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A B S T R A C T   

The 90-day toxicity study is one of the studies used in the safety assessment of food ingredients, medicines or 
other chemical substances. This paper reviews the current role of the 90-day oral toxicity study in European 
regulatory dossiers of chemicals by reviewing EU legislation and EU and OECD guidance documents. Regulatory 
provisions with regard to necessity, objectives and design of such 90-day toxicity studies vary between the 
different sectors addressed in this review. Most often the 90-day study is expected to be part of the standard test 
battery used for chemical risk assessment, without necessarily being a legal requirement and its objectives may 
vary between regulatory domains. Exceptions, when a 90-day study is not required are spelled out in the 
chemicals legislation and for food contact materials. The sectorial study design requirements of the 90-day 
toxicity study are very often embedded in the OECD TG 408 protocol. Differences in study objectives are not 
necessarily reflected in specific study designs. Considering the call for the reduction of using experimental an-
imals for scientific purposes and the fact that a 90-day study may serve different purposes, consistency between 
the necessity to conduct such a study, its objectives and the study design to achieve these objectives may improve 
judicious use of laboratory animals. Thus there may be an opportunity to reflect and further optimise the design 
of in vivo toxicology studies, such as the 90-day study. This should be based on a systematic analysis of past 
studies and risk assessments.   

1. Introduction 

Consumers, workers and other members of the public are exposed to 
chemicals that have been introduced on the market either deliberately 
or are present as contaminants. In the former case, European Union 
legislative frameworks that regulate chemicals, medicines and food 
products share the aim of ensuring the highest level of consumer pro-
tection upon exposure to such chemicals ( and the Council, 2002a; 
2004a, 2006a). To allow the introduction of chemicals, medicines and 
food and feed ingredients, the European Union considers the available 
scientific evidence about the potential risks of such products. For the 
evaluation of these, the risk manager (the Commission and the Member 
States competent authorities) receives scientific support from the con-
cerned national and EU scientific assessment agencies, including ECHA 
(the European Chemicals Agency, dealing with chemicals in general), 
EMA (European Medicines Agency, assessing medicinal products) and 

EFSA (European Food Safety Authority, evaluating chemicals in food 
and feed) (Commission of the European Communities, 2008). 

Scientific evidence submitted by a company seeking marketing 
authorisation through a regulatory dossier must contain the studies 
necessary to be able to assess the safety of a chemical substance. Taken 
together, such studies need to provide an overview of the potential 
toxicological effects of the compound, taking into consideration their 
intended use. The regulations describing the required scientific evidence 
differ by sector. In general, however, a pre-market safety dataset is ex-
pected to include safety and kinetic information generated through in 
silico and in vitro studies, in vivo experimental animal studies, and, in the 
case of e.g. medicines or novel foods in human and pharmaceuticals, and 
feed additives in animals also human or target animal safety data, 
respectively. The study details, such as the methods to be used, that are 
necessary to generate the relevant safety data may either be laid down in 
the applicable legislations or are described in guidance documents 
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issued by the concerned scientific agencies. 
The safety data are typically generated through a series of successive 

studies (Chhabra et al., 1990). Within this framework of gradual accu-
mulation of data on the safety characterisation of a chemical, one of the 
studies that is frequently conducted is the repeated-dose 90-day oral 
toxicity study in rodents, often referred to as the 90-day toxicity study 
(Parasuraman, 2011). The duration of the 90-day toxicity study has been 
suggested to be originating from the length that US Navy personnel 
spent on submarines, where they were exposed to many newly, 
man-made chemicals (National Research Council, 1994). In general, this 
study aims to characterise the health hazards resulting from sub-chronic 
daily oral exposure for at least 90 days to different levels of a test sub-
stance, when compared to an otherwise similar control group (OECD, 
2018). 

The relevance of this type of study within a scientific assessment has 
however been questioned for low toxicity chemicals by Taylor and 
colleagues (Taylor et al., 2014; Taylor and Andrew, 2017), who 
concluded that for this type of chemicals a 90-day toxicity study did not 
add value in characterising the risk, beyond what was already known 
from a 28-day study. Concurrently, the concern regarding needless use 
of animals for experimental studies has been translated into a European 
Directive (Directive, 2010/63/EU) that calls for the replacement, 
reduction and refinement (known as the 3R principle) of using experi-
mental animals for scientific purpose (European Parliament and the 
Council, 2010). Taken together, there is a growing need to justify the 
conduct of a 90-day study. 

The aim of this paper is to contribute to this debate by reviewing, in 
the different regulatory domains, the requirement to include a 90-day 
oral toxicity study in regulatory dossiers; what its objectives and 
design expectations are. Based on this, the authors reflect on aspects that 
may merit further consideration and how to possibly achieve these. 

2. Materials and methods 

The scope of the paper is limited to the assessment of safety following 
oral exposure in rodents. Hence, the scientific assessment of e.g. the 
dermal route of exposure studied with cosmetics is outside the scope of 
this paper. 

The materials used in this study concern the European requirements 
that affect the conduct of 90-day studies for the safety assessment of 
chemicals, medicines, and food and feed products. This includes cross- 
cutting documents, i.e. the EU’s Good Laboratory Practices (GLP) Di-
rectives (Directive 2004/9/EC and Directive 2004/10/EC (European 
Parliament and the Council, 2004b; 2004c), as well as the Directive on 
animal testing for scientific purposes (Directive, 2010/63/EU). Also 
cross-cutting test guidelines from the Organisation for Economic 
Co-operation and Development (OECD) were considered, focusing on 
the guidance on the conduct of studies to assess sub-chronic oral safety 
in rodent species, OECD test guidelines (TG) 408 (OECD, 2018). The 
historic developments of TG 408 are briefly described in Annex 1. 

Also, sectoral EU-level regulatory requirements and guidance docu-
ments were reviewed. Guidance documents provide recommendations 
on the interpretation of the legally binding requirements and are thus, in 
principle, not legally binding in nature. Nevertheless, they provide 
further insights as to when a 90-day study is expected, what purpose the 
study serves, as well as reflections on the design of the study. 

According to Regulation (EU) No 1272/2008, specific safety infor-
mation must be provided on chemicals marketed within the EU, to 
classify, label and package (CLP) these substances and mixtures (Euro-
pean Parliament and the Council, 2008a). Also, substances that are used 
for the production of food, feed or medicines and that do not present a 
product in its finished state fall under this CLP Regulation. CLP aims to 
determine the hazardous properties of chemicals or mixtures that need 
specific classification, which is the starting point of communicating 
potential hazards. However, CLP cannot be seen as completely separate 
from other main regulations dealing with chemicals in the EU (including 

Regulation (EC) No 1907/2006 on Regulation, Evaluation, Author-
isation and Restriction of Chemicals (REACH) (European Parliament 
and the Council, 2006a) and Regulation (EU) No 528/2012, the Biocidal 
Products Regulation (BPR) (European Parliament and the Council, 
2012)), it rather can be regarded as a parallel classification assessment 
based on the existing information in the dossier of the chemical. Hence, 
classification of substances is directly influenced by the data re-
quirements of these other domains. The CLP regulation is therefore not 
addressed separately in this paper. 

Only consolidated versions of legal acts and guidance documents in 
which amendments are integrated (i.e. the most recently updated ver-
sions) were used. These documents were reviewed to identify and 
characterise the safety study requirements, and determine whether and 
how they vary between sectors with regard to the obligatory nature to 
conduct a 90-day toxicity study (Table 1), the study objectives (Table 2), 
and the study design requirements (Table 3). For the characterisation of 
the study design (Table 3) the following aspects were assessed: (i) 
whether and, if so, which prior information is considered in the design of 
the study; (ii) whether a test hypothesis is to be stated explicitly; (iii) 
whether and which test material specifications are to be described; (iv) 
what the test species and the treatment groups are to be, including the 
number of animals per treatment group; (v) what outcomes are to be 
measured (vi) whether guidance is provided regarding statistical anal-
ysis; and (vii) whether adherence to study quality standards, in partic-
ular principles of good laboratory practice, is required. 

Instead of a 90-day study, a repeated-dose study of somewhat shorter 

Table 1 
Is a 90-day study expected?  

Domain Subchronic studya 90-day studya 

Food and feed 

GM food Regulation (EU) No 
503/2013 

Regulation (EU) No 503/2013 

Feed additive Regulation (EC) No 
429/2008 

Regulation (EC) No 429/2008 

Pesticide Regulation (EU) No 
283/2013 

Regulation (EU) No 283/2013 

Food 
improvement 
agentb 

Regulation (EU) No 
234/2011 

Guidance, with exceptions (EFSA 
ANS Panel, 2012; EFSA CEF Panel, 
2010, 2009) 

Novel foodc Regulation (EU) No 
2017/2469 

Guidance (EFSA NDA Panel et al., 
2016) 

Food contact 
material 

Not mentioned Guidance, with exceptions (EFSA 
CEF Panel et al., 2008) 

New nutrition 
sourced 

Not mentioned Guidance (EFSA ANS Panel et al., 
2018) 

Medicinal product 
Human Directive 2001/83/EC Not mentioned 
Veterinary Directive 2001/82/EC Not mentioned 

Chemicals 
REACH Regulation (EC) No 

440/2008, with 
exceptions 

Regulation (EC) No 440/2008, 
with exceptions 

Biocides Regulation (EU) No 
528/2012, with 
exceptions 

Regulation (EU) No 528/2012, 
with exceptions  

a Legislation = requirement explicitly described in legislation; Legislation, 
with exceptions = requirement explicitly described in legislation, as well as 
exceptions to this requirement Guidance = requirement described in guidance 
documents; Guidance, with exceptions = requirement described in guidance 
documents, as well as exceptions to this requirement Not mentioned = need to 
conduct this type of study not described in legislation or guidance documents. 

b Food improvement agents: grouped overview of food enzymes, food addi-
tives, food flavourings, as defined in Regulation (EC) No 1331/2008. 

c Novel foods: focusing on new (and not traditional) foods in the definition of 
Regulation (EU) No 2283/2015. 

d New nutrition sources: grouped overview of new nutrition sources as used in 
food supplements (Directive 46/2002/EC), to be added in foods i.a. for fortifi-
cation purposes (Regulation (EC) No 1925/2006), or used in foods for special 
groups (Regulation (EU) No 609/2013). 
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or longer duration (ranging from 28 days to 9 months) may be required 
or recommended. Even though this paper focusses on 90-day studies, 
insights into repeated dose toxicity studies in the range of 4 weeks–9 
months that may be carried out in lieu of a 90-day study are therefore 
also considered. 

3. Results 

The results of the three studied aspects of 90-day toxicity studies are 
shown in three separate tables: whether there is an obligation to conduct 
a 90-day toxicity study (Table 1), the study objectives (Table 2), and the 
study design requirements (Table 3). These results are reviewed sector- 
by-sector below, starting with the findings from cross-cutting regula-
tions and guidances. 

3.1. Cross-cutting guidances and regulations 

3.1.1. Good laboratory practice 
The OECD has adopted GLP principles for non-clinical safety 

assessment of chemicals in the various domains covered in this paper 
(OECD, 1999). Adherence to GLP principles concerns i.a. the test facility, 
test materials, quality assurance programmes and study reporting. It 
aims to ensure that the data collected are of sufficient quality and rigour 
so as to be reproducible, thus facilitating the exchange of data between 
different jurisdictions. In the EU, the GLP principles have been laid down 
in two Directives. Directive 2004/9/EC6 states that adherence to the 
OECD GLP guidelines needs to be verified during inspections and audits 
of laboratories and studies within EU Member States. Directive 
2004/10/EC requires EU Member States to harmonise legislation and 
procedures in both the application and verification of adherence to the 
OECD GLP principles (European Parliament and the Council, 2004c). All 
EU sectorial legislation mention the need to adhere to the OECD 
guideline or more generally refers to the need to adhere to GLP 
standards. 

3.1.2. OECD TG 408 
The 90-day toxicity study in rodents (TG 408) can be summarised to 

serve five objectives (Table 2). These can be grouped as follows. It can be 
used to identify hazards, by studying the toxicological profile of a sub-
stance. The study can also be used for hazard characterisation purposes, 
analysing dose and effect relationships or to determine of the point of 
departure (including the establishment of a no-effect level). Thirdly, the 
results from the 90-day toxicity study can be used as basis for designing 
chronic toxicity studies or to identify the need to conduct of further 
toxicity studies (OECD, 2018). TG 408 describes aspects of the design of 
the 90-day oral toxicity study (Table 3). While the study may, in prin-
ciple, serve multiple purposes, there is no mention of an expectation to 
explicitly state which objectives are to be addressed that will determine 
the design of the study. 

The preferred animal species for the 90-day toxicity study is the rat. 
The test substance is to be administered to at least three dose groups and 
a control group, consisting of a minimum of 20 animals per group. TG 
408 does not include any explicit suggestions regarding power calcula-
tions to determine minimum sizes of the dose groups to meet the study 
objectives. The dose levels are suggested to be based on results obtained 
by repeated dose or range finding studies, together with any existing 
toxicological information available for the test compound. Also, the 
highest dose level chosen should aim to induce toxicity. During expo-
sure, the animals should be closely observed for toxicity by making daily 
general clinical observations. The 90-day study furthermore needs to 
include other general weekly measurements (e.g. weight and food and 
water consumption) and detailed final observations (e.g. ophthalmo-
logical examination, haematology, clinical biochemistry, urinalysis, 
gross necropsy and histopathology) (OECD, 2018). 

Regarding statistical analysis, TG 408 remarks that appropriate and 
generally acceptable statistical methods should be used for evaluation of 
the collected data. No mention is made whether to describe if the study 
was sufficiently powerful to detect the stated differences of biological 
relevance. The protocol does not mention whether GLP principles are to 
be adhered to in conducting of a 90-day toxicity study, as this is the 
subject of another OECD guideline as described in section 3.1.1 (OECD, 
1999). 

Table 2 
Study objectives of 90-day study  

Domain Hazard 
identification 

Hazard characterisation Basis for designing further longer 
duration tox studies 

Source 

OECD TG 408 Identify 
toxicological 
profile 

Relationship dose 
and effect 

Point of 
departure 

Basis for design 
chronic toxicity 
study 

Identify need for 
additional studies 

(OECD, 2018) 

GM food L/Ga L/G n.m.b L/G L/G (EFSA GMO Panel, 2011; EFSA GMO Unit, 2014;  
EFSA Scientific Committee et al., 2011; European 
Commission, 2013a) 

Feed additive L/G n.m. n.m. L/G n.m. (EFSA FEEDAP Panel et al., 2017; European 
Commission, 2008) 

Pesticide L/G L/G L/G L/G n.m. (Directorate E Directorate-General Health & 
Consumer Protection, 2001; European Commission, 
2013b) 

Food contact 
material 

O c O O O O (EFSA CEF Panel et al., 2008; European 
Commission, 2011) 

Food 
improvement 
agent 

L/G L/G L/G L/G L/G (EFSA ANS Panel, 2012; EFSA CEF Panel, 2010, 
2009) 

Novel food L/G n.m. L/G n.m. L/G (EFSA NDA Panel et al., 2016) 
New nutrition 

source 
O O O O O (EFSA ANS Panel et al., 2018) 

Human medicine L/G L/G n.m. n.m. n.m. (EMA, 2010) 
Veterinary 

medicine 
L/G L/G L/G L/G n.m. (EMA - VICH, 2003) 

REACH O O O O O (ECHA, 2011; European Council, 2008) 
Biocides L/G L/G L/G L/G L/G (ECHA, 2017; European Council, 2008)  

a L/G = study objective is explicitly described in legislation or guidance documents; 
b n.m.(not mentioned) = study objective is not explicitly described in legislation nor guidance documents; 
c O = explicit reference is made to OECD TG 408 (as highlighted by the matching shaded areas) regarding this study objective in legislation or guidance documents. 
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3.2. Food and feed safety 

The General Food Law (GFL), Regulation (EC) No 178/2002, serves 
as the framework regulation for foods and aims to provide the legal basis 
for a high level of protection of human health, as well as ensuring 
effective functioning of the European market (European Parliament and 
the Council, 2002a). The GFL does not provide details on how to study 
the safety of a food product. When it concerns new nutrients however, 
the need to provide scientific evidence on its safety is referred to Article 
29 (1) of the GFL, which describes in general that EFSA can be requested 
by the European Commission to issue a scientific opinion, or can do so 
on its own initiative (European Parliament and the Council, 2002a). 
Particular requirements for placing on the market of different types of 
food or feed products are found in more specific regulations. Separate 
regulations deal with genetically modified (GM) foods (European 
Parliament and the Council, 2003a), feed additives (European Parlia-
ment and the Council, 2003b), pesticides (European Parliament and the 
Council, 2009), food contact materials (European Parliament and the 
Council, 2004d) (and specifically plastic materials and articles intended 
to come into contact with food (European Commission, 2011a)), food 
improvement agents (European Parliament and the Council, 2008b), 
and novel foods (European Parliament and ) and new nutrition sources 
(European Parliament and the Council, 2013; 2006b, 2002b). 

Food improvement agents include food enzymes, food additives and 
food flavourings. While they are dealt with separately in Regulations 
(EC) No 1332/2008, 1333/2008 and 1334/2008, respectively (Euro-
pean Parliament and the Council, 2008c; 2008d, 2008e); they do 

however share a common authorisation procedure which is described in 
Regulation (EC) 1331/2008 and further specified in Commission 
Implementing Regulation (EU) 234/2011 (European Commission, 
2011b). Before food improvement agents are added to the Union lists of 
approved food improvement agents, the Commission can request the 
scientific opinion of EFSA regarding their safety. Such applications are 
to be (i) added to food as a nutrient source (such as for fortification 
purposes), for example vitamins and minerals (European Parliament and 
the Council, 2006b); (ii) food supplements (European Parliament and 
the Council, 2002b); or (iii) components to be added to the positive list 
of ingredients used in foods for specific groups (European Parliament 
and the Council, 2006b). In all these cases safety needs to be proven 
before they are to be incorporated in the positive lists as found in the 
Annexes to these regulations. 

The Novel Food Regulation defines two types of novel foods: (i) new 
ingredients or products made by novel production techniques, that fall 
within one of ten predefined categories; or (ii) ‘traditional foods’ that are 
part of the common diet in countries outside the EU (European Parlia-
ment and the Council, 2015). For both types of novel foods, the regu-
lation requires that scientific evidence substantiates safety before these 
products can be placed on the EU market. According to its Article 11, 
EFSA should consider whether a novel food is safe, its composition and 
conditions of use will not pose a safety risk to human health, and ensure 
that its usage (when replacing other foods) will not become nutritionally 
disadvantageous for consumers. For traditional foods, Implementing 
Regulation (EU) 2017/2468 and the corresponding EFSA guidance 
document specify that safety can be established by providing data on 

Table 3 
Study design guidance. 

= Grey shaded areas highlight similar study design requirements by the respective legislation or guidance with the OECD TG408 requirements. 
aYes = Design element is explicitly described in legislation or guidance documents; Suggested = design element is not explicitly mentioned, but seems to be 
suggested in legislation or guidance documents n.m. (not mentioned) = study design element is not explicitly described in legislation or guidance documents; OECD 
TG408/409 = explicit reference is made to OECD TG 408 or TG 409 regarding the study design element in legislation or guidance documents. 
bSpecification of test material. FP = formulated product; AS = active substance; No- = not mentioned+“for ‘whole foods’, the testing requirements should be 
determined using a case-by-case approach, as special considerations are required with regard to dose selection and the avoidance of possible nutritional imbal-
ances”++ test to be conducted “on the source” as it will be used in products (FP or AS). 
cTest species specifications. 
dDose groups specifications: (i) number of groups, (ii) number of animals per group, (iii) use of power calculation to determine group size i = including untreated 
(control) group j = half of which are males. 
eSpecifications regarding type of observations (which concern clinical, biochemical and postmortem observations). 
fSpecifications regarding statistical analyses and reporting. 
gYes = general references are made to GLP standards; OECD GLP = a general reference is made to OECD standards or OECD GLP standards specifically. 
hMethod B26 and B27 replicate the OECD TG 408 and OECD TG 409 of 1998 completely. 
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historical use outside the EU (EFSA NDA Parasuraman, 2011; European 
Commission, 2017a). For newly produced foods however, a complete 
scientific dossier is required for the authorisation procedure, as 
described in Commission Implementing Regulation (EU) 2017/2469 
and EFSA’s guidance on novel foods (EFSA NDA Parasuraman, 2011; 
European Commission, 2017b). 

3.2.1. Is a 90-day study expected? 
As summarised in Table 1, the sector specific legislation varies as to 

whether subchronic safety effects are to be studied and whether this 
needs to include a 90-day study. For GM foods, feed additives and pes-
ticides a 90-day toxicity study is explicitly required (European Com-
mission, 2013a, 2013b, 2008). For food improvement agents and novel 
foods, legislation prescribes that details about subchronic effects need to 
be included in the dossier (European Commission, 2011b; European 
Parliament and the Council, 2015, 2008b). Their technical guidance 
documents specify that these subchronic effects can be studied with the 
90-day toxicity test, which implies that the 90-day toxicity study is part 
of the standard test battery (EFSA ANS Panel, 2012; EFSA CEF Panel, 
2010; 2009; EFSA NDA Parasuraman, 2011). Even though also the 
guidance document on food additives suggests the 90-day toxicity test 
for subchronic toxicity testing, specific exceptions to the use of the 
90-day toxicity study are foreseen in this guidance document (EFSA ANS 
Panel, 2012). 

In the legislation dealing with food contact plastics and new nutri-
tion sources, the need to conduct a subchronic study is not specified 
(European Commission, 2011a; European Parliament and the Council, 
2013, 2006b, 2002b). Still, guidance documents for preparing scientific 
dossiers for these authorisation requests suggest the 90-day toxicity 
study is expected to be part of the standard test battery or minimum 
dataset (EFSA ANS Parasuraman, 2011; EFSA CEF Parasuraman, 2011), 
for food plastics depending on the level of migration. The note on plastic 
food contact materials specifies potential exceptions to this requirement 
(EFSA CEF Parasuraman, 2011). 

3.2.2. Study objectives of the 90-day toxicity study 
The purpose of the 90-day toxicity study in different food author-

isation procedures does not always include each of the five study ob-
jectives from TG 408 (OECD, 2018). In fact, only guidance documents 
for new nutrition sources and plastic food contact materials refer 
explicitly to TG 408 to describe the study objectives of the 90-day 
toxicity study (EFSA ANS Parasuraman, 2011; EFSA CEF Parasuraman, 
2011). Guidance documents for food improvement agents foresee three 
main objectives of i.e. hazard identification & characterisation 
(including to establish a NOAEL or BMDL), as well as providing the basis 
for the design of further longer duration toxicity studies (EFSA ANS 
Panel, 2012; EFSA CEF Panel, 2010; 2009). These correspond with those 
in TG 408, even if these guidance documents do not explicitly mention 
the TG 408. 

Identifying the toxicological profile of a compound is described as a 
study objective for feed additives (EFSA FEEDAP Parasuraman, 2011; 
European Commission, 2008), pesticides (Directorate E 
Directorate-General Health and Consumer Parasuraman, 2011; Euro-
pean Commission, 2013b), GM foods (EFSA GMO Panel, 2011) and 
novel foods (EFSA NDA Parasuraman, 2011), whereas only for GM foods 
and pesticides the establishment of a dose-effect relationship is defined 
(including a NOAEL for pesticides) and for novel foods the point of de-
parture (including a NOAEL or BMDL) is explicitly mentioned (EFSA 
GMO Unit, 2014; EFSA Scientific Committee et al., 2011). The 90-day 
toxicity study can be used as a basis for designing chronic toxicity 
studies for GM foods, pesticides, and feed additives (EFSA FEEDAP 
Parasuraman, 2011; EFSA GMO Panel, 2011; EFSA GMO Unit, 2014; 
EFSA Scientific Committee et al., 2011; European Commission, 2013a; 
2013b; European Parliament and the Council, 2003b). For novel foods, it 
can also serve the purpose of identifying the need for additional studies 
(EFSA NDA Parasuraman, 2011). 

3.2.3. Study design, data analysis and quality standards 
Whereas most of the sub-domains specify the required test material 

to be the active substance in the 90-day toxicity study, in the case of GM 
foods the full product needs to be tested. For new nutrition sources it is 
not quite clear what material needs to be tested as the guidance docu-
ment requires “the test to be conducted on the source” (EFSA ANS 
Parasuraman, 2011). 

All legal and guidance documents require the use of rodent species 
(preferably rats) as test species in the 90-day toxicity, either indirectly 
by referring to TG 408 or by mentioning this explicitly. For pesticides, 
the use of two animal species (rats and dogs) is required (Directorate E 
Directorate-General Health and Consumer Parasuraman, 2011; Euro-
pean Commission, 2013b). Most food and feed domains require mini-
mally 4 dose groups and 20 animals per dose group, consistent with TG 
408. None of these legal or guidance documents mention anything about 
power calculations. Only GM foods deviate from TG 408 in specifying 
the requirement of performing power analyses for calculating the 
number of animals per dose groups (EFSA GMO Panel, 2011; EFSA GMO 
Unit, 2014; EFSA Scientific Committee et al., 2011; European Com-
mission, 2013a). Regarding the requirements for clinical, biochemical 
and post-mortem observations, statistical analyses and GLP adherence, 
no noticeable differences were found among the different food and feed 
domains, as they largely refer to TG 408 and the OECD GLP guidance 
(OECD, 1999). 

3.3. Medicinal products 

For medicinal products, three legislative acts are of importance. The 
authorisation and supervision procedures for medicinal products as well 
as EMA’s responsibilities are laid down in Regulation (EC) No 726/2004 
(European Parliament and the Council, 2004a). Directive 2001/83/EC 
lays down rules related to human medicinal products (European 
Parliament and the Council, 2001a), whereas Directive 2001/82/EC 
regulates veterinary medicines (European Parliament and the Council, 
2001b). Directive 2001/83/EC describes the requirements for the sci-
entific dossier that must be submitted for the authorisation of the me-
dicinal product. The analytical, pharmaco-toxicological and clinical 
requirements with respect to testing the product are found in its Annex I. 
Annex I of Directive (2001)/82/EC describes the requirements for vet-
erinary medicines other than immunological medicines. 

3.3.1. Is a 90-day study expected? 
Both for human and veterinary medicinal products, single dose 

toxicity and repeated dose toxicity studies are expected in scientific 
dossiers to provide toxicological information (Table 1) (European 
Parliament and the Council, 2001a; 2001b). In the case of human 
medicines, repeated dose toxicity studies are required when the medi-
cine is intended to be used in a multiple dosing regime in subjects, and 
the mode and scheme of administration of these studies shall closely 
reflect the clinical dosing plan (European Parliament and the Council, 
2001a). 

Repeated dose toxicity studies are however not necessarily con-
ducted in the form of 90-day toxicity studies as the duration depends on 
the actual exposure (European Parliament and the Council, 2001a; 
2001b). For human medicines, two repeated dose studies generally will 
be conducted: one short term and one longer term. The short-term study 
lasts between two to four weeks, while the duration of the longer-term 
study depends on the conditions of clinical use (European Parliament 
and the Council, 2001a). The duration of repeated dose toxicity studies 
for medicinal products intended for use in non-food-producing animals 
mostly depends on the duration of the clinical use and should be 
consistent with the relevant guidelines (EMA - ICH, 2009; 2008, 1999). 
In case of medicinal products intended for use in food-producing ani-
mals, the duration of the repeated dose toxicity test shall be 90 days 
(EMA - VICH, 2003). 
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3.3.2. Study objectives of the 90-day toxicity study 
Repeated dose toxicity studies are intended to reveal and determine 

any physiological, anatomical or pathological changes by the repeated 
administration of the active substance(s) of the medicine under exami-
nation, and to identify the dose-response relationships (European 
Parliament and European Parliament and the Council, 2001; 2001b). For 
human medicinal products, this specifically is described to include the 
identification of potential toxic effects in particular target organs (Eu-
ropean Parliament and European Parliament and the Council, 2001). 
The EMA guidance on repeated dose toxicity testing for veterinary 
medicine residuals furthermore specifies that results from this study can 
also be used to perform additional testing in case of specific toxicological 
concerns (EMA - VICH, 2003). 

3.3.3. Study design, data analysis and quality standards 
When conducting non-clinical trials for human medicines, EMA’s 

general guideline on repeated dose toxicity assumes that GLP quality 
standards are adhered to (EMA, 2010). This guideline further describes 
various recommendations and requirements related to the quality of the 
tested substance, the treatment and handling of experimental animals, 
dose and administration, observations, as well as the data analysis, 
presentation of results and the conclusions that can be drawn. Con-
ducting a repeated dose toxicity study in one species of mammals is only 
acceptable when clearly justified, with the guidelines recommending 
carrying out the studies in two species of animals (one of which 
non-rodent). In the guideline, specific emphasis is put on selecting the 
dose regimen and route of administration that are based on the intended 
clinical use of the product, to ensure that the animals are sufficiently 
exposed to the active substance and its metabolites. The guideline 
document further defines that the size of the treatment groups used in 
the repeated dose toxicity study should be sufficient to ‘allow [for] 
meaningful scientific interpretation of the data generated’, indicating 
that the number of animals should depend on the experiment, the 
planned analyses and estimated effect sizes (EMA, 2010). For human 
medicinal products, previous studies should also reveal qualitative and 
quantitative analyses of toxic reactions, without referring to whether 
and how these results should be used in repeated dose toxicity studies 
(European Parliament and the Council, 2001a). 

In the case when the active substance(s) or veterinary medicinal 
products are intended for use in food-producing animals and veterinary 
drug residues can end up in human foods, 90-day toxicity tests shall be 
performed in one rodent and one non-rodent species (EMA, 2010). When 
the active substances or veterinary medicinal products are intended to 
be used in non-food-producing animals only, a repeated-dose toxicity 
study in one animal species is sufficient. All toxicological studies need to 
be conducted with the active substance(s) instead of the formulated 
product. Before studying repeated dose toxicity of veterinary medicinal 
products that are used in food-producing animals, single dose studies 
should reveal i.a. the dose to be used in the repeated dose toxicity study 
(European Parliament and the Council, 2001b). For further design 
specifications (related to the number of animals per group and the ob-
servations), reference is made to OECD TG 408. 

For both veterinary and human medicine safety testing, the design of 
any animal safety study is expected to reflect the clinical use of the 
product (EMA - ICH, 2009; 2008; EMA, 2010). The duration of a 
sub-chronic toxicity study may therefore need to be adjusted, based on 
the duration of use and the type of medicinal product, to either a study of 
6 months duration for rodent animals or 9 months for non-rodents. 

3.4. Chemicals 

The two main regulations dealing with chemical safety in the EU are 
REACH (European Parliament and the Council, 2006a) and BPR (Euro-
pean Parliament and the Council, 2012). The aim of REACH is to ensure 
a high level of human health and environmental protection (European 
Parliament and the Council, 2006a). Regulation (EC) No 440/2008, 

implementing REACH, describes the test methods for the identification 
of the physico-chemical and toxicological properties of chemicals, which 
are required for the authorisation of these substances (European Coun-
cil, 2008). This list of endpoints differs based on the amount of the 
chemical produced: the higher the quantities manufactured and mar-
keted, the more demanding the list is in terms of both the type and 
number of the endpoints to be examined and the experiments to be 
conducted. 

Biocidal products are used to protect humans, animals, materials or 
articles against harmful organisms. They are regulated under the BPR, 
which aims to harmonise regulations related to biocidal products, while 
ensuring protection for human health and the environment, by requiring 
pre-market authorisation of biocidal products and their active compo-
nents (European Parliament and the Council, 2012). Regarding safety, 
the approval application for an active chemical should contain a scien-
tific dossier (as described in Annex II) on the active substance of the 
biocidal product and a dossier (Annex III) on at least one representative 
biocidal product containing this active substance. 

3.4.1. Is a 90-day study expected? 
The study of subchronic toxicity and the conduct of a 90-day toxicity 

are required. There are however exceptions: as described in REACH’s 
Annexes VII to X (European Parliament and the Council, 2006a), the 
frequency and duration of human exposure to chemicals defines 
whether a sub-chronic toxicity study is required in the authorisation 
procedure. For chemicals sold in quantities <10 tonnes/year, no 
repeated dose toxicity testing is required, whereas chemicals imported 
or manufactured in quantities from 10 to 100 tonnes/year only require a 
90-day toxicity study, next to a 28-day repeated dose toxicity test, when 
specific considerations are met (related to i.a. potential serious toxic 
effects, accumulation, no NOAEL identified yet). Chemicals in quantities 
of 100–1000 tonnes/year (Annex IX) always require a 90-day toxicity 
study, in addition to the short-term 28-day toxicity study. Only when (i) 
chemicals undergo immediate disintegration; (ii) relevant human 
exposure is excluded; (iii) an available reliable short-term study shows 
severe toxicity; (iv) a reliable chronic study is available; or (v) a 
chemical is insoluble, unreactive, not inhalable and no evidence of ab-
sorption and toxicity is found in the 28-day study, this requirement can 
be disregarded. Chemicals that are manufactured or imported in the 
highest quantity (≥1000 tonnes/year) should always be studied in a 
90-day toxicity test, and under specific circumstances also long-term 
repeated toxicity studies (≥12 months) may be required. 

To establish repeated-dose safety, 28-day, 90-day and long-term 
studies of at least 12 months are required for testing the potential 
toxicity of the bioactive substance (as described by BPR’s Annex II) 
(European Parliament and the Council, 2012). Only when the active 
substance undergoes immediate disintegration and sufficient data is 
presented upon the cleavage products for potential effects or relevant 
exposure can be excluded, such subchronic toxicity studies do not need 
to be performed. Unreactive, insoluble and non-inhalable chemicals do 
not require 90-day toxicity studies and the 90-day toxicity study is not 
required when a reliable 28-day study shows severe toxicity and the 
NOAEL allows extrapolation to 90-days toxicity studies. 

3.4.2. Study objectives of the 90-day toxicity study 
The objectives of the 90-day toxicity study in the authorisation 

procedures for chemical compounds and biocidal products include each 
of the five study objectives in TG 408 (OECD, 2018). For REACH, explicit 
reference is made to OECD TG 408 concerning the objectives (European 
Parliament and the Council, 2006a). In the guidance document for 
biocides (ECHA, 2017), the objectives of the 90-day toxicity study are 
clearly defined, including hazard identification & characterisation pur-
poses (including to establish a NOAEL or BMDL), as well as providing the 
basis for the design of further longer duration toxicity studies. These 
correspond with those objectives defined in TG 408, even if the guidance 
documents do not explicitly mention the TG 408. 
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3.4.3. Study design, data analysis and quality standards 
The criteria for the design of the 90-day toxicity study are defined in 

the Methods B26 and B27 of REACH and BPR (ECHA, 2017), which 
replicate the OECD TG 408 and TG 409 of 1998. Even though these TGs 
have been updated after 1998 (most recently, TG 408 was updated in 
2018 (OECD, 2018)), methods B26 and B27 do not seem to be updated to 
reflect these adaptations. The different requirements regarding study 
design, data analysis and quality standards are therefore mostly 
consistent with TG 408. In particular, methods B26 and B27 do not 
specify requirements for prior studies and the need to state the objec-
tives or conduct a power calculation. They do specify that the tests 
should be conducted with the active substance, which test species should 
be used, what the number of dose groups and animals per groups should 
be, which observations should be reported, that appropriate statistical 
analyses should be performed and that the conduct of the study should 
be done in compliance with GLP. 

4. Discussion 

The results confirm that, while a 90-day oral toxicity study is often 
part of the safety assessment of chemical substances, there is variation in 
the regulatory provisions with regard to the regulatory obligation to 
conduct such a study, its objectives, and design. The below discussion 
considers each of these areas across the various regulatory domains. 

4.1. Is a 90-day study expected? 

In the EU legislation and guidance covered in this paper, a study of 
subchronic toxicity is generally expected. (The OECD TG408 does not 
address this point explicitly.) This may, but does not necessarily always 
include a 90-day toxicity study. There are two types of notable excep-
tions to this principle. On the one hand, for GMOs, pesticides, and feed 
additives the regulator has decided that a 90-day study should always be 
conducted as part of the safety assessment (European Commission, 
2013a, 2013b, 2008). What scientific validity there is for making this a 
requirement in those areas (while not in others) is not clear. For example 
on GMOs, Knudsen and Poulsen, 2007 reported that meaningful 90-day 
studies could be done to detect biological/nutritional/toxicological ef-
fects of a novel gene insert. However, Bartholomaeus et al. (2013) 
concluded that such whole food animal toxicity studies are unnecessary 
and scientifically unjustifiable. On the other hand, REACH legislation 
states that whether a 90-day study is mandatory or not depends on the 
tonnage of the product on the market (European Parliament and the 
Council, 2006a). It also considers scientific reasons for such exceptions, 
such as when relevant human exposure can be excluded. 

There are advantages for not making a 90-day study systematically 
mandatory. The safety assessment procedure of substances is regarded 
as a process consisting of successive but distinct, phases, whereby in-
formation from each phase is used to determine the set-up of experi-
mental studies of the following phase (Chhabra et al., 1990). Given that 
a 90-day study is part of this series of studies, it may be that the prior 
information already shows that such a study will add little to no infor-
mation (Taylor et al., 2014; Taylor and Andrew, 2017). This is consistent 
with Directive 2010/63/EU on the protection of animals used for sci-
entific purposes, which aims to minimise use experimental animals for 
scientific purposes, unless there is a clear need for it (European Parlia-
ment and the Council, 2010). 

The results also show that even when a 90-day study is not legally 
mandatory, guidance may create the expectation to provide this type of 
study either systematically or as part of tiered approach to assess sub- 
chronic toxicity. This is particularly the case where the legislation has 
mandated the regulatory agency to address this, as is the case in the 
common authorisation procedure for food improvement agents 
(described in Article 5 (3), Regulation 234/2011). This raises a question 
as to the role of the legislation versus the guidance in defining re-
quirements. These roles appear to vary between sectors. It would seem 

that, as a rule, the legal requirements should spell out, and also be 
limited to, what safety aspects need to be covered in general; whereas 
the role of guidance is well suited to spell out how these requirements 
are to be met (Deluyker, 2017). For example, legislation may require 
that subchronic toxicity always be considered when sub-chronic or 
longer duration of exposure can be expected, but that exceptions may be 
granted where scientifically justified. 

4.2. Study objectives 

OECD TG 408 specifies that the study can be initiated for different 
purposes, describing objectives that can be grouped as hazard identifi-
cation and hazard characterisation; but the 90-day study can also form 
the basis for further studies (i.a. chronic toxicity studies) (OECD, 2018). 
The objectives of a 90-day toxicity study or any other form of subchronic 
toxicity study, are discussed explicitly in legislation on GMOs, feed ad-
ditives and pesticides (European Commission, 2013a, 2013b, 2008). For 
the other areas, they are addressed in guidance documents. Some do-
mains explicitly list the potential study objectives whereas other guid-
ance documents refer to TG 408 without providing further 
specifications. The reasons for and impact of these differences may merit 
further exploration: the identified differences within and between do-
mains may not result in differences in practice, but this cannot be 
excluded. It would seem preferable to not restrict the possible range of 
objectives, but at the same time expect that the main study objective(s) 
be stated explicitly. 

4.3. Study design 

4.3.1. Role of study objectives 
One would expect that the study objectives will largely determine the 

study design. For example, the design of a study which aims to identify 
adverse effects at pharmacologically active concentrations is expected to 
be quite different from the design of a study which aims to identify a no- 
effect level. For human and veterinary medicines this differentiation is 
reflected in the directives (European Parliament and the Council, 2001b; 
2001a) and their associated guidance documents (EMA - ICH, 2009; 
2008, 1999; EMA - VICH, 2003; EMA, 2010). 

In other domains, little information seems to be provided on how the 
objectives of a 90-day toxicity study will affect the study design. Hence, 
it is not surprising that (with the sole exception of GM food assessment, 
where a hypothesis is required (EFSA GMO Panel, 2011; EFSA GMO 
Unit, 2014; EFSA Scientific Committee et al., 2011; European Com-
mission, 2013a), next to the suggestions for human medicines to use a 
hypothesis-based approach when assessing toxicity) none of the studied 
documents (including TG 408), specify that a hypothesis is required for 
conducting a 90-day toxicity study. This suggests that a 90-day toxicity 
study is not hypothesis-based, but rather hypothesis-generating. Also, 
the establishment of a dose-reponse curve does not require a ‘hypothe-
sis’ in the strictest sense, i.e. a ‘null-hypothesis’ that is tested and can 
possibly be rejected. 

4.3.2. Role of prior studies 
The need for careful consideration of prior studies, including on 

toxicokinetics (Rozman and Doull, 2000), in the design of sub-chronic 
and chronic toxicity studies is well known (Rozman, 1993). OECD TG 
408 foresees that the study is conducted after initial information has 
been obtained from an acute or a repeated-dose 28-day toxicity tests. 
While it would seem unlikely that any 90-day study would be initiated 
without prior information on acute and subacute toxicity, it is not 
clarified what type of information should be used from these prior 
studies to the conduct of a subsequent 90-day sub-chronic oral toxicity 
study. 

The studied legislation and guidance documents vary in their 
description of the need for prior studies as input for the 90-day toxicity 
study. Only for human and veterinary medicines, is such data explicitly 
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expected (EMA, 2010). The studied documents of GM food, feed addi-
tives and novel food suggest that prior studies are needed when 
designing the 90-day toxicity study, although it is not clearly indicated 
to that this is expected (EFSA FEEDAP Parasuraman, 2011; EFSA GMO 
Panel, 2011; EFSA NDA Parasuraman, 2011; European Commission, 
2013a; 2008). In various other domains however, no specific re-
quirements are made regarding whether or what type of prior infor-
mation is needed and how such prior findings affect the key objectives 
and subsequently, the design of the 90-day study. 

4.3.3. Specific design aspects 
Already in 1982 Gale and Sheppard (1982) advocated that the 

90-day rat study should not be considered as routine. Rather, they 
argued, “[…] there should be a basic framework around which a study 
protocol is built which is specific for the type of chemical to be investigated” 
(Gale and Sheppard, 1982). TG 408 provides recommendations on the 
choice of the test species, the dose groups, the types of observations to be 
made, and statistical analyses to be conducted (OECD, 2018). For 
example, TG 408 states that a minimum of 20 animals per dose group is 
needed. However, it does not clarify what the basis for the number to be 
used per dose group; the choice of the dose groups nor the purpose of the 
statistical analyses. 

The various domain-specific documents that were considered show 
(Table 3) that also in these areas key elements in the design of a study 
are very broad and not described so as to be aligned with the specific 
objectives of the study. This may be interpreted to suggest that the same 
study set-up is expected to be adequate to achieve differing objectives. 

In contrast with TG 408 and with other domains, the requirements 
for subchronic toxicity testing in GM foods and human medicines 
authorisation procedures state that the number of animals to be tested 
depends on the parameters measured and the effect sizes of these pa-
rameters (EFSA GMO Panel, 2011; EMA - ICH, 2009; 1999; EMA - VICH, 
2003). This is critical, as the power calculation forms the scientific basis 
for justifying that the design of the study is expected to be able to detect 
suspected effects of substances at a level that is biologically meaningful. 

Hence, it is important that, along with a statistical analysis, the 
power of the study be documented post-hoc to assess whether the study 
was able to detect statistically significant differences at a level that is 
considered to be of biological relevance (EFSA Scientific Committee 
et al., 2017a). It also serves as input in the design of subsequent studies, 
thereby potentially avoiding e.g. that an effect may show up in several 
studies as biologically significant but no study ever demonstrated it was 
statistically significant or vice versa. 

Challenges in interpreting results both within and between studies 
from a biological and statistical perspective are well known (Lewis et al., 
2002). For example, weaknesses in the statistical analyses on small 
group sizes have been reported by Na et al. (2014); and Schmidt et al. 
(2016) have studied how modern statistical methods may help address 
concerns regarding statistical significance and biological relevance. 
Statistical analysis approaches of 90-day studies share challenges com-
mon with other repeated-dose toxicity studies (Kavlock et al., 1996; 
Schmidt et al., 2016). Hence they are not expected to be an explicit part 
of a 90-day study guidance but rather are the subject of separate guid-
ance (EFSA Scientific Committee et al., 2017a; 2017b). This generally 
concerns guidance on data analysis after the data has been collected. 
What can be beneficial is that the data analysis that is envisioned be 
justified for the intended purpose i.e. to achieve the study objectives. For 
example, for the conduct of a benchmark dose (BMD) analysis, Kavlock 
et al. (1996) studied the importance effects of key design aspects, i.e. 
number of dose groups, dose spacing, dose placement, and sample size 
per dose group on the calculation of the BMD for developmental toxicity. 

4.4. Relevance of a 90-day study 

The relevance and added value of a 90-day toxicity study with the 
objective of setting the NOAEL for compounds with low toxicity in a 28- 

day study has been discussed by Taylor and colleagues (Taylor et al., 
2014; Taylor and Andrew, 2017). They used a limited dataset and 
(implicitly) assumed that the key variation in the design of these studies 
was the duration of treatment. They concluded that conducting such a 
90-day oral toxicity test, in addition to a 28-day study does not neces-
sarily provide new insights for low toxicity industrial chemicals. Further 
research conducted by Luechtefeld et al (2016) on a larger number of 
chemicals with a NOAEL ≥ 1000 mg/kg bw/day in a 90-day toxicity 
study, (only) some 70% had a 90-day NOAEL at that level i.e. the rest 
were lower. 

After analysing a dataset containing studies from both the ECHA 
database and studies that were used by the Agency for Toxic Substances 
and Disease Registry regarding drinking water assessment, Lampe et al. 
(2018) suggested that an extrapolation factor of 10 would allow for the 
extrapolation of NOAELs and BMDs identified from a 28-day study to a 
90-day study (Lampe et al., 2018). This safety factor is then applied, 
along with others, as appropriate (EFSA Scientific Committee et al., 
2012). They explored, through a sensitivity analysis, whether some 
design characteristics affected the relationship between the 28-day and 
90-day NOAEL and found little difference, except when a small number 
of animals per dose group was used in the 28-day study. 

On the other hand, Wang and Gray (2015) studied the effect of 
duration along with other study design aspects i.e. test species (mouse, 
rat) and sex on outcome variables (lesion site). They found that the value 
of subchronic toxicity studies (12–14 weeks) for chronic toxicity (2 
years) and for sex/species (rats versus mice) comparisons in predicting 
the site of lesion by the same chemical was subject to considerable un-
certainty (Wang and Gray, 2015). This suggests that several elements of 
the study design, rather than just duration of exposure, may need to be 
considered in an analysis of the predictive value of shorter term studies 
for long term toxicity (Roberts et al., 2015). 

5. Conclusions & future perspectives 

The analysis presented in this paper shows that the 90-day toxicity 
study is still considered essential in different regulatory domains. Also in 
other jurisdictions, such as the USA, no alternatives to the use of the 90- 
day oral toxicity study have been validated or accepted (Hartung, 2018). 
What is less clear from the reviewed documents, is what study designs 
are expected to achieve the main chosen objective(s) and minimise the 
subsequent difficulties in the interpretation of the results. 

For this study design the EU, with the important exception of human 
pharmaceuticals, seems to most often rely (directly or indirectly) on the 
OECD guidance TG 408 which offers numerous technical specifications. 
In contrast, in human medicines there are much fewer such specifica-
tions and the emphasis is on justification of key study design decision. 
These approaches can be viewed as complementary. One puts the 
emphasis on describing necessary conditions (similar to e.g. complying 
with GLP requirements) and the other takes the perspective of what are 
sufficient conditions. 

The interpretation of the results of an individual subchronic toxicity 
study, let alone a set of toxicity studies, may be quite challenging (Lewis 
et al., 2002). Also, many authors (e.g. Bokkers and Slob, 2005; Chapman 
et al., 2013; Merone et al., 2014; Nelms et al., 2018) have questioned 
current laboratory-animal based approaches and suggested use of po-
tential alternative methods to improve the predictive value of the 
experimental studies in the safety assessment thereby simultaneously 
contributing to the reduction of animal use and improving the efficiency 
of, for instance, drug development. 

Much attention and resources are indeed currently devoted to the 
development and validation of non-animal tests or how animal-based 
studies could be made obsolete by extrapolation from shorter-duration 
studies. In parallel, there may also be an opportunity to reflect on pos-
sibilities to optimise the design of in vivo toxicology studies, such as the 
90-day study. It is now 40 years after the OECD 408 study design 
guidance was issued; it may be worthwhile to look again at the design 
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guidance for these studies so as to facilitate the subsequent interpreta-
tion of the results. 

Our review of the legislation and related guidance documents merely 
provides a theoretical perspective on the use of 90-day toxicity studies to 
substantiate authorisation requests. Along with simulation studies 
(Kavlock et al., 1996), large-scale systematic analysis of past studies 
(and risk assessments) could help to identify best practices. The exis-
tence of differing practices in different regulatory domains is in that 
regard not necessarily a disadvantage. The advent of big data and AI 
along with modern statistical methods lend themselves to such applied 
research on design optimization. 

Results may lead to updating previous guidance on study design 
optimisation either through scientific literature (Chhabra et al., 1990), 
and/or the updating of EU topical guidance, such as EMA’s; the devel-
opment of EU cross-cutting guidance (similar to the NTP guidance in the 
USA (National Toxicology Program, 2011)) and/or the updating of 
guidance at international level (ICH or OECD) to ensure Mutual 
Acceptance of data (MAD) principles are met (OECD, 2020). This is not 
to say that guidance documents need to prescribe in utmost detail how 
to conduct every type of study and not remain open to serendipitous 
findings. Providing both flexibility, along with the necessity to justify 
key design choices, may save resources, improve the quality of studies, 
while providing transparent justification for the use of animals and thus 
meet the EU’s stated objectives in this domain. 
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