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Genotoxicity testing
strategies applicable
to substances present
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-what‘s new in EFSA?
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Cross-sectional guidance on genotoxicity

SC Opinion (2011): Genotoxicity testing
strategies

SC Statement (2017): Clarification on some
aspects of genotoxicity assessment (in vivo
UDS, bone marrow, WoE approach)

SC Statement (2019): Genotoxicity of
chemical mixtures

SC Statement (ongoing): Aneugenicity
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Genotoxicity
testing strategies
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Genotoxicity in the risk assessment of food/feed
▪ Genotoxicity per se is an end-point: genetic damage in
somatic or germ cells is associated with serious detrimental
health effects, including cancer, heritable diseases and
degenerative conditions
▪ Under the EU legislation, substances that are classified as
mutagenic should not be deliberately added to food and feed
chain, at any dose level
▪ Consequently, all regulated food/feed substances (as well as
food contact materials) have to be evaluated for
genotoxicity before their approval
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Genotoxicity testing strategy (SC, 2011)

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2011.2379
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Genotoxicity testing strategy (SC, 2011)

Tier 1: the basic battery
▪ Bacterial reverse mutation test in Salmonella typhimurium
and Escherichia coli (OECD TG 471). Genetic damage considered:
gene mutation
▪ In vitro mammalian cell micronucleus test (MN) (OECD TG
487). Genetic damage considered: structural and numerical
chromosome aberrations
▪ Outcome:
▪ Negative:
▪ Positive:

No further testing*
In vivo testing

*unless available information indicate the inadequacy of in vitro systems
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Genotoxicity testing strategy (SC, 2011)

Tier 2: Follow-up*of positive results for
▪ Gene mutation:
▪ Transgenic rodent somatic and germ cell gene mutation
assays (OECD TG 488)
▪ In Vivo Mammalian Alkaline Comet Assay (OECD TG 489)

▪ Chromosome damage:
▪ Combined in Vivo Mammalian Alkaline Comet Assay (OECD TG
489) and Mammalian erythrocyte micronucleus test (MN)
(OECD TG 474)
*to be selected case-by-case based on in vitro test results, SAR, metabolic and
toxicokinetic considerations…
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Genotoxicity testing strategy (SC, 2011)

Outcomes of in vivo genotoxicity testing:
▪ Negative*:
▪ Positive:
*

No further testing
Genotoxic hazard

With evidence of target tissue exposure

✓ Strategy already implemented in the FEEDAP Guidance
on the assessment of the safety of feed additives for
the consumer (EFSA FEEDAP Panel, 2017)
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Clarification on some
aspects of genotoxicity
assessment
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SC Opinion 2017

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2017.5113
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SC Opinion 2017
European Commission requested EFSA to provide advice on:
1) the adequacy of the Unscheduled DNA Synthesis (UDS)
assay to follow-up positive results in the in vitro gene
mutation tests;
2) the adequacy to demonstrate target tissue exposure in in
vivo studies, particularly in the mammalian erythrocyte
micronucleus (MN) test;
3) the use of data in a weight-of-evidence (WoE) approach
to conclude on the genotoxic potential of substances and the
consequent setting of health-based reference values for use
in human health risk assessment.
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SC Opinion 2017 – EC question 1: in vivo UDS

1a

The adequacy of the Unscheduled DNA Synthesis (UDS)
assay to follow-up positive results in the in vitro gene
mutation tests

UDS (OECD TG 486, 1997)
• Despite the limitations:
- Tissues: applied in rat liver
- Mechanism: UDS is indicative of DNA adduct removal by nucleotide excision
repair in liver cells; DNA damage processed by other mechanisms, as well as
unrepaired genetic damage are not detected with this assay
• UDS was the only test method applicable to somatic tissues other than the
erythropoietic system and was frequently used in the follow-up of substances
positive in gene mutation tests in vitro as it until the publication of:
- OECD TG 488 (2011) for TGR gene mutation assay and
- OECD TG 489 (2014) for comet assay

Negative in vivo UDS is insufficient alone to rule out in vivo genotoxic potential
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SC Opinion 2017 – in vivo UDS
• The usefulness of the in vivo UDS is discussed in both a
retrospective and a prospective way
New

• Future assessments: the EFSA is not aware of situations or
chemical classes that can be identified, where the UDS could
be considered preferable to TGR or comet assay.
Recommendation to no longer perform UDS test
• Re-assessments: existing UDS results may be considered as
adequate only in case of positive results. If negative,
evaluation in a WoE approach considering all available info on
MOA before deciding if more reliable tests (TGR or in vivo
comet) would be needed to complete the assessment
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SC Opinion 2017 - EC question 2: target tissue
exposure

2a

The adequacy to demonstrate target tissue
exposure in in vivo studies, particularly in the
micronucleus (MN) test

Regarding bone marrow exposure, the OECD TG 474 (July 2016), states:
➢ Target tissue exposure: “A blood sample should be taken at appropriate
time(s) in order to permit investigation of the plasma level of the test
substances for the purposes of demonstrating that exposure of the bone
marrow occurred, where warranted and where other exposure data do not
exist”
➢ Evaluation and interpretation of results: “Evidence of exposure of the
bone marrow to a test substance may include a depression of the
immature erythrocyte ratio or measurement of the plasma or blood level
of the substance. In case of intravenous administration, evidence of
exposure is not needed. Alternatively, ADME data, obtained in an
independent study using the same route and same species, can be used to
demonstrate bone marrow exposure. [. . .]”
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SC Opinion 2017 - EC question 2: target tissue
exposure

2b

The adequacy to demonstrate target tissue
exposure in in vivo studies, particularly in the
micronucleus (MN) test

Demonstration of target tissue exposure needed if BM MN negative
• The following lines of evidence can be considered :

New

1.toxicity to the BM observed in the in vivo MN study
2.toxicity to the BM observed in toxicity studies, using the same route and the
same species as in the MN study
3.test substance (and/or metabolites) detected in BM in a toxicokinetic study
4.systemic toxicity observed in the BM MN test (e.g. signs related to CNS)
5.systemic toxicity observed in toxicity studies
6.test substance (and/or metabolites) detected systemically in a toxicokinetic
study
7.substance detected systemically in a specific blood/plasma analysis
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Genotoxicity assessment of
chemical mixtures
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SC Statement 2019

New

https://www.efsa.europa.eu/en/efsajournal/pub/5519
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Type of mixtures in feed

▪ Smoke flavourings
▪ Botanicals and botanical preparations
▪ Enzymes

▪ Zootechnical additives
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Chemical characterization

21

Chemical characterization
▪ State-of-the-art analytical methodologies should be
applied in the characterisation, which should be able to detect
and quantify constituents at LOD and LOQ
▪ Not possible to establish a generic ‘cut-off’ value (i.e.
percentage of unidentified components considered acceptable
without further testing) as this depends on the nature of the
mixture
▪ Qualitative and quantitative analysis of the components
is required for a clear and unambiguous identification of the
components (CAS nr, chemical name, synonyms, isomerism,
etc to be provided for each component)
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Genotoxicity of mixtures
▪ Chemically fully defined mixtures
▪ Assessment of all the components, using all available
information (e.g. QSAR analysis, read-across, reliable and
relevant literature data, genotoxicity data in line with SC
testing strategy): component-based approach

▪ Mixtures containing substantial fraction of
unidentified components
▪ Identified components assessed individually: componentbased approach
▪ Unidentified fraction should be tested as first option. If not
feasible, testing of the whole mixture should be undertaken:
whole-mixture approach
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FULLY CHEMICALLY DEFINED MIXTURES: COMPONENT BASED
APPROACH
WITH «known» in vivo
genotoxic substances
via a relevant route of
administration

FULLY
CHEMICALLY
DEFINED
MIXTURE

SAFETY CONCERN FOR
GENOTOXICITY

Mixture WITH
«potential»
genotoxic
components,
e.g. positive
results in vitro
only

WITHOUT «known» in
vivo genotoxic
substances

For unavoidable
«known»
genotoxic
contaminants
or constituents
risk assessment
considerations
apply

If no carcinogenicity
data, consider TTC
approach
(exposure < 0.0025
µg/kg bw/day)
(SC TTC Guidance, 2019)
For genotoxic
carcinogens, consider
MoE approach
(SC, 2005)

Additional
data needed,
e.g appropriate
in vivo testing

NO SAFETY CONCERN
FOR GENOTOXICITY
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MIXTURE WITH UNIDENTIFIED COMPONENTS
CHARACTERISED PART OF THE
MIXTURE
MIXTURE
WITH
UNIDENTIFIED
COMPONENTS

WITHOUT «known»
in vivo genotoxic
substances
Consider results of
uncharacterised part

WITH «known» in
vivo genotoxic
substances via a
relevant route of
administration

Mixture WITH
«potential»
genotoxic
components, e.g.
positive results
in vitro only

Additional data
needed, e.g
appropriate in vivo
testing

SAFETY CONCERN FOR GENOTOXICITY

UNCHARACTERISED PART OF
THE MIXTURE

Test FRACTION

If not possible to
isolate fraction,
test WHOLE
MIXTURE
IF POSITIVE

In vitro testing with in vivo
follow-up testing in case of positive
results in vitro (EFSA SC, 2011)

IF NEGATIVE
Consider possible
limitations of in
vivo testing

NO SAFETY CONCERN FOR GENOTOXICITY
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SC Statement (ongoing):
Aneugenicity
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Additional cross-sectional issues to be considered
Benchmark dose (2017)

Weight of evidence and biological relevance (2017)

Uncertainty (2018)

SC Guidance (2019): Harmonised methodologies for
human and animal health and ecological risk assessment
of combined exposure to multiple chemicals

Threshold of Toxicological Concern (2019)
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Stay connected

Subscribe to
www.efsa.europa.eu/en/news/newsletters
www.efsa.europa.eu/en/rss
Engage with careers
www.efsa.europa.eu/en/engage/careers
Follow us on Twitter
@efsa_eu
@plants_efsa
@methods_efsa

Thank you!
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