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GROWING INTEREST IN QUANTITATIVE GENOTOXICITY ASSESSMENT
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GROWING INTEREST IN QUANTITATIVE GENOTOXICITY ASSESSMENT
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WHY DO WE NEED QUANTITATIVE GENOTOXICITY ASSESSMENT?
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WHY DO WE NEED QUANTITATIVE GENOTOXICITY ASSESSMENT?
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CURRENT EXPERIENCE

‘ J! EFSA Journal

SCIENTIFIC OPINION

ADOPTED: 1 July 2021 Guidance is under revision!
doi: 10.2903!j.efsa.2021.67?0

Guidance on aneugenicity assessment

EFSA Scientific Committee (SC),

Simon John More, Vasileios Bampidis, Claude Bragard, Thorhallur Ingi Halldorsson,
Antonio F Hernandez-Jerez, Susanne Hougaard Bennekou, Kostas Koutsoumanis,
Claude Lambré, Kyriaki Machera, Hanspeter Naegeli, Seren Saxmose Nielsen, Josef Schiatter,
Dieter Schrenk, Dominique Turck, Maged Younes, Gabriele Aquilina, Margherita Bignami,
Claudia Bolognesi, Riccardo Crebelli, Rainer Gurtler, Francesca Marcon, Elsa Nielsen,
Christiane Vleminckx, Maria Carfi, Carla Martino, Daniela Maurici, Juan Parra Morte,
Annamaria Rossi and Diane Benford

Some experience available with aneugens



ANEUGENS — EFSA GUIDANCE

A critical number of target sites must be affected for aneugenicity

Non-linear and steep dose-response curve

Quantification of biological response using in vivo data to determine a point of departure to
support MOE approach or, in certain occasions, to derive a HBGV

In absence of (adequate) in vivo data, a MOE approach may still be possible (if aneugen does
not undergo metabolic activation):

» Comparison between the concentrations resulting in aneugenicity in vitro and the
concentrations estimated to be present in the Gl tract from ingestion of food or beverage

» Concentrations in the same order of magnitude = Concern

Two examples will be presented in breakout session on Quantitative
genotoxicity assessment 8 w



OTHER NON-DNA-REACTIVE GENOTOXIC SUBSTANCES

* Indirect Modes of Action (no direct DNA reactivity involved):

» Secondary oxidative DNA damage

» Topoisomerase inhibition (but NOT as a poison stabilizing the DNA-topoisomerase complex)
> Inhibition of error-free DNA repair systems

A “practical threshold” can be considered allowing to determine a point of departure and the
application of the MOE approach

* Note: Essential to discount a direct effect - A simple demonstration of e.g. oxidative stress
and DNA oxidation would not be sufficient as more than one mechanism may occur

> Weight of Evidence - Possible role for AOPs and NAMs
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DNA-REACTIVE GENOTOXIC SUBSTANCES

 Current strategy assumes no “safe” exposure “thresholds” for DNA-reactive substances

- In cases where data are limited, TTC has been employed (for contaminants, not for compounds
deliberately added to the food) — Note: TTC is not risk-free

HOWEVER........

- Experimental and theoretical evidence questions the assumption of linearity and lack of a
“threshold”

 Several processes may restrict DNA reactivity or conversion of DNA damage into mutagenicity,
thus contributing to non-linear dose responses:

* DNA Repair
* Error-free translesion DNA synthesis

« Metabolic detoxication

 Antioxidant/Protective systems
v\



DNA-REACTIVE GENOTOXIC SUBSTANCES

Benzo[a]pyrene diol epoxide (BPDE)
Piberger et al ., 2018 Arch Toxicol. 92, 541-551
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DIRECT ACTING GENOTOXIC AGENTS — NON-LINEAR RESPONSES

Ethyl methanesulfonate (EMS) Benzo[a]pyene
Sanders et al.,, 2025 Arch Toxicol. 99:1581-1589 Long et al., 2018 Arch Toxicol. 92(2):967-982

version: 66.14
28-day repeat-dose oral, 10 £ | loglik -310.49
AIC 654.98

doses plus control, £ %| var- 01803

B . a-BM 2.452
7 Tissues y * a-GS 5.433
A a-Kd 6.081

3.0

i 120
a-Lg 6.362
a-Lv 5.168

a-Sl 6.564

a-Sp 4.603
CED-BM 0.7257
CED-GS 2414
CED-Kd 8.841
CED-Lg 4.022
CED-Lv 4.478
CED-SI 0.3568
CED-Sp 1.179
c- 1536

d- 0.9613

CES 05

conv: 1

scaling factoron x: 1
detlim : 1.004362
dtype: 1
selected : all
removed: outliers

L - = 100

6 . .

o
. i
R
i — 40
1_
— 20
Lim L,

0,00 2.30 4.50 8,149 2247 45,94
Concentration EMS5 (ug/mL)

% binucleatad calls with KM
B
i
T
u
o
[BAlAING SARD 3

Log lacZ Mutant Frequency (x 107)

fact-a: Tissue
fact-b: Tissue

-15 -10 -05 00 05 10 15
Log Dose (mg/kg BW/day)

Dose-response may depend on type of DNA lesion and DNA repair to remove lesions 12 w



DIRECT ACTING GENOTOXIC AGENTS

For substances where a direct DNA reactivity may be responsible for
genotoxicity or in the absence of sufficient mechanistic data
demonstrating an indirect MoA, a quantitative approach to risk
assessment of genotoxicity data is currently more challenging.



HOW TO DO THE QUANTITATIVE GENOTOXICITY ASSESSMENT?
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BMD ANALYSIS WITH IN VIVO DATA

« What is the most appropriate BMR value?
Current considerations focus on 50% (White et al. 2023 EMM, 66, 172)

« What is the most appropriate parameter from BMD analysis to be taken as
point of departure (BMDL or other parameter)?

O - More data are required on the comparison of measured BMD/BMDL values
' obtained from in vivo genotoxicity studies with equivalent values from
carcinogenicity data on the same agents



BMD ANALYSIS WITH IN VIVO DATA

O
z

o 0.001 T 0.001

9 o

X 001 X 001

o o

E 01 4p= E 0.1

—~ 777 =

Q 14— O 1

Q (&) b= |

2 10 > 10 .,44 4o ¢

@ el Vi ML g -

- > 1 PO VA X mbr

T = 100 - e i e

O U A d| o '\ §55 }

e s

O 1000 o 1000 +hh T A e T -

o) - 0 A iase PIE V| he '

5 10000 — = S 10000 — phd >

© le-08 1le-07 1e-06 1le-05 le-04 0001 001 0.1 1 O le-08 1le-07 1e-06 1e-05 1le-04 0001 001 0.1 1
Estimate of human exposure (mg/kg bw/d) Estimate of human exposure (mg/kg bw/d)

“The results indicate that regulatory decisions based on in vivo genotoxicity dose-response data would be
consistent with those based on carcinogenicity dose-response data; in some cases, genotoxicity-based
decisions would be more conservative. Going forward, and in the absence of carcinogenicity data, in vivo
genotoxicity assays (MN and TGR) can be used to effectively prioritise substances for reqgulatory action.”

Chepelev et al ., 2023 EMM 92, 64(1):4-15 16 w



BMD ANALYSIS WITH IN VIVO DATA

What is the most appropriate BMR value?
Current considerations focus on 50% (White et al. 2023 EMM, 66, 172)

What is the most appropriate parameter from BMD analysis to be taken as
point of departure (BMDL or other parameter)?

More data are required on the comparison of measured BMD/BMDL values
obtained from in vivo genotoxicity studies with equivalent values from
carcinogenicity data on the same agents

What uncertainty factor would be required to allow a MOE assessment for in
vivo genotoxicity?

How can combined exposure to genotoxicants be taken into account?

7 N\



BMD ANALYSIS WITH IN VITRO DATA

What is the most appropriate BMR value?

L ess consensus

What is the most appropriate parameter from BMD analysis to be taken
as point of departure (BMDL or other parameter)?

More data are required on the comparison of measured BMD/BMDL
values obtained from in vitro genotoxicity studies with equivalent
values from in vivo genotoxicity/carcinogenicity data on the same
agents

What uncertainty factor would be required to allow a MOE assessment
for in vitro genotoxicity?

How can combined exposure to genotoxicants be taken into account?

+ In vitro to in vivo extrapolation needed 18 w



SUMMARY

Aneugens and other (indirect acting)
genotoxic agents

- In cases where genotoxicity data are
demonstrating either aneugenicity or another
indirect, clearly defined Mode of Action (MoA) with
support of mechanistic data (in vivo) that does not
imply direct DNA reactivity, quantitation of the
response to determine a practical threshold and
point of departure could allow a MoE approach for
risk assessment.

Such MoAs may include secondary oxidative DNA
damage, inhibition of DNA repair or topoisomerase
inhibition.

* For substances where a direct DNA reactivity may
be responsible for genotoxicity or in the absence
of sufficient mechanistic data demonstrating non-
DNA-reactive mechanisms, a quantitative
approach to risk assessment of genotoxicity data
is currently considered more challenging.

« The information necessary for the potential future
application of quantitative genotoxicity approach
will be identified in the guidance.
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