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Making safety decisions in systemic toxicity risk assessments using
traditional approaches
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Framework Approach: The overall goal is a human safety risk
assessment
4 )

NGRA is defined as an exposure-led, hypothesis-driven risk
assessment approach that integrates New Approach
Methodologies (NAMSs) to assure safety without the use of
animal testing

- J

Dent et al 2018. Computational Toxicology Volume 7, August 2018, Pages 20-26
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Framework Approach: The overall goal is a human safety risk
assessment
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Framework Approach: The overall goal is a human safety risk
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Evaluation of an early tier systemic toolbox for safety decision
making

AIM: Use NAMs to ensure the protection of consumers: can the approach be used to
confidently identify low risk chemical exposure scenarios?

- Define the toolbox components Choose a set of NAMs covering exposure modelling and

bioactivity investigations to evaluate

« Select test chemicals Choose as many as possible to maximise coverage of different

chemistries and biological effects/toxicity

- Set performance criteria Define the ‘truth’ that the performance of the toolbox will be

compared to
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Evaluation of an early tier systemic toolbox for safety decision
making: Defining the toolbox components

Point of Departure determination

Non-specific effects Specific effects
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Evaluation of an early tier systemic toolbox for safety decision
making: Select test chemicals

Collate possible chemicals from databases, large-scale
projects, expert opinion

Filter out chemicals that would be impractical to test

Stratify by use category - increase the chance of chemical coverage and increase
likelihood of even spread across risk categories for benchmarks

Identify exposure scenarios and toxicological data (human where possible)

[ Combine chemical classification with literature on biological effects to select ]
final test chemicals
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Evaluation of an early tier systemic toolbox for safety decision
making: Select test chemicals

38 test chemicals
- 9 cosmetics, 21 drugs, 3 food additives, 5 agricultural chemicals, 1 industrial chemical
- Oral, dermal, IV and inhalation exposure scenarios

- Organ toxicities, CNS disruptions, immune system dysregulation, non-specific effects,
blood-based disorders etc...

(9
= [ final test chemicals J
s

L
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Evaluation of an early tier systemic toolbox for safety decision
making: Set performance criteria

Benchmarking using chemical-exposure ) |
scenarios o |
T |
* Chemicals with well-defined human exposures 3 !
* Traditional safety assessment available 'E i Py

« High certainty in the risk classification for each g i
chemical-exposure scenario from a consumer goods o i
perspective |

» Riskclass is relative to consumer health ’ '

0.01 1 100 1000

Bioactivity exposure ratio

. ‘Low’ risk for consumers from
systemic perspective . [ Utilit ]
[ Protectiveness J y

‘High’ risk for consumers from How many of the low risk scenarios
are identified as low risk at this
early tier stage in a risk assessment

systemic perspective

E‘% ?‘% framework
Ghey (i.e. BER > threshold)
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Evaluation of an early tier systemic toolbox for safety decision
making: Set performance criteria

!‘Iiacina ide Hair Conditicner, 0.1%
affeine Shampog, 0.2%
tnumarin Food, 4|1 mg/day
ournarin 0.1 mgfkyg bwida
- ine 2 mog'om®, 5{m23.r

exylresorcingl Food
utylated hydroxytoluege Body Lotion, 0.5%
iacinamide Food & Drink. 22.2 mo/day
15 - I @Coumarin Body Lotion, 0.34%

* Chemicals with well-defined human exposures é-Hw'mminﬂ' Face Serum) 0 5%

Benchmarking using chemical-exposure 201
scenarios

Hexylresorcingl Throat Lozengg, 2.4 mg
Niacinamide Body Lokion, 3%
xybenzone Body Lotion, 0.5%

Rank

ulforaphane Food & Drink, 3.9 mo/day
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.'DI}' nZone aunscreen,
« High certainty in the risk classification for each & folaphane Tablet 60 mgfday
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Caffeine Owverdose, 10g

pe rs peCtive Roziglitazone Medical, B mog/fday

Paraquat dichlorile Pesticide poisoning, 35 mg/kg/day
04 Doxorubicin 75 mg/m?fday for 10 minutes
« Risk class is relative to consumer health . T .
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* Traditional safety assessment available 10 -

. L] ] L] ]
' ‘Low’ risk for consumers from Threshold values of the BER point estimates for determining
1 1 L] (]
systemic perspective whether an exposure is low risk
PBK Level Threshold BER Confidence Threshold (pthreshold)
e Required for Required for
ngh risk for consumers from Exposure to Be Exposure Scenario to
systemic perspective Identii;e’dkas Low Be Identified as Low Risk
is
& ?‘% 1 110 98
?%ég% 2 11 .97
Unilower 3 2.5 .95
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Defining a ‘truth’ to evaluate the outcome and performance of
safety decisions made using the NAM-based toolbox

!‘Iiacina ide Hair Conditicner, 0.1%

affeine Shampog, 0.2%
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Results for a set of 38 test chemicals and 70 exposure scenarios

Rank
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@Fenbuconazole ADI 0.006 mg/kg bw/day
imellitic anhydride Occupational, 0.77mgim3
partame ADI 40mg/fkg bwiday
ypermethrin AD 0.005 mo/kglday
Wiarfarin Low therapeutic, Img/day
Wiarfarin High therapeutic, 10mag/day
@HC Red 3 3%
Glybenclamide Low therapeutic, 2. 5molday
@Fluazinam 32% ADI 0.01 mo/kg bwiday
lutaraldehyde 0.10%
-Mathyl-1,3-benzenediol 1.B0%
Glytenclamide High therapeutic, 15mg/day
Aaline Dietary 4000 mg/day
hylzingerone 0.70%
aline 26 mg/kg mean reguirements
luazinam AD 0.01 mafkg bwiday
Meétformin Low therapeutic, 1000ma/day
Benzdcaine 22mglkyg is the safety dose
@B utylated Hydroxyanisole AD| Imgilkg bw/iday
Metformik Max therapeutic, 3alday
Digoxin Therapeutic, 1.5 mo/day, 0.25mg/day maintanance
@¥etoconagole Therapeutic, 2% twice weekly
Werapamil jydrochloride Low therapeutic. 240mg/day
Werapamil hydrochloride High tharapeutic. 480malday
@¥etoconazolg Therapeutic, 2% dailly
Dybetracycline hydrochloride Low therapeutic, 1000mgfday
Metoclopramjde Low therapeutic, 10 mg/day
@Cy<lamate ADI T mg/kg bw/day
Hydralazine hydrochloride Low therapeutic, 25mgfday
Metoclopramide High therapeutic, 30 mofday
(etirizine dihydrdchloride Therapeutic, 10mg/day
Cetirizine dihyd richloride The rapeutic. 10mg/day
@DEET 15% 1
Cxytetracycline hjdrochloride Low therapeutic, 1250/1000ma/day with rapid leading
Dixytetracycline hyfirochloride High therapeutic, 2000magfday
@Fenazaquin 17% ADY 0.005 mgikg bw/day
Paracetamal Low therppeutic, 500mgiday
‘bpiramate Low therapgutic, 50mg/day
@B utylparaben 0.19% {regulation says limit is 0.14% a= acid)
Digoxin Poisoning, 10 mg@acute adult
Paracetamal High therapeutjc, 4000mg/day
Furosemide Therapeutic, 40720 ma/day
Hitrofurantoin Low therapewtic, 30ma/fday
Hydralazine hydrochloride High'therapeutic, 200mg/day
@Fenazagquin ADI0.005 mg/kg bw/ddy
Paracetamol High therapeutic, dgfdly
Tpiramate High therapeutic, 500mg/tiay
@ -Aming-G-chloro-d-nitrophenal 2% |
Nitrofurantoin High therapeutic, 400mdiday
Dexamethasone Therapeutic, 0.5mg/day
Chlorpyrifos 0.1 mg/kg 1
Metoclopramide High therapeutic. 30 mg/day
lIbuprofen 10%
Ibuprofen Low therapeutic, 200mgfday
Verapamil hydrochlaride Therapeutic-acuts, 5-10 mg
Furcsemide High therapeutic, §00mag/iday
Ibuprofen High therapeutic, 1200mg/day
Dexamethasone Therapeutic, 10magiday
Ketoconazole 200 mglday for fungal infection
Cyclophasphamide Therapeutic . 3magfkg bwiday
ketoconazole Therapeutic, 1200mg/day
Furosemide Max therapeutic, 1300mg/day
Cyclophosphamide Therapautic, 40 mg'kg bw 3-weekly
Cyclophosphamide Therapeutic, 0 mg/kg bw for 2 days
#zathioprine Low therapeutic. 50mg/day

H gm_el'l?ﬁc anhyande Dccugational limit, 0.04mg/m3
‘enbuconazole 73% ADI of 0.006 mofkg bwiday uking the EFSA PRIMo Model for french population

How many of the high risk
exposure scenarios are identified
as uncertain/high risk

(i.e. BER < threshold)

27% (6 out
of 22)

How many of the low risk
scenarios are identified as low risk
at this early tier stage in a risk

#Azathioprine High therapautic. 300mg-223mg/day
T

assessment framework

108

]
]
]
]
1
1
1
]
1
1
1
1
]
II
107* 102 107 102 104

BER

(i.e. BER > threshold)
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Comparison of a NAM-based early tier toolbox with early-tier
decision making using in vivo data

Traditional PoDs vs. NAM PoDs (mg/kg bw/day)
PBK level: highest
Correlation: 0.36

103 i .But:,'lparaben _'EimelllticTn'_.'hyrdnl:IE fﬁpa i
L—'-'EIQE
What if we took the same =
approach with in vivo data. ] Lo?- ey S el T 12-Octanediol
E tmﬁ'” nkoin Ex}ltetra{:,lcllne hydrochloride
. . Ammu—ﬂ%&ﬂmﬁgsewde Paracetamal
» Repeat dose in vivo data o ¢
i
identified for 27 chemicals of E 101 -
the 38 tested. E"' &Iame‘thaSDnE
£ 100 - Suppektettitn
* In most cases NAM PoDs are = .
. — .Fluazlnam F'EnhHanaz-:-Ie
more conservative than 2
traditional PoDs T 10714
=
lD_E i -ﬂﬁlurp}lrifns,
T T T T T T T T T
}g 3';;3 10-¢ 10% 10°¢ 107! 10¢ 101 104 103 104
S g NAM PoD (mg/kg bw/day)
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« Using the minimum of NOAELs/LOAELs identified, margins of safety plotted and threshold at MoS = 100

Comparison of traditional margins of safety
and benchmark risk classifications

i iiimdl'ﬁic anhydride Gccupational limit, 0.0dmgim3
i Timellitic anhydride Occupational, 0.77mgfm3
I .2—I'l'|ethy|-l,3-henzenediol 1.B0%
1 @Butylparaben 0.1%% (regulation says limit is 0.14% as acid)
35 ] @2-Aming-6-chloro-4-nitrophenal 2%
| onazole Therapeutic, 2% daily
| onazole Therapeutic, 2% twice weekly
| Dexamethasone Therapeutic, 0.5mg/day
| @Cypermethrin ADI 0.005 mg/kg/day
30 I @Fluazinam 32% ADI 0.01 ma/kg bwfday
| Furosemide Therapeutic, 40020 maiday
| @Fenbuconazole 73% ADI of 0.006 mgfkg bwiday using the EFSA PRIMo Model for french population.
: Nitrofurantoin Low therapeutic, 50mgfday
I @Fenbuconazole ADI 0.006 mafkg bw/day
25 4 | @hspartame ADI 40mg/kg bwiday
1 @Fluazinam ADI 0.01 mglkg bwiday
1 @L-aline 26 mg/kg mean requirements
I @ 2-Octanediol 3%
| Dexamethasone Therapeutic, 10maiday
?:i 20 4 | Cyclophosphamide Therapeutic , 3mgfkg bwiday
nfE I |buprofen Low therapeutic, 200ma/day
1 Ketoconazole 200 mglday for fungal infection
| @-vsline Dietary 4000 mg/day
| Nitrofurantoin High therapeutic, 400mg/iday
15 : @Clutaraldehyde 0.10%
Ibuprofen 10% ope
: Paracetamaol Low therapeutic, 500mgiday 47% utl llty
I Furcsemide High therapeutic, 800magiday
| Oytetracycline hydrochloride Low therapeutic, 1230/1000mg/day with rapid loading
10 : .DEélrxfxracychne hydrochleride Low therapeutic, 1000mg/day Fluazinam
| lbuprofen High therapeutic, 1200mgiday LE- * e e
| Ketoconazole Therapeutic, 1200mgiday LOAFL - B &
| Duytetracycline hydrochloride High therapeutic, 2000mag/fday LDEL
5 | @Furosemide Max therapeutic, 1500mg/day NOAEL mprEm SEs »
Cyclophasphamide Therapautic, 40 mg'kg bw 3-weekly MNOEL - T — |
Cyclophosphamide Therapewtic, 60 mafkg bw for 2 days -3 -1 i 3
Paracetgmeol High therapeutic, 4000mg/day 10 10 w o 0
Paracetamel High therapeutic, 4gfday PoD (mafkg bw/day)
0 A Chlorpyrifos 0.1 mglkg |
T T T T T L | T T L T T AL T T L T T AL T T AL | T T rTTTT
1072 1071 100 101 102 103 104 10° 108

Traditional margin of safety
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Conclusions and next steps

« For the test chemicals in this evaluation, an early tier systemic toolbox is 93%

protective.

« A NAM-based toolbox for systemic toxicity has comparable performance to

safety decision making using traditional in vivo data.
« What is the applicability domain of this toolbox?
« How would the toolbox perform with a wider set of chemicals?

 What would the performance be like with a different set of assays? Is there an

optimum combination of inputs to maximise both protectiveness and utility?

1

Unilever
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