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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



Main overriding principles: 
» The overall goal is a human safety risk assessment 
» The assessment is exposure led 
» The assessment is hypothesis driven
» The assessment is designed to prevent harm

Principles describe how a NGRA should be conducted: 
» Following an appropriate appraisal of existing information
» Using a tiered and iterative approach
» Using robust and relevant methods and strategies

Principles for documenting NGRA: 
» Sources of uncertainty should be characterized and documented
» The logic of the approach should be transparently and documented

Principles of Next Generation Risk Assessment from ICCR
Non-animal approaches in Cosmetic Risk Assessment

Dent et al (2018), Computational Toxicology, 7, 20-26: https://doi.org/10.1016/j.comtox.2018.06.001

https://doi.org/10.1016/j.comtox.2018.06.001


NGRA frameworks: Systemic toxicity example

Amaral et al. (2018) https://www.iccr-
cosmetics.org//downloads/topics/iccr_integrated_strategies_for_safety_assessment_of_cosmetic_ingredients_part_2.pdf
Berggren et al, (2017),Computational Toxicology, 4, 31-44: https://doi.org/10.1016/j.comtox.2017.10.001

https://www.iccr-cosmetics.org/downloads/topics/iccr_integrated_strategies_for_safety_assessment_of_cosmetic_ingredients_part_2.pdf
https://doi.org/10.1016/j.comtox.2017.10.001


NGRA framework: Skin Allergy example 

Gilmour et al, (2020),Regulatory Toxicology and Pharmacology, 116: https://doi.org/10.1016/j.yrtph.2020.104721

https://doi.org/10.1016/j.yrtph.2020.104721


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

Keratinocyte 
Activation

OECD TG 442D 
Includes:
• KeratinoSens™
• LuSens

DC Activation

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

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


Skin Allergy Defined Approaches (DAs): state of the science 

• Defined Approach: fixed Data Interpretation Procedure (DIP) used to interpret data 
generated with a defined set of information sources, that can either be used alone 
or together with other information sources, to satisfy a regulatory need

• Twelve Skin Allergy DAs were reviewed by OECD to develop a DA reporting template:
• No. 255: Reporting of Defined Approaches to be used within Integrated 

Approaches to Testing and Assessment
• No. 256: Reporting of Defined Approaches and Individual Information Sources to 

be Used within Integrated Approaches to Testing and Assessment (IATA) for Skin 
Sensitisation

• OECD DASS working group: developing an OECD DA test guideline based (currently 
draft) based upon a performance-based evaluation of the simplest ‘Group 1’ DAs 
• GL DASS_22Sep2019v2.pdf (oecd.org)
• DAGL supporting document_23 Sep2019.pdf (oecd.org)

https://www.oecd.org/env/ehs/testing/GL%20DASS_22Sep2019v2.pdf
https://www.oecd.org/env/ehs/testing/DAGL%20supporting%20document_23%20Sep2019.pdf


Toxicokinetic-toxicodynamic (TKTD)/qAOP defined approach

Objective: model should be simplest representation of the AOP capable of reproducing the
induction of contact allergy to DNCB to enable prediction of a safe level of skin exposure
(MacKay et al. 2013. http://altweb.jhsph.edu/altex/30_4/MacKay.pdf )

Modelling covalent binding to 
skin proteins
1. diffusion and partitioning 

into the stratum corneum 
and skin

2. sensitiser clearance by 
dermal capillaries

3. covalent modification of 
protein nucleophiles by 
hapten. 

Modelling T cell activation & 
proliferation
4. proteasome processing of 

protein nucleophiles to 
form small peptides and 
transport to the 
endoplasmic reticulum (ER)

5. binding of peptides and 
hapten-peptide complexes 
to Class I MHC and 
transport to plasma 
membrane

6. binding of pMHC and 
hapten-pMHC to CD8+ T cell 
receptors

7. activation of naïve specific        
CD8+ T cells

http://altweb.jhsph.edu/altex/30_4/MacKay.pdf


• Bayesian probabilistic 
model, which 
estimates human 
sensitiser potency for 
use in risk assessment 
decision-making

• uses a database of 
public experimental 
data covering AOP KEs 
1-3 and AO

• original publication: 
Reynolds et al. 2019: 
https://doi.org/10.101
6/j.comtox.2018.10.004

Skin Allergy Risk Assessment (SARA) Defined Approach

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

Protein 
Reactivity

OECD TG 442C 
• DPRA

Keratinocyte 
Activation

OECD TG 442D 
• KeratinoSens™

DC Activation

OECD TG 442E
• h-CLAT
• U-Sens™

Skin Sensitisation

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

• Human evidence:. Human 
Repeat Insult Patch Test 
(HRIPT)

https://doi.org/10.1016/j.comtox.2018.10.004
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
http://fragrancematerialsafetyresource.elsevier.com/sites/default/files/FA-3-Politano-Research.pdf


Since the 2019 publication we’ve:

• redefined the point of departure 
(PoD) metric to a dose with a 1% 
chance of human skin 
sensitisation (termed ED01)

• expanded the SARA dataset from 
30 → 81 chemicals

• expanded to account for 
variability in the DPRA, 
KeratinoSens™, h-CLAT and U-
Sens™ (note: variability in the 
historical in vivo data was a 
feature of the 2019 model)

• expansion to incorporate 
benchmark exposure information

SARA Defined Approach



Use of consumer exposure information and clinical evidence to 
develop skin allergy risk benchmarks

• Traditional risk assessment approaches for skin allergy use safety factors to

rescale PoDs to market-equivalent safe doses for comparison against consumer

exposure estimates.

• For NGRA, publicly available benchmark exposure information can be used to

establish that an exposure is low risk and can be considered safe.

• To apply this concept, we established 62 low or high risk benchmark exposures

using 10 human skin allergens (e.g. MCI/MI) with an established history of use in 7

cosmetic product types.



• The SARA model was expanded to 
incorporate benchmark exposure 
information as an additional input 
alongside historic in vivo and NAM 
data.

• After fitting the model, and given 
some exposure scenario of interest, 
the model can then be run in ‘forward 
mode’ to calculate the SARA risk 
metric, defined as the probability that 
the exposure is low risk for human skin 
sensitisation induction. 

Expansion of SARA model to use 
benchmark exposure information



• Reliable use of the SARA risk metric within a risk assessment requires that it be 

calibrated - understood in terms of frequencies of correct decisions.

• Benchmark exposures were used within a cross-validation exercise to assess 

calibration of the SARA risk metric. 

• For all SARA probabilities, the frequency of truly low risk exposures was found to 

be within the expected range irrespective of whether predictions were trained on 

in chemico/in vitro NAM data, historic in vivo, or a combination of both.

Assessment of calibration of SARA risk metric



Application of NGRA framework for Skin Allergy
This NGRA framework is applied to a hypothetical skin allergy assessment of a consumer 
product at two exposures - 0.1% coumarin in a face cream and 1% in a deodorant. For 
the purposes of the case study, in vivo data and read-across were not used, and the use 
of dermal sensitisation threshold (DST) was not appropriate. 



Local exposure + Collate Existing Information/ Problem Formulation

Product type Face cream Deodorant

Product used per day (90th percentile) (g/day) 1.54 1.5

Ingredient inclusion level (%) 0.1 1

Skin surface area (face / axilla) (cm2) 565 200

Leave-on or Rinse-off Leave-on Leave-on

Local dermal exposure (µg/cm2) 2.73 75

• In silico chemistry predictions for the  sensitiser potential of coumarin: TIMES-SS predicts 
coumarin and metabolites non-sensitisers; Derek Nexus, ToxTree and OECD QSAR Toolbox 
all predict sensitiser potential. ToxTree and OECD QSAR Toolbox predicted a Michael 
Acceptor mechanism. Both direct and indirect (pro-hapten) mechanisms were indicated. 

• Meteor Nexus identified hydroxylation as the main route of biotransformation. Most 
metabolites were predicted to bind to protein, a flag for skin sensitization. 7-OH coumarin 
was identified as one of the main metabolites in an investigation in human hepatocytes. 



Data Generation

• Coumarin was positive in all tests, except for DPRA where
peptide depletion was too low to meet positive threshold.

• 7-OH coumarin was negative in KeratinoSens™ & h-CLAT,
positive in USENS™, inconclusive in DPRA.

DPRA (TG442C)
KeratinoSens™

(TG 442D)
h-CLAT  

(TG 442E)
U-SENS™
(TG 442E)

%cys 
depl.

%lys 
depl.

EC1.5 (µM)
CD86

(EC200 
µg/mL)

CD54
(EC150 
µg/mL)

CD86
(EC150 
µg/mL)

Coumarin 1.3 0 187.5 <178 >637 95.5

7-OH 
Coumarin

0* 0 >2000 >566 >566 182



Determine Point of departure using SARA DA

• The generated DPRA, 
KeratinoSens™, hCLAT and 
USens™ data were used as inputs 
into the SARA model to define a 
human relevant PoD (ED01 i.e the 
1% sensitising dose for a HRIPT 
population).

• For coumarin, the expected SARA 
model derived ED01 is 
11,000µgcm-2, whilst for 7-OH 
coumarin the expected ED01 is 
110,000µgcm-2 i.e. 7-OH coumarin 
is predicted to be 10-fold less 
potent than coumarin). 

• Therefore, a risk assessment 
based on coumarin potency data 
only would be conservative. 



Determine MoE/Acceptable Exposure Level + NGRA conclusion

• The MoE was calculated from the ED01

for coumarin and the dermal exposures 
for each product type using SARA DA

• The MoE for face cream exposure ranks 
with the low-risk benchmarks whilst the 
MoE for the deodorant exposure ranks 
with the high-risk benchmarks.

• The SARA DA probability that the 
exposure is low risk is calculated to be 
0.90 for the face cream dermal 
exposure and 0.39 for the deodorant 
dermal exposure. 

• Coumarin exposure at 0.1% in a face 
cream is low risk for skin sensitisation 
whereas coumarin exposure at 1% in a 
deodorant is high risk



Conclusions

• Significant progress has been made in the last 
decade to apply non-animal experimental data to 
NGRA for Skin Allergy using Defined Approaches 

• Bayesian DAs enable experimental data variability 
to be modelled and uncertainty in PoDs & risk 
metrics to be factored into decision-making

Next Steps: 

• Updated SARA DA/database & Skin Allergy Risk 
Benchmarks to be peer reviewed (manuscripts in 
preparation)

• Work ongoing to explore new SARA inputs and 
expand the database, including risk benchmarks
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