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Insights from human data are key contributors to the weight of evidence in
development of AOP frameworks

Human data are valuable in evaluation or benchmarking of in silico or in vitro
approaches in hazard identification and enable development of Integrated
Approaches to Testing and Assessment (IATA)

However, clinical and epidemiological data can be riddled with variability mainly
due to lack of standardized guidelines

We present two approaches in the systematic use of human data on chemical
sensitizers:

* To build a reference list of putative respiratory sensitizers that can be used for
regulatory purpose and development of IATA for chemical respiratory allergy

» To benchmark the risk of skin sensitizer exposures that can be further combined
with Next Generation Risk Assessment (NGRA) methodologies for the predicting
risk of allergic contact dermatitis for novel chemicals



Utilization of Human Data: Chemical Respiratory Allergy

A list of 120 chemicals, with human clinical evidence of respiratory sensitization, was
developed from Enoch et al. Chem Res Toxicol 2012, 25:2490-2498.

* A systematic and phased approach was developed for utilization and curation of human
data towards validating this reference list of putative respiratory sensitizers

* EPA-developed Abstract Sifter tool, that automates broad literature searching via PubMed,
was utilized to standardize the search for human data related to asthma or respiratory
allergy for the list of chemicals (Baker N et al. FI000Research 2017, 6(Chem Inf Sci):2164)

* The objective was to identify those chemicals in the list with definitive human evidence of
respiratory sensitization

» Additionally, those chemicals in the list with equivocal evidence or evidence for dermal
sensitization or respiratory/dermal irritation were identified for use as discriminatory
controls in the assays within the IATA to be developed
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Utilization of Human Data: Chemical Respiratory Allergy

PHASE |

Use Abstract Sifter /\

If limited results occur,

Query: chemical name AND
(human OR clinical) AND
(respiratory OR lung)

If several results pccur, If >7000 results occur,

remove search

qualifiers

/

N

Query: chemical name
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Save files: Abstract Sifter v5.5 chemical name
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usew\ use additionallqualifiers

Query: chemical name AND
Sifters: IgE, bronchial challenge, ¢=————(human OR clinical) AND
sensitize (respiratory OR lung) AND

\/ (asthma OR allergy)
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Utilization of Human Data: Chemical Respiratory Allergy

Use Abstract Sifter /\

Query: chemical name AND
(human OR clinical) AND
(respiratory OR lung)

If limited results occur, If several results pccur, If >7000 results occur,

remove search| qualifiers use sifters use additional jqualifiers

Query: chemical name AND
Sifters: IgE, bronchial challenge, ———— (human OR clinical) AND

A

Query: chemical name

sensitize (respiratory OR lung) AND
PHASE II S (astwgy)
Lack of data l Clinical features of RS ~ Known R l Known DS Known DI
NE asag_nment/ Respl_ra.tory Resp-lratory Dermal Sensitizer Dermal Irritant
No info Sensitizer Irritant
N N N/ N_ N_

Save with No info/RS/RI/DS/DI notations in the Abstract Sifter files



Utilization of Human Data: Chemical Respiratory Allergy

Criteria for classification of human data:

No information There is no information to evaluate the compound

Either absent from the literature

Or the available literature is irrelevant to human respiratory symptoms

No The clinical literature demonstrates that the compound is not a respiratory sensitizer in
humans

Either significant occupational exposure and investigation of asthmatic symptoms rules
out immune-mediated occupational asthma/respiratory allergy caused by the compound

Or significant literature demonstrates that the compound is used to prevent asthma by
reducing symptoms or effects of exposure to allergens

Equivocal There is clinical evidence of respiratory symptoms after exposure, but available
evidence does not conclusively demonstrate sensitization

Either there is no evidence of immune-mediated response to distinguish respiratory
sensitization from respiratory irritation

5 o Or there is conflicting evidence of immune-mediated response or significant confounding
@gﬁ exposure
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Criteria for classification of human data:

Utilization of Human Data: Chemical Respiratory Allergy

Yes

There is significant clinical evidence that the
compound has caused respiratory
sensitization in at least one patient, as defined
by one of the following scenarios:

Patient history of exposure with positive
specific bronchial challenge, combined with
evidence of specific IgE and/or IgG immune-
mediated response as determined by exposure
to the compound:

Skin-prick test (SPT)

Radioallergosorbent test (RAST)

Enzyme-linked immunosorbent assay (ELISA)

Patient history of exposure with positive
nonspecific bronchial challenge, combined with
evidence of IgE and/or IgG immune-mediated
response paired with negative controls to
eliminate confounding exposures

Additionally, the quantity of patients identified
in the available literature is indicated for all
compounds in this category:

1<N<10:LowN

N > 10: High N




Utilization of Human Data: Chemical Respiratory Allergy

PHASE Il
Respiratory
Sensiti;er
|
-~ For all RS compounds, score based on
Equivocal Yes volume of cases and reports found in
) g literature
Low N At least one report
. : that fits the criteria
_High N Several reports consistent
, : with exposure, fit the criteria

& PHASE IV Peer review of all classed compounds

e

Align classifications with in vitro and
G PHASE V ©

in vivo datasets
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Utilization of Human Data: Chemical Respiratory Allergy

Chemical Reports Evidence of Evidence of | Evidence of | Evidence of | Potential for | Comments | Respiratory
of asthma | specificity of | specific IgG | specific IgE | other confounding sensitizer DI
or rhinitis | symptoms mechanisms | exposure
1,3- Diisocyanate Yes, <10 Workers Not tested Not tested Not reported None Could be an Possible
Bis(isocyana oligomer reports administered irritancy RI
tomethyl)cy usedin methacholine effect, no
clohexane automobile bronchial information
paint factory challenge, led to available on
decrease in mechanism
FEV1
1,2- Additive in Yes, <10 Worker Not tested Test for IgE Not reported None Mechanistic
Benzisothia  detergent reports reported OA against information
zolin-3-one manufactur and rhinitis, formaldehyde not available
-ing FEV1 decreased negative
by 26% when
challenged with
unconjugated
BIT

Classed Chemicals
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acid)
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Utilization of Human Data: Chemical Respiratory Allergy

Exposure
through
chromatogra
phic reagent

Healthcare
workers,
endoscopy
and x-ray
department
s; cleaning
industry

Reports
of asthma
or rhinitis

Yes, only
one report

Yes, >100
reports

Classed Chemicals

Equivocal

Yes

Evidence of
specificity of
symptoms

Medical school
lab technician
reported OA,
close to 20%
decrease in with
challenge using
Pauli's reagent.

7 of 8 workers
with complaints
of OA showed
>20% decrease
in FEV1 with SIC

Evidence of
other
mechanisms

Evidence of
specific IgE

Evidence of
specific IgG

Not tested SPT positive None
when

challenged

with Pauli's

reagent

Not reported

Not tested Specific IgE None
seen in seven

patients

(29.1%, a

cutoff value

of 0.88%

RAST binding.

Not reported

Potential for
confounding
exposure

Comments

Lymphocytic
infiltration of
thickened
alveolar walls,
occasional
desquamated
type 2
alveolar cells

Respiratory
sensitizer
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Utilization of Human Data: Chemical Respiratory Allergy

Using a systematic approach, identified chemicals for which there is unequivocal clinical
evidence of respiratory sensitization and asthma, with an underlying immunological
mechanism

For the rest of the chemicals in the list (developed using mechanism-based structural
alerts), current knowledge of clinical evidence related to induction of respiratory
sensitization through immunological mechanism or lack thereof was documented

The variability in clinical tests as well as gaps that can be considered within the testing
regimen for occupational asthma were identified

As a next step, the human evidence was viewed in comparison with other in vitro and in
vivo data either as a weight of evidence towards or as an indication for specific IATA for
identifying chemical respiratory sensitizers

Please visit: 2830: Poster Board - P296 Utilization of Human Evidence for Testing and
Assessment of Chemical Respiratory Sensitizers
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Next Generation Skin Sensitisation Risk Assessment

Skin allergy risk assessment:
our non-animal approach

Amount of

\ ’ Amount of
| ingredient
. availablein

\} skin
: t skin sensitisation
: in consumers

. Our 30+ year investment in developing
novel approaches for skin sensitisation
risk assessment has meant that non-
animal approaches are now our default
choice to assure product safety.

‘ Risk of inducing

Our ongoing research aims to increase
our mechanistic understanding of
allergic contact dermatitis to ensure we
continue to improve the clinical
relevance of our skin sensitisation risk
assessments.

Ability of

N ingredient to
} product used : ,  bind protein

Characterise '
ingredient '

)
protein .
reactivity
g1 |

To find out more visit:
TT21c.org/ESCD-2016 or
attend ESCD ‘Special
Session: Basic Science,
Toxicology & patch testing’
on 15.30-17.00 on Thursday
15" Sept

* We need a risk assessment approach for skin allergy
that...
o doesn’t require new animal test data
o addresses novel exposure scenarios
o better characterises our uncertainty
o fully utilises available human data...

* NexGen Risk Assessment (NGRA) is an exposure-led,
hypothesis-driven approach integrating new approach
methodologies (NAMs) to ensure safety without
generating animal data



Next Generation Skin Sensitisation Risk Assessment
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TIMES

DEREK

OECD QSAR Toolbox
METEOR NEXUS

In silico prediction <
tools

N
I lymph nod
Animal Studies” CENA (locq ymp- e e-a_?say.)
GPMT (guinea pig maximisation test)
/‘

Human Clinical”

DPRA (OECD TG 442C)

Peptide reactivity profiling / kinetics (Aleksic et al.
Toxicological Sciences, 2009, 108(2), 401-411)

In chemico/in vitro <

assays
Y KeratinoSens™ (OECD TG 442D)
_ h-CLAT, U-SENS™ (OECD TG 442E)
Uf*%w “Historical information, we do not conduct these studies. Historical animal data only used if pre-2010.



Next Generation Skin Sensitisation Risk Assessment
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Utilization of Human Data: Skin Allergy

Key objectives were to a) collate a series of benchmark consumer exposures to skin sensitizing

- chemicals, assign high or low risk category, based on clinical evidence and b) incorporate the
benchmark exposures into Skin Allergy Risk Assessment (SARA) model and evaluate its performance

against these exposures

‘ Ten materials chosen based on the following criteria:

e They should be established contact allergens (based upon human / clinical experience)

e They should have an established history of use in cosmetic products
¢ The exposure can be quantified with respect to use levels / actual consumer exposure

Three representative leave on (underarm products, face cream and body lotion) and three rinse off (liquid hand
soap, shampoo, and shower gel) product types selected for calculating consumer dermal exposure

High or low risk assigned to an exposure based on the following premise:

e Strong association of a chemical exposure (in a specific body part/ product type) with high prevalence of

% ) contact allergy —
@i@%g e Wide-spread exposure to a chemical and yet not a high prevalence of contact allergy — Low Risk

Unillever



Utilization of Human Data: Skin Allergy

5 . 5 Product type Use level | Consumer
Methylchloroisothiazolinone/
(ppm) exposure to
Methylisothiazolinone (MCI/MI) benchmark
P product (ng cm 2
30 ppm in leave-on |* High prevalence MCI/MI [ 30 350 HIGH
and rinse-off D 7.5 87.8 HIGH
L I Facecream 30 100 HIGH
e D 7.5 25 HIGH
7.5 ppm in leave-on i
bPm In 18aVE-on e High prevalence B sody Iotion 30 80 HIGH
and 15 ppm in rinse _
off 7.5 20 HIGH
b - Liquid hand soap 15 7.3 LOW
Banned in leave-on |¢ Dacrease in prevalence
and 15 ppm in rinse- > P shampoo 15 1.1 LOW
off T shower gel 15 0.2 LOW

Hydroxyisohexyl 3-cyclohexane carboxaldehyde (HICC)

f .
on (underarm

Product type |Use level Consumer exposure

to benchmark

products)
product (ng cm 2
P
1500 ppm in leave- |eDecrease in prevalence, lag between Deo 15000 175581.4 HIGH
on (underarm reduction in exposure and contact 1500 17558.1 UNCLASSIFIABLE
products) allergy cases
200 2341.1 UNCLASSIFIABLE

'

200 inl eDecrease in prevalence, lag between
ppmInleave-on |  .4ction in exposure and contact
(Underarm prOdUCtS) allergy cases
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MCIMI
Phenylenediamine H
nzeguinone -
Trans-Z-hexenal 4
Methéleoctyne carbonate
nzisothiazolinone

ol -
Methylisothiazolinone

Lauryl gallate

Diethyl maleate o

MDEGN

Formaldehyde o
2-Hexylldene%c\opentanone B
2-Phenylpropanal 4

ugenal 4

Propyl gallate
Glutaraldehyde
Dihydrocoumarin
Ethylene diamine 4

itral 4
Benzylidene acetone
IPBC

Delta damascone

Ethyl acrylate

Trans beta damascone 4
Methyl heptine carbonate o
Ferillaldehyde 4
Vetwer%l acefate
3-Phenylpropanal 4
Citronellol
Cinnamonitrile 4
3-Aminaphenal 4
Phenylacetaldehyde
Cinammic alcohal 4
Imidazolidinyl urea
Hydroxycitronellal -
Famesal 4
\sucyclnggramol B

Yiang ylang extratt 4
ang ylang extract -

. ryl-AIIyIamsole E
Sodium lauryl sulphate
“Eugenal

Limonene 4

Phenyl benzoate 4
Amyl cinnamic alcohol 4
) ~ Coumarin
Amyl cinnamic aldehyde 4
Cyclamen aldehyde o
 Farmesol <

Salicylic acid 4

Benzyl benzoate 4
Geranial 4

Galbanone

Methyl sa\ic‘v_l\ate B

] ICC

Benzyl cinnamate
Benzyl salicylate 4
Hexyl salicylate -
Hexylcinnamalde Fde B
ate o

Dimethyl isophtha

Linaloal
Propyl paraben

BMHCA

6-Methylcoumarin 4
4-Methoxyacetophenone 4

OTNE

Phenoxyethanol 4

Utilization of Human Data: Skin Allergy

SARA potency

-Aminohenzoic acid -4
r Sodium benzoate o ';
lsopropancl
Benzyl alcohel 4 —+—
autanoll— 9~
s my Lachi- acid 4 b
] Pmpyle?’]ce‘glgggl— ——
?&s ,If:x T T T T T T
35 10! 10° 10! 10° 107 10 10° 10°
Unilover D1 (g cm )

* SARA model: A model, defined using Bayesian statistics, to
infer a human-relevant metric of sensitiser potency, with inputs
into the model from any combination of HRIPT, LLNA, DPRA,
KeratinoSens, h-Clat or U-Sens data (Reynolds et al.
Computational Toxicology, 2019, 9:36—49)

* Probabilistic estimate of the ED,, (HRIPT dose with a 1% chance
of sensitisation) obtained for all chemicals in the SARA
database. For example:

* Mean of the distribution for MCI/MI, PPD and
benzoquinone is less than 10 ug cm-2

* Mean of the distribution for benzyl alcohol, isopropanol
and lactic acid is greater than the maximum possible
HRIPT exposure of 60,000 pg cm™

* Varying levels of precision in estimates reflect the varying
numbers and concordance of studies/assays available for each
chemical
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Utilization of Human Data: Skin Allergy

SARA probability exposure is "low risk"

MCI/MI Deo 30ppm 4

MODBGN Deo 1000ppm -

Propyl gallate Lipstick 1000ppm 4

MCI/MI Face cream 30ppm -

MCI/MI Deo 8ppm

MDBGN Face cream 1000ppm -

Propyl gallate Lipstick 500ppm -
Methylisothiazelinone Deo 100ppm

HICC Deo 15000ppm

MCI/MI Face cream Sppm

MCI/MI Body lotion 30ppm o

MDBGN Body lotion 1000ppm
Methylisothiazolinone Face cream 100ppm
MDBGN Liquid hand soap 1000ppm

MCI/MI Liquid hand soap 15ppm 4

|PBC Deo 70ppm -

Propyl paraben Deo 4000ppm
Phenoxyethanol Dec 10000ppm

MCI/MI Body lotion Bppm -

Benzyl alcohel Deo 10000ppm
Methylisothiazolinone Body lotion 100ppm
IPBC Face cream 100ppm

Sodium benzoate Deo 5000ppm

MDBGN Shampoo 1000ppm

Propyl paraben Deo 1400ppm

MCI/MI Shampoo 15ppm

Benzyl alcohel Face cream 14000ppm
Propyl paraben Face cream 4000ppm
Phenoxyethanel Face cream 10000ppm
Benzyl alcohel Face cream 10000ppm
Benzyl alcohel Liquid hand soap 50000ppm 4
Benzyl alcohol Deo 2000ppm

Sodium benzoate Face cream 5000ppm
Sodium benzoate Liquid hand soap 25000ppm o
Propyl paraben Face cream 1400ppm

IPBC Liquid hand soap 100ppm

MDBGN Shower gel 1000ppm -

Benzyl alcohol Body lotion 14000ppm
Propyl paraben Body lotion 4000ppm 4
Phenoxyethanol Body lotion 10000ppm
MCI/MI Shower gel 15ppm

Propyl paraben Liguid hand soap 4000ppm
Phenaxyethanol Liquid hand soap 10000ppm
Benzyl alcohol Body lotion 10000ppm
Benzyl alcohel Liquid hand soap 10000ppm 4
Benzyl alcohel Shampoo 50000ppm
Sodium benzoate Body lotion 5000ppm
Propyl paraben Body lotion 1400ppm
Propyl paraben Liquid hand soap 1400ppm
Sodium benzoate Shampoo 25000ppm
IPBC Shampoo 100ppm

Propyl paraben Shampoo 4000ppm
Phenoxyethanol Shampoe 10000ppm o
Benzyl alcohel Shampoo 10000ppm o
Benzyl alcohel Shower gel 50000ppm
Propyl paraben Shampoo 1400ppm
Sodium benzoate Shower gel 25000ppm
IPBC Shower gel 100ppm -

Propyl paraben Shower gel 4000ppm
Phenoxyethanol Shower gel 10000ppm
Benzyl alcohol Shower gel 10000ppm
Propyl paraben Shower gel 1400ppm -

10 10! 100 108 10* 105 106

Margin of Exposure

0.0

0.2

0.4

0.6

0.8

10

A distribution generated for the margin of exposure
(MoE) (ED,, divided by exposure) for every benchmark
exposure, where the risk can be defined as either high
or low, based on clinical evidence

Background colours indicate the assigned risk category
for each exposure (orange indicating high risk and blue
low risk)

SARA model also infers a probability that a certain
exposure is low risk and the line colours indicate this
model inferred probability

Using the SARA model, an almost full separation of risk
categories based on ranking of the MoE observed



Utilization of Human Data: Skin Allergy

Validation of SARA predictive performance and calibration using the
benchmark exposures

SARA probability (that exposure is low risk) was calculated for each chemical with benchmark
exposure available (after removing its risk classification). Metrics computed for these SARA
predictions from different sets of inputs (in vivo, NAM or all) and compared with QRA

SARA in SARA all | SARA NAM
vivo

SenS|t|V|ty 73% 80% 53% 80%
SpeC|f|C|ty 97% 89% 83% 91%
Accuracy 90% 86% 75% 88%

Balanced 85% 84% 68% 86%
accuracy

* Assessment of calibration of SARA-derived probabilities was done by assigning risk category to each
probability of every benchmark chemical exposure, generated over a range of probability intervals



Utilization of Human Data: Skin Allergy

e Using the human benchmarks, the performance of the SARA model was measured, and
key insights were drawn on NAM data usage and the accuracy of the resulting predictions

* Historically used Safety Assessment Factors (SAFs) incorporated in Quantitative Risk
Assessment (QRA) approach rely on weight of evidence-based judgement and are not
empirically derived

* Benchmarks based on clinical evidence are more specific and relevant to humans and may
be an alternate approach

* Increasing the number of benchmarks by collaborating with dermatologist and tapping
into surveillance data to further improve the risk assessment of novel chemical exposures
are amongst the next steps

Please visit: 2796: Poster Board - P262 Application of clinical benchmarks to NexGen Risk
Assessment (NGRA) decision making for skin allergy: use of historical clinical experience to
define low risk cosmetic product market exposures

Unillever
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Summary

Shared two approaches for evaluating and applying human clinical data either as
part of the weight of evidence towards generating a reference list of sensitizers
or evaluating NAMs and defined approaches

Clinical data, where available, can serve as a gold-standard tool, to validate
mechanisms in adverse outcomes or its predictions from in silico or in vitro
methodologies

Current limitations include unavailability of certain types of data, lack of
standardization in clinical data collection, and unexplored or underutilized clinical
evidence

Opportunities for toxicologists and clinicians to work together to maximize the
learnings from clinical experience
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