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Our Purpose is to use leading-

edge Science & Data to:

Protect People & the
Environment from harm

Enable product Innovation,
De-risking & Compliance

Pioneer industry & regulatory

application of New Approaches,

in partnership with other
change leaders
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SERS Expertise

SERS is adiverse, multi-disciplinary

team of ~180 scientists covering: 20+ Nationalities

15+ Languages
* Cell & Molecular Biology 9 Countries
 Chemistry

« Computational Modelling

* Environmental Safety

« Environmental Sustainability
« Exposure Science

= Deploy expertise on higher
risk business projects

= Collaborate with leading
external research teams to

* Informatics & Data Science develop & apply new

« Mathematics & Statistics scientific capability

* Microbiology = Leverage science & global

* Process Safety networks for consumer trust

« Regulatory Science & freedom to operate
(chemical & food safety)

» Toxicology Safety Risk Assessments

- Consumers, Workers, Environment
Life Cycle Assessments

Collaboration: ; - Environmental Impacts

« Academic .

+ Industry Product Compliance

. Goverhment - Regulatory Data & Dossiers
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Traditional Risk Assessment for Food Additive Safety
Assessment

Adverse Organism response

Conc. of ingredient due to exposure

ADI/TDI* = NOAEL = 100

Amount/Conc.
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Adverse
Organism
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Reasons for change... S r—

Contents lists available at ScienceDirect s = serving different purposes
| Tomcaiony (N = 965)

Food and Chemical Toxicology very acceptable 5

- Humanrelevance - Various pathological
findings in animals are not human-relevant -

ELSEVIER journal homapage: www.elsevier.com/locate/fondchemtox

e . g . S O m e h e p atl C t u m O u rs I n m I Ce z:lj:c;::vs ﬁff::al tesnnia:ﬂaslterniltlves in chemical risk assessment |
(aspartame/sweetener) — consequence can be s ;

detrimental to consumer trust in food/safety
and lack of approval - US Delaney clause etc

into risk 2
a
id
not acceptable 4
atio

atall
ation Substances in Foodcoﬂ( ct Household

- Mechanistic -possibility for more informative e

risk assessments - sensitive populations, _ R ‘
mixtu re effects etc. e e Aot e e e
® Changing COHSU mer attitUdeS - g I’OWing Standards Sectors About ISO Insights & news Taking part

consumer dissatisfaction with animal testing
(no longer a cosmetics only issue!)

~ 7 1S0O 23662:2021

Definitions and technical criteria for
foods and food ingredients suitable for

« Vegan claims - compliance relies upon
consideration of animal testing (e.g. ISO)

- Speed/resource - dramatic uptake in novel - R L IR A T e LS
food innovation to meet e.g. sustainability TGS o —rr———— o
.. N Howeve'r, for snr}gle mgretfhent foods and md'1V1dual mgredlents including processing aids, FBOs,
targets - traditional paradigm too lengthy R st St bt b o e ot e
rocedures.
g

Unilever
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NGRA and New Approach Methodologies (NAMs)

 NAMs - Approaches that do not rely on
generating new experimental animal

data (though including those which use - \—‘J ?
historical animal data) and comprising: )
In vitro, in silico, in chemico and ex vivo human == .ﬂ*;r‘“:‘ ey || otoscatsatey m ™
models e e . S
« Such approaches may be used to provide R p ‘ . RN B
information on hazard or exposure or mwﬁw:mJ R oy
used in combination. - | | y

« Some NAMs are long-standing (history of
use), others are more-recent

(transcriptomics). ‘ \
=

Theiruse inrisk assessmentis considered
the next generation of risk assessment
(NGRA)

G
croot is ood additives
s

Wood et al., (2025). Regulatory Toxicology and Pharmacology, Volume 162, November 2025

Many NAMs of relevance to food safety exist and
N many could find use across multiple types of
4;;.?; o ‘regulated products’ (additives, flavours etc).
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CASE STUDIES

DY

Unillever



History of use

« A long-standing method (chemical and
biological safety) that has played a role in
numerous ‘whole food’ assessments, such as
GM-crops and other novel foods, but also e.g.

Most often involves building an argument that
a food is 'substantially equivalent’ to a
reference food and that reference food has a
substantial and well characterised history of

e

Unilever

botanical extracts.

consumption.

Relies on considering factors such as 1.)
compositional similarity between
proposed/reference food, 2.) evidence of
adverse effects from reference food and 3.)
data on how the comparator is prepared,

consumed etc.
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FLSEVIER Food snd Chersical Toxicalogy 45 (3007) 2513 2525

History of safe use as applied to the safety assessment of
novel foods and foods derived from genetically modified organisms

. P. Hepburn /,
', F. Samuels “*

A Multi-Criteria Decision Analysis Model to Assess the Safety of
Botanicals Utilizing Data on History of Use

INTRODUCTION

Toa

icology International, Supplement, August 2011

Constable et al., 2007, Food and Chemical Toxicology, Volume

45, Issue 12

Neely et al., 2011, Toxicology International, 18 (Suppl1)

I

History of Use
5

Degree of similarity Exposure
25 25

+  Origin of ingredient

~Similarity of specification +

Preparation/processing *
7.4

KEY
i
Branch -
[:‘ Sub-Branch

Criterion to
be assessed

Similarity of Population

|

¥
. ¢ X s 0
[~ o o S ™

No. of people exposed
Duration of exposure
5.0
Pattern/Frequency of use|

Dose/daily intake

Bioavailability

Evidence for concern
50|

Biologial effects
(efficacy) , g

* Toxicological data
14.6]

.| Known Contra-
indications a
48

Evidence of adverse
effects in Man
12.9|

» due to mechanism of

Evidence of concem

action 49 g




Soy leghemoglobin

 Identity of the food: leghemoglobin from soy (Glycine max) expressed in yeast (Pichia pastoris).

* Proposed use: food ingredient in meat-replacement products as iron source.

Safety dossier

Allergenicity

Bioinformatic analysis:
— no significant homology
with known allergens

Invitrogastric digestion
— study: rapid digestion
and no stable fragments

Unilever

Genotoxicity

* Ames test
« In vitro MN

Protein functionality
(MoA)

Bioinformatic
analysis: no
significant homology
with known toxins

14-day range-finding
study

28-day rat oral toxicity

History of use

Hemoglobin
proteins are
abundant in
animal meat and
plants
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Animal

data

GRAS Notification (2017)

FOA &

GENERALLY

RECOGNIZED
AS SAFE

Key points

e The history of consumption of hemoglobin
proteins in food together with the NAM data
provided clear evidence to make a

determination of safety.

Conclusion could have been based on
comparison with other haemoglobin/overall
protein intake rather than NOAEL from in vivo

tox study.
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Threshold of toxicological concern (TTC)

- é’frontiors
GUIDANCE DOCUMENT J

2
s Internal Threshold of Toxicological
Guidance on the use of the Threshold of Toxicological Concern (iTTC): Where We Are Today

« The ability to waive toxicological testing for a e i e

Thorhallur I Halldorsson, Antonio F Hernandez-Jerez, Susanne Hougaard Bennekou,
s P Koutsoumanis, Kyriaki Machera, Hanspeter Naegeli, Saren S Nielsen,
Josef R Schiatter, Dieter Schrenk, Vittorio Silano, Dominique Turck, Maged Younes,

substance without data if exposure falls below a e o e e e e e
threshold under which there is no appreciable health
risk.

Carie

fety Authanty. EFSA Journal published by John Wikey and Sons Ltd on behalf
fty.

« Vast amount of guidance and best practice available I
externally. S o

Requestor: European Food Safety Autharity
Question number: EFSA-Q-2017-00468
Correspondence: sc secretariatidefsa europa.eu

« Significant work still underway externally to further
d eve lO p a p p ro C[C h _ e ) g ) n eW ru I_e S, d ata b as e ;A(iﬁdzhwebsz o:;t:z:l\::v:;::fov/food/f:::‘—::::;:I.—(:‘fj?’/expandsd—decmonftreeffdasffaod—chem\calftomc\tyfscreening—tool [CHIE]
harmonisation, new categories etc - e.g. FDA R 15000 & oRue
eX p a n d e d d e C i s i O n t re e . «—Home / Food / Food Ingredients & Packaging / Food Chemical Safety / Expanded Decision Tree: FDA's Food Chemical Toxicity Screening Tool

Expanded Decision Tree: FDA’s Food

« Work underway to develop an internal TTC (iTTC) Chemical Toxicity Screening Tool

value that could represent a higher tier method to
waive exposures for substances without data.

EDT Tiers

List of Select
Chemicals in the

Expanded Decision Tree

Food Supply Under Data from 1,000's of Compounds

FDA Review

Chemical Compound

Unilever




SERS - Safety, Environmental & Regulatory Science | Unilever R&D m

Examples - TTC Approach in Practice
Example 1: 2-methyl-1-(2-(5-(ptolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-on
(substanc

“ZIJOURNAL

Flavouring group evaluation 419 (FGE.419): 2-methyl-1-(2-(5-(p-
2.1 din-1 1

e Cramer Class I11: 90 ug/person/day

Maged Younes | Gabriele Aquilina |
Paul J. Fowler |

Peter First | Ursula Gundert-Remy | Rainer Giirtler

ey Exposure: Adults 45 ug/day | Children 28.4 ug/day

Berendsen | gl
Kevin Chipman | Eugenia Cordelll | Karin Norby | Camilla Svendsen | Maria Carfi |
Gagliardi | Carla Martino | i | Wim M

Outcome: Below TTC — No animal data needed, HOWEVER, applicant did perform a
90-day study (BMDL = 0.71 mg/kg; MoE 887 & 374)

Animal testing unnecessary

€j Example 2: 2-(4-methylphenoxy)-N-(1H-pyrazol-3-yl)-N- (thiophen-2-

SCIENTIFIC OPINION

o ylmethylDacetamide (substance B)

Scientific Opinion of Flavouring Group Evaluation 411
(FGE.411): 2-(4-methylphenoxy)-N-(1H-pyrazol-3-yl)-N-
( fr

A Sk v e « Cramer Class lll (90ug/person per day)

« Dietary exposure: 225 ug/day (adults) and 142 ug/day (children).

« Exposures were hence ~2-fold above TTC and animal studies performed (90-day and
developmental toxicity study). No effects in either study (up to 100 mg/kg) and MoE
(min) was 10,500

* Inthe future, possibly aninternal TTC could be used to address safety for cases
like this.

Unilever
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Examples - TTC Approach in Practice

i roup evaluation 419 (FGE.419): 2-methyl-1-(2-(5-(p-

tolyl)-1H-imidazol-2-yl)piperidin-1-yl)butan-1-one

-methylphenoxy)-N-(1H-pyrazol
from

(miscellaneous substances)

Parameter Substance A SubstanceB
CramerClass |l (90 pg/person/day) 11l (90 pg/person/day)
Exposure
(Adults) 45 pg/day 225 ug/day
Exposure
TTC Below TTC - No animal Above TTC — Animal studies
Comparison data needed performed
90-day study (BMDL = 90-day and PNDT - No effects in
Study Details 0.71 mg/kg; MoE 887 &  either (up to 100 mg/kg); MoE
374) min = 10,500
. Animal testing Future: Internal TTC could
Conclusion:
unnecessary address cases

Key Takeaway: TTC can reduce unnecessary animal testing and guide
safety decisions.



Assessing Nitrosamines with no Specific Toxicological Data (QSARSs)
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Carcinogenic Potency Categorization Approach (CPCA)

5 potency categories set based on existing toxicological data (Read
Across)

Chemical similarities between the nitrosamines assigned to each
category were used to set rules based on specific structural features

Rules translated into the flow diagram on the right

Deactivating and activating features described and assigned a
score which when totalled up allows a potency category and
corresponding Acceptable Intake (Al) value to be assigned

Similar schemes used by US FDA,
Health Canada and European

Individual Deactivating

e o
M e d I C I n e S Ag e n Cy Deactivating Feature Example Feature Score
Carboxylic acid group anywhere on molecule YC‘\ N—DJ\ +3
HO_A AN A
°
N-nitroso group in a pyrrolidine ring »”’NQ 3
&
N-nitroso group in a 6-membered ring containing at least one sulfur atom e +3
o
Individual Activating N-nitroso group in a 5- or 6-membered ring = Nt S +2
Activating Feature Example Feature Score g
. . . b N-nitroso group in a morpholine rin N\ +1
Aryl group bonded to a-carbon (i.e., benzylic or pseudo-benzylic O v -1 group P E SNF
substituent on N-nitroso group) Yo ) ) )
N-nitroso group in a 7-membered ring N_NO 1
Methyl group bonded to B-carbon (cyclic or acyclic) -1 °
N-N Chains of 25 consecutive non-hydrogen atoms (cyclic or acyclic) on both R +1
s AT AN S,
0 side of acyclic N-nitroso group. Not more than 4 atoms in each chainmay ~ [_J ~ 1/
haintha cama ri

Does N-nitrosamine
have any hydrogens
on 1ts a-carbons?

l Yes

Does N-nitrosamine
have more than one
o-hydrogen on one or
both sides of the N-
nitroso group?

Potency Category 5
AI= 1500 ng/day

Yes

Does N-nitrosamine
have a tertiary
a-carbon?*

Yes

Potency Category 5
AI= 1500 ng/day

No
A 4

Calculate Potency

Score**
Is score =47

Yes

| Potency Category 5

AT = 1500 ng/day

No

Is Potency
Score =37

Yes

| Potency Category 4

Al = 1500 ng/day

No

Is Potency
Score = 27

Yes

Potency Category 3

AI =400 ng/day

1 No

Is Potency
Score <17

Yes

.| Potency Category 2

AT =100 ng/day

.| Potency Category 1

Al =18 ng/day
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The need forinnovative NAMs

Until recently, for, ingredients used at levels >TTC or ingredients where a history of use cannot be
established...

Demonstrating safety without animal testing was challenging. However, in recent years, tremendous
progress made in areas such as...

« High-throughput screening
« Computational sciences - bioinformatics, pharmacokinetic modelling, statistics etc

These scientific advancements have opened new possibilities that have collectively shifted the dial
in terms of our ability to demonstrate safety using non-animal methods

3
% 19 Estenated Exposure

log (mg/kg/day)
10400 tes02

3 | é ... d ./‘-.‘”.\
:nqnw'rn 5 m]“i!g i !5;

Craph from Rusty Thomas EPA, with thanks. Rotroff et al (2010) Toxicological Sciences , 117, 348-358

Lowest bioactivity POD p

ER = — (uM)

Internal in vivo exposure (Cmax)
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NAM development - protection vs prediction

MECHANISMS OF DRUG-INDUCED CARDIOTOXICITY

Rapid development of NAMs for use in risk NAMs
assessment. Two alternate philosophies: Prediction (1(/72 Protection  CApturing
1.) NAMs developed to predict (possibly : early
o biological
quantitatively) adverse effects
changes

2.) NAMs developed to measure bioactivity | ) protective of
(quantitatively) without classification as penostina cual, {2021 Cellieportsedcne 3 toome apical effects

adversity or not.

Limited coverage @

Both have a place in future risk SRRIgches S
assessment. Unilever have invested : Prediction Protection I ee NN &
significant resource into protective NAMs assays &
2 Data rich 8

) approaches <

- - Transcriptomics %

&

Mally and Jarzina (2022). Frontiers in Toxicology

There are 78 major human organs; let’s say Cell painting
there are five different ways in which chemicals

could be toxic to each one (an underestimate);

and let’s say we need five key events (including a

molecular initiating event) measured across

each IATA with new in vitro tests. That’s around

L é' % 2000 assays conducted at just one dose and at

@% one time point for complete human AOP-driven

Unilover biological coverage.  carmichael etal, (2022). Altex, 39:3

Dy
oo
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Place of innovative NAMs in tiered risk assessment framework

TIER 0: Problem Formulation

[ Characterise the chemical

| Characterise the consumer exposura
H scenario

[ Collate all available information
k (literature mining)

[ Use of predictivetools (Le. insilicoQSAR |
modaels)

approaches such as Threshold of

Use of exposure-based waiving '
Toxicelogical Concern (TTC)

Read Across

h J

Exit
if safety decision can be made
s

=

Dy
o
e

Unilever

TIER 1: Data Generation

'

Exposure
refinement
including
generation of
relevant ADME
parameter
data for PBK
model
development

Bicactivity
data

generation

Progress if
safety
decision can’t
be made

gl Time

Lowest
platform PaD

Plasma Cmax

Calculate BER

Exit
ifsafety decision can be made

decision can't

TIER 2: Refine Assessment
to Increase Decision
Certainty

Bespoke assays to cover remaining
uncertaintiesidentified a TierO or
Tier 1

s
o

N i})
\=i B

o
Progress if = =
safety - 2

be made Further exposure refinement, e.g.

consideration of transporters, ._
metabolism ..etc... . |

=Ty ST
=

Exit
SafetyDecision
.

» Risk assessments have always been and will always
be conducted in a tiered manner.

* First, it should be determined whether experimental
data generation is required at all. A safety decision
could be reached through e.g. TTC or read-across
without new studies being performed.

 If data generation is needed, NAMs are used ina
tiered way, starting with broad coverage
(protective) NAMs progressing to specific
(predictive) NAMs as needed.
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Unilever's NAM toolbox and NGRA tiered framework approach

TIER 1: Data Generation TIER 2: Refine Assessment
toIncrease Decision

Certainty

TIER 0: Problem Formulation

[ S —

—._w» * Unilever's basic NAM toolbox uses non-specific and specific NAMs.

—.=._ == « Point of departures (PoDs) from these are compared with PBK model
estimates of internal exposure to enable risk characterisation

(through a bioactivity exposure ratio/BER).

Pointof Departure (PoD) determinationfrom Bioactivity assays

Non-specific effects Specific effects

Cell stress panel (C5P)

High-Throughput transcriptomics (HTTr)

In vitro pharmacological profiling

+ TempO-seq technology - full gene
panel

+ 36 biomarkers covering
= 24hrexposure

10 cell stress pathways

+ 7 eoncentrations + HepG2

= Various cell models (e.g. HepG2,
MCF7, HepaRG)

« Dose-response analysis using
BMDExpress2 and BIFROST model

& Reynolds etal 202
Bal

0, Comp Tox 16:100138
leazaur et ol 2020. Toxicel Scl 176(1): 236-252

% i N\ -IIIIl_Q

+ 24hrexposure

+ 8 concentrations

Bioactivity Exposure Ratio (BER)
Distribution

+ Dose-response analysis
using BIFROST model

Image kindly provided by Paul Walker o .
N (Cyprotex) / <% eurofins
Hatherell et al 2020. Toxicol 5¢i 176{1% 11-33 e

PBK Modelling

@3 : Aidid Bioactivity Exposure Ratio (log10
= - -:‘-‘ 5 \fwr ....... Plasma Cmax Error y p ( g )
T R A ANRTENR Crnax  |pmmmall Distribution
L estimate model (CMED)
13 -5
: ~— : (Bayesian model)
. 1 s
- LB v EEEa—— BIOACTIVITY The bigger the BER, the greater the
= o e (30201 65, 104745 BIOACTIVITY EXPOSURE RATIO = confidence that bioactivity will not
i e EXPOSURE occur in exposed consumers
Unillever
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Case study - cyclamate

« Sodium cyclamate, also called E952

(ii), is used as an artificial sweetener.

 Has been reviewed by JECFA (1982)
and the SCF (2000) with ADIs
established as 0-11 mg/kg (JECFA)
and 0-7 mg/kg (SCF). Re-evaluation
currently underway by EFSA.

« ADlis based on a NOAEL of 100
mg/kg derived from a 90-day rat
study where the rats were

administered cyclohexylamine (CHA:

the major metabolite of cyclamate).

b

Unilever

EUROPEAN C ISSION
HEALT)
Ouectoritn B - Sciurific Hasth Oprees
™

Scies mittee on Food

REVISED OPINION ON CYCLAMIC ACID
AND ITS SODIUM AND CALCIUM SALTS

T eort covaine 1 cotiactive views ofan internatonal
970U o mxparts and does i 1 Inpresant i dacisers
e Siated poicy of o Workd Haath ow e o e
Food an Agrcutire raunaston of the

Evaluation of cerlain food
ndditives and contuminanls

Twenty-sixth R of the
Joint FAO/WHO Expert Committee on
Additives

@

World Health Organization
Technical Report Series
683

@ World Health Organization, Geneva 1982

E Number Name

E 420
E421
E 950

O E951

E 952
E953

o° N&° =

E 959

E 960a
E 960c
E 960d

Sorbitols

Mannitol

Acesulfame K

Aspartame

Cyclamates

Isomalt

Saccharins

Sucralose

Thaumatin

Neohesperidine DC

Steviol glycosides from Stevia
Enzymatically produced steviol glycosides

Glucosylated steviol glycosides

EFSA's Assessment
Re-evaluation ongoing
Re-evaluation ongoing

Re-evaluation completed in 2025

Re-evaluation completed in 2013

Re-evaluation ongoing
Re-evaluation ongoing

Re-evaluation completed in 2024

Re-evaluation ongoing

Re-evaluation completed in 2021

Re-evaluation completed in 2022

First evaluated in 2010
Evaluated in 2019
Evaluated in 2022
First evaluated in 2007
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Unilever's NAM toolbox

Point of Departure (PoD) determination from Bioactivity assays

Non-specific effects Specific effects
/ High-Throughput transcriptomics (HTTr) 4\ Cell stress panel (CSP) /I n vitro pharmacological profiling ﬁ

+ TempO-seq technology - full gene PERSPECTIVES
panel

Nuclear
receptor | GPCR panel
panel

» 36 biomarkers covering
10 cell stress pathways

* HepG2
» 24hrexposure

+ 24hrexposure ucing safety-reated drug

» 7 concentrations

= Various cell models (e.g. HepG2,
MCF7, HepaRG)

» Dose-response analysis using
BMDExpress2 and BIFROST model

\ Reynolds et al 2020. Comp Tox 16: 100138

Baltazar et al. 2020. Toxicol Sci 176(1): 236-252

Bioactivity Exposure Ratio (BER)
Distribution

* 8 concentrations

* Dose-response analysis
using BIFROST model

Image kindly provided by Paul Walker
(Cyprotex)
Hatherell et al. 2020. Toxicol Sci 176(1): 11-33 e

<% eurofins
Cerep

»
»

Bioactivity Exposure Ratio (log10)

s e0e

Plasma

3 Ay [ S EE¥E] Cmax Error
A et C o

A W - Jlll_

Distribution
oo e estimate model (CMED)
o - ”.!:25“;] L (Bayesian model)
O gl BIOACTIVITY The bigger the BER, the greater the
Toxicology in Vitro (2020), 63, 104746 BIOACTIVITY EXPOSURE RATIO = confidence that bioactivity will not

EXPOSURE occur in exposed consumers

Unilever
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NGRA data - cyclamate

Exposure/PBK modelling: Point of departure estimation:

PBK models need several building blocks! Sodium cyclamate tested in the Unilever NAM toolbox

« Resultis a series of PoDs across various NAMs
An eXternal dose High-Throughput transcriptomics (HTTr) — Cell stress panel (CSP) /In vitro pharmacological profiling
‘ ) . =~ i = o] v st
/ S eEpathwius Sl = ol oy
Physical-chemical properties T = RS >
] TR e TN || comeeeas S0
Reynolds et al 2020. Comp Tox 16: 100138 - o - Hatherell et al. 2020. Toxicol Sci 176(1): 11-33 =
Pharmacokinetic properties .
__TMEMZEBJOSW

+ TempO-seq technology - full gene
panel

Pharmacokinetics )
The OUtCOmeS are p . oo aim}am,wsu]
estimates of internal U #7=  Forcyclamate, the
exposure, such asthe g r b - thﬁzth;oD ac;oss
maximum concentration = 7 — e s was from
. - ‘ 1 the transcriptomics
inplasma (Cmax)  Z| /  AUC - Nuowio s ; i study
<§ re:ver::l d?:g ex‘:“:‘r:ve N\, concen tration /@E
Cmin: Lowest concentration NCSIJ@
For cyclamate, our PBK et '
modelling estimated a ! d

Cmax of ~69 uM after PoD (13) = ‘Bioactivity : Exposure Ratio’ (BER) (13/69 = 0.18)
consumption of the ADI
Exposure (69)

For cyclamate, bioactivity occurs
at a lower exposure than dietary
o intake of the ADI - higher tier

ey models needed!
Unilener
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Cyclamate - summary

« PBK estimates of internal exposure - at the ADI, Cmax =
~68 UM.

* Lowest PoD from the NAMs (~12 uM) came from the
transcriptomics study - HepG2 cells when looking for the
lowest responding genes - highly conservative!

« NAM PoDs less than Cmax - further experimental data
generation would be required.

 (Next generation)risk assessments require tiering!

« Exciting developments underway externally with higher
tier in vitro models e.g. organ on chip, alternative data
analysis methods - key characteristics, gene signatures
and computational sciences - Al etc.

Call to action: Evolution of dietary intake surveys
to always include information on the time of
o intake as well as the amounts of consumed will be
@3‘5 needed to support the shift to NGRA by the food
Unillovor sector
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Single gene level PoDs after Cyclamate treatment
(HepG2 cells) - unlikely toxicological significance

Certainty

| Bespoke assays to cover remaining |
uncertaintiesidentified a TierO or

Tier 1

| Further exposure refinement, e.g.
consideration of transporters,

metabolism ..etc...
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External developments

In recent years, national and
international food safety
authorities have been working
towards further integrating
NAMs in risk assessment.

« Food industry have made
positive steps towards building
internal NGRA capability and
working to achieve regulatory
change.

* Progress is still needed to
maximise the use of NAMs in
food safety assessments!
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Agenda

New Approach Methodologies (NAMs) in Future Food Safety Risk Assessment

a Joint Workshop by World Health Organization (WHO) and Nanyang Technological

EFSA Strategy 2027

future challenges. Within its risk assessment
approaches, EFSA will develop and integrate new
scientific developments focusing on NAM-based
methods and the minimisation of animal testing,

innovations in food systems, data, and technology,

and strive to meet One health policy needs.

University, Singapore (NTU Singapore)
Royal Plaza on Scotts, Singapore, 18 to 20 June 2025
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01:10.2903/5p.¢152.2022 EN-7341
Development of a Roadmap for Action on

New ies in Risk

Sylvia E. Escher, Falko Partosch’, Sebastian Konzok!, Paul Jennings?, Mirjam Luijten’, Anne Kienhuis?,
Victoria de Leeuw?, Rosmarie Reuss*, Katrina-Magdalena Lindemann?, Susanne Hougaard Bennekou®

! Fraunhofer ITEM, * Vrije Universiteit Amsterdam, > National Institute for Public Health and the
Environment, * Eura AG, * The National Food Institute Denmark

Abstract

While whole animal studies have their place in risk assessment of food and feed components, it is
thought that more modem approaches such as human focused new approached methodologies (NAMs)
would bring advantages including a greater focus to the human species, a focus on molecular
mechanism and kinetics and the possibility of addressing susceptible populations. This report outiines
the thinking from the authors and culminates in activity proposals in seven distinct but interacting
scientific areas i.e. development of additional AOPS/AGP networks (AP), advanced cell culture models
including Organ on a chip (O0C), toxicokinetic assessment with a focus on physiological based kinetic
modelling (PBK), exposome, human susceptibilty, data integration and new concepts in human risk
assessment. Furthermore, the development of a Forum is proposed to faciitate the implementation of
new approaches and concepts in risk assessment. The report was compiled by the project team,
renowned experts in the various areas, and recommendations were discussed with EFSA and further
refined following consultation with external experts via a dedicated workshop. The authors are
convinced that if the recommendations are taken up, there will be a significant impact in the field,
resulting in increasing the uptake and utilisation of these emerging technologies by all stakehoiders
involved.

© European Food Safety Authority, 2022
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Countdown to 2027 — maximising use of NAMs in food safety assessment:
closing the gap for regulatory assessments in Europe
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Wrap-up

o

Unilever

Food safety is complex because food is
complex! ‘Food’ comprises everything from
single chemicals (flavours, additives) to
complex mixtures with nutritionally relevant
components.

Multitude of different toxicological studies
needed to deliver safe food given its
complexity.

The food safety ecosystem has played a key
historical role in the development and
application of NAMs.

Paradigm shift is underway in risk assessment
towards the use of innovative NAMs.

Multi-disciplinary, multi-stakeholder
engagement and collaboration needed to
fully achieve the vision of non-animal safety
science.

Academia

Patient
groups

Regulators

EPA and Unilever Announce Major Research
Collaboration to Advance Non-animal
Approaches for Chemical Risk Assessment
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