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Our aim is to develop and apply next generation approaches
to skin allergy risk assessment that do not require new
animal test data, address novel exposure scenarios and
better quantify uncertainty. We have developed a Bayesian
multi-level regression model to estimate the human
sensitiser population threshold (defined as, the chemical-
specific exposure level at which no individual in a population
will experience induction of contact allergy) under the
conditions of a human repeat insult patch test (HRIPT) [1].
This approach is built using dose response modelling of
historical HRIPT data and allows predictions of human
sensitiser potency to be made using historical murine local
lymph node assay (LLNA, OECD TG 429) data and/or in vitro
test method data [DPRA (OECD TG 442C), KeratinoSensTM

(OECD TG 442D), h-CLAT (OECD TG 442E) and U-SensTM

(OECD TG 442E)]. A key feature of the approach is that the
uncertainty in any prediction is explicitly quantified.

Our Bayesian probabilistic model is used to estimate
population thresholds for 30 chemicals using a weight-of-
evidence incorporating previously published HRIPT, LLNA,
DPRA, KeratinoSensTM, h-CLAT and U-SensTM data.
Estimates for a further 43 chemicals using in vitro test
method data only are also presented. Comparisons are
made with current risk assessment metrics and across data
types. This analysis suggests that estimates of human
potency generated from in vitro data alone have at least the
same level of accuracy, on average, as estimates generated
from LLNA data. Consequently, we propose that this
approach can be used to derive a point of departure for next
generation risk assessment and have submitted it for
consideration by the OECD Defined Approach Skin
Sensitisation (DASS) Expert Group as ‘Skin Allergy Risk
Assessment Defined Approach’ or SARA DA.

Application of the SARA DA to a theoretical skin allergy next
generation risk assessment case study (0.1% coumarin in a
face cream) is presented to illustrate how the DA prediction
can be used as part of a weight of evidence decision-making
approach.

SAFETY SCIENCE IN THE 21ST CENTURY
For more info: www.tt21c.org/events/sot-2019

Probabilistic prediction of Human Skin Sensitiser Potency for 
use in Next Generation Risk Assessment (NGRA)
Gavin Maxwell, Nora Aptula, Maria Baltazar, Richard Cubberley, Nicola Gilmour, Thomas Green, Julia Head, Chris Lucas, Georgia Reynolds, Joe Reynolds, 
Sandrine Spriggs, Evita Vandenbossche, David Vilumbrales & Cameron MacKay SEAC, Unilever, Colworth Science Park, Sharnbrook, Bedford, UK, MK44 1LQ

Abstract No. 1769 / P145

References
[1] Reynolds J. et al. 2019: /10.1016/j.comtox.2018.10.004
[2] Hoffmann S. et al. 2018.: 10.1080/10408444.2018.1429385
[3] Berggren et al. 2017: 10.1016/j.comtox.2017.10.001
[4] ICCR Integrated strategies for safety assessment of 
cosmetic ingredients report Part A and Part B available here:
https://www.iccr-cosmetics.org/topics/

SARA defined approach Applying ICCR principles to NGRA case study

1) Objective & modelling approach
A Bayesian multilevel (hierarchical) regression model was developed to
estimate the human population skin sensitisation induction threshold, under
the conditions of an HRIPT, for 30 chemicals using publicly available in vitro
and in vivo data [1, 2]. The probabilistic model allows us to explicitly quantify
the uncertainty in the population threshold, conditional on the model
assumptions and the available data. The following data sources were used
to describe the model: HRIPT (dose, cohort size, number sensitised); LLNA
(EC3 value); DPRA (cys/lys depletion); KeratinoSensTM (EC1.5); hClat (CD54
EC200, CD86 EC150); U-SENSTM (CD86 EC150) [1,2].

2) SARA DA model checking against human data
A key step in this approach is model checking, i.e. evaluating the adequacy of
the model fit against available human data. In figure 1 we present estimates
for the probability of inducing skin sensitisation under the conditions of a
HRIPT exposure for 30 chemicals with HRIPT data.

3) SARA DA utilises any combination of historical in vivo and in vitro data
In the figure below, estimated human population threshold distributions
using different types of data are shown as follows: all data available (purple) ,
HRIPT only (green), LLNA only (blue) , in vitro only (red) and, no chemical-
specific data (grey)

Legend: Lighter green bands represent region between the 2.5th and 97.5th percentiles of the distribution,
darker bands the range between the 25th and 75th percentiles and the green line is 50th percentile
(median). Crosses indicate the proportion of individuals sensitised in each study and vertical dashed lines
indicate an HRIPT study dose of at which no one was found to be sensitised.

Step 2. Structural predictions of protein reactivity

- Toxtree predicts coumarin can bind proteins via 
Michael addition and/or acyl transfer mechanisms. 
- OECD QSAR Toolbox predicts an SN2 mechanism 
of protein binding after oxidation to epoxide.

Coumarin’s major metabolites also have in silico 
alerts for SN2, Michael addition and acyl transfer 
protein binding mechanisms.  

coumarin metabolites

Step 1. Hypothetical Exposure 
Scenario: ingredient and product type

coumarin 0.1% in face cream

Parameter Skin Cream

Amount of product used per day (g/day) 1.54

Retention factor 1

Skin surface area (cm2) 565

Amount of product in contact with skin (mg) 1536

Percentage ingredient in product (%) 0.1

Amount of ingredient in contact with skin (µg) 1536

Local dermal exposure (µg/cm2 ) 2.73

Step 8. Derive a point of departure using SARA DA model Step 9. Final Risk Assessment

The consumer exposure level (90th

percentile) in µg/cm2 is indicated by 
the red line (panel B). The probability 
of exceeding the adjusted population 
threshold at this exposure is indicated 
by the intensity of the shaded region 
(~3%). Consequently we conclude 
there is a low risk of inducing skin 
sensitisation at this exposure 
(expected sensitisation rate for 
consumers at the 90th percentile: 1 in 
12 million, median 0).  Addition of 
existing in vivo data decreases the 
uncertainty in the SARA model 
prediction (panel C) and slightly 
increases the probability of exceeding 
the population threshold at this 
exposure (see panel D ~5%), however 
it does not alter the risk assessment 
outcome.

SARA DA model HRIPT dose response prediction for coumarin using in vitro
data only (panel A – green prediction) or all available data* (panel C – green
prediction). Due to differences in exposure between a HRIPT and consumer
use of a face cream (e.g. differences in application frequency & duration;
differences in exposure site & skin condition) an additional uncertainty factor
of 10 was applied – market dose response shown in panel A and C in purple.
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in vitro data only

in vitro and in vivo data*

Step 3. Collect existing data

Published in vitro data obtained from CE database [2]: 
DPRA – negative; h-CLAT – negative; KeratinoSensTM

– positive; U-SensTM – positive

Note: 
• Ab Initio workflow steps 4-7 not 

required to complete this 
assessment but could be used to 
further refine the outcome

• Historical published in vivo data* 
(HRIPT & LLNA) for coumarin was 
excluded from hypothetical risk 
assessment to simulate a NGRA 
for a novel ingredient but is 
included below for comparison
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