be
indeterminate compounds based on the available/o data, for these compounds having

borderlinein vitro results might not be unexpected.
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2. Materialsand methods
2.1. Data set

2.1.1. The data set consist of 29 materials previouslyuated according 442C, 442D

and 442E guidelines and yielding 1 out of 3 positigsults in tests addressing key
events 1, 2 and 3 in the AOP for skin sensitizafldrbisch et al, 2015), they are a
subset of the 213 chemicals in the Urbisch et@52atabase and present 14% of
all chemicals assessed therein. For each substaecesoposed reaction
mechanisms/alerts (OECD Toolbox profilers base®@&&D and OASIS
algorithms and Derek Nexus; Lhasa Limited; Leedsg Bikd test data (complied

from Urbsich et al., 2015) are listed in Tablesdl &, respectively.

2.2. Non-animal test methods

2.2.1. Direct peptide reactivity assayhe Direct Peptide Reactivity Assay (DPRA) was

developed by (Gerberick et al., 2004; Gerbericklet2007). The DPRA has been
formally validated and the OECD Testing Guidelin@ 242C (OECD, 2015) was
adopted in 2015. Briefly, the DPRA measures thdedigms of two model peptides
containing a cysteine- or lysine- residue as atheaaucleophilic center after they
are incubated with a test substance. The claasgit threshold for the DPRA is the
mean depletion of 6.38% of the two peptides contptvehe depletion in the
reference controls (OECD, 2015). If the mean lysarel cysteine- peptide
depletion is above this threshold, a test substancensidered to be peptide
reactive. Depending on the regulatory frameworksitjve result of the DPRA can
serve as standalone information for classifyingssatices into Category 1 for skin

sensitization. However, as also emphasized in @dAGuidance on information

10
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requirements and Chemical Safety Assessment Chiaptar(ECHA 2016) the
DPRA should not be used in isolation for identityia skin sensitizer or non-
sensitizer. In the DPRA a test substance was ceresidborderline if the mean

peptide depletion observed was between 4.86 afds/(Reontaridou et al., 2017).

2.2.2. ARE-NTrf2 luciferase metho@he ARE-Nrf2 luciferase method utilizes the gene

induction regulated by the antioxidant responsmeld (ARE) in transgenic human

keratinocyte cell lines.) The ARE-Nrf2 luciferasetimod is covered by

KeratinoSensM (Natsch et al., 2011) and LuSens (Ramirez et @14p In ARE-
Nrf2 luciferase methods the keratinocyte activapotential is determined by
measuring Nrf2-induced luciferase activity afteratment with a test substance
treatment relative to concurrent vehicle contr@&CD Test Guideline TG 442D,
2018a). A statistically significant fold inducti@Rl) of the luciferase activity above
1.50 is considered to indicate a keratinocyte atitng potential of a test substance.
The classification threshold for both assays is EI50, above which a substance is
considered to have a keratinocyte activating pakr8imilar to the DPRA, the
ARE-Nrf2 luciferase method result in isolation @ iwonsidered suitable for
classifying substances as skin sensitizers or ras#szers if used in isolation
(ECHA 2016). In the LuSens a test substance wasidered borderline if the FI

observed was between 1.27-1.73 (Leontaridou e2@L17).

2.2.3. human Cell Line Activation Testhe human Cell Line Activation Test (h-CLAT)

(Ashikaga et al., 2006; Ashikaga et al., 2010; Sakai et al., 2006; Sakaguchi et
al., 2010) determines the dendritic cell activapagential by measuring the

induction of the expression of the cell surfacekass CD54 and CD86 after

11



234 treatment with a test substance relative to coerativehicle controls in

235 sensitization human monocytic leukemia THP-1 cadl& surrogate of DCs. As
236 indicated in the OECD testing guideline TG 442E (IE 2018b) a two-fold

237 induction of the CD54 expression and/or 1.50-folduction of CD86 expression at
238 relative cell viabilities of at least 50% is coresidd to indicate a dendritic cell

239 activating potential of a test substance. The ilaason thresholds for the h-CLAT
240 are CD54 F1 = 1.50 and CD86 FI = 2.00. Like for iRRA, KeratinoSer¥' and
241 LuSens, the method should not be used in isolétioolassifying skin sensitization
242 potential (ECHA 2016). In the h-CLAT a test subs@awas considered borderline
243 if the fold induction of CD54 expression observeas between 1.81-2.19 and or
244 the fold induction for CD86 expression was betwe&- 1.76(Leontaridou et al.,
245 2017).

246 2.2.4. U937-CD86 and mMUSSThe U937-CD86 was conducted as described in
247 Natsch et al., 2013. Briefly U937 cells were obegifirom the American Type

248 Culture Collection (ATCC, Rockville, MD, USA) andere cultured and treated in a
249 manner similar to that described by Ade et al. @08ubstances that induced
250 CD86 expression more than 1.5-fold compared toéiiécle controls in the U937-
251 CD86 assay were predicted to have a DC activatignpial.

252 The modified MUSST (mMMUSST) was conducted as dbeedrin Bauch et al.,

253 2012. For the mMUSST U937 cells were obtained fthenGerman Resource

254 Center for Biological Material (DMSZ, Braunschwefggrmany). Substances that
255 induced CD86 expression more than 1.2-fold comparélde vehicle controls in
256 MMUSST assay were predicted to have a DC activgimegntial.

12



257 2.2.5. The 2-out-of-3 approach for sensitization skin gaation potential The 2-out-

258 of-3 approach (Bauch et al., 2012; Urbisch et24115; Sauer et al. 2016; OECD
259 2016 a and b) is an integrated testing strategth®assessment of skin

260 sensitization potential. According to this apprga&lout of 3 concordant test results
261 using the DPRA, ARE-NrF2 luciferase method, andrit@LAT determine the

262 prediction. The ARE-NrF2 luciferase method can tneced by LuSens or

263 KeratinoSensM. The 2-out-of-3 approach addresses the first tboesecutive key
264 events of the AOP for skin sensitization and d selected case study for integrated
265 approaches to testing and assessment (IATA) (Bauah, 2012 and Urbisch et al.,
266 2015).

267 2.2.6. Structural alertsln silico analysis performed with the OECD QSAR Thmx

268 version 3.2 was published in Urbisch et al., 20H&re we update that analysis by
269 the use of a more recent OECD QSAR Toolbox vergi@nFurther, structural

270 alerts were also generated with Derek Nexus: &N@xus: 2.2.1 (Lhasa Limited).
271 2.3. Approach for Evaluation of Discordant Resul&ach material was carefully vetted to
272 understand it& vivo sensitization potential and performance in éachtro assay.

273 Expert review of available vivoand clinical data was used to determine the cbrrec
274 outcome expected from vitro skin sensitization assays: positive (8), negathé or

275 indeterminate (5). For the indeterminate compouitdgas our expert opinion that these
276 compounds are borderline in their potential to ead€D and therefore mixed results
277 would be expected using differantvitro skin sensitization test methods. Tihevitro

278 data for each compound was reviewed to determitie ibbserved responses were

279 borderline or clear-cut positive/negative. A deteration was also made on whether

13
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302

there was a discordant result within the same kewtein case multiple results were
available. Finally, determinations were made ontiwbiesufficient data existed to
support a discordant compound being out of applicadomain for a technical of

mechanistic reason.

3. Results
3.1. DPRA+/KeratinoSens-/h-CLAT- (n=4Jhe AOP for skin sensitization is initiated by
protein binding. Therefore, any chemical which tsug positive in the DPRA should
also be active in the cell-based assays. Therkavever a few mechanisms known by
which the DPRA can give a “false positive” residkamples are formation of peptide
dimers (Natsch et al, 2007), oxidation of the dysteyroup to a sulfoxide or possibly
non-covalent peptide binding (absorption). Alséalae-positive prediction is suspected
in the DPRA if a substance lacks a structural @ssbciated with protein binding
reactivity. In contrast, cellular detoxification gnexplain why an effect was only
observed in the cell-free test. With both cellulgponses missing, the test substance
would not be expected to drive the AOP towardsia sénsitization response.
3.1.1. Phthalic anhydride The skin sensitization potential of phthalic waitide (PA)
in humans is not clear cut. Itis, however, cieadtablished as a respiratory
sensitizer (Dearman et al, 2013). Basketter andolém(2016) report that there is a
lack of evidence to substantiate PA as a contéaigain that can cause allergic
contact dermatitis in humans. The key questiaastois if this view is skewed

because there is very limited diagnostic patchdat available (evidence of

14
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325

absence or absence of evidence). It is certacdg@ed that other respiratory
allergens, like glutaraldehyde, can cause skimgtléDearman et al, 2013). ltis
well known that PA and other respiratory allergeheit positive responses in skin
test methods including mice and guinea pigs (Béskand Kimber, 2016). Itis
interesting to speculate whether PA would induat elitit skin sensitization in
humans if tested using a standard repeat insudhgast protocol or human
maximization protocol. Despite limited human ddtam the available evidence,
one would expect PA to be identified as positiveg vitro skin sensitization test
methods. In support of this view, PA generatesaation alert for binding to
proteins which is a common mechanism by which skimsitizers cause allergy
(Roberts et al, 2007; OECD QSAR Toolbox) and gemsra cyclic acid anhydride,

azlactone or analogue alert in Derek Nexus (Taple 1

PA was positive in the DPRA but negative in h-CLAFFSENS™, LuSens and
KeratinoSen8" (Urbisch et al., 2015, Piroird et al., 2015). tieoconsiders PA to be
a human skin allergen, then the 2 of 3 approaemmssclassification. One
explanation could be that in the aqueous cultuséesys the acid anhydrides
undergo rapid hydrolysis prior to reaching cellutaslecular targets which could
lead to false negatives (Narita et al, 2017). KemtinoSen8"/LuSens, like the
DPRA, are methods that are based upon measurefritetioherent electrophilic
activity of chemicals but acylating agents areidifit to detect in the ARE-Nrf2
reporter assays (probably because acylating agematrily target lysine residues,

as observed by predominant Lys-reactivity in thdRBF It is also important to note

15
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that other acid anhydrides are positive in the IACwhile PA was not (Nukada et
al, 2013) but has been described to be difficuttissolve in both DMSO and

culture medium and hence maybe could not be tedtadufficiently high
concentration (Takenouchi et al., 2013). PA issdlatet al (2015) reported that PA
led to complete peptide depletion and adduct faonait both Lys-residues of the
Corl-420C peptide and reported PA to be positivee UD37 cell-based assay. Thus,
using the 2 out of 3 approach, PA would be clasdiiincorrectly as a non-sensitizer
based on the negative KeratinoSens and h-CLAT tseftbisch et al, 2015). Thus,
the KeratinoSens/LuSens reactivity key event reqark discordant with the DPRA
and there appears to be a technical applicabdgye with the h-CLAT and

KeratinoSens yielding negative results for PA (Ead).

3.1.2. Benzoyl peroxide (BP) BP is a well-known skin allergen in humans and i
assigned Category 3, a common cause of contaoaliBasketter et al, 2014). The
categorization is supported by clinical diagnopatch test data which is often
associated with acne medicine. There are mulgipkitive LLNA studies with BP

giving EC3 values of 0.0044-0.3% (references ab#@lan Hoffman et al, 2018).

BP generates an acylation alert for binding togirst and gives an acyl peroxide
radical generation and acylation alerts with De¥exus (Takenouchi et al, 2015;
OECD QSAR Toolbox). Although positive in the DPRB® is negative in the

KeratinoSens, LuSens (negative but close to theffwalue) and h-CLAT assays

(Urbisch et al, 2015) and has been described idlyapydrolyze (Nacht et al.,

16
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1981). Besides the potential shortcoming of the ARE2 assays in detection of
acylating agents, another explanation is that txnain in the fetal bovine serum
used in these assays might be acting as a perexidasduce BP’s activity (Pirisino
et al, 1988). However, the positive results fréva 937-CD86 and U-SENS™
assays are not consistent with this explanatiots@ieet al. 2013, and Piroird et al.,
2015). BP gives a positive (moderate) responsedrSENS-IS and SensCeeTox
assays but is non-sensitizing in the IL-18 effi@8d IL-18 EpiDerm assays
(Hoffman et al, 2018 and Mehling et al., 2019). &wobrthy in the IL-18 EpiDerm
assay, BP was correctly identified when tested faoimesh non-blinded stock was
assessed supporting the hydrolysis hypothesis lohtiés al., 1981. Using the 2 out
of 3 approach, BP would be classified incorreciyaanon-sensitizer based on the
negative KeratinoSens and h-CLAT results (Urbigchl,2015) It is important to
note that the KeratinoSens and LuSens give a Hordeesponse and there exist the
possibility of a mechanistic applicability issuethivine both the KeratinoSens

(Table 2).

3.1.3. Benzoic acid (BA) BA is a non-sensitizer based on the review aflable

animal and human data. It is negative in the LLNW does not generate any skin
sensitization reactivity alerts using OECD QSAR [boa and Derek Nexus
(Urbisch et al, 2015). Benzoic acid is a well-knogamtact urticariant and skin
irritant but there exists very little data suppogtBA as a contact allergen (Frosch,
2006). Although not included in Basketter's huncategorization paper (2014), the

available data would support it being included at&gory 6 or at worst Category 5
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based on only a few rare clinical reports of congdlergy. Thus, it would be
expected that BA should generate negative respamgeyitro skin sensitization

assays.

Since BA does not contain any structural elemesgs@ated with reactivity, it
should not cause peptide depletion in the DPRAIE&h Thus, the BA response
in the DPRA should be considered to be a cleae fadsitive. BA was negative in
the KeratinoSens/LuSens and h-CLAT and U-SENS™yasmad thus gave the
correct prediction using the 2 out of 3 approactb{&th et al, 2015, Piroird et al.,
2015). The positive response with the DPRA is atergid to be a technical

applicability issue (Table 2).

3.1.4. N,N-Diethyl-m-toluamide (DT)DT is placed in Category 6 based on lack of

evidence associating the material as a skin alhefBasketter et al, 2014). DT is
widely used as an insect repellent with little tbassociations with causing allergic
contact dermatitis in dermatology clinics. DT igagve in the LLNA when tested
up to 60% (Kern et al, 2010). It is reported todaw alerts (Urbisch et al, 2015;
OECD QSAR Toolbox) and to be negative using Dereku$ (Takenouchi et al,
2015). Based on the totality of the available daate would expect DT to be

negative inn vitro skin sensitization assays.

Since DT does not contain any structural elemesge@ated with reactivity, it

should not cause any peptide depletion in the DPRAus, the DT response in the
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395 DPRA (mean depletion of 6.4%) should be considévdzk a borderline false

396 positive. Interestingly, DT is reported as beingatése in the DPRA in an

397 independent study (Takenouchi et al, 2015) andheaderline in Urbisch et al

398 (2015) paper. Using the 2 out of 3 approach, DTld/be classified correctly as a
399 non-sensitizer based on the negative KeratinoSeth&-&CLAT results (Urbisch et
400 al, 2015) (Table 2).

401

402 3.2.DPRA-/KeratinoSens+/h-CLAT- (n=12)lhe activation of the ARE-Nrf2 pathway in
403 the KeratinoSens/LuSens assay by this group of da¢smay be unrelated to the skin
404 sensitization process (Nguyen et al., 2009), or n@\be sufficient by itself. For most
405 chemicals reviewed here, there is no indication tiia predictions of the DPRA and the
406 h-CLAT assays might be false negative ones. Foresainthe compounds, the lack of
407 peptide reactivity is consistent with the lack wtistural alerts. With antigen formation
408 and dendritic cell activation missing, the teststabce would not be expected to drive
409 the AOP towards a skin sensitization responsecdOfse, this assumes that no critical
410 metabolites are being generated in KerationSengfhsi&ssays that are not formed in
411 the h-CLAT.

412

413 3.2.1. 4-Methoxyacetophenone (AcetaniselAretanisole is considered to be a non-
414 sensitizer. In humans it has been tested up t8 gt in the human

415 maximization protocol without any responses (Gadbezt al, 2001). It is reported
416 to be negative in the LLNA when tested up to 50%r{@rick et al, 2005).

417 Acetanisole does not generate any skin sensitizafierts and is thought to be non-

19



418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

protein binding (Patlewicz et al, 2008; Urbisctakt2015; OECD QSAR Toolbox;
Derek Nexus). However, Takenouchi (2015) listsauisble as positive using
Derek Nexus analysis but they do not classify sessitizer based on their ITS
approach. Based on the totality of the availabta dae would expect acetanisole to

be negative ifin vitro skin sensitization assays.

It is not clear why acetanisole is clearly positivdoth the KeratinoSens and
LuSens. It has also been reported to be positiviea U937 assay (Natsch et al,
2013) but negative in the mMUSST (Bauch, et al,2&b it seems less likely that
the test material is interfering with differentldebsed assays. Importantly, the
correct prediction was obtained using the 2 o8 approach with negative DPRA
and h-CLAT data (Urbisch et al, 2015). Thus, thegspears to be a technical

applicability issue with the KerationSens (Table 2)

3.2.2. 6-Methylcoumarin6-MC) - There is limited data to robustly categorize 6-MC a

a human sensitizer or non-sensitizer (Urbisch,e2Gi5). Structurally related
coumarin is listed in Category 3 which is definedaacommon cause of contact
allergy, perhaps due to higher exposures. 6-Matbymarin is known to be a
photoallergen in humans. However, there are fesitipe diagnostic patch test data
reported for 6-MC. LLNA data supports 6-MC, whestézsl up 25%, as being a
non-sensitizer (Gerberick et al, 2005). 6-MC gate= an alpha, beta-unsaturated
ester or precursor skin sensitization alert witlmeBeNexus while giving an

acylating alert and no alert using OECD algorittand OASIS algorithms (OECD
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462

QSAR Toolbox), respectively (Table 1). Intereshnonly a single peptide was
modified by 6-MC in keratinocyte cell lysates aralG¥MC modifications were
observed in the skin lysates (Parkinson et al, p0@&erall, the data on 6-MC is
mixed and it would be a borderline compound witmieg towards being a weak
human skin allergen. Thus, one could expect p@staivnegative findings using

vitro skin sensitization assays.

6-MC is negative in h-CLAT, U937-CD86, mMUSST andSBENS™ and DPRA
but clearly positive in KeratinoSens and LuSensfde the acylating alert from the
computational tools) (Natsch et al, 2013; Baucal,e2012; Nukada et al, 2012;
Urbisch et al, 2015, Piroird et al., 2015). Usihg £ out of 3 approach, 6-MC
would be classified as a non-sensitizer based @nd¢lgative DPRA and h-CLAT
results (Urbisch et al, 2015). There does not apjpiae any chemical or biological
reasons why 6-MC is giving different results in tlaiousin vitro assays other than
6-MC being a borderline skin sensitizer, thus gettnixed results would not be

unexpected (Table 2).

3.2.3. Tween 808 Tween 80 is considered to be a non-sensitizes.listed in Category

6, a substance essentially absent of convincindeeee of contact allergy
(Basketter et al, 2014). In support, Tween 80 dmggenerate any skin

sensitization alerts (OECD QSAR Toolbox; Derek Ngx{ITable 2).

21



463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

Tween 80 is negative in the h-CLAT and borderliegative DPRA (mean peptide
depletion 5.07%) but clearly positive in KeratinaS@nd LuSens (Nukada et al,
2012; Urbisch et al, 2015) but reported positiveém peptide depletion 31.0%) in
the DPRA in Hoffmann et al., 2018 and the U-SENSd(rd et al., 2015). Tween
80 is non-sensitizing in SENS-IS, the IL-18 epiC&®I IL-18 EpiDerm but an
extreme sensitizer in the SensCeeTox (Hoffman, &8 and Mehling et al,
2019). The sensitizer-induced luciferase signéih@KeratinoSens™ cells is
completely dependent on Nrf2. The same holds wuéhk luciferase induction
observed for Tween 80, indicating that the falsgitpe result is not due to
recruitment of an alternative transcription fagtemter et al, 2013). The authors
hypothesize two explanations. First, Tween 80 cbeldctivating the formation of
endogenous Nrf2-inducing compounds, such as 4-Rydamenal formed by lipid
peroxidation or the messenge2®p. Or, it may trigger a signaling cascade that
results in Nrf2-activation, which is not directiglated to electrophilic stress.
However, using the 2 out of 3 approach, Tween 80lavbe classified correctly as a
non-sensitizer based on the negative DPRA and hiQieaults (Urbisch et al,
2015). Thus, Tween 80 gives a borderline negatiP& B result and mechanistic

applicability domain issue for the KeratinoSens an8ens assays (Table 2).

3.2.4. Coumarin- Coumarin is reported to be a known human allergehislisted as

Category 3, a common cause of contact allergy (@#sket al, 2014). It is one of
the 26 fragrances currently requiring individuddéing (SCCNFP Opinion, 2012).

It has a reported human HRIPT NOEL of 3543 pg/amd HMT NOEL of 5517
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ng/enf. A LOEL of 8858 pg/crhis also reported. Positive patch results areyarel
(0.3% of 1855 ACD patients) reported for coumaFkrogch et al, 2006). In
contrast, 10% pure coumarin was very well toleratetlimans (Vocansons et al.,
2006). However, there is a negative LLNA resultrfégeick et al, 2005) as well as
positive LLNA results using commercial grade coumadue to contaminants
while pure coumarin was reported negative (Vocaretail, 2006). Coumarin
generates an alpha, beta-unsaturated ester orgoeskin sensitization alert with
Derek Nexus while giving an acylating alert andatert using OECD algorithms
and OASIS algorithms (OECD QSAR Toolbox), respesdiiUrbisch et al, 2015).
However, Takenouchi et £015) lists a negative entry for DEREK. One reathen
for the mixed results on coumarin might be duéhtoreported contaminants that
have been found in coumarin samples and thoudh¢ tesponsible for the positive
results observed in mice and humans (Vocanson 20@6). Thus, it is difficult to
determine with confidence how one would expect caumto behave im vitro

skin sensitization assays.

Coumarin is negative in h-CLAT, U937-CD86, and DPRMA clearly positive in

the KeratinoSens (Natsch et al, 2013; Nukada @(d!2; Urbisch et al, 2015)
(despite the acylating alert from the computatidoals). Coumarin gives a positive
response in the U-SENS™ (Piroird et al., 2015) @vehk) response in the SENS-
IS assay (Hoffman et al, 2018). As mentioned knmotving the purity of samples
tested in the different assays, it is difficultdmow if KeratinoSens is giving the

correct or incorrect response (Table 2).
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3.2.5. Ethyl vanillin (EV) —There is no category given for EV in Basketter812)

human categorization paper but the structurallgteel vanillin is placed in
Category 5, a rare cause of contact allergy. Evegative in the LLNA when
tested up to 50% (Basketter et al, 2001). The SAZbdFnion on fragrance
materials (2012) states that the human eviden&/dfeing a contact allergen is
limited. In support of EV being a weak allergenhat it generates a Schiff
base/quinone precursor alert and is listed as/anoréapten (Urbisch et al, 2015).
EV is also listed as giving a positive result inr€le(Nukada et al, 2013). However,
EV does not generate any alerts using the OECD QB#dRox or with Derek
Nexus. Based on the totality of the available adata would expect EV to be

borderline inin vitro skin sensitization assays.

Ethyl vanillin is negative in h-CLAT, U937-CD86, BENS™ and borderline
negative in the DPRA but positive in the KeratinoSéorderline negative in
Natsch et al, 2013; positive in Bauch et al., 20M2kada et al, 2012; borderline
positive in LuSens Urbisch et al, 2015, Piroirclet 2015). Takenouchi (2015)
reports EV as positive in the DPRA and classifiessia weak allergen using their
ITS approach. EV was not tested in SENS-IS butliams non-sensitizing in the
assay (Hoffman et al, 2015). If one accepts EV ¢paiveak human allergen, then
the most likely explanation for its misclassifiaatiusing the 2 out of 3 approach is
that EV was not biotransformed from a pre/pro-hajt¢o a reactive chemical in

the one DPRA and cell-based assays, h-CLAT and @336 assays. Of course,
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532 if one assumes EV is not a significant human aflerghen the 2 out of 3 approach

533 result is correct in its prediction of non-senditgz Although EV gives borderline
534 response in various vitro assays, thi vivo data suggest it should be considered a
535 borderline compound (Table 2).

536

537 3.2.6. Ethyl benzoylacetateEthyl benzoylacetate (EBA) is negative in the LLNA
538 (Gerberick et al, 2005) and there is little to nwrtan patch test data available to
539 assess its skin allergy potential. EBA does ngget any skin sensitization alerts
540 (Urbisch et al, 2015; Takenouchi et al, 2015; Nwkatlal, 2013; OECD QSAR
541 Toolbox; Derek Nexus) (Table 1). Although limitedarmation is available for
542 EBA, it should be classified as a non-sensitizérumans.

543

544 Ethyl benzoylacetate is negative in h-CLAT, mMUS8B37-CD86, U-SENS™,
545 borderline negative in the DPRA and borderline fpasin the KeratinoSens

546 (Natsch et al, 2013; Nukada et al, 2012; Urbiscil 2015, Piroird et al., 2015).
547 Since EBA does not contain any structural elemass$eciated with reactivity, it
548 should not be positive in the reactivity-based yasshere is no apparent chemical
549 or biological reason of why EBA would give a fafsasitive response in the

550 KeratinoSens assay. However, using the 2 out @ipBoach, EBA would be

551 classified correctly as a non-sensitizer basederborderline negative DPRA and
552 h-CLAT results (Urbisch et al, 2015). Thus, theralleclassification of EBA is
553 dependent on the borderline results observed (T3ble

554
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3.2.7. Dibutyl phthalate (DBP) BBP is not evaluated in Basketter’s (2014) human

categorization paper but the structurally relatiedhyl phthalate is, and it is placed
in Category 6, a substance that is essentiallyrlegeconvincing evidence of
contact allergy. DBP is negative in the LLNA whested up to 50% (Kern et al,
2010). In support, DBP does not trigger any skimsgeation alerts (Urbisch et al,
2015; OECD QSAR Toolbox; Derek Nexus) and therevarg few reported cases
of patch test positive results referenced in ttezdture (Frosch, 2006). Although
limited information is available for DBP, it shoube classified as a non-sensitizer

in humans.

Dibutyl phthalate is negative in h-CLAT and DPRA lolearly positive in the
KeratinoSens (Urbisch et al, 2015; Takenouchi ,e2@15). Natsch and Emter
(2008) reported that diethyl phthalate was repéataukitive in the ARE-based
assay but only at very high concentrations. DBP nadested in the SENS-IS
assay but diethyl phthalate was categorized asseasiizing in the assay (Hoffman
et al, 2015). Since DBP does not contain any &tratelements associated with
reactivity, it should not be positive in the KeratSens reactivity-based assay.
There is no apparent chemical or biological reasfomhy DBP would give a false
positive response in the KeratinoSens assay dtherd possible mechanistic
applicability domain issue (Table 2). However, gsihe 2 out of 3 approach, DBP
would be classified correctly as a non-sensitizexeldl on the negative DPRA and h-

CLAT results (Urbisch et al, 2015).
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3.2.8. Butylbenzylphthalate (BBP)BBP is negative in the LLNA when tested up to
50% (Kern et al, 2010). There is little to no humpeatch test data available to
assess its skin allergy potential. However, BBPsddgger a skin sensitization
reactivity alert, a substance reacting by nucldapbubstitution by SN2 mechanism
using OECD algorithms in the OECD QSAR Toolbox, batalert when using
OASIS algorithms (Urbisch et al, 2015; Takenoudtale2015). The SN2 alert is
also generated with Derek Nexus (Table 1). Altholigited information is
available, BBP should be classified as a non-geasiand give negative results

when usingn vitro assays.

Butylbenzylphthalate is negative in h-CLAT and DPRUt clearly positive in the
KeratinoSens (Urbisch et al, 2015; Takenouchi ,e2@l5). Since BBP does contain
structural elements associated with reactivitis itot surprising that it could be
positive in the KeratinoSens reactivity-based assayng the 2 out of 3 approach,
BBP would be classified correctly as a non-sereititased on the negative DPRA
and h-CLAT results (Urbisch et al, 2015). Thusyéhappears to be a mechanistic

applicability domain issue with the KeratinoSenalfle 2).

3.2.9. Benzyl cinnamate (BCG)BC is assigned Category 4 (weak) based on a HRIP
NOEL of 4720 pg/crhand HMT NOEL of 5517 pg/cfras well as moderately high
tonnage usage (Api et al, 2017). The SCCNFP opiaiofragrance materials
(2012) list BC as a contact allergen in humansithkgss frequently reported and

thus less documented compared to other consuneegafis. It is one of the 26
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fragrances currently requiring individual labelif8(C is positive in the LLNA with
an EC3 value of 18.4% (Kern et al, 2010). BC gate=a Michael acceptor and
SN2 nucleophilic substitution alerts for proteimding (OECD QSAR Toolbox;
Derek Nexus; Urbisch et al, 2015; Kern et al, 2QT@ple 1). Based on the totality
of the available data one would expect BC to betipesn in vitro skin

sensitization assays.

Benzyl cinnamate is negative in h-CLAT and boraerinegative in DPRA but
clearly positive in the KeratinoSens and U-SENS™b{&th et al, 2015;
Takenouchi et al, 2015; Natsch and Emter, 2008;iet al., 2015). It does form a
direct peptide adduct with the DPRA-Cys peptide tuedCor1-C420 peptide
(Natsch and Gfeller, 2008; Roberts and Natsch, 08 depletion is below the
DPRA classification threshold indicating a weak togreactivity. It has also been
reported to cause precipitation in the h-CLAT (Tradechi et al, 2015). Thus, and
maybe not surprising, BC was capable of giving akyaositive response in the 3-D
SENS-IS assay (Hoffman et al, 2015). However,qilie 2 out of 3 approach, BC
would be classified incorrectly as a non-sensiti@sed on the negative DPRA and
h-CLAT results (Urbisch et al, 2015). Thus, oveeslsessment for BC is potentially
explained by a borderline result due to weak redgtin the DPRA and a possible

technical applicability issue with the h-CLAT (Tal®).

3.2.10.Benzyl benzoate (BB)BB is assigned Category 5, a rare cause of coaliargy,

based on a very high HRIPT NOEL of 20690 pd/¢Basketter et al, 2014).
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However, the SCCNFP opinion on fragrance mate(042) list BB as a contact
allergen in humans that is less frequently repoatetithus less documented
compared to other consumer allergens. It is ortkeP6 fragrances currently
requiring individual labeling, but O positive retsuin 1870 tested patients and 1 in
2003 patients was reported by Schnathl. (2007, 2015) indicating extremely rare
sensitization in humans. BB is positive in the LLMAth an EC3 value of 17%
(Gerberick et al, 2005) but negative in an addaldriNA study (referred to in
Hoffmann et al., 2018). BB triggers a skin sematiion reactivity alert, substance
reacting by nucleophilic substitution, SN2 (Urbisattal, 2015; Takenouchi et al,
2015; OECD QSAR Toolbox; Derek Nexus) but this tieecmechanism could not
be verified experimentally by peptide adduct forimrai{Natsch and Gfeller, 2008).
Based on the totality of the available human daewould expect BB to be

negative inn vitro skin sensitization assays.

Benzyl benzoate is clearly negative in h-CLAT, U4386 and DPRA but clearly
positive in the KeratinoSens (Urbisch et al, 20l&kenouchi et al, 2015; Natsch et
al, 2013; Nukada et al,2013) and positive accortiintpe “6 rule strategy” only in
the U-SENS™ (Piroird et al., 2015). One explanafarit being negative in the h-
CLAT might be related to limited solubility in cedlased assays with oil droplets
observed (Takenouchi et al, 2015). It is repothted the DPRA vyields false
negative results relative to the LLNA with benzydisters with common structural
alerts, including benzyl benzoate, benzyl saligjlautylbenzyl phthalate and

benzyl cinnamate (Urbisch et al, 2015). Finallf3 produces a weak positive
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647 response in the 3-D SENS-IS assay (Hoffman ettdl52 Using the 2 out of 3

648 approach, BB would be classified correctly as a-s@msitizer based on the negative
649 DPRA and h-CLAT results (Urbisch et al, 2015).

650

651 3.2.11.Undec-10-enal (10-UDE) Fhere is very limited human sensitization inforroati
652 on 10-UDE. However, it is reported to have an E€8.8% in the LLNA

653 (Patlewicz et al, 2002). 10-UDE triggers a skinsstzation reactivity alert, a

654 substance reacting by Schiff base formation (Utbetcal, 2015; Takenouchi et al,
655 2015; OECD QSAR Toolbox; Derek Nexus). Based enavailable data, although
656 limited, one would expect 10-UDE to be a positivéni vitro skin sensitization

657 assays.

658

659 Undec-10-enal is clearly negative in h-CLAT anddasline negative DPRA but
660 clearly positive in the KeratinoSens and U-SENS™b({&th et al, 2015;

661 Takenouchi et al, 2015, Piroird et al., 2015)sIdifficult to judge if the 2 out 3 is
662 correct or not since there is little to no humatadevailable on the material so one
663 is not able to know if LLNA result is correct biiet aldehyde alert would indicate
664 so0. Using the 2 out of 3 approach, 10-UDE wouldlassified incorrectly as a non-
665 sensitizer based on the negative DPRA and h-CLATIte (Urbisch et al, 2015).
666 The 10-UDE results are potentially explained byedbrline result in the DPRA.
667

668 3.2.12.Benzyl salicylate (BS)Benzyl salicylate (BS) is assigned Category 5ra ra
669 cause of contact allergy, based on a very high IRNPEL of 17717 pg/cfhand
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no induction up to 20690 ug/érim the HMT (Basketter et al, 2014). Only 2
positive reactions among 2041 patients tested vegrarted (Schnuch et al, 2007.
However, the SCCNFP opinion on fragrance mate(042) lists BS as a contact
allergen in humans that is less frequently repoatedi thus less documented
compared to other consumer allergens. It is ontbeoP6 fragrances currently
requiring individual labeling. BS is positive ingl.LNA with an EC3 value of

2.9% (Gerberick et al, 2005). The benzyl estdB®ftriggers a nucleophilic
substitution alert by SN2 using OECD algorithm iBE@D QSAR Toolbox whereas
the OASIS algorithm gives an acylating alert (OEQBAR Toolbox; Urbisch et al,
2015; Takenouchi et @2015). Derek Nexus gives a quinone Michael aceepte
radical generator alert (Table 1). Finally, iteported that the substituted phenol of
BS could be a pro/prehapten producing a Michaettoe or phenolic radical
(Payne and Walsh, 1994). Based on the totalith@fvailable data one would
expect BS to be a borderline compoundhiwitro skin sensitization assays with the

human data indicating no significant sensitizatick.

Benzyl salicylate is negative in h-CLAT and bordezlnegative in the DPRA but
positive in the KeratinoSens and U-SENS™ (Urbigchl €2015; Takenouchi et al,
2015; Natsch and Emter, 2008, Piroird et al., 2016is reported that the DPRA
yields false negative results with benzylic esteita common structural alerts,
including benzyl benzoate, benzyl salicylate, heylzyl phthalate and benzyl
cinnamate (Urbisch et al, 2015) when compared tdAldata. Finally, BS

produces a weak positive response in the 3-D SEN&$ay (Hoffman et al, 2015).
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With borderline compounds like BS it is not unexeéecdo get mixed results in the
differentin vitro skin sensitization assays (Table 2). Using tbet2of 3 approach,
BS would be classified as a non-sensitizer basdti®@negative DPRA and h-

CLAT results (Urbisch et al, 2015).

3.3.DPRA-/KeratinoSens-/h-CLAT+ (n=13)Fer this group of chemicals, tlaetivation of
the dendritic cells in the h-CLAT may be unrelatedhe skin sensitization process
(Gallucci et al., 1999). In some instances, themoi indication that the predictions of
the DPRA and the KeratinoSens/LuSens assays migtatite negative ones. For
example, the lack of peptide reactivity is congisteith the lack of structural alerts for a
number of these compounds. If no critical metabsldre generated and antigen
formation and keratinocyte activation is missirg test substances would not be
expected to drive the AOP towards a skin sensitizat
3.3.1. Diethyl phthalate (DEP) Biethyl phthalate (DEP) is considered to be a non-
sensitizer. It is listed in Category 6, essentialbgent of convincing evidence of
contact allergy (Basketter et al, 2014). In supd@EP does not generate any skin
sensitization alerts (OECD QSAR Toolbox; Derek N&exurbisch et al, 2015;
Takenouchi et al, 2015) and there are very fewnedaases of patch test positive
results referenced in the literature (Frosch, 20B8fM routinely uses a
75%DEP/25% ethanol vehicle for their human patslirig without issues of
sensitization. DEP is negative in the LLNA whestéel up to 100% (Gerberick et
al, 2005). Based on the totality of the availatdéacone would expect DEP to be

negative inn vitro skin sensitization assays.
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716

717 Diethyl phthalate is negative in KeratinoSens, U23786 and DPRA but clearly
718 CD54 positive in the h-CLAT, U-SENS™ and LuSensk{igch et al, 2015; Natsch
719 et al, 2013; Nukada et al, 2012; Takenouchi 2@l5, Piroird et al., 2015).

720 However, Natsch and Emter (2008) reported thahgigththalate was repeatedly
721 positive in a non-standard ARE-based assay butainkgry high concentrations.
722 Finally, DEP is non-sensitizing in the 3-D SENSak3ay (Hoffman et al, 2015).
723 There is no apparent chemical or biological redsowhy DEP would give a false
724 positive response in the h-CLAT assay with CD54,imi CD86. DEP does give
725 the correct prediction using the 2 out of 3 apphoasing the KeratinoSens data
726 (Urbisch et al, 2015).

727

728 3.3.2. Pyridine- Pyridine is assigned Category 5, a rare causerfct allergy, based
729 on a very high HRIPT NOEL of 41051 pg/tBasketter et al, 2014). It is also
730 reported as a weak sensitizer in a small humanmaation test with one of 24
731 subjects responding at a 50% induction concentratia 10% challenge

732 concentration (Kligman, 1966). Pyridine does remieyate any skin sensitization
733 alerts (OECD QSAR Toolbox; Derek Nexus; UrbisclleR015; Takenouchi et al,
734 2015) and there are very few reported cases ohpast positive results referenced
735 in the literature (Frosch, 2006). However, pyridis@ositive in the LLNA with a
736 high EC3 value of 71.2% which would categorizesibaveak sensitizer (Gerberick
737 et al, 2005). Overall, with the data on pyridine @onclude it to be a non-sensitizer.
738 Thus, one could expect negative findings usmgtro skin sensitization assays.
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Pyridine is negative in KeratinoSens (borderlingate), LuSens (borderline
negative), mMMUSST, U-SENS™ and DPRA but border@®¥86 positive in the h-
CLAT (Urbisch et al, 2015; Bauch et al, 2012; Nataad Emter, 2008; Nukada et
al, 2012, Piroird et al., 2015). There is no appachemical or biological reason
for why pyridine would give a false positive respenn the h-CLAT assay with
CD86, but not CD54, being detected. One explandtiodiscordant result may be
related to the h-CLAT result being borderline aeay high test substance
concentration of 29 mM (Table 2). Using the 2 oluB approach, pyridine would
be classified as a non-sensitizer based on thdinedPRA and KeratinoSens

results (Urbisch et al, 2015).

3.3.3. Resorcinol Resorcinol is assigned Category 4, a substancesthately an

important clinical allergen because it requiressiderable/prolonged exposure to
higher dose levels to produce sensitization (Basket al, 2014). Resorcinol was
judged to be in this category based on its lowdesgy of human sensitization
reports, despite widespread use at high levelsiindyes and topical skin
preparations, including pharmaceuticals. Diagngsdich test clinical reports show
overall low incidence of sensitization for resodifFrosch, 2006; DeGroot, 2017).
(Darsis and Goosens, 2016). Tested in the humammization test at 15% for
induction and 5% for challenge, no subjects wensiseged (Kligman, 1966).
Resorcinol triggers a quinone precursor/radicasstution alert (Urbisch et al,

2015). It is considered to be a prohapten withcaNichael acceptor binding
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mechanism (Patlewicz et al, 2016). No alerts wereegated using the OECD
QSAR Toolbox while a plausible prohapten free radaert is generated with
Derek Nexus. The LLNA results are mixed with pesitand negative results
(ICCVAM). EC3 values of 5.5 and 6.3 are reportedrésorcinol (Basketter et al,
2007). Based on the totality of the available aata would expect resorcinol to be

positive inin vitro skin sensitization assays.

Resorcinol is negative in KeratinoSens, LuSens,PRA but positive in the h-
CLAT (CD54), mMUSST/ U937-CD86 and U-SENS™ (Urbisathal, 2015;

Natsch et al, 2013; Nukada et al, 2013; Takenoetchl, 2015, Piroird et al., 2015).
Finally, resorcinol is moderate in the 3-D SENSatSay, week in the SensCeeTox
and sensitizing in the IL-18 epi€%nd IL-18 EpiDerm assays (Hoffman et al, 2015
and Mehling et al., 2019). The reason that resotcaputative prohapten, is not
being detected may be due to the lack of a metabgtitem in the DPRA and
limited metabolic capacity in the cell-based assayswever, Nakata (2013)
reports positive DPRA results for resorcinol bug #alue is a borderline positive.
Thus, the discordant results are likely due to raaddtic applicability domain issue
with KeratinoSens and borderline DPRA results (€&l Using the 2 out of 3
approach, resorcinol would be classified as a fa¢sgative based on the negative
DPRA and KeratinoSens results (Urbisch et al, 20it % classified positive in

another 2 out of 3 ITS, however (Takenouchi eR@l5; Nukata et al, 2013).
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3.3.4. Benzyl alcohol (BZA)BZA is assigned Category 4 (weak) based on a HRIPT

NOEL of 5906 pg/crhand HMT NOEL of 6897 pg/cfras well as moderately high
tonnage usage and a LOEL of 8858 pd/¢api et al, 2017). The SCCNFP opinion
on fragrance materials (2012) list BZA as a condédlergen in humans that is less
frequently reported and thus less documented cadgarother consumer
allergens. It is one of the 26 fragrances curremtyiring individual labeling. BZA
does not trigger any skin sensitization alertsiantegative in the LLNA when
tested up to 50% (OECD QSAR Toolbox; Derek Nexusrket al, 2010). Based
on the totality of the available data one wouldetBZA to be a borderline
compound irin vitro skin sensitization assays, with the human dateatidg a

weak sensitization potential.

Benzyl alcohol is borderline negative in KeratinnSand borderline negative
(5.06% mean peptide depletion) in the DPRA, negatithe U-SENS™ but
positive in the h-CLAT (CD86) and clearly positivethe LuSens (Urbisch et al,
2015, Piroird et al., 2015). Finally, BZA is weakthe 3-D SENS-IS assay
(Hoffman et al, 2015). The reason BZA is being dité positive in some assays
and not others may be due to the sensitivity ofrtdevidual assays, especially
noting the borderline results that are observe®lgra). It is important to note,
however, that BZA is not detected in the LLNA arwksd not trigger any skin
sensitization alerts. Using the 2 out of 3 appro&aA would be classified as a
non-sensitizer based on the negative DPRA and iKes¢ns results (Urbisch et al,

2015).
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807

808 3.3.5. Octanoic acid (Caprylic acid) ©ctanoic acid is considered to be a non-sensitizer.
809 Itis listed in Category 6, a compound that is e8aly absent of convincing

810 evidence of contact allergy with only a few postpatch test results reported
811 (Basketter et al, 2014). In support, octanoic a@cds not generate any skin

812 sensitization alerts (OECD QSAR Toolbox; Derek N&exurbisch et al, 2015;

813 Takenouchi et al, 2015) and is non-sensitizindietLNA when tested up to 50%
814 (Gerberick et al, 2005). Based on the totalitynaf &vailable data one would expect
815 octanoic acid to be classified as a negative comgdnmin vitro skin sensitization
816 assays.

817

818 Octanoic acid is clearly negative in KeratinoSemd BPRA but positive in the h-
819 CLAT (CD54), U937-CD86, U-SENS™ (Urbisch et al, 30Natsch et al, 2013;
820 Nukata et al, 2012; Takenouchi et al, 2015, Piretrdl., 2015). Finally, octanoic
821 acid is categorized as non-sensitizing in the 3ENS-IS assay (Hoffman et al,
822 2015). There is no apparent chemical or biologieason for why octanoic acid
823 would give a discordant false positive respongénh-CLAT assay with CD54,
824 but not CD86, being detected (Table 2). One extian could be that some

825 irritants like octanoic acid can give a false pesitesponse in the h-CLAT by
826 activating specific cytokines like CD54. Usingth out of 3 approach, octanoic
827 acid would be classified correctly as a non-seresitbased on the negative DPRA
828 and KeratinoSens results (Urbisch et al, 2015).

829
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3.3.6. Nonanoic acid Although not included in Basketter's human catezgiron paper

(2014), one would expect nonanoic acid, a well-kndwman irritant, to be
included in Category 6 based on its lack of humam sensitization data (Frosch,
2006). In support, nonanoic acid does not genamayeskin sensitization alerts
(OECD QSAR Toolbox; Derek Nexus; Urbisch et al, 20Takenouchi et al, 2015).
Nonanoic acid is reported negative in the LLNA abacentration up to 60%
(Natsch et al, 2013). However, Adenuga et al (20&gdrted an EC3 of 18.7% and
Takenouchi (2015) reports an EC3 of 21%. Basedhendtality of the available
data one would expect nonanoic acid to be claglsiftea negative compoundim

vitro skin sensitization assays.

Nonanoic acid is negative in KeratinoSens and DPR#positive in the h-CLAT
(CD86) and mMUSST / U937-CD86 (Urbisch et al, 2048tsch et al, 2013;
Takenouchi et al, 2015). There is no apparent ctedror biological reason for why
nonanoic acid would give a false positive respongbke h-CLAT assay with CD86,
but not CD54, being detected. One explanationdcbalthat some irritants like
nonanoic acid could give a false positive respansgbe h-CLAT by activating
specific cytokines like CD86. Using the 2 ouBadpproach, nonanoic acid would
be classified correctly as a non-sensitizer basetth® negative DPRA and

KeratinoSens results (Urbisch et al, 2015).

3.3.7. Clofibrate (Ethyl (2-(4-chlorophenoxy)-2-methylpesmate) -There is limited

human data available to categorize the potencydfil€ate. It is a lipid-lowering
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agent used to control high cholesterol and triagydgide levels in the blood. It has
also been used in the treatment of atopic dermdditiits anti-inflammatory and
anti-itching activities. Clofibrate does not triggey skin sensitization alerts
(OECD QSAR Toolbox; Derek Nexus; Urbisch et al, 20Takenouchi et al, 2015)
and has been reported to be (borderline) negatitieei LLNA when tested up to
50% (Kern et al, 2011: Natsch et al, 2013). Basethe available data, although
limited, one would expect Clofibrate to be clagsifas a negative compoundnn

vitro skin sensitization assays.

Clofibrate is negative in KeratinoSens, U937-CD&d8 BPRA but CD54 positive

in the h-CLAT (Urbisch et al, 2015; Natsch et &12; Takenouchi et al, 2015).
There is no apparent chemical or biological redeomwhy Clofibrate would give a
discordant false positive response in the h-CLASagwith CD54, but not CD86,
being detected other than there is technical agiplity domain issue. Using the 2
out of 3 approach, Clofibrate would be classifiedrectly as a non-sensitizer based

on the negative DPRA and KeratinoSens results 8dibet al, 2015).

3.3.8. Chlorobenzene Although not included in Basketter's human catezgiion

paper (2014), one would expect chlorobenzene toddeded in Category 6 or at
worst, Category 5, based on the lack of human stnsitization data (Frosch,
2006). In support, chlorobenzene does not genarataskin sensitization alerts
(OECD QSAR Toolbox; Derek Nexus; Urbisch et al, 20Takenouchi et al, 2015)

and is reported negative in the LLNA at concentragiup to 25% (Gerberick et al,
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2005). Furthermore, chlorobenzene is positive wketed at higher concentrations
(Kolle et al, 2013). Based on the totality of tivai¢gable data one would probably
expect chlorobenzene to be classified as a negadivgound irnn vitro skin

sensitization assays.

Chlorobenzene is negative in KeratinoSens, U9376;DBSENS™ and DPRA but
CD86 positive in the h-CLAT (Urbisch et al, 2015atsich et al, 2013; Nukata et al,
2012; Takenouchi et al, 2015 Piroird et al., 20TBhere is no apparent chemical or
biological reason for why chlorobenzene would gavialse positive response in the
h-CLAT assay with CD86, but not CD54, being detéctelowever, Bauch (2012)
excluded chlorobenzene from the study due to itafestnating solubility issues for
cell-based assays. Using the 2 out of 3 approdntbrabenzene would be classified
correctly as a non-sensitizer based on the negBfRRA and KeratinoSens results

(Urbisch et al, 2015).

3.3.9. Linalool - Linalool is assigned Category 4, a substancedbatonstrates

infrequent association with causing contact allergselation to its level of
exposure (Basketter et al, 2014). Linalool hasi&iPT NOEL of 137931g/cn?
(Basketter et al, 2014; Gerberick et al, 2001) ldMIT NOEL of 55176ug /cnf
(Greif, 1967) with no cases of sensitization repoih both tests conducted at high
concentration. The SCCNFP opinion on fragrance nadgg2012) lists patch test
data on 5423 subjects with only 18 reported cakdmathy (0.3%), despite

widespread use of linalool (present in > 95% ofheeisc products investigated).
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SCCNFP opinion lists Linalool as a well-establiskedtact allergen in humans,
however this assessment is largely based on ddtaalool put under forced
oxidation for several months (Christensson et@1,02, which is not relevant for the
regulatory assessment of the parent compound andappears not to represent
commercial use (Kern at al. 2014). It is one of2Bdragrances currently requiring
individual labeling. Linalool is known to be a pegiien that contains an alert for
autooxidation to hydroperoxide formation (SCCNF®12, Patlewicz et al, 2016).
It is given an equivocal terpenoid alert using Bedexus. Linalool is positive in
the LLNA with reported EC3 values of 30% and 46%iI(6&rick et al, 2005).
Based on the totality of the available human dagwould expect linalool to be

negative inn vitro skin sensitization assays.

Linalool is negative in KeratinoSens and DPRA hogipive in the h-CLAT

(CD54), U937-CD86, and U-SENS™ (Urbisch et al, 204&tsch and Emter, 2008;
Natsch et al, 2013; Nukata et al, 2013; Takenoathl, 2015, Piroird et al., 2015).
Finally, linalool is categorized as weak in the ZBNS-IS assay (Hoffman et al,
2015). Given the low frequency of positive patest reactions in spite of high
usage, a negative classification basedhontro data may be acceptable or even
preferable as compared to the LLNA classificatiNat§ch et al, 2013). Using the 2
out of 3 approach, linalool would be classifiechason-sensitizer based on the

negative DPRA and KeratinoSens results (Urbisali,&2015).
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3.3.10.a-iso-Methylionone (MIO) MIO is assigned Category 5, a rare contact allergen

except in selected patients with eczema. It haparted HRIPT NOEL of 70866
ng/ent (no case of sensitization at this very high tesstance concentration) along
with known high usage. MIO generates a Michael pimealert for protein binding
(OECD QSAR Toolbox; Derek Nexus; Urbisch et al, 201t is positive in the
LLNA with a high EC3 value of 21.8% (Kern et al,1f). Based on the available
human data, one would expect MIO to be negative witro skin sensitization

assays.

a-iso-Methylionone is negative in KeratinoSens airRA but CD54 positive in the
h-CLAT and U-SENS™ (Urbisch et al, 2015; Natsch &nater, 2008; Takenouchi
et al, 2015, Piroird et al., 2015). Complete latkeactivity despite a Michael
acceptor alert was shown by Natsch and Emter (2G1mally, MIO is categorized
as weak in the 3-D SENS-IS assay (Hoffman et d@d520Given the very high
HRIPT NOEL and the very low frequency of positi\etgh test results (2 cases in
1870 patients tested and 1 case in 2004 testede@@spe-spread use (Schnuch et
al., 2007, 2016), a negative classification baseth @itro data may be preferable as
compared to the LLNA classification (Table 2). tsthe 2 out of 3 approach,

MIO would be classified as a non-sensitizer basethe negative DPRA and

KeratinoSens results (Urbisch et al, 2015).

3.3.11.2-methoxy-4-methylphenol (MMPMMP is assigned Category 2, a strong

allergen (Api et al, 2017). However, there is lmdithuman data to support a strong
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category with a reported HRIPT NOEL of 118 pglatong with no diagnostic
patch test data (Api et al, 2017; SCCNFP, 2012MRMs a pre/pro-hapten that
generates a quinone precursor/radicalic substitatiert for protein binding
(Urbisch et al, 2016). No alerts are generated @HCD QSAR Toolbox and with
Derek Nexus a probable pro Michael acceptor/frdecehalert is generated. Itis
positive in the LLNA with an EC3 value of 5.8% (Ezta et al, 2003). Based on
the available data, one would expect MMP to betp@sin in vitro skin

sensitization assays.

MMP is negative in KeratinoSens and borderline tiegan the DPRA (mean
depletion 5.7%) but positive in the h-CLAT (CD 54daCD 86), U937 and U-
SENS™ (Urbisch et al, 2015; Natsch et al, 2013;ddlaket al, 2012, Piroird et al.,
2015). The reason that MMP, a putative prohapsenot being detected may be
due to the lack of a metabolic system in the DPR@ lamited metabolic capacity in
the cell-based assays. A demethylation of the axgtigroup or the formation of a
guinone methide might not occur under the condstiohthe DPRA for a compound
like MMP whereas the KerationSens has shown aipesisult in a structurally
similar compound, dihydroeugenol, which indicateggeneral lack in detecting
chemicals with similar reaction mechanisms as MMRus, the discordant results
are likely due to and the borderline negative DRBgults (Table 2). Using the 2
out of 3 approach, MMP would be classified as sdalegative based on the

negative DPRA and KeratinoSens results (Urbisali,&1015).
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3.3.12.3-Aminophenol (3-AP) Fhere is limited human sensitization data avaddot 3-

Aminophenol (3-AP). Some diagnostic patch dateBfé&P exists but it is
sometimes difficult to interpret the positive respes based on the possibility of
cross-reactivity to other hair dye ingredients @étg 2006; DeGroot, 2017).
Structurally related 2-Aminophenol is placed in&ptry 2, a frequent cause of
contact allergy (Basketter et al, 2014). 3-AP me&pro-hapten and generates a
guinone precursor/radicalic substitution alertgootein binding (Urbisch et al,
2015). Patlewicz (2016) list 3-AP as prohapten wsitfdichael acceptor alert. No
alerts are generated using OECD QSAR Toolbox whjee-Schiff Base, pro-
electrophile is generated using Derek Nexus. powitive in the LLNA with
reported EC3 values of 0.24 and 3.2% (Gerbericht, ét005; SCCP, 2007). Based
on the available data, one would expect 3-AP tpdstive inin vitro skin

sensitization assays.

3-AP is negative in DPRA, borderline negative ia KeratinoSens and but positive
in the h-CLAT (CD54), U937 and U-SENS™ (Urbischagt2015; Natsch et al,
2013; Nukada et al, 2012, Piroird et al., 2015edestingly, 3-AP is listed as
positive for induction of ARE-regulated luciferaaetivity (Natsch and Emter,
2008). The reason that 3AP, a putative prohapsemot being detected may be due
to the lack of a metabolic system in the DPRA amitéd metabolic capacity in the
cell-based assays. Thus, the discordant resatiskaty due to mechanistic
applicability domain issue with DPRA and borderlieratinoSens results (Table

2). In support, 3-AP is detected positive in thé&RRRvith the peroxide/peroxidase

44



990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008

1009

1010

1011

1012

activation system (Troutman et al, 2011). Using2lwt of 3 approach, 3-AP
would be classified as a false negative based ®nélgative DPRA and

KeratinoSens results (Urbisch et al, 2015).

3.3.13.Hexyl Salicylate (HS)HS is assigned Category 4, a substance that iy e

important clinical allergen because it requiressiderable/prolonged exposure to
higher dose levels to produce sensitization (Basket al, 2014). HS is reported to
have an HRIPT NOEL of 35433 pg/éand HMT NOEL of 20654 pg/chiApi et

al, 2017), with no sensitization observed in batlles. The SCCNFP (2012)
reports HS lacks evidence to be categorized asrahsensitizer. HS does not
generate any skin sensitization alerts (OECD QSABIHox; Urbisch et al, 2015;
Takenouchi et al, 2015). An equivocal pre/pro Mehaecceptor and pre/pro free
radical generator alert is generated with DerekusexA very low EC3 of 0.18% is
reported for this material (ECHA, 2006). Basedlwntotality of the data one
would expect HS to be classified as a negative cumg based on the available

human data.

Hexyl salicylate is negative in KeratinoSens (baolide negative) and DPRA but
CD54 positive in the h-CLAT and positive in the B$S™ (Urbisch et al, 2015;
Takenouchi et al, 2015, Piroird et al., 2015). ddlition, HS is categorized as non-
sensitizing in the 3-D SENS-IS assay (Hoffman gR@l5). There is no apparent
chemical or biological reason for why HS would gavéalse positive response in

the h-CLAT assay with CD54, but not CD86, beingedetd. One explanation
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could be that some irritants like HS could givalksé positive response in the h-
CLAT by activating specific cytokines like CD54. &ig, HS reveals no obvious
alerts for peptide reactivity, so it would not bgpected to be detected in the DPRA
or KeratinoSens assays. Moreover, it is knownithigation is a confounding factor
in the LLNA and is believed to lead to false pastresponses. It is also possible
that the low EC3 value reported for HS could be wua contaminant (Urbisch et
al, 2015). Using the 2 out of 3 approach, HS wdaddorrectly classified as a non-
sensitizer based on the negative DPRA and Keratin® & sults (Urbisch et al,

2015).
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Table 1: Protein binding alefts

Test substance

Name

Diethyl phthalate
Octanoic acid (Caprylic
acid)

4-M ethoxyacetophenone
(Acetanisole)

Benzoic acid

Clofibrate (Ethyl (2-(4-
chlorophenoxy)-2-
methylpropanoate)

Ethyl benzoylacetate

Tween 80

Cas#

84-66-2

124-07-2

100-06-1

65-85-0

637-07-0

94-02-0

9005-65-6

OECD QSAR Toolbox

v.3.2°

protein binding alters

OASIS

algorithm

no alert

no alert

no alert

no alert

no alert

NA

no alert

OECD

algorithm

no alert

no alert

no alert

no alert

no alert

no alert

SN2

OECD QSAR Toolbox

v.4.2

protein binding alters

OASIS

algorithm

no alert

no alert

no alert

no alert

no alert

NA

no alert

OECD

algorithm

no alert

no alert

no alert

no alert

no alert

no alert

no alert

Derek Nexus: 6.0.1,

Nexus; 2.2.1°

norsgaer

non-sensitizer

nomsgeer

non-sensitizer

nomsgezer

non-sensitizer

non-sgasit
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Dibutyl phthalate
Butylbenzylphthalate
N,N-Diethyl-m-
toluanimde

(+/-) Linalool
a-iso-Methylionone
Benzyl benzoate
Chlorobenzene
Nonanoic acid

Hexyl salicylate

Benzyl cinnamate
Undec-10-enal
2-methoxy-4-
methylphenol

Resor cinol

84-74-2

85-68-7

134-62-3

78-70-6

127-51-5

120-51-4

108-90-7

112-05-0

6259-76-3

103-41-3

112-45-8

93-51-6

108-46-3

no alert

SN2

no alert

no alert

MA

SN2

no alert

no alert

no alert

MA / SN2

SB

no alert

no alert

no alert

SN2

no alert

no alert

MA

SN2

no alert

no alert

no alert

MA / SN2

SB

no alert

no alert

no alert

no alert

no alert

no alert

MA

SN2

no alert

no alert

no alert

MA

SB

no alert

no alert

no alert

SN2

no alert

no alert

MA

SN2

no alert

no alert

no alert

MA

SB

no alert

no alert

non-sensitizer
equivocal (SN2)

non-sensitizer

equiv@erpenoid)

plausible (MA)
plausible (SN2)

non-sensitizer

nomsgezer
equivocal (pre/pro MA,
pre/pro free radical generator)

plausible (MA)

plausible (SB)

probdhlert: pro MA, pre-
/pro free radical generator)

plausible (alert: pre/pro free
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3-Aminophenol

Phthalic anhydride

Benzoyl peroxide

Benzyl alcohal

Coumarin

6-M ethylcoumarin

591-27-5

85-44-9

94-36-0

100-51-6

91-64-5

92-48-8

no alert

Ac

AcC

no alert

no alert

no alert

no alert

Ac

AcC

no alert

Ac/ MA

Ac /| MA

no alert

Ac

Ac

no alert

no alert

no alert

no alert

Ac

Ac

no alert

Ac

AcC

radical generator)

plalesipre-SB, pro-
electrophile)
probable (cyclic acid
anhydride, azlactone or
analogue)
probable (acyl peroxide
radical generation, Ac)

non-sensitizer

plausible (adpbeta-
Unsaturated ester or precursor
Ac)
probable (photoallergen
alpha,beta-Unsaturated ester
or precursor

Ac)
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Ethyl vanillin 121-32-4 no alert no alert no alert no alert namsgezer
Pyridine 110-86-1 no alert no alert no alert no alert non-sensitizer
Benzyl salicylate 118-58-1 Ac/ SN2 SN2 Ac SN2 equivocal (pre-/pro MA

pre/pro free radical generator)

®Ac, acylating agent; MA, Michael acceptor; NA, nempbhilic addition; SB, Schiff base formation; SI2 substitution

PTaken from Urbisch et al., 2015.

“Certain, there is proof that the proposition i®frprobable, there is at least one strong arguthahthe proposition is true and there
are no arguments against it; plausible, the wesfletzidence supports the proposition; equivoca&rehs an equal weight of evidence
for and against the proposition; doubted, the wedfjlevidence opposes the proposition; improbabkse is at least one strong
argument that the proposition is false and theeenararguments that it is true; impossible, theggoof that the proposition is false;
open, there is no evidence that supports or opgbsgzoposition; contradicted, there is proof that proposition is both true and

false.
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Table 2: Substances with a negative predictiondasehe 2 out of 3 approach along with rationaletlie observed outcome and

sorted by the expert prediction.

Test substance

Name

Diethyl phthalate

Octanoic acid
(Caprylic acid)

4-
Methoxyacetophe
none (Acetanisole)

Benzoic acid

Cas #

84-66-2

124-07-2

100-06-1

65-85-0

Reference data (in vivo)

Sensitization In vivo

Status Expert  results’

(Authors’

Judgement)

Negative human 0
LLNAO

Negative human 0
LLNAO

Negative human 0
LLNAO

Negative human 0
LLNAO

Uncertainty

borderline
or

discordant

in vitro
2outof 3 Uncertainty Out of Applicability
result (DPRA/  (OECD TG 442x) domain (OECD TG 442x)

KeratinoSens/ borderline = discordant technical mechanistic

h-CLAT)® within same
KE (OECD TG
442x)
0/0/1 D" E
0/0/1 E
0/1/0 E D
1/0/0 C
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Clofibrate (Ethyl 637-07-0
(2-(4-

chlorophenoxy)-2-
methylpropanoate

)
Ethyl 94-02-0
benzoylacetate

Tween 80 9005-65-

Dibutyl phthalate 84-74-2

Butylbenzylphthal  85-68-7

ate

N,N-Diethyl-m- 134-62-3
toluanimde

(+/-) Linalool 78-70-6
a-iso- 127-51-5

Methylionone

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

human 0?

LLNA O

human ?

LLNAO

human 0

LLNA O

human 0?

LLNAO

human ?

LLNA O

human 0

LLNAO

human 0

LLNA 1

human 0

LLNA 1

YES

YES

0/0/1

(0)/(1)/0

(0)/1/0

0/1/0

0/1/0

(1)/0/0

0/0/1

0/0/1

CD
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Benzyl benzoate

Chlorobenzene

Nonanoic acid

Hexyl salicylate

Pyridine

Benzyl cinnamate

Undec-10-enal

2-methoxy-4-

methylphenol

Resorcinol

3-Aminophenol

120-51-4

108-90-7

112-05-0

6259-76-

110-86-1

103-41-3

112-45-8

93-51-6

108-46-3

591-27-5

Negative

Negative

Negative

Negative

Negative

Positive

Positive

Positive

Positive

Positive

human 0
LLNA 0/1
human 0
LLNA 0/1
human 0
LLNA 1?
human 0
LLNA 1

human 0
LLNA 1

human 1
LLNA 1

human ?
LLNA 1

human ?
LLNA 1

human 1
LLNA 0/1

human ?

YES

YES

YES

YES

YES

YES

YES

0/1/0

0/0/1

0/0/1

0/(0)/1

0/(0)/(1)

(0)/1/0

(0)/1/0

(0)/0/1

(0)/0/1

0/(0)/1

D, E
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Phthalic
anhydride®
Benzoyl peroxided

Benzyl alcohol

Coumarin®

(S-Methylcoumarinf

Ethyl vanillin

85-44-9

94-36-0

100-51-6

91-64-5

92-48-8

121-32-4

Positive

Positive

Positive

Indeterminate

Indeterminate

Indeterminate

LLNA 1
human 0?
LLNA 1
human 1
LLNA 1
human 1
LLNAO
human 0/1

LLNA 0/1

human (0)

LLNA O

human 0?

YES 1/0/0

1/(0)/0 D
YES (0)/(0)/1 C,D
YES 0/1/0

(contaminan
tsin LLNA
test
commercial
grade test

material)

YES 0/1/0
(photosensit
izer)

YES (0)/(1)/0 ¢D
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LLNA O
Benzyl salicylate 118-58-1 Indeterminate human O YES (0)/1/0 C E

LLNA 1
40, negative; 1, positive; 0?;absence of clear emidp1?, unclear evidence; 0/1, equivocal; (O)dedine negative; (1), borderline
positive; ?, lack of data

"Kolle 2019

“Phthalic anhydride is a respiratory sensitizer (Bem et al., 2013) was positive in a U937-CD86 yassa negative in the h-CLAT
(reviewed in Urbisch et al., 2015).

dBenzoyl peroxide was positive in a U937-CD86 adm#ynegative in the h-CLAT (reviewed in Urbischaét 2015).

°Different LLNA results reported for Coumarin duecmntaminants (Vocanson et al., 2006).

'6-Methylcoumarin is known to be a photoallergehimans.
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11

12

13

14

15

16

17

18

19

20

21

22

23

4. Discussion

The 2 out of 3 approach (DPRA, KerationSéllsuSens and h-CLAT) has been shown to give
very good sensitivity, specificity and overall accy numbers for predicting the skin
sensitization potential of chemicals (Bauch ef@ll2; Natsch et al, 2013; Urbisch et al, 2015).
However, it is clear that the overall performantamy defined approach is critically dependent
on the data set used for analysis. In the earlgldpment of individual assays or defined
approaches they are often compared against ‘galttiatd’ lists of chemicals where there is
substantial evidence to support a chemical’s caizgfton as a skin sensitizer or non-sensitizer
(Hoffmann et al., 2008, Kolle et al, 2013; ECETOE&XLMnical Report #77; ECVAM, 2008;
ICCVAM, 2003, 2009). The variability of the localrhph node assay has been discussed by
several groups Kolle et al. (2013), Hoffmann (20T&)mont et al., (2016), and Dimitrov et al.
(2016) and has to be considered when evaluatingegireducibility and predictive performance
of non-animal methods (Paparella et al. 2013). Wthese datasets get expanded to larger
numbers the possibility exist that some of the dbals may not have been vetted sufficiently to
establish their use in such analysis. For exantipdge can be inconsistences between the
available human and LLNA data or lack of clear ewice to support human categorization as
positive or negative (Urbisch et al, 2015). Itdaally important to review thi@ vitro data to see
if the results are robust, not borderline, and waeany discordant results can be explained
based on technical or mechanistic reasons. Irsthdy, we examined the data of 29 substances
with at least one discordant result to see it tivas information available to inform us on the
outcomes that were observed with these materialdaw it relates to a Woia vivo

sensitization classification.
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Sensitization Status Expéttediction— Prior to running anin vitro skin sensitization assays

and analyzing the data generated, it is criticadtablish the predicted outcome for each
substance before experimentation. This is espgdrakk when wanting to know how a particular
approach can predict a compound’s hazard or poteasgd on the available human and animal
data. It is generally accepted that human datawgsposed to overrule the outcome of non-
animal test method results as weliragivo animal data such as the LLNA. Efforts have been
made in recent years to permit categorization efhilhiman potency of substances by reviewing
data available to support their categorization KB#sr et al, 2014; Api et al, 2017). Typical data
that inform on such an exercise can include prexaelata from the general population and/or
dermatology clinics. For hazard identification,saénuman categories were dichotomized by
considering categories 1-4 as sensitizer and ca¢sgo and 6 as non-sensitizers. However, in
separate analyzes categories 1-5 were designasethsiizers (4 and 5 grouped together as
weak) and category 6 designated as non-sensifirerdetermination of using one approach
versus the other is based on expert opinion andente desire to add additional conservatism
to the analyses. Of course, the intrinsic potexfany substance for humans can only be
defined accurately if there is an understandintpefexposure to that substance. Api (2017)
added annual use volume data to their human poteategorization paper. Although this
information can be helpful in understanding humamsgization outcomes in the marketplace to
a particular ingredient, it may fall short for somaterials. For example, it could be possible that
a material that is manufactured and distributduigtt tonnage levels could be based on its use in

laundry products versus its use in products sudmadragrances. The consumer exposures to a
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68

fragrance ingredient in a detergent would be sicguiftly lower than one used in a fine

fragrance.

No doubt there are some substances where it is gagly to assign a hazard and, in some
instances, potency but it is clear there are pitidithitations of available information for this
purpose (Basketter et al, 2014). For example, taersubstances that are believed strongly to be
non-sensitizers (e.g. petrolatum, sodium lauryladeland glycerol) even though one can find
occasional patch test results in the literatureskBter et al, 2014). There exist thousands of
chemicals that have been used in patch testing theeigh many of them are not considered
significant skin sensitizers (DeGroot, 2008). Ewample, positive patch test results are
described in the literature for parabens even thahgir frequent use in general corroborates this
class to be non-sensitizers (Schnuch et al, 20a&k@&ter et al, 2006). Using a weight of
evidence approach, we assigned each of 29 compaooimte of three groups: positive, negative

or indeterminate for how they should be predictgdhtvitro test methods.

All available data was used to make a weight oflence assessment including revievinofivo
data (animal and human) and clinical diagnosticlpdata as well as whether a chemical had
any structural alerts known to be associated vatisimg skin sensitization (Table 1). We
assigned 17 chemicals as negative. Five of thesthyliphthalate, octanoic acid, Tween &9,
iso-Methyllionone and N,N-diethyl-m-toluamide hagkln assigned Human Category 6,
essentially absent of systemic evidence of cortiletgy while pyridine was place in Category 5
(substances with a very low intrinsic ability taisa skin sensitization, Basketter et al, 2014).

Only three of the 17 compounds placed in the negativitro prediction category generated a
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protein binding alert, butylbenzylphthalatéeiso-methyllionone and benzyl benzoate, when
analyzed using the OECD QSAR Toolbox or Derek Next¥e assigned 8 chemicals as in vivo
positive. All these chemicals revealed clavivo evidence for sensitization and all of them
generated protein binding alerts. However, threthef (3-methoxy-4-methylphenol, resorcinol

and 3-aminophenol) generated alerts as pre/preehapt

Finally, we assigned 4 compounds as indeterminditeere was not sufficient evidence to make
an assessment whether these substances woulddsezk o yield positive or negative results
usingin vitro skin sensitization assays. Benzyl salicylate plase in Category 5 which are
described as substances that have very low intratslity to cause skin sensitization (Basketter
et al, 2014). It is our expert opinion that the etbor insufficient data for these materials should
exclude them from inclusion into a dataset for gsialof an individual assay or a defined
approach. No doubt, assigning substances to dagay is based on expert judgement which
of course can challenged by other experts. Thetgudthe data available is not always easy to
establish, especially for human data. It is imparthat if robust human exposure data was
available for these substances, it may be postibi®ve them into a positive or negative
category. Unfortunately, this critical exposureadfatr consumers or workers is very difficult to
obtain. Thus, in the absent of evidence it is besto include these compounds in datasets

being used to evaluate new test methods or defipptbaches.

In vivo borderline- It has been shown that when retesting 22 LLNAgomance standards in
the standard LLNA protocol, a reproducibility oflp77% was found for the investigated

substances (Kolle et al, 2013). In the presentsaataf 29 chemicals, resorcinol, coumarin,
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92

93
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97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

chorobenzene and nonanoic acid have mixed andfdetime LLNA results. No doubt having
borderline or mixed LLNA results can be problemé&bicassigning a compound as positive or
negative. However, using a WoE approach that iredudview human data and the chemical’'s
reactivity potential, we were able to assign chb@mzene and nonanoic acid as negative and
resorcinol as positive. Coumarin, however, wagmined to be indeterminate based on
possibility of contamination issues with some dhtt was reviewed (Vocanson et al, 2006).

In vitro borderline section The borderline range depicts the variance ofrtdevidual test
methods, including technical and biological variigp(Leontaridou et al., 2017). It addresses the
uncertainty of the three assays around their réisqgeddassification thresholds and represents a
range in which the likelihood to obtain a positorenegative result just below or above the
classification threshold is equal. This range watenined for each assay statistically (pooled
standard deviations), using historical BASF dateofitaridou et al., 2017). It is useful especially
for assays for which no individual statistical ayséd is possible due to low number of replicates
per treatment (e.g. h-CLAT and DPRA). This evaluais an amendment to the evaluation
given in the respective OECD Test Guidelines. Ia #imalysis, there are 13 compounds with
borderlinein vitro results for one or two assays. Understanding #inance of each individual
test method can be important in the interpretatiio? out of 3 approach results. The influence
of the individual methods’ uncertainty on the potisie capacity of the individual methods as

well as the 2 out of 3 approach has recently beafyses (Leontaridou et al., 2019).

Structural alerts — in silicaools -Structural alerts can be extremely useful for asegsa
chemicals skin sensitization potential in a WoErapph as used here. However, there are

limitations that need to be considered when usingtural alerts generated framsilico tools.
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Electron-withdrawing or donating effects enhanangeducing reactivity or steric effects are
not, or only partially taken into account and tihegence of a structural alert should not be taken
as sufficient evidence that a chemical indeed n@dict with a particular reaction mechanism.
Reactivity experiments (e.g. a DPRA with LC-MS lhdetermination of peptide adducts or
more sophisticated NMR experiments) may furthestairtiate whether a molecule indeed
reacts by that particular mechanism. Thasilico tools indicate potential for acyl-transfer or
S\2 substitution at an acyl group for a number ofnetoals discussed here, also for chemicals
with no or very weak human sensitization poter(®l, coumarin, BB, BS, BBP, and BC).
These reactions may not in all cases occur undigediqueous conditions. Thus LC-MS
investigations did confirm this reaction mechanamy for PA among these six chemicals
(Natsch and Gfeller, 2008; Natsch et al., 2015lir&ct Michael acceptor alert is given for BC
and MIO, however, experimental evidence by peptdetivity monitored by LC-MS could

confirm this mode of action only for BC (Natschaét 2015).

The 2 out of 3 approach is able to detect mostamd-pro-haptens and a negative prediction is
considered acceptabla. vitro investigations (Urbisch et al., 2016 and Patleweical., 2016)

using compounds requiring molecular transformattattain a sensitizing potential have shown
that pre-haptens can readily be detected in theARRny of which involve autoxidation
processes. Moreover, many pro-haptens are als@sedi by non-enzymatic oxidation (and
therefore are pre- and pro-haptens). The cellutaaets h-CLAT and LuSens have been shown
to detect pro-haptens more efficiently; respectimeyme activities were detected in the cell lines
(Fabian et al., 2013 and Patlewicz et al., 2016usT within the 2 out of 3 approach, potentially

relevant molecular transformations have been censid

61



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

Applicability domain- The high overall accuracy of the 2 out of 3 apphoiadicates that in

many cases positives or negatives in single assayactually FP or FN, respectively. False-
positives in the different assays might be duefferént mechanisms; thus, in KeratinoSehs
unspecific activation of the antioxidant responsge tb other mechanisms than covalent
modification of Keapl is possible, while false-gn&s in DPRA may be generated by
unspecific peptide oxidation. In the h-CLAT, nomsiizing irritants such as octanoic acid may
also lead to surface marker expression. False inegatesults might occur due to solubility issue
or limited metabolic or oxidative activation. Inghdataset of 29 substances, 10 compounds were
determined to indicate mechanistic reasons foirtivéiro results observed in specific assays.
However, in the absence of a mechanistic understgridr a particular outcome, there is likely
an unknown technical reason. It is common foratldology assays to have applicability
domain issues with specific compounds and it iscaito understand these as best possible so

the strengths and limitations of each individuaegsbeing used is known.

False-negative predictions in relation to senstiiza risk

From a regulatory view-point, false-negative prédits made by a testing strategy deserve most
scrutiny. Here we report out of the dataset on@¥8nicals published by Urbiseh al. (2015),

8 bona-fide false-negatives against WoEivo data when applying the rule that a 1 out of 3
result classifies chemicals as non-sensitizeranfgortant question is: does this group include
chemicals which pose a serious sensitization dgké human population? Based on the detailed
analysis of this group of chemicals, the answgegsprobably only for Benzoyl peroxide, while

for the other seven chemicals the human data suinedagbove indicate, as far as available, a
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161 rather weak sensitization potency (high LOEL andifrequent positive patch test$)ice versa
162 among the frequently reported sensitizers fronctiméc (e.g. frequent fragrance allergens,

163 sensitizing preservatives, acrylates, hair dyesjeghllergens, etc.) or among the chemicals with
164  known low LOEL in human predictive tests, noneastained in the group of these eight

165 chemicals. Thus, the human sensitizers missedeb® thut of 3 approach tend to be rather weak
166 allergens. Of course, this observation may nedti¢utesting by testing more clinically relevant
167 or occupationally important allergens.

168

169 5. Conclusions

170 It has been demonstrated clearly that the usevefifon-animal test methods (DPRA,

171  KerationSen8"/LuSens, h-CLAT and (m)MUSST) are beneficial indicting the respective

172 AOP key events with high accuracy. Specificalhe £ out of 3 approach has been shown to
173 give very good sensitivity, specificity and overadicuracy numbers for predicting the skin

174  sensitization potential of chemicals. Howeversitlear that the overall performance of any
175 defined approach is critically dependent on tha dat used for analysis. In this report, the

176 existing human, animal and chemical reactivity infation for 29 chemicals was thoroughly
177 reviewed so each chemical could be categorizedsiiye, negative or indeterminate. Five
178 chemicals were identified to have insufficient imf@tion to be categorized as positive or

179 negative which makes them of little use for evahgt defined approach.

180

181 The 17 negative and 8 positive chemicals with deeaddantn vitro test result were evaluated
182 on an individual basis to understand better wittdethe discordant result. It is clear that for

183 some chemicals the discordant result might be exgdisby an observed borderline result.
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Understanding the variance of each individual nesthod is critical for interpreting the
statistical performance of a defined approacts #iso evident that some discordant results can
be explained from how a chemical may interact meistiaally with the chemical or biological
assay system being used. Although structuralsatam be extremely useful for assessing a
chemicals skin sensitization potential in a WoErapph, it is important to understand there can
be limitations when using alerts since there caaffeets from neighboring groups enhancing or

reducing reactivity that can impact a particulaateon mechanism.

6. Outlook

Tremendous progress has been made in recent yethis development ah vitro methods and
defined approaches for predicting the skin seratibn potential of chemicals. There has also
been recent progress in developing human datasetatuate how well these new approaches
are working. Of course, it can be extremely cimaglleg categorizing chemicals which have

limited human data and/or exposure data. Critiealew of human patch test data is specifically
important since the relevance of the data is neags clear when there are limited reports
available. Going forward it will be important fardividuals building these datasets to review all
available data thoroughly and, if needed, obtdevent exposure data so a clear assessment of a

chemical’s sensitization potential can be deterchine

Another need is for test developers and regulatovgork continually to understand and share
the strengths and limitations of each assay beded for hazard and risk assessment purposes.
This includes knowing well the variance of eachagis borderline response can be put into

perspective. As discussed in this paper, therdoeashemical and/or biological explanations for
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219

why a chemical gives a particular response in aayadn addition, the identification of skin
sensitization alerts may need additional understgnaround the electronic effects of enhancing
or reducing reactivity from neighboring groups targ effects. No doubt in the near future we
will see the emergence of new approaches for gasiszation testing that may include the use
of sophisticated 3D skin models or noirekilico approaches. Where ever the new science leads
us, it will still be important to understand theesigths and limitations of each method or new
defined approach along with using caution in whahban or animal datasets are used for

determining their performance.
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Highlights

The 2 out of 3 approach is asimple approach that has demonstrated very good
predictivity for the skin sensitization hazard

Chemicals with none or only one positive outcome are predicted non-sensitizers some of
which may be false predictions

In this report we have thoroughly reviewed the results of 29 chemicals with 1 out of 3
positive results

8 chemicals were classified as positive in vivo and would be fal se-negative with the 2 out
of 3 approach

Of those 8, 7 chemicals were borderlinein at least one assay and the 8" missed substance

was probably out of domain
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