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Next Generation Risk Assessment (NGRA) 

Is it safe to include x% of 
chemical y in product z?

Assessing ingredient & product safety without animal testing



Covalent Protein Binding leading to Skin Sensitisation AOP https://aopwiki.org/aops/40

Key Event 1 (KE1) KE2 KE3 KE4 Adverse Outcome (AO)

Predictive 
Chemistry 

For example:
• DEREK-NEXUS
• OECD QSAR 

Toolbox
• TIMES
• ToxTree

in silico NAM in chemico/vitro NAM in vivo evidence

Protein 
Reactivity

OECD TG 442C 
Includes:
• ADRA
• DPRA
• kDPRA

Keratinocyte 
Activation

OECD TG 442D 
Includes:
• KeratinoSens™
• LuSens

DC Activation

OECD TG 442E
Includes:
• h-CLAT
• IL-8 Luc Assay
• U-Sens™
• GARD

T Cell 
Proliferation

For Example:
• Human T cell 

proliferation 
assays (hTCPA)

Skin Sensitisation

OECD TG 429: mouse local lymph 
node assay (LLNA) & variants

TG442A & 442B

OECD TG 406: Buehler & Guinea 
Pig Maximisation Test (GPMT)

Human evidence 
e.g. Human Repeat Insult Patch 

Test (HRIPT)

https://aopwiki.org/aops/40
https://www.lhasalimited.org/products/derek-nexus.htm
https://www.qsartoolbox.org/
http://oasis-lmc.org/products/software/times.aspx
http://toxtree.sourceforge.net/
https://www.oecd-ilibrary.org/docserver/9789264229709-en.pdf?expires=1566469190&id=id&accname=guest&checksum=ABE5B06EA0968315D3E1683ED2EF4147
https://www.oecd-ilibrary.org/docserver/9789264229822-en.pdf?expires=1566469795&id=id&accname=guest&checksum=5AEC9B962EDF9D642BA1684D8C4B4618
https://www.oecd-ilibrary.org/docserver/9789264264359-en.pdf?expires=1566470342&id=id&accname=guest&checksum=69519CDD34074D6BFD0FF107BFCF7674
https://www.oecd-ilibrary.org/docserver/9789264071100-en.pdf?expires=1566470659&id=id&accname=guest&checksum=1274F554F9C23948D59939C83357205B
https://www.oecd-ilibrary.org/docserver/9789264090972-en.pdf?expires=1566470886&id=id&accname=guest&checksum=89E83BE373D8C72C71ED3BA3807F2306
https://www.oecd-ilibrary.org/docserver/9789264090996-en.pdf?expires=1566470965&id=id&accname=guest&checksum=217EFA51DFD0B51C5F901DD4C40462BE
https://www.oecd-ilibrary.org/docserver/9789264070660-en.pdf?expires=1566471009&id=id&accname=guest&checksum=FF3B585D7578DF4BDE67F3D1F0637D48
http://fragrancematerialsafetyresource.elsevier.com/sites/default/files/FA-3-Politano-Research.pdf


SARA Model



SARA inputs - Historic and new approach methodology (NAM) 
data
Target of inference: dermally applied dose at which there is a 1% sensitisation rate in a 
human repeat insult patch test (HRIPT). Called the ED01

Historic in vivo data:
• HRIPT - N sensitised out of N tested following dermal dose X in µg cm-2

• LLNA - EC3 (%)

NAM data
• DPRA – percentage depletion of cysteine and lysine peptides
• KeratinoSensTM – EC1.5 (µM)
• h-CLAT – CD86 EC150 and CD54 EC200 (µg cm-3)
• U-Sens – CD86 EC150 (µg cm-3)

Market-relevant data
Benchmark consumer exposures – use levels in products (%) known to be low risk (or not) 
for induction of sensitisation.



Probabilistic modelling

• SARA model is an example of a Bayesian statistical model
• Model parameters and data are random variables
• SARA model is built from a network of conditional probability statements
• The ‘fitted’ model is the joint distribution of the model parameters conditional on 

available data

Probability of sensitisation in the HRIPT

• Probability of sensitisation given dermal dose 
modelled using a logistic function

• Variability in HRIPT studies modelled using a 
binomial sampling distribution

• Obtain joint distribution of ED01 and slope 
parameter for each chemical

• Partial pooling used to regularise estimates of 
slope parameters



Variability in NAM data

Variability in NAMs modelled within a 
hierarchical structure:

• Each chemical is assumed to have its own 
variance

• Variance estimates are regularised using 
partial pooling

• Allows variance estimates to be made if 
repeat studies unavailable

• Each chemical has a model parameter for 
the average result in the NAM 



Correlation between NAMs and the ED01

Average result in each NAM (and 
LLNA) assumed to correlated with 
HRIPT ED01

NAM results undergo 
transformation so linearity can be 
assumed (e.g. logistic transform 
for DPRA depletion)

Errors modelled using a 
multivariate Gaussian – accounts 
for high correlation between 
NAMs which are measuring similar 
quantities, e.g. h-CLAT and U-Sens



ED01 estimates

Obtain distributions for the ED01 for each 
chemical in the dataset, conditional on all 
available data

Heterogeneity in data availability results in 
precision of estimates differing considerably 
between chemicals

For non-sensitising chemicals, estimates of 
the ED01 largely above what could be 
physically dosed in the HRIPT



Benchmark exposures



Benchmark exposures –mapping margins of exposure to risk 
classifications

A set of benchmark consumer exposures 
have been defined and categorised as low or 
high risk for induction of skin sensitisation

Margins of exposure from the ED01 are 
regressed against the classification

Allows prediction of the classification using 
the margin of exposure when the true risk 
status is unknown



Evaluation of the SARA model

• Limited set of benchmark exposures means truly independent test set unavailable

• Use of a “leave-one-chemical-out” cross validation strategy

• Predict benchmark risk using
a) NAM data only
b) Historic in vivo data only
c) All available data

Chemical Product Use level Exposure (μg/cm2) Risk class Prob. low risk in vivo Prob. low risk all data Prob. low risk NAM AEL:CEL

MDBGN Shower gel 1000ppm 0.012 0 0.98 0.92 0.85 35

MDBGN Shampoo 1000ppm 0.074 0 0.89 0.69 0.56 5.7

MDBGN Liquid hand soap 1000ppm 0.49 0 0.66 0.32 0.23 2.6

MDBGN Body lotion 1000ppm 0.60 1 0.62 0.28 0.20 2.1

MDBGN Face cream 1000ppm 2.7 1 0.36 0.10 0.06 0.46

MDBGN Deo 1000ppm 12 1 0.16 0.03 0.02 0.036

Propyl gallate Lipstick 500ppm 5.9 1 0.22 0.26 0.37 0.19

Propyl gallate Lipstick 1000ppm 12 1 0.15 0.16 0.25 0.093



Calibration of the risk metric

• Demonstrate probability predictions can be assumed calibrated, i.e. at 95% confidence 
level, around 95% of predictions correct



Conclusions

• Probabilistic model constructed to quantify associations (with explicit 
representation of the uncertainty) between historic in vivo data and NAM data 
relevant for skin sensitisation

• Takes into account variability in all data sources

• Provides a hazard-based output (ED01) and a risk-based output if considering 
some exposure scenario (probability exposure is low risk for induction of skin 
sensitisation)

• Evaluated with respect to calibration of the risk metric



Next steps

• Include me-too assays for key events 1 and 2, 
e.g. kinetic DPRA and Lu-Sens assays

• Expand the number of benchmark exposures –
work with dermatology clinics to identify further 
product-chemical combinations that considered 
low / high risk for induction of skin sensitisation 
based on market experience

• Explore more novel NAMs as predictors for skin 
sensitisation potency, e.g. potential to induce 
oxidative stress

• Include in silico reactivity predictions derived 
from chemical structure

Unilever are working with 
NICEATM to develop a publicly 
available version of the SARA 
model
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