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COMMITTEE ON MUTAGENICITY OF CHEMICALS IN FOOD, CONSUMER PRODUCTS AND THE ENVIRONMENT (COC)

COM GUIDANCE UPDATE - EVALUATION OF IN VIVO GENOTOXICITY ASSAYS
Introduction
1. COM Guidance was last reviewed in 2011 (COM, 2011 ).  Genotoxicity testing strategies are generally based on a two-stage approach; in vitro assays (Stage 1) followed by in vivo assays (Stage 2) if required for regulatory purposes or to investigate in vitro positives.  The 2011 Guidance presented a departure from the previous guidance (COM, 2000) on choice of in vivo assay, by recommending the transgenic rodent mutation (TGR) assays and the in vivo mammalian alkaline comet assay as core tests in the in vivo testing strategy, alongside the in vivo rodent bone marrow micronucleus (BMMN) or chromosome aberration assay. 
 
2. This paper outlines the strategies and recommendations for use of the in vivo comet, TGR and the unscheduled DNA synthesis (UDS) assays in different regulatory settings and summarises some of the significant publications and opinions of these assays since the 2011 COM Guidance was published. It is intended to inform Members with a view to updating the Guidance as necessary. 

3. The following was recommended by the COM in 2011: 
Stage 2 consists of in vivo genotoxicity tests.  A case-by-case strategy should be developed to answer one or more of the following specific queries:
· Investigation of mutagenic end point(s) identified in Stage 1; 
· Investigation of genotoxicity in tumour target tissue(s);
· Investigation of potential for germ cell genotoxicity; 
· Investigation of in vivo mutagenicity for chemicals, which were negative in Stage 1 but where there is high or moderate and prolonged exposure; 
· Investigation of genotoxicity in site of contact tissues. 

4. The BMMN assay is recommended to identify aneuploidy and clastogenicity and the TGR or comet assay for detection of DNA damage /mutations.  The previous guidance (COM, 2000) recommended an in vivo BMMN assay as the principal in vivo assay, with other in vivo assays, such as the UDS assay or comet assay proposed as second in vivo assays if positive or equivocal results were generated in the BMMN assay.  The updated strategy (COM 2011) allows for a flexible in vivo approach which is influenced by knowledge of genotoxic mode of action (MOA) from in vitro assays and chemical use.  Furthermore, a designated need for an assay to examine site of contact tissues may rule out the use of the BMMN assay and require an assay which can be performed in multiple tissues.  For reference, Figure 3 from the Guidance is provided as Annex 1.  
5. The in vivo UDS test with mammalian liver cells was the second assay   recommended in previous COM Guidance (COM 2000). At the last review (COM 2011), it was considered that the comet assay performed more robustly with regards to sensitivity, than the UDS assay and should replace it as a core test. Recently the performance and usefulness of the UDS assay has been evaluated and commented on by EFSA (EFSA 2017) – see Annex 2.
6. The original OECD Guideline for TGR assays was published in 2011.  Since the last COM Guidance was published (COM 2011), an updated version has been developed, underpinned by an extensive evaluation of the all available datasets (Lambert, 2005 ; OECD, 2009).  
7. At the time of COM Guidance publication, the OECD Guideline for the comet assay was in preparation and had not yet been published.  It was finalised and published in September 2014.  The protocol was devised following an extensive validation trial coordinated by the Japanese Center for the Validation of Alternative Methods (JaCVAM) (Uno et al., 2015a; Uno et al., 2015b; Uno et al., 2015c).  The comet assay has undergone substantial evaluation with the view to establishing its robustness for inclusion as part of the genotoxicity testing battery.
Regulatory Frameworks 
8. The remit of the COM is to advise UK government departments and regulatory agencies with regard to the mutagenicity and genotoxicity of chemicals, including on the use of appropriate testing strategies.  However some regulatory agencies are bound by other European or international organisations such as the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH), the European Food Safety Authority (EFSA) or the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) Regulation who provide their own guidance on genotoxicity testing strategies.  Despite a number of international genotoxicity advisory groups such as International Workshops on Genotoxicity Testing (IWGT), and the European Centre for the Validation of Alternative Methods (ECVAM), constantly scrutinising the performance, reliability and accuracy of testing strategies, there are some inconsistencies in the requirements and guidance given by different regulatory bodies.  The following summarises the approaches of some significant authoritative bodies.
ICH S2 R(1) - Guidance On Genotoxicity Testing And Data Interpretation For Pharmaceuticals Intended For Human Use  
9. ICH produce guidelines for the non-clinical testing of pharmaceuticals (ICH, 2011 ). The genotoxicity testing guidance is the basis for the regulatory requirements of worldwide regulatory agencies including the European Medicines Agency (EMA), the US Food and Drug Administration (FDA) and Health Canada.  The battery of assays recommended for genotoxicity consists of two in vitro and one in vivo assay (a rodent bone marrow micronucleus assay; BMMN) OR a bacterial mutation assay (Ames test) and two in vivo assays which evaluate at least two different tissues with demonstrable exposure. The ICH guidelines suggest that the in vivo studies can be incorporated into 28-day repeat dose rodent toxicity studies.  The liver is the preferred tissue for examination due to the strong likelihood of exposure and its metabolising capacity, in particular if short lived metabolites are anticipated.  However, the ultimate choice of tissues and assay should be based on factors such as the potential genotoxic mechanism (e.g. clastogenic or point mutation), metabolism in vivo and knowledge of tissue exposure (e.g. site of contact tissues).
10. ICH give guidance on the choice of a second assay which may be required  for example, when bone marrow exposure was not confirmed or when following up positive in vitro assay findings. When testing a compound that is positive in the in vitro Mouse Lymphoma Assay (MLA), inducing principally large colonies, it is considered preferable to use the TGR for the detection of mutations rather than the comet assay. ICH consider that the UDS assay may be useful for compounds that induce bulky DNA adducts or are positive in the Ames test. However, it is noteworthy that these recommendations were made before the recent detailed examination of the performance of the comet assay for the OECD Guideline development. Assays suggested as suitable as follow-up genotoxicity testing in relation to tumour findings in a carcinogenicity bioassay include the comet assay, UDS assay and DNA covalent binding (e.g 32P-postlabelling).  
REACH 
11. The REACH guidance (ECHA, 2017 ) has recently been modified and  recommendations for genotoxicity testing are now more in line with those outlined by EFSA (EFSA, 2011) and COM (COM, 2011) guidance. Under REACH, appropriate in vivo mutagenicity studies to investigate specific endpoints are required if positive results from in vitro studies are obtained, rather than use of the BMMN as the first choice assay. Studies listed as appropriate are the BMMN test; in vivo erythrocyte MN test; in vivo UDS in the liver; TGR assays and the comet assay.  Evaluation of germ cell mutagenicity is also discussed and it is suggested that if a TGR study is chosen to be performed, then the opportunity to examine the potential for germ cell effects should be considered and appropriate tissues collected. The REACH guidance acknowledges the advances in the development and validation of the comet assay. It states that for substances that appear to preferentially induce gene mutations, the TGR assays are the most appropriate, and usually preferred, tests to follow-up a positive in vitro gene mutation finding.  
12. A number of specifications are made in the REACH guidance. If results from an assay with an indicator endpoint (e.g. DNA binding, DNA damage, DNA repair) are not in agreement with those obtained in tests for mutagenicity, the results of mutagenicity tests are generally considered to have greater significance [provided that appropriate mutagenicity tests have been conducted].  
13. The REACH guidance acknowledges that the sensitivity and technical reproducibility of the UDS assay are now considered to be questionable and that its use should be justified on a case-by-case basis, taking account of substance-specific considerations. It also states that the in vivo comet assay, TGR assays, and DNA adduct studies are preferred – this suggests that the UDS is no longer considered a satisfactory in vivo assay, which is an update from previous recommendations.
14. It is noted that the use of the comet and TGR assays enable the sampling of multiple tissues and the REACH guidance advocates selecting a range of tissues for study based on what is known of the toxicokinetics and toxicodynamics of the substance. For chemicals which are highly reactive it is recommended that testing be focussed on tissues at initial sites of contact. 
Plant Protection Products (PPP)
15. In the European Plant Protection Products (PPP) regulation (EC/283/2013)[footnoteRef:1], registration of an active ingredient requires two in vitro assays (Ames and in vitro micronucleus) and a follow up in vivo test in the event of a positive in vitro finding.  A TGR assay is suggested as most appropriate for investigating a potential gene mutagen. There is no mention of comet assay or UDS assay.  [1:  http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009R1107&from=EN] 

16. Worldwide regulatory requirements for the genotoxicity testing of PPP active ingredients, impurities, and metabolites are described by Booth et al (Booth et al., 2017). The authors suggest that, in the EU, the TGR assay is required as a core in vivo study to follow up a potential gene mutagen finding from in vitro studies; use of the comet assay is not ruled out but requires justification. In the USA, in vivo study requirements are not specified but must be ‘appropriate to identify the hazard’. The comet assay is considered acceptable by the USA, Canada and Australia. It is noted that there are differences in the PPP regulations regarding the genotoxicity testing of pesticide active ingredients to that from the COM (2011) and EFSA (2011). It is noted that substances are also required to satisfy REACH requirements.
Biocidal Products Regulations (BPR)
17. The Biocidal Products Regulation (BPR) (EU No 528/2012)[footnoteRef:2] stipulates that appropriate in vivo genotoxicity assays should be considered if positive results are obtained in an in vitro genotoxicity assay. An approach for the selection of appropriate in vivo genotoxicity assays is given as follows:    [2:  http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012R0528&from=EN] 

a. If there is a positive result in an in vitro assay, ‘an appropriate in vivo somatic cell genotoxicity study shall be proposed/conducted by the applicant’. No specific guidance on assay selection is given,  
b. If either of the in vitro gene mutation tests are positive, then an in vivo UDS assay should be conducted. 
c. It is specified that ‘A second in vivo somatic cell test may be necessary depending on the results quality and relevance of all the available data’. However, no guidance on choice of assay is given. 
d. If there is a positive result from an in vivo somatic cell study, then the potential for germ cell mutagenicity should be considered. However, no guidance on assay selection is given.        
18.  The Regulation indicates that valid data from an in vivo BMMN assay incorporated into a repeat dose study is acceptable if it is the appropriate assay to address the information requirement.
Veterinary International Conference on Harmonization (VICH)  
19. In VICH GL23 (VICH, 2014 ) ‘Studies to evaluate the safety of residues of veterinary drugs in human food: genotoxicity testing’,  an in vivo assay for detecting micronuclei or chromosomal aberrations is requested as part of the standard battery of toxicity tests. Particular consideration is given to a chemical which gives a positive result in vitro but a clearly negative result in vivo, and a second in vivo assay using a target tissue other than the bone marrow is requested to confirm or rule out  genotoxicity. However no discussion of appropriate  assays is provided.
20. A comparison of these principal genotoxicity testing strategies is provided in ANNEX 2.   
Literature updates of individual in vivo genotoxicity assays since 2011
Unscheduled DNA Synthesis Assay
21. No new, significant, experimental data examining the utility of the UDS assay has been published since the release of the COM guidance in 2011. However, a recent EFSA report ‘Clarification of some aspects related to genotoxicity assessment’, examined the adequacy of the UDS assay when used to follow-up positive results in in vitro gene mutation testing. Based on a number of detailed database analyses, EFSA concluded that the UDS assay had limited usefulness in genotoxicity testing strategies, being only suitable for the detection of chemicals causing damage in the liver, and with a lower predictive value than the TGR and comet assays in detecting chemicals which cause gene mutations. The following studies were considered for evaluation;  Kirkland and Speit (Kirkland and Speit, 2008) indicated that only 7/41 carcinogens which were negative or equivocal in the BMMN tested positive in the UDS assay.  Nineteen of these were liver carcinogens, 6 of which were positive in the comet assay. An ECVAM database comprising 726 chemicals,  that includes 88 chemicals which were tested in both the Ames test and the UDS assay.  Of these 78 were carcinogens, with 31 giving negative results in the UDS assay indicating a sensitivity of 60.3%.  Of these, 9/10 tested positive in the comet assay (EURL ECVAM, 2017 ).   
22. EFSA concluded that for future assessments, TGR or comet assays should be considered in preference to UDS assays. For existing datasets, where the UDS assay has been used as a follow up to positive in vitro gene mutation findings, EFSA  considered the study to be adequate only for positive results.. In the case of a negative outcome EFSA recommended careful evaluation taking into account factors such as tissue exposure, mode of action and metabolism.
Transgenic rodent mutation assays
23. The advancement of the TGR assays as a core in vivo assay in regulatory genotoxicity testing was underpinned by an extensive evaluation of all existing data led by Health Canada (Lambert, 2005 ; OECD, 2009) This analysis led to the development of the related OECD guideline and a more widespread acceptance of the assays’ general utility. In the COM Guidance (2011) the following recommendations with regard to the use of TGR assays were given: 
TGR gene mutation assays for which sufficient data are available to support their use in this TG are: lacZ bacteriophage mouse (Muta®Mouse); lacZ plasmid mouse; gpt delta (gpt and Spi−) mouse and rat; lacI mouse and rat (Big Blue), as performed under standard conditions. In addition, the cII positive selection assay can be used for evaluating mutations in the Big Blue and MutaMouse models. Mutagenesis in the TGR models is normally assessed as mutant frequency; if required, however, molecular analysis of the mutations can provide additional information.
24. Since publication of the 2011 COM guidance there have been a number of further publications on the effectiveness of the TGR assay.  An alternate evaluation of the sensitivity and specificity of in vivo assays including the TGR to detect rodent carcinogens was undertaken by Morita et al. (Morita et al., 2016). Data was collated from carcinogenicity and genotoxicity databases (including the EURL ECVAM Carcinogenicity and Genotoxicity eXperience CGX dataset) and published literature. For TGR assays, data on 80 chemicals (76 carcinogens and 4 non-carcinogens) were available; sensitivity was calculated as 72.4%. There were insufficient non-carcinogens to be able to calculate specificity. However, the majority of the data analysed were taken from Lambert et al. (2005). Data for the in vivo MN assay for 379 chemicals (293 carcinogens and 86 non-carcinogens) yielded sensitivity, specificity or concordances of 41.0%, 60.5% and 45.4%, respectively.  
25. An investigation of the Muta Mouse (lacZ) assay, used data for carcinogenic PAH’s to compare its sensitivity with the in vivo peripheral blood micronucleus assay (Long et al., 2016). The study also offers an analysis of tissue sensitivity. Each PAH was administered by oral gavage for 28 days and peripheral blood was taken for micronucleus analysis (MicroFlow® kits) two days after the last dose. Samples of  tissues from the small intestine, glandular stomach, liver and lung were taken for assessment of induced lacZ mutations and PAH-DNA adduct analysis three days after the last dose.  
26. A number of the less potent PAH’s were not positive in the MN assay and others generally elicited weaker responses (on a fold increase basis) than observed in lacZ. Potency comparisons, where PAH’s were ranked in each tissue as 1 = most potent, 5 = least potent, indicated that the greatest responses were observed in small intestine (1.3), followed by glandular stomach (2.9), lung (3.0), liver (3.3), and finally bone marrow (3.7).
27. In cross tissue comparisons, Benzo[a]pyrene was the most potent, inducing significant mutations in bone marrow as well as the other tissues examined. This is considered to be the most potent carcinogen and the only IARC class 1 carcinogen of the PAH’s examined. Overall these data strongly support inclusion of site of contact mutagenesis in genotoxicity testing strategies.
28. The TGR assays that are most widely utilised in Europe are those containing lac Z and lac I transgenes. In the COM Guidance (COM 2011), use of the gptgpt assays (gpt variant for detection of point mutations and Spi- variant for detection of deletions) is also supported. It is noteworthy that in the evaluation of all available data for the OECD guideline development (OECD, 2009), only 116 and 89 records (individual tissues, chemicals) were retrieved for gptgpt delta and gptgpt delta (Spi) systems respectively, compared to 531 for BigBlue™ mouse, 1412 for Muta®mouse and 284 for the BigBlue™ rat. Whilst comparisons of lac I and lac Z transgenes, and between mice and rats are given (Lambert, 2005 ), there are no detailed explorations of the gpt delta rodent systems, comparisons with other TGR assays, evaluations of the sensitivity of the assays to established positive controls or different tissue responses.  
29. A number of publications utilising the gptgpt TGR models have been published since the COM Guidance in 2011 almost entirely by Japanese authors (39/41 papers published between 2010-to date) suggesting that it is primarily used in Japan. it’s primarily . Many of these have been used in MOA investigations but a number of these studies can provide  towards sensitivity and specificity calculations. These include negative results following administration of sodium arsenite and dimethylarsine acid to gpt delta rats ((Fujioka et al., 2016) and negative results following 4 weeks administration of 1,2‑dichloropropane and dichloromethane to gpt delta rats (Hirata et al., 2017). Additional  examples of investigative studies include examination of N-ethyl-N-nitrosourea, benzo[a]pyrene, and 4-nitroquinoline-1-oxide in gpt mice and comparison to Pig-A mutations (Horibata et al., 2013), and  the toxicological equivalence of gpt vs wild type rats with view to combining repeat dose and genotoxicity endpoints using DEHP and DEN as test substances (Akagi et al., 2015). The authors concluded that transgenic rats are suitable for use in repeat dose toxicity assays.  
30. It has been reported that the spontaneous mutation rate in gpt-delta strains of rats or mice are considerably lower than those observed in lac Z and lac I strains.  During COMs recent examination of quantitative approaches to the evaluation of genotoxicity data the impact of the low baseline mutation frequency was noted. The study in question examined ethylmethane sulfonate (EMS) in gpt delta mice, generated a lower BMD10, an apparent consequence of a very low spontaneous mutation rate (Cao et al., 2014). This hindered quantitative interpretation of the data.  Examining this anomaly, a recent analysis of the dose responses of mutations in small intestine and bone marrow following treatment with EMS in gpt delta mouse and MutaMouse reported significant overlap of the BMD confidence intervals between the two strains. It was concluded that the choice of tissue was of greater importance than the transgenic variant (Wills, 2017).
In vivo Comet Assay 
31. Since the COM Guidance (COM 2011) was published a number of substantive evaluations have become available (e.g. from JaCVAM; IWGT) which include an extensive validation exercise used in the development of the comet assay OECD guideline (Uno et al., 2015b; Uno et al., 2015c; Uno and Omori, 2015).  
32. A report from the 2013 IWGT meeting summarises significant developments in the understanding of the applicability of the comet assay and its widening regulatory acceptance. Indeed, the authors note that as acceptance becomes more extensive, regulatory agencies in Europe are actively training reviewers to assess comet assay study findings (Speit et al., 2015).   
33. With regards to its applicability, the comet assay detects a broad spectrum of DNA damage but is not effective at detecting cross linking agents or bulky DNA adducts. There are assay modifications which enable the detection of cross linking agents in vitro but there is little experience of this modification for the in vivo protocol.  Although a formal comparison of the comet assay with the UDS assay was not undertaken, the approximately 10-fold greater frequency of positive results in the comet assay indicates a greater sensitivity compared to the UDS assay thus supporting its inclusion in a battery of genotoxicity tests.  
34. IWGT also considered critical protocol parameters including agarose concentration, electrophoresis conditions, tissue processing and comet scoring.  Overall IWGT agreed that it wasn’t necessary to establish a rigid protocol and that the most effective way of demonstrating control of these parameters was the scrutiny of negative and positive control databases. However, timing of tissue collection was considered crucial which should be soon after maximal plasma concentration (Tmax) is reached, to optimise the identification of short lived lesions.
35. Integration of the comet assay into repeat dose toxicity studies was considered to be scientifically acceptable by the IWGT, although the complicated logistics of timing the last doses was highlighted as a potential issue (i.e. so the last dose is given at Tmax). The expert panel could not agree on selection of one of the three main parameters (tail length, tail intensity, tail moment) as endpoints- both tail intensity and moment are suitable as markers of genotoxicity and a coefficient of variation of 10-15% was considered acceptable. Consideration of different tissues revealed that those requiring minimal processing have lower levels of background damage (e.g. BM, liver, spleen) whilst epithelial, site of contact, tissues that may require scraping to generate cell suspensions, have higher background levels of damage and greater variability. As tissue preparation and storage may vary considerably from laboratory to laboratory it is anticipated that this will also affect negative and  positive control variability therefore it is important to establish individual laboratory assay acceptance criteria. Appropriate statistical power calculations were discussed and previously published.
36. The impact of freezing cells prior to analysis was discussed by IWGT. Whilst there are some promising results indicting similar responses in fresh and frozen tissues, there is evidence that freezing and thawing increases variability and, accordingly, the ability of the assay to detect a positive response. It was agreed that more data and a standardised freezing/thawing protocol are required before this aspect could become an acceptable part of the standard protocol.
37. Tissue toxicity is known to impact on the comet assay and can confound interpretation of the results. It is recommended that histopathological changes and other markers of toxicity (clinical chemistry changes) should be taken into account when interpreting results. However, as observations to date are compound specific it is not possible to generate specific guidance in relation to evaluating apparently positive responses. As ‘hedgehog’ comets can be the result of both genotoxic and cytotoxic effects, their usefulness in assessing cytotoxicity or for interpreting results is limited. Overall, it was considered that the comet assay is sufficiently robust to be included in a genotoxicity screening battery, provided that the laboratories performing the assay are sufficiently experienced in its use and interpretation. The importance of describing a detailed protocol was highlighted, including evaluation of the potential impact of tissue toxicity on the outcome of the assay.  
38. The JaCVAM sponsored a comprehensive international validation trial of the in vivo rat comet assay with the goal of investigating the sensitivity and specificity of the assay for identifying genotoxic carcinogens, in comparison to the UDS assay (Uno et al., 2015b; Uno et al., 2015c). The trial was conducted in collaboration with a number of organisations including ECVAM and underpinned the OECD guideline development. Forty chemicals were selected for evaluation based on the adequacy of available carcinogenic and genotoxic data and to ensure that a variety of chemical class and/or genotoxic or carcinogenic MOAs were included. The forty chemicals selected comprised 19 genotoxic carcinogens, 6 genotoxic non-carcinogens, 7 non-genotoxic carcinogens and 8 non-genotoxic non-carcinogens. 
39. The pre-validation study was conducted in 5 laboratories with extensive experience of assay conduct with a view to developing a definitive protocol for the main validation study (Uno et al 2015c).  EMS was chosen as the positive control chemical and a standardized protocol was used to evaluate 3 coded chemicals in glandular stomach and liver, using standardised image analysis parameters.
40. Thirteen laboratories participated in the definitive validation study in which the 40 chemicals were examined to assess the predictive capacity of the comet assay for identifying carcinogenicity. Liver and fore-stomach, were selected as appropriate organs. Histopathological examination identified any cytotoxicity present, which was considered during the interpretation of results as necessary.
41. The initial validation exercise confirmed the reproducibility of the assay in the participating laboratories, with broadly similar results generated for the coded chemicals. Furthermore, it was demonstrated that the assay was highly predictive for genotoxic carcinogenicity as follows: of the 19 genotoxic carcinogens tested, 12 induced a statistical significant increase in % tail DNA in liver and/or stomach  (those that were negative were 2-acetylaminofluorene; o-anisidine; benzene; busulfan; hydroquinone; 4,4’-oxydianiline; sodium arsenite). Of the 6 genotoxic non-carcinogens, 5 were negative and 1 induced a statistically significant increase in the liver (2,6-diaminotoluene); one out of the seven non-genotoxic carcinogens (chloroform) induced a statistically significant increase in % tail DNA in the liver but this was judged to be associated with the cytotoxicity (centrilobular necrosis, vacuolation inflammatory cell infiltration) that was also present.
42. Other reports include a collation of combined in vivo BMMN and comet assays data, collated for IARC 1, 2A and 2B classified chemicals, with the aim of assessing their carcinogenic potential. As predicted, all chemicals are adequately identified using the two assays. The paper provides a useful tabulation of the chemicals evaluated and the outcome of the comet assays for each (Kang et al., 2013). 
IWGT Update 
43. Since the publication of the reports from JACVAM and IWGT a further IWGT meeting has taken place with a Working Group considering the development of in vivo strategies for genotoxicity testing. This includes further evaluation of the comet assay as a suitable assay to follow up positive in vitro gene mutagens, its ability to correctly identify genotoxic carcinogens, and the need for examination of site of contact tissues. It is anticipated that these analyses will be important when updating the COM Guidance. 
Summary:  
44. [bookmark: _Hlk495583775]A review of the COM Guidance has not been undertaken since 2011. This paper presents an overview of current genotoxicity testing strategies and recent publications on the in vivo UDS assay, TGR assay and comet assay with view to updating the Guidance. A number of significant differences in in vivo assay requirements between different authoritative and regulatory bodies were identified, in particular with regards to the acceptance of the UDS assay. EFSA have recently concluded that the TGR or comet assays should be considered in preference to the UDS assay. TGR assays continue to gain acceptance as a core assay in in vivo testing strategies, although it is noteworthy that specificity calculations are based on only a small number of studies. Some recent studies using the gpt strains analyses are available.  The comet assay also continues to gain regulatory acceptance and recent analyses indicate it has the potential to replace the TGR as a core assay to investigate positive results from in vitro gene mutation assays.
Questions for the Committee:
i. What are Members views of the different regulatory strategies?  Should these differences be reflected in the Guidance update? 
ii. Should the most recent considerations of the UDS assay by EFSA be reflected in the COM guidance and if so, how? 
iii. Do Members think that a more detailed evaluation of the gpt TGR assay should be undertaken? 
iv. Should COM update their guidance on the use of the comet assay? 
v. Have there been any other significant developments with respect to the in vivo assays that require review?  
vi. Should COM update their guidance on germ cell mutagenicity? 
vii. Are there any other changes that warrant updating the current testing strategy?  
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GLOSSARY:
BMMN: bone marrow micronucleus 
BPR: Biocidal Products Regulation 
ECVAM: European Centre for the Validation of Alternative Methods,
EFSA: European Food Safety Authority
EMS: ethylmethane sulfonate
ICH: International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use 
IWGT: International Workshops on Genotoxicity Testing,
JaCVAM: Japanese Center for the Validation of Alternative Methods 
MOA: mode of action 
OECD: Organisation for Economic Co-operation and Development 
PPP: plant protection products 
REACH: Registration, Evaluation, Authorisation and Restriction of Chemicals
TGR: transgenic rodent mutation [assays] 
Tmax; time to maximal plasma concentration 
UDS : unscheduled DNA synthesis 
VICH: Veterinary International Conference on Harmonization
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 MUT/2018/03 ANNEX 1
Figure from COM Guidance 2011 
Figure 3:  Testing for in vivo mutagenic potential (Stage 2)Stage 2:  
Rationale for in vivo study selection may include:
· Mutagenic endpoints identified in Stage 1 in vitro tests
· Tumour target tissues in carcinogenicity studies 
· Potential for germ cell genotoxicity
· Negative Stage 1 but where exposure is high, or moderate and prolonged
· Site of contact tissues 

Consider which Species, Tissues and Endpoints would give the most useful information

Devise and justify initial testing strategy which may incorporate one of the following recommended assays:
1. Micronucleus assay 
2. Transgenic rodent mutation assay 
3. Comet Assay 
4. Comet assay
Insufficient evidence to assess the mutagenicity of the substance
Review available data and make pragmatic conclusions based on weight of evidence


Substance is not mutagenic in vivo

NEGATIVE results in all appropriate Stage 2 tests

POSITIVE result in any Stage 2 test

EQUIVOCAL result in any Stage 2 test

Consider: 
· Reproducibility
· Historical control data
· Mode of Genotoxic Action (MoGA)
· Results of stage 0, 1 & 2 tests.
· Toxicokinetic and metabolic information.
· If further in vitro or in vivo testing is warranted. Select appropriate tests on a case-by-case basis:
(e.g. DNA adducts)
Consider:
· Historical control data 
· Mode of Genotoxic Action (MoGA)
· Results of other Stage 0, 1 & 2 tests
· Misleading positive results

Substance should be considered to be an in vivo somatic cell mutagen and possible germ cell mutagen.






ANNEX 2:  
Summary of various regulatory approaches to the comet, TGR and UDS assays  
	Regulatory or Authoritative body
	Comet
	TGR
	UDS

	ECHA /REACH 2017
	Acceptable 
	Preferred assay to follow up an in vitro gene mutation positive 
	Acceptable 

	EFSA 2011 
	Considered suitable as follow up to an in vitro gene mutation positive.  Suitable as a second in vivo study if required 
	Considered suitable as  follow up to an in vitro gene mutation positive.  Suitable as a second in vivo study if required
	No longer recommended or considered acceptable 

	ICH S2 (R1) 2011 
(EMA, CDER, Health Canada 2012)
	Acceptable as a second in vivo test (target organ, site of contact etc)
	Acceptable as a second in vivo test (target organ, site of contact etc)
	Acceptable as a second in vivo test (for short lived metabolites) 

	ECHA/Pesticides regulations: EC/283/2013
	Not mentioned 
	Recommended as follow up to an in vitro gene mutation positive 
	Not mentioned 

	ECHA/Biocides Products Regulations No 528/2012)  
	Not mentioned 
	Not mentioned 
	Recommended as follow up for an in vitro gene mutation positive 

	VICH GL23 
	No detail of second assay requirements 
	No detail of second assay requirements
	No detail of second assay requirements
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