
This is a background paper for discussion.  
It does not reflect the view of the Committee and must not be quoted, cited or reproduced 

1 

CC/2021/12 

COMMITTEE ON CARCINOGENICITY OF CHEMICALS IN FOOD, CONSUMER 

PRODUCTS AND THE ENVIRONMENT (COC). 

 

First draft updated Guidance Statement (G03): Hazard Identification and 

Characterisation: Conduct and Interpretation of Animal Carcinogenicity 

Studies 

 

1. The COC has periodically published guidelines for the evaluation of chemicals 

for carcinogenicity. The first guidance was published in 1982 and has undergone 

several updates since then to reflect advances in development and validation of 

methods for assessing risk of chemical carcinogenicity.  

2. These updates included the separation of the overall guidance into individual 

documents during 2012 – 2014 to allow faster revisions to be made in the case of 

rapidly developing areas. This included a separate document addressing Hazard 

Identification and Characterisation: Conduct and Interpretation of Animal 

Carcinogenicity Studies (G03). This was last updated in 2018.  

3. The COC has been exploring the assessment of chemicals for potential 

carcinogenicity using a more holistic approach encompassing the available 

information on effects on all stages of cancer development, such as those outlined in 

the Hallmarks of Cancer development. Alternative strategies involving the detection 

of effects on different stages have also been discussed, such as that of OECD 

Integrated Approach to Testing and Assessment (IATA) outlined for non-genotoxic 

carcinogens.  

4. A draft scope of a such an approach to assessing modification of cancer risk 

was discussed in November 2020 (CC/2020/12) and March 2021 (CC/2021/03). This 

included critical elements of current COC guidance statements on Hazard 

Identification and Characterisation (G03) and Alternatives to the 2-year Bioassay 

(G07).  

5. During the discussion in March 2021, COC concluded that there was currently 

insufficient information available on all aspects of cancer development and the 

potential modification of these events by chemicals to facilitate its use by risk 

assessors, and instead this would be prepared as a position paper to take the topic 

forward. Therefore, Members agreed that COC Guidance Statements G03 and G07 

should be updated as an interim approach until further progress is made in line with 

the position paper that would enable guidance to be developed. 

6. This paper presents a first draft update to G03 for Members comment and 

consideration.   

https://www.gov.uk/government/publications/hazard-identification-and-characterisation-animal-carcinogenicity-studies
https://www.gov.uk/government/publications/alternatives-to-the-2-year-bioassay
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Questions for the Committee  

7. Members are asked to consider the updated draft guidance statement and in 

particular: 

i. Comment on the suggested amendments in the draft updated document. 

ii. Highlight any additional areas that are not currently included.  

 

IEH Consulting under contract supporting the PHE COC Secretariat  

July 2021 
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Preface 8 

1. This guidance statement provides advice on hazard identification and 9 

characterisation of chemical carcinogens. It is part of a series of guidance 10 

statements by the Committee on Carcinogenicity of Chemicals in Food, Consumer 11 

Products and the Environment. It should be read in conjunction with the other 12 

guidance statements, in particular, G01 on the overall strategy of risk assessment of 13 

chemical carcinogenicity, G05 on defining a point of departure and potency 14 

estimates in carcinogenic dose response, and G06 on cancer risk characterisation 15 

methods. 16 

2. In our overarching document, ‘A Strategy for the Risk Assessment of 17 

Chemical Carcinogens’ (G01), the Committee reaffirms its view, that the most 18 

appropriate information to use for positive identification of carcinogenic hazard is 19 

clear evidence from well conducted epidemiology studies. However, these may not 20 

have sufficient power to identify the absence of carcinogenic hazard. Where this is 21 

the case, identification of a carcinogenic hazard is based upon a review of the animal 22 

carcinogenicity data on a chemical and any knowledge of effects on human health. 23 

This will include determining whether a chemical is genotoxic or likely to be 24 

carcinogenic through a non-genotoxic mechanism, which is discussed further within 25 

this statement. 26 

3. The[BG1] objective of an animal carcinogenicity study is to treat groups of 27 

animals (a control group and at least 3 groups receiving increasing amounts of the 28 

compound under test) by an appropriate route of exposure for a major portion of their 29 

life span and to observe the animals for the development of neoplastic lesions during 30 

or after exposure. 31 

4. Animal carcinogenicity studies were initially intended only for the 32 

identification of carcinogenic hazard of a chemical but the purpose has now 33 

expanded beyond hazard identification to providing also quantitative data for risk 34 

characterisation. This can lead to compromise in the design of the studies, for 35 

example, the use of more groups containing fewer animals may enhance the data 36 

available for risk characterisation but reduce the likelihood of identifying a 37 

carcinogenic hazard. OECD Test Guidelines 451 (Carcinogenicity Studies) and 453 38 

(Combined Chronic Toxicity/Carcinogenicity Studies) state that a sufficient number 39 

of animals should be used so that a biological and statistical evaluation is possible 40 

https://www.gov.uk/government/publications/a-strategy-for-the-risk-assessment-of-chemical-carcinogens
https://www.gov.uk/government/publications/carcinogenic-dose-response-defining-a-point-of-departure-and-potency-estimates
https://www.gov.uk/government/publications/cancer-risk-characterisation-methods
https://www.gov.uk/government/publications/a-strategy-for-the-risk-assessment-of-chemical-carcinogens
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and recommend that this should be at least 50 animals of each sex in each dose 41 

group (OECD, 2009).2018a,b). 42 

5. All carcinogenicity studies should abide by the principles of humane 43 

euthanasia and test animals should be observed carefully and frequently, and any 44 

animals exhibiting clear signs of severe pain or distress should be humanely killed. 45 

Carcinogenicity studies are usually carried out in rats and mice and, for similar 46 

animal welfare reasons, ideally these should be caged in small groups of the same 47 

sex, and not individually. Also, the testing of substances at potentially irritating or 48 

corrosive concentrations/doses should be avoided.  49 

Conduct of Carcinogenicity Studies 50 

6. As stated by the International Programme on Chemical Safety (IPCS), the 51 

design, conduct and completeness of reporting of experimental findings in 52 

toxicological studies on mammalian species are of critical importance in determining 53 

the validity and relevance of results. Toxicological results from adequate animal 54 

systems signal anticipated effects in humans. Thus, negative results cannot be 55 

assessed from an inadequate study, and full evaluation of a positive effect is 56 

confounded by incomplete reporting from poorly designed or poorly conducted 57 

studies. However, positive findings cannot be ignored. Studies should be of good 58 

scientific quality and follow standard guidelines and recognized good laboratory 59 

practices (GLPs) wherever possible (IPCS, 1999). 60 

7. A number of test guidelines are available for carcinogenicity studies, for 61 

example, OECD guidelines: Test 451 ‘(Carcinogenicity Studies’Studies) and Test 62 

453 ‘(Combined Chronic Toxicity and/ Carcinogenicity Studies’Studies) (OECD, 63 

2009).  Also, the2018a, b). The OECD has published a ‘Guidance Document 116 on 64 

the Conduct and Design of Chronic Toxicity and Carcinogenicity studiesStudies, 65 

Supporting Test Guidelines 451, 452 and 453’ to support these test guidelines which 66 

discusses the following topics: mode of toxicological action, study design, and 67 

statistical and dose response analysis (OECD, 2012). 2014). This document is 68 

recommended as a source of detailed information on the conduct of carcinogenicity 69 

studies and no further advice will beis given here. 70 

8. Guidance has also been issued by the International Conference on 71 

Harmonisation of Testing for Pharmaceuticals (ICH) on the carcinogenicity testing of 72 

human pharmaceuticals (ICH, 1995, 1997, 2008 and 2012), by the Committee for 73 

Proprietary Medicinal Products (CPMP, 2002) and by the US Environmental 74 

Protection Agency (EPA) on carcinogen risk assessment (US, 2005). For guidance 75 

on dose selection, two publications by the International Life Sciences Institute (ILSI) 76 

are recommended. These are ‘Principles of the Selection of Doses in Chronic 77 

Rodent Bioassays’ (ILSI, 1997) and ‘Issues in the Design and Interpretation of 78 

Chronic Toxicity and Carcinogenicity Studies in Rodents: Approaches to Dose 79 

Selection’ (Rhomberg et al., 2007). These reports provide theoretical and practical 80 

guidance on factors that influence dose selection in carcinogenicity studies.[RB2] 81 
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Statistical Analysis of Results 82 

9. The critical endpoint of a carcinogenicity study is the type and number of 83 

neoplasms occurring at each dose level, but information such as time to tumour 84 

detection is also important. The main aim of the statistical analysis is to determine 85 

whether exposure to the test compound is associated with an increase in 86 

development of neoplasms. The statistical methods most appropriate for the analysis 87 

of the data collected should be established at the time of designing the study and 88 

staff with appropriate statistical expertise should be involved in both the design of the 89 

study and analysis of results. Advice on available methods can be found in OECD 90 

Test Guidelines 451, 452 and 453 (2009), in OECD Guidance Document (20122014) 91 

and in the EPA guidance (2005).  92 

10. The standard for determining statistical significance of neoplastic incidence is 93 

a comparison of neoplasms in dosed animals with those in concurrent control 94 

animals. However, further interpretation is needed to determine whether any 95 

increase in dosed animals is biologically significant. Additional insights about both 96 

statistical and biological significance can come from an examination of historical 97 

control data.  from other similar studies conducted by the laboratory. These can be 98 

useful if there are indications that the concurrent control data are appreciably ‘out of 99 

line’ with those from recent previous studies. Further information is available in 100 

OECD (20122014). 101 

Hazard Characterisation 102 

11. Hazard characterisation involves a qualitative description of the nature of the 103 

hazard and a quantitative description of the change in effect caused by differing 104 

doses of a chemical substance after a certain exposure time i.e. the dose‐response 105 

relationship. The purpose of analysing the dose‐response relationship is to 106 

investigate the magnitude of response (in terms of severity or incidence) within the 107 

dose range used in the study. This helps to estimate, ultimately, the risk from 108 

exposure to the concentrations of the chemical in the environment, food etc. These 109 

concentrations are usually much lower than those used in animal studies.  110 

12. The relationship between dose and response may also be used to aid hazard 111 

characterisation by allowing a comparison of carcinogenic potency. However, other 112 

important factors that can affect this relationship and should be considered further 113 

are: the absorption, distribution, metabolism and excretion (ADME) of the chemical, 114 

its mode of action (MOA), and the variability in susceptibility between species and 115 

among humans. In particular, how the dose‐response relationship is used in the final 116 

assessment of risk will depend on whether or not the carcinogenic response occurs 117 

as the result of genotoxic activity. Although dose‐response relationships may be 118 

evident in animal studies, the relevance and applicability to the human dose‐ 119 

response should be assessed on a case‐by‐case basis, because of the uncertainties 120 

introduced when extrapolating between species. A further uncertainty is the 121 

extrapolation of results seen at the high doses used in animal studies to produce an 122 

estimate of risk at levels of human exposure. 123 
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Genotoxic vs. non-genotoxic carcinogens 124 

13. Animal carcinogenicity studies have been used for more than 50 years to 125 

determine whether chemicals might cause cancer in humans. Inherent in this testing 126 

is the assumption that the observation of neoplasms in animals is directly relevant to 127 

the risk of cancer in humans. When assessing the risks from a chemical carcinogen, 128 

it is important to consider the mechanism(s) by which the chemical causes cancer, in 129 

particular, whether a genotoxic MOA is involved i.e. whether DNA‐reactivity is a key 130 

step in the carcinogenic process. 131 

14. Genotoxic potential should be assessed according to the guidance issued by 132 

the Committee on Mutagenicity of Chemicals in Food, Consumer Products and the 133 

Environment (COM, 2011[BG3]). ). In this guidance, the COM proposes a strategy for 134 

evaluating the available data on the genotoxicity of a substance, and recommends 135 

appropriate tests to conduct in the absence of sufficient data, as well as suitable. 136 

Where initial testing is positive, guidance is also included on the suitability of in vitro 137 

and in vivo follow‐up tests where it is necessary to further characterise the genotoxic 138 

hazard. 139 

15. Non‐genotoxic carcinogens are those chemicals for which there is sufficient 140 

evidence of carcinogenicity from epidemiological or animal studies, and good 141 

evidence of an absence of genotoxic activity (on the basis of the COM Guidance on 142 

the assessment of genotoxic hazard). Some information about MOA is necessary for 143 

an adequate consideration of such carcinogens (see below). 144 

16. Moreover, the data from a carcinogenicity study may help to indicate whether 145 

or not a chemical is a genotoxic or non-genotoxic carcinogen. Genotoxic 146 

carcinogens tend to produce cancer at a number of sites, whereas non-genotoxic 147 

agents are more specific in their action, according to their more specific MOA. 148 

17. In the case of genotoxic carcinogens, it is generally assumed that they have 149 

the potential to be carcinogenic in humans. Thus, it is assumedaccepted that any 150 

exposure to an in vivo genotoxicant is associated with some damage to DNA and, 151 

consequently, an increased risk of mutation leading to an increased risk of adverse 152 

health effects, including cancer. In a number of instances, a biologically meaningful 153 

threshold for genotoxicity has been established. However, such chemicals are still 154 

considered as potentially carcinogenic in humans, albeit the subsequent risk 155 

characterisation may demonstrate that the levels to which humans are exposed are 156 

below this threshold and therefore unlikely to pose a risk to health (COM, 157 

2010).  However, for In addition, some tumours arising in experimental species 158 

following exposure to non-genotoxic carcinogens, it isare not always the case that 159 

they have the potential to be carcinogenic in of relevance to humans: examples of 160 

tumours seen in rodents but not relevant to man include those specific to the male 161 

rat kidney following α2µ-globulin accumulation in tubular cells, and thyroid follicular 162 

cell carcinomas in rodents after exposure to substances capable of causing thyroid 163 

gland enlargement (goitrogens) (ECETOC, 1996). 164 

18. In 2001, the International Programme on Chemical Safety (IPCS) proposed a 165 

[RB4]structured approach for the assessment of the overall weight of evidence for a 166 
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postulated MOA (Sonich‐Mullin et al., 2001) and, subsequently, the Risk Sciences 167 

Institute of the International Life Sciences Institute (ILSI/RSI) proposed a human 168 

relevance framework (HRF) which extends the IPCS MOA approach by incorporating 169 

a systematic evaluation and comparison of animal and relevant human data (Cohen 170 

et al., 2003, 2004; Meek et al., 2003). More recently, IPCS has developed a HRF 171 

based on the IPCS MOA framework and the ILSI/RSI HRF (Boobis et al., 2006) and 172 

this was recently updated in a review (Meek et al., 2014). The utility of this 173 

framework was demonstrated when it was used to show that there is clear evidence 174 

of a MOA involving cytotoxicity and cell proliferation for formaldehyde‐induced nasal 175 

tumours in rats and mice and that this MOA is considered relevant to humans, 176 

despite limitations in the human data (McGregor et al., 2006).  177 

19. These frameworks are of value in assessing carcinogenic risk. The HRF 178 

provides a systematic approach for the evaluation of whether the key events in the 179 

MOA of carcinogenic responses in experimental animals would be plausible in 180 

humans. Recently, the OECD has developed guidance on adverse outcome 181 

pathways (AOPs), which share many characteristics of and build on the concepts of 182 

the MOA framework and these areas are being followed by the COC (see 183 

CC/2016/08).[RB5] 184 

Hazard characterisation of genotoxic carcinogens 185 

20. For carcinogens with genotoxic activity, in the absence of mechanistic data to 186 

suggest a threshold for genotoxicity, or carcinogens where no threshold for effect 187 

has been or can be identified, it is prudent to assume that no threshold for 188 

carcinogenicity exists. Therefore, ideally, exposure should be zero or as low as 189 

reasonably practicable (ALARP). If this is not possible (for example, in the case of a 190 

food or environmental contaminant), the Committee advocates using the study data 191 

to derive a benchmark dose, the dose associated with a pre-specified change in 192 

response. , where this is possible. The derivation of this parameter is described in 193 

Guidance Statement G05..  The benchmark dose can then be used by risk 194 

assessors to derive a Margin of Exposure (see G06) which indicates the level of 195 

concern associated with likely exposures and can therefore be used to advise on the 196 

appropriate risk management action. 197 

Hazard characterisation of non-genotoxic carcinogens 198 

21. For most non‐genotoxic carcinogens, it is accepted that there is a threshold 199 

dose below which no effect occurs. Non‐genotoxic carcinogens produce cancer by 200 

perturbing normal physiology or biochemistry. For example, they may have a 201 

hormonal effect or cause damage to tissues which stimulates proliferative changes 202 

and this may result in a spontaneous mutation which leads to hyperplastic and 203 

neoplastic changes. Therefore, neoplasms occur as a secondary effect arising from 204 

the initial toxic effect, for which a ‘threshold’ dose may be identified (Ashby et al., 205 

1996). It follows that these substances are unlikely to pose a carcinogenic risk at 206 

dose levels at and below the given threshold that does not produce the primary toxic 207 

effect (Williams, 2001). Human relevance frameworks (see paragraph 16) may 208 

enhance the clarity and transparency of the risk assessment. 209 

https://www.gov.uk/government/publications/carcinogenic-dose-response-defining-a-point-of-departure-and-potency-estimates
https://www.gov.uk/government/publications/cancer-risk-characterisation-methods
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22. Where there is adequate evidence for a plausible, non‐genotoxic MOA which 210 

supports a threshold for carcinogenicity, an exposure level can be derived at or 211 

below which there is estimated to be no risk of carcinogenicity in humans. Where the 212 

carcinogenicity data are obtained from animal studies, the MOA should be relevant 213 

to humans. The derived exposure level should be based on a point of departure for 214 

carcinogenicity or, more likely, on a precursor event linked to tumour induction.  (see 215 

G05). The point of departure is divided by an appropriate uncertainty factor to take 216 

account of potential interspecies and intraspecies (interindividual) differences in 217 

susceptibility (see Guidance Statement G06). 218 

Summary 219 

23. The design, conduct and completeness of reporting of experimental findings 220 

in toxicological studies on mammalian species are of critical importance in 221 

determining the validity and relevance of results. Toxicological results from adequate 222 

animal systems signal anticipated effects in human. Readers are referred to the 223 

OECD Test Guidelines 451, 452 and 453 (OECD, 20092018a, b) and the 224 

accompanying Guidance Document (OECD, 20122014) as a source of information 225 

on the conduct and statistical analysis of carcinogenicity studies for non-226 

pharmaceuticals and to the ICH guidance for the carcinogenicity testing of human 227 

pharmaceuticals (ICH, 1995, 1997, 2008 and 2012). 228 

24. Hazard characterisation involves a qualitative description of the nature of the 229 

hazard and a quantitative description of the change in effect caused by differing 230 

doses of a chemical substance after a certain exposure time i.e. the dose‐response 231 

relationship. A critical factor to consider is whether the chemical tested is genotoxic 232 

or non-genotoxic. If genotoxic, the Committee advocates using the study data to 233 

derive a benchmark dose, the dose associated with a pre-specified change in 234 

response. If non-genotoxic, it should be established whether the mode of action is 235 

relevant to humans. If so, the Committee recommends deriving an exposure level at 236 

or below which there is estimated to be no risk of carcinogenicity in humans, which 237 

should be based on a point of departure for carcinogenicity or, more likely, for a 238 

precursor event linked to tumour induction. The point of departure is divided by an 239 

appropriate uncertainty factor to take account of potential interspecies and 240 

intraspecies (interindividual) differences in susceptibility to give an acceptable or 241 

tolerable exposure level for humans, see G06 for more information. 242 

 243 

COC Guidance Statement G03 v1.2 draft 0.a 244 

June 2018Date TBC 245 
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