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Introduction Table 2. SARA-ICE Input Data for Isothiazolinones Discussion

» In chemico and in vitro OECD test guideline methods are available for use in skin sensitization assessment. None of these Study Type Chemical Source
T - - ST - - MIT CMIT/MIT BIT oIT DCOIT BBIT
methods can Currently be used IndIVIdua”y to determine skin sensitization pOtentlaI but can be used as part of a defined Cysteine depletion: 100% Cysteine depletion: 100% Cysteine depletion: 100% Cysteine depletion: 100% | Cysteine depletion: 100% | Cysteine depletion: 100% NICEATM IT report, e SARA-ICE DA s a probabi”stic model that integrates mu|t|p|e skin
DPRA Lysine depletion: 0% Lysine depletion: 10.6% Lysine depletion: 0% Lysine depletion: 1.3% Lysine depletion: 11.6% Lysine depletion: 0% Appendix A, Table 2 . i ) ) i i i
approach (DA).
KeratinoSens ™ EC, . 9.54 uM EC, . 3.41 UM EC, . 3.14 M EC, . 2.19 UM EC, . 1.32 uM EC, 4 3.84 M NICEATM IT report, sensitization data inputs in various combinations.
. . . . . . . . . . ICc: 108 uM ICry: 19.9 uM ICr: 57.8 UM ICcy: 12.7 uM ICr,: 4.65 UM ICr,: 53.0 uM Appendix A, Table 5
DAs aCLIOW n[())z‘-anlmal ?IGW appr:)adCP metholdtOIOgleS (NA}MS) tO-(tj)e .U?ed |nt90rT}b|nali|-On via ’-il[flxted dsta In’;erpl’statlton cLAT gggg Egzoof 112 Eg 2:1 (C;ng Egzoof ;g? Eg 2:1 gggg Egzoof ;gi ﬂg 2:: gggg Egzoof 35292 Eg 2:1 0%224;3(:20-0;(1)'%?31“ng,~;:-1 gg:g Egzoof g?; ﬂg 2:: ,A[\\lrjseingMAlTT;iT;):% « SARA-ICE DA Supports GHS classification of skin sensitizers and provides 3
- 150- 11. L 2. 150- /- e 150- = 1. 150+ - , ] . ] ] . ]
PrOCEAUTS. LAS CUITENTY aceepled TOr reguiatory Use onty Provide Information Tor skin Senstilzaton hazard ant poiency CVe: 24.6 g mi- CVoe: 3,04 ug mi CVoe: 131 g mi* CV,.: 8.8 ug ml- CV,e: 0.9 pg mi CVor: 3.3 pg mi 88 human-relevant point of departure, with uncertainty, for quantitative risk
classification and are not suitable for point of departure (PoD) determination for use in quantitative risk assessment. ECy 0.4% to > 4.5% EC,: 0.0049% to 0.048% EC,: 1.5% to 32.4% EC,: 0.2% 10 0.66% | ECs 0.0041% to 0.011% NICEATM IT report,
LLNA (4 studies) (9 studies) (7 studies) (4 studies) (2 studies) Appendix C assessment.
Unilever and the National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods A 10 o0 30 vt | DSA: 083 welom? to 70 ue/arn? | DSA: 45 hefom? ta 91 teare | . SARA-ICE DA was applied to six isothiazolinones as case studies to explore
(NICEATM) have developed the Skin Allergy Risk Assessment-Integrated Chemical Environment (SARA-ICE) Model - ° - ’ - ° Strickland ot al,
pec rgy g ) HPPT osed 7?_%’ - Mosest 45 10 602 Nest e 2023; DA performance when applied to a data-rich family of compounds with known
- sensitised* sensitised" sensitised-
a DA develgped upor_1 prmmple_s of the Unilever SARA Mc?del (Re_ynolds et al. 2019, ngnolds et al. 2022). The SARA ICE o atdies) e ies) B eneros] Herzler et al., 2024 sensitization potential.
Model provides a weight-of-evidence (WoE) PoD and United Nations Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) classification prediction for use in skin sensitization assessments. » Of the six isothiazolinones evaluated here, all are currently classified as either

EC, 5, effective concentration producing a 1.5-fold response; IC;,, concentration producing 50% inhibition; EC 5,599, Effective concentration producing a 150% or 200% increase; EC;, effective

concentration producing a 3-fold response (stimulation index); DSA, dose per skin area GHS Category 1 or 1A for skin sensitization (nOte: BIT and BBIT are classified

as category 1). SARA-ICE DA estimated that all compounds are likely to be
GHS category 1A, except for MIT when LLNA or HPPT data are the only input

Resu Its: SARA-ICE ESti mates for Isoth iaZOI i nones values and BIT when LLNA data are the only input values.

« Benchmark NESIL values have been derived for all isothiazolinone case

« SARA-ICE utilizes data within the publicly available Integrated Chemical Environment (ICE) database in addition to the
published Unilever SARA database and Cosmetics Europe database. The model is constructed within the Bayesian
statistical framework and allows for determination of a human relevant PoD termed the EDO1, defined as the dose with a
1% chance of inducing sensitization following a human predictive patch test (HPPT) exposure. The PoD can be calculated
using any combination of HPPT in vivo local lymph node assay (LLNA), and NAM data. NAMs used include the in chemico

i i Vi ineti in vi i tudi t BIT (Table 3). Th I for the NESIL f 0.83 to 45
direct peptide reactivity assay (DPRA) and kinetic DPRA, and the in vitro KeratinoSens™, h-CLAT, or U-SENS™ Figure 2: SARA-ICE ED01 Estimates for Six Isothiazolinones based on Combinations of In Vitro and In Vivo Data > Udlei SXeep (Table 3). The values for the S varyrom ©
assays. For a chemical of interest, the model returns the probability of each GHS classification conditional on the Hg/cm<.
distribution of the EDO1. MIT: DPRA, KeratinoSens, h-CLAT ——— EDO1 estimates represented + The correlation of NESILs and SARA-ICE DA EDO01 varies with each type of

 Here we apply the SARA-ICE Model to assess the skin sensitization potency of six isothiazolinones (Table 1) as a case iy * as centered 95% credible input (Figure 3, Table 3), with most of the estimates from only NAMs-based
study. Isothiazolinones are widely used as antimicrobial preservatives/biocides and are known to have skin sensitizing MIT: DPRA. Keratinosens. h-CLAT. LLNA - — | '(;tee(;;/bfigp{;pv!?:zihﬁgkﬁ]ine) data being more conservative than the NESILs. In this case, CMIT/MIT was
potential. This SARA-ICE analysis builds upon previous work (Strickland et al. 2022), where Shiseido Artificial Neural MIT: DPRA, KeratinoSens, h-CLAT, HPPT - — and median (bullet). Red the only chemical with an EDO1 estimate (median) greater than the NESIL (1.8
Networks (ANN) non-animal DAs for skin sensitization were evaluated for PoD estimates for use in quantitative risk MIT: HPPT, LLNA - ———— lines are plotted at the Hg/cm? vs. 0.83 pg/cm?).
. . . MIT: DPRA, KeratinoSens, h-CLAT, HPPT, LLNA 4 — et reference “no expected Lo, L
assessment for isothiazolinones. CMIT/MIT: DPRA. KeratinoSens. h-CLAT - S R — sensitization induction level” * For the purposes of deriving safe-exposure levels, SARA-ICE predictions
CMIT/MIT: LLNA - ———e (NESIL) values listed in using only NAMs-based data would provide a more protective PoD for risk
CMIT/MIT: HPPT - e Table 3 (below). assessment than the NESIL.
- CMIT/MIT: DPRA, KeratinoSens, h-CLAT, LLNA - S——
Flg u re 1 . SA RA-IC E MOdeI CMIT/MIT: DPRA, KeratinoSens, h-CLAT, HPPT - ————————————
CMIT/MIT: HPPT, LLNA e R R e
CMIT/MIT: DPRA, KeratinoSens, h-CLAT, HPPT, LLNA - e ey
Decision model: BIT: DPRA, KeratinoSens, h-CLAT - — ——
GHS classification thresholds: Call 1 (sensitizer) if P(1) > 0.8 BIT: LLNA 4 e
Threshold 1A/1B: 500 pg cm Call NC if P(NC)>0.8 (same as P(1) <0.2) BIT: HPPT - — e
Thresholds 1B/NC: 60,000 g cm-2 Call 1A if P(1A | 1) > 0.55 I DPRA. KeratinoSens. h-OLAT. LLNA L | Next Ste PS
Call 1B if P(1 B | 1) >0.55 BIT: DPRA, KeratinoSens, h-CLAT, HPPT - ——1
ST DPRA. KerafinoSene h_CLTTT: :EF: tt:i « Currently, SARA-ICE is undergoing evaluation via the OECD Defined
' OIT: DPRA, KeratinoSens, h-CLAT 4 S I Approach Skin Sensitisation (DASS) Expert Group for potential inclusion in
OIT: LLNA - —_— Guideline 497: Defined Approaches on Skin Sensitisation (OECD 2021).
OIT: DPRA, KeratinoSens, h-CLAT, LLNA 4 ———
R e | ‘ DCOIT: DPRA. KeratinoSens, h-CLAT - I R « Ultimately, the SARA-ICE Model will be publicly available as a containerized
DCOIT: LLNA - ———— version available in GitHub and eventually housed on the NICEATM ICE
DCOIT: DPRA, KeratinoSens, h-CLAT, LLNA 1 e platform (https://ice.ntp.niehs.nih.gov ).
BBIT: DPRA, KeratinoSens, h-CLAT — — _._. —— E— — N S
SARA-ICE model: . : e o 102 10~ 10° 101 102 103 10 105
Network of probability Continuous measure Categorical measure GHS classification £D0; (g cm-2)

of sensitizer potency of sensitizer potency GHS call if probability
Probability distribution Probability that passes thresholds

of a random variable chemical potency chosen within the Table 3: SARA-ICE ED01 and GHS Subcategory Probability Estimates (benchmark reference values included for context)
SARA-ICE database: between all data types defined as the dermal should be categorized ~ decision model. Jory y Refe rences
443 chemicals dose required to as GHS 1A (strong), SARA-ICE | SARA-ICE Probability GHS Subcategory Reference Values

1,407 in vivo studies induce sensitization in 1B (other than strong) : N SARA-ICE ST ST
C : Chemical Inout Data Combination Mean EDO1 Burnett et al. 2021. Amended safety assessment of methylchloroisothiazolinone and methylisothiazolinone
2,575 in vitro studies 1% of a HPPT-eligible or Not Classified (NC). P NESIL GHS ) Y Y

(Mg cm-2) 1A 1B NC GHS Call (g om?) Subcategory as used in cosmetics. Int J Toxicol 40(1), 20S-33S.

population. https://iournals.sagepub.com/doi/10.1177/10915818211016382

DPRA, KeratinoSens™, h-CLAT 9.9 0.94 0.06 1A o o _
: Herzler et al. 2024. Use of Human Predictive Patch Test (HPPT) data for the classification of skin
LLNA 4.3e+02 0.53 0.46 Inconclusive sensitization hazard and potency. Arch. Toxicol. Accepted for publication.

Ta b I e 1 m ISOth iaZOI i n O n es C o n s i d e red i n T h is Stu dy aidl 4.86402 0.54 0.4 inconclusive Ladics. 2020. Skin Sensitization Potency Comparison (Kathon 886F Industrial Microbiocide).

DPRA, KeratinoSens™, h-CLAT, LLNA 66 0.89 0.11 1A OECD 2021 S oD  to the OECD Guideline 497 on Defined A os for SKi
) ortin ocument to e eline on perine roacnes 1or n
DPRA. KeratinoSens™. h-CLAT, HPPT 1.56+02 0.84 0.16 1A Sensitisatigf:p ng Zocu Hiaet NEeAAPP !

o _ _ _ HPPT, LLNA 3.7e+02 0.61 0.39 1A https.//www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/CBC/MONO(2021)11&do
Abbreviation Chemical Name CASRN Molecular Weight Chemical Structure DPRA. KeratinoSens™. h-CLAT, HPPT, LLNA 1 7e+02 0.86 014 1A cLanquage=En

distributions to
describe associations

DCOIT DPRA, KeratinoSens™ h-CLAT 1.9 0.98 0.02 1A NICEATM. 2020. Application of non-animal test methods and defined approaches to skin sensitization
115.16 I S 0 LLNA 5 098 0.02 1A assessment of isothiazolinone compounds.
T\J} PPT 15 1 .OO O-OO A https://ntp.niehs.nih.gov/sites/default/files/iccvam/methods/immunotox/it/niceatm-it-report-june2020-
= Y CMIT: MIT : : final-wappx-508.pdf
Mixture of 5-chloro-2-methyl-4-isothiazolin-3-one 141.36 M|T0;<\\ o =
N~ O
nd

MIT 2-Methyl-4-isothiazolin-3-one 2682-20-4

CMIT/MIT

i I ™ -
and 2-methyl-4-isothiazolin-3-one 55965-84-9 éﬁ,.v.-erfaﬁﬁr“fﬁoaii“&";g?: h - CMIT/MIT DPRA, KeratinoSens™, h-CLAT, LLNA 2.6 1.00 0.00 1A Novick et al. 2013. Estimation of the safe use of concentrations of the preservative 1,2-benzisothiazolin-3-
b, H

0.239) | DPRA, KeratinoSens™, h-CLAT, HPPT 9.8 1.00 0.00 1A one (BIT) in consumer cleaning products and sunscreens. Food Chem Toxicol 56, 60-66.
sC HPPT, LLNA 10 1.00 0.00 1A https://doi.org/10.1016/j.fct.2013.02.006.

BIT 1,2-Benzisothiazolin-3-one 2634-33-5 151.18 5 DPRA, KeratinoSens™, h-CLAT, HPPT, LLNA 8.1 1.00 0.00 1A Reynolds et al. 2019. Probabilistic prediction of human skin sensitiser potency for use in next generation risk

-n-Octyl-4-isothiazolin-3- -20- DPRA, KeratinoSens™, h-CLAT 5.3 0.96 0.04 1A assessment. Comput Toxicol 9, 36-49.
oIt 2-n-Octyl-4-isothiazolin-3-one 26530-20-1 213.34 https://www.sciencedirect.com/science/article/pii/S2468111318300872
LLNA 1.2e+03 0.33 0.64 1B

DCOIT 4,5-Dichloro-2-octyl-3(2H)-isothiazolone 64359-81-5 282.23 Reynolds et al. 2022. Decision making in next generation risk assessment for skin allergy: Using historical

HPPT 63 0.83 0.16 1A . : : :
: : : / clinical experience to benchmark risk. Regul Toxicol Pharmacol 134, 105219.
BBIT 1,2-BenZ|SOth|aZOI|n-3-One, 2-buty| 4299-07-4 207.29 DPRA, KeratinoSens™, h-CLAT, LLNA 1.2e+02 0.81 0.19 1A https://www.sciencedirect.com/science/article/pii/S0273230022001064

DPRA, KeratinoSens ™, h-CLAT, HPPT 12 0.98 0.02 1A SCCS 2016. Opinion of the Scientific Committee on Consumer safety (SCCS) — Opinion on the safety of the
HPPT, LLNA 2.4e+02 0.69 0.31 1A use of Methylisothiazolinone (MI)(P94), in cosmetic products (sensitisation only). Regul Toxicol
DPRA, KeratinoSens™, h-CLAT, HPPT, LLNA 73 0.93 0.07 1A Pharmacol 76, 211-212. https://www.sciencedirect.com/science/article/pii/S0273230016300010

Ac kn OWI ed g m e nts DPRA,KeratinoSens™, h-CLAT 0.66 0.99 0.01 1A Strickland et al. 2022. Application of defined approaches to assess skin sensitization potency of

LLNA 1 1e+02 0.78 0.22 1A _ isothiazolinone compounds. Appl In Vitro Toxicol 8(4), 117-128.
https://www.liebertpub.com/doi/abs/10.1089/aivt.2022.0014

DPRA, KeratinoSens™, h-CLAT, LLNA 14 0.98 0.02 1A | - | o |
This project was partially funded with federal funds from the NIEHS, NIH under Contract No. HHSN273201500010C. AN DPRA, KeratinoSens™. h-CLAT 0.64 0.99 0.01 1A Strickland et al., 2023. A database of human predictive patch test data for skin sensitization. Arch. Toxicol
The views expressed above do not necessarily represent the official positions of any federal agency. 20 35 DCOIT LLNA 44 0.98 0.02 1A 97(11), 2825-2837. hitps://doi.org/10.1007/s00204-023-03530-3

Since the poster was written as part of the official duties of the authors, it can be freely copied. : — .
DPRA, KeratinoSens™, h-CLAT, LLNA 1.7 1.00 0.00 1A NICEATM Presentations Unilever Presentations [E¥fz[E
DPRA, KeratinoSens™, h-CLAT 3.2 0.97 0.03 1A at SOT 2024 at SOT 2024
Of¥he

*D.G. Allen’s current affiliation is with the International Collaboration on Cosmetics Safety, New York, NY. o BBIT

This project is a collaboration between NICEATM and Unilever plc. _ _
References for benchmark reference values: 1) ECHA database; 2) SCCS 2016; 3) Burnett et al. 2021; 4) Novick et al. 2013; 5) Ladics 2020.
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