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Abstract  

Background: Rodent feeding trials are frequently applied to assess the safety of genetically modified 

plants. Even though their added value is controversially discussed within the scientific community, 

the Implementing Regulation (EU) No 503/2013 requests their mandatory conduct during the 

approval process of genetically modified plants for being placed on the European market. This 

systematic review aims at providing a comprehensive synthesis and critical appraisal of results from 

rodent feeding trials with whole genetically modified food/feed being performed to determine their 

potential to cause general signs of toxicity and/or carcinogenicity in the test animals. 

Methods: This study follows the systematic review approach to identify, select, appraise and 

synthesis data from included studies. The selection and critical appraisal process will be done by two 

reviewers independently from each other, whereas data will be extracted by one reviewer and 

rechecked by a second one. This review aims at providing a quantitative synthesis of results, whereas 

in any case a narrative synthesis will be provided. The review protocol was evaluated by external 

stakeholders with expertise in toxicology and systematic review methodology and their comments 

were considered during its finalization. In order to increase the efficiency of the review process, the 

online tool CADIMA will be used during the evidence synthesis process. 

Discussion: This systematic review aims at contributing to the controversial scientific debate being 

associated with the safety assessment of genetically modified plants and may support the 

clarification of potential uncertainties being accompanied with the conduct of rodent feeding trials, 

using whole genetically modified food/feed as test material. 
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Background 

Within the European Union, the safety of genetically modified (GM) plants and derived food or feed 

products is assessed by following a comparative approach, in which the GM crop is compared against 

a closely related non-GM counterpart with regard to its potential impact on the environment and on 

human/animal health [1]. Potential adverse effects may be directly attributed to the introduced GM 

event(s) or may arise from unintended changes that go beyond the intended effect(s) of the genetic 

modification [1]. In order to identify such unintended effects, the core of each safety assessment is 

build up by a thorough molecular, phenotypic/agronomic and compositional analysis of the GM 

plant, framing subsequent assessment steps [1]. In December 2013, the Implementing Regulation 

(EU) No. 5013/2013 came into force for being applied to applications submitted under Regulation 

(EC) No 1829/2003, requesting the mandatory conduct of 90-day rodent feeding trials with whole 

food/feed in order to “identify potential adverse effects on the whole genetically modified food/feed 

or address remaining uncertainties” [2]. This requirement was contrasting the view held by the 

European Food Safety Authority (EFSA), demanding for the performance of such a feeding trial only 

in case “indications for the potential occurrence of unintended effects based on the preceding 

molecular, compositional or phenotypic analyses” are available [1].  

The protocol underlying 90-day rodent feeding trials with whole food/feed is derived from Test 

Guideline (TG) 408 on “Repeated Dose 90-day Oral Toxicity Study in Rodents”, provided by the 

Organization for Economic Co-operation and Development (OECD), in order to assess the 

toxicological potential of single substances. The basic principle of this test relies on the 

administration of the test substance in doses 1) inducing toxicity and 2) demonstrating any dosage 

related response and a no-observed-adverse-effect level (NOAEL) that can be used for establishing 

safety criteria for human exposure [3]. The test design has been adapted for the testing of whole 

food/feed [4, 5] whereas the major limitation does remain, namely that the maximum incorporation 

level of the test material is limited by the need to provide nutritionally balanced diets to the test 

animals. Due to this intrinsic limitation and the need to reduce, refine and replace (3R) the use 

animals [6], the mandatory nature of 90-day rodent feeding trials in the frame of the regulatory 

approval process of GM plants is critically discussed within the scientific community [7, 8, 9]. 

Besides to 90-day feeding trials, further test designs are available to assess the toxicological and/or 

carcinogenic potential of a test substance. They cover durations from 28-days [10] to one [11] to two 

years [12] or a combination of both [13], all being accompanied by the same limitations when applied 

to the testing of complex food matrixes, like it is the case for whole GM food/feed. 
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A recent publication [14] fired the discussion about the need to adhere to rigorous test protocols in 

order to prevent/minimize the introduction of a systematic error and thus to provide sound 

conclusions about the safety of the GM plant under assessment. In this context, a set of critical 

appraisal criteria were proposed [15] for being considered when evaluating the reliability of feeding 

trials being performed with whole GM food/feed. Furthermore, the necessity for a transparent and 

traceable summary of available primary research data is illustrated by a recent article by Hilbeck et 

al. (2015) [16], discussing the diversity of scientific opinions and the problems in achieving a scientific 

consensus in order to conclude about GMO safety. 

Systematic reviews are evidence synthesis approaches which have become well established to 

support evidence-based decision making in various disciplines. They are based on a standardized and 

rigorous methodology to improve precision, minimize bias, and increase transparency, which are 

prerequisites for a robust synthesis of existing evidence. Thus, systematic reviews are especially 

valuable for synthesizing evidence relating to contentious topics for which stakeholders may hold 

differing views. 

The major goal of this systematic review is to provide a comprehensive summary and, if feasible, a 

quantitative synthesis of outcomes from rodent (mice, rats) feeding trials used to assess the 

toxicological and/or carcinogenic potential of whole GM food/feed. Furthermore, the reliability of 

included datasets will be evaluated by applying and further adapting the abovementioned critical 

appraisal criteria. Thus, this systematic review may support the clarification of potential uncertainties 

about GMO impacts being controversially discussed within the scientific community. 

In order to increase the efficiency when performing the review and to assure for its thorough 

documentation, an online tool called CADIMA (https://www.cadima.info/) will be used. CADIMA is a 

non-profit internet portal provided and maintained by the Julius Kühn-Institut aiming to increase the 

transparency and traceability of information in agricultural and environmental sciences. In this 

context, CADIMA supports the conduct of systematic reviews and evidence by the provision of a 

freely available online tool that 

1) guides review authors through the evidence synthesis process, 

2) facilitates the coordination of cooperating team members, 

3) eases steps with considerable workload and 

4) guarantees for its thorough documentation 

https://www.cadima.info/
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Objective of this review 

Based on the results of a systematic map being conducted in the course of the EU-funded project 

GRACE (GMO Risk Assessment Communication of Evidence) in order to characterize the evidence 

base underlying the performance of animal feeding trials conducted with whole foods or feeds 

derived from GM crops (Stoykova et al., manuscript under preparation), a systematic review question 

was developed to assess potential health effects on mice and rats caused by the feeding of whole 

GM food/feed or products derived from it. 

Thus, the objective of this systematic review is to answer the following PICO-type of question: 

Does the feeding of GM crops or derived products lead to alterations in health parameters indicative 

for a general toxicity or carcinogenicity as specified in OECD Test Guidelines 407, 408, 451, 452 and 

453 in rats or mice? 

The following key elements were considered: 

 Population: laboratory test animals (mice or rats) 

 Intervention: Test animals are fed with diets containing whole GM food/feed or derived 

products as a test matrix. Biofortified crops will be excluded from this review 

 Comparator: whole food/feed or derived product from a conventional, non-GM, variety from 

the same crop, that is incorporated into the test diet(s) being fed to the control group(s) 

 Outcomes: Toxicological and/or carcinogenic parameters as reported in OECD TG 407, 408, 

451, 452, 453 are considered (e.g. haematology, clinical biochemistry, urinalysis and 

histopathology) 

 

This systematic review aims at providing a quantitative synthesis of included data by the 

performance of a meta-analysis. Furthermore, different study durations will be considered in order 

to draw conclusion on the impact of the factor “time” on the study results. 
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Methods/design 

This systematic review protocol follows internationally recognized reporting tandards and the 

PRISMA-P checklist can be found as Additional file 1. 

Literature search 

Aim, search terms and source of information 

The aim of the literature search is to retrieve as many relevant datasets as possible in a 

comprehensive, transparent and reproducible way. The search string being applied to bibliographic 

databases like Web of Science or PubMed is composed out of the following four parts: 

Part 1 defines the population of interest: 

“experimental animal*” OR “laboratory animal*” OR mice OR mouse OR rat OR rats OR rodent OR 

rodents 

Part 2 describes the intervention: 

("bollworm resistan*" OR "borer protect*" OR "borer resistan*" OR bt OR "coleoptera* resistan*" OR 

"disease resistan*" OR "drought resistan*" OR "drought toleran*" OR "gene silenc*" OR "genetic* 

improve*" OR "genetic* modifi*" OR "genetic* manipulat*" OR "genetic* transform*" OR "genetic* 

engineer*" OR "glyphosate toleran*" OR "glufosinate toleran*" OR gm OR gmht OR "heat toleran*" 

OR "heat resistan*" OR "herbicide toleran*" OR "insect protect*" OR "insect resistan*" OR 

"lepidoptera* resistan*" OR "pest protect*" OR "pest resistan*" OR “rna interfer*” OR rnai OR 

"rootworm protect*" OR "rootworm resistan*" OR "salinity resistan*" OR "salinity toleran*" OR "salt 

resistan*" OR "salt toleran*" OR "stack* trait*" OR "stack* gene*" OR "stress resistan*" OR "stress 

toleran*" OR "temperature resistan*" OR "temperature toleran*" OR thuringiensis OR transgen* OR 

“virus resistan*”)  

AND 

(crop OR crops OR plant OR plants OR alfalfa OR medicago OR apple OR apples OR malus OR bean OR 

beans OR phaseolus OR maize OR “Zea mays” OR beet* OR bentgrass OR agrostis OR brassica* OR 

cane OR canola OR cantaloupe* OR cucumis OR chicory OR cichorium OR corn OR cotton OR 

gossypium OR eggplant* OR solanum OR flax OR linum OR fodderbeet* OR “beta vulgaris” OR grass 

OR grasses OR melon* OR papaya* OR pepper* OR piper OR plum OR plums OR prunus OR potato* 
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OR solanum OR radicchio OR rape* OR rice OR oryza OR soy* OR glycine OR squash OR cucurbita OR 

sugarbeet* OR sugarcane* OR “saccharum officinarum” OR tomato* OR lycopersicon OR wheat OR 

triticum OR banana* OR musa OR cassava OR manihot OR lentil* OR “lens culinaris” OR manioc OR 

plantain* OR sunflower* OR helianthus OR pea OR peas OR pisum) 

 

Part 3 defines the relevant study design: 

fed OR toxic* OR chronic OR subchronic OR “sub chronic” OR oral OR exposure OR feeding OR trial 

OR “repeated dose” OR “long term” OR “4 week*” OR “13 week*” OR “1 year” OR “2 year” OR “28 

day*” OR “90 day*” OR “180 day*” OR safety OR “two year” OR “one year” OR “ninety day*” OR 

“four week*” OR “thirteen week*” OR “twenty eight day*” 

 

Part 4 partially excludes studies on humans and transgenic rodents: 

RCT OR “randomized control trial*” OR “randomized controled trial*” OR “randomised control trial*” 

OR “randomised controled trial*” OR “clinical trial*” OR “transgenic mice” OR “transgenic mouse” 

OR “transgenic rat” OR “transgenic rats” OR “genetically engineered rat” OR “genetically engineered 

rats” OR “genetically engineered mice” OR “genetically engineered mouse” OR “beef tallow” OR 

malaria OR rotavirus OR “gene therapy” OR parkinson OR alzheimer 

Care will be taken that no relevant information will be lost due to the use of the “NOT” operator. 

 

The final search string will be adapted to the requirements of each database it will be applied to and 

the entire study selection process will be documented by CADIMA. 

The focus of the search will be on studies written in English publishes after 1990, whereas non-

English studies will be included in case they can be assessed by the review team. This might be the 

case for studies being written in German, Dutch and Bulgarian. 

Information sources 

a) Bibliographic database 

The following databases will be considered 

 CAB abstracts 
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 Scopus 

 Web of Science Core Collection (Science Citation Index, Social Sciences Citation 

Index, Arts & Humanities Citation Index, Emerging Sources Citation Index) 

 Current Contents Connect 

 KCI-Korean Journal Database 

 Russian Science Citation Index 

 SciELO Citation Index  

 PubMed 

 

b) Internet searches 

Google Scholar will be used as a search engine to identify relevant studies not indexed in 

bibliographic databases.  

The relevance of the first 200 hits will be assessed. 

 

c) Specialist searches 

Specialist searches will be conducted by the use of the following web-pages 

GM crop databases  

 EUginius database:  

http://www.euginius.eu/euginius/pages/home.jsf 

 FASS website (Federation of Animal Science Societies): 

http://www.fass.org/page.asp?pageID=52&autotry=true&ULnotkn=true 

 CERA (Center for Environmental Risk Assessment): 

http://www.cera-gmc.org/GMCropDatabase 

 CADIMA:  

https://www.cadima.info/index.php/area/publicAnimalFeedingTrials 

 PlantGeneRisk: 

http://www.testbiotech.org/en/database 

 International Service for the Acquisition of Agri-biotech Applications (ISAAA) 

http://www.isaaa.org/ 

 

Regulatory agencies 

http://www.euginius.eu/euginius/pages/home.jsf
http://www.fass.org/page.asp?pageID=52&autotry=true&ULnotkn=true
http://www.cera-gmc.org/GMCropDatabase
https://www.cadima.info/index.php/area/publicAnimalFeedingTrials
http://www.testbiotech.org/en/database
http://www.isaaa.org/
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 European Commission 

 http://ec.europa.eu/index_en.htm 

 EFSA (European Food Safety Authority): 

http://www.efsa.europa.eu/ 

 FDA (U.S. Food and Drug Administration): 

http://www.fda.gov/Food/default.htm 

 Health Canada: 

http://www.hc-sc.gc.ca/ 

 FSANZ: 

http://www.foodstandards.gov.au/consumer/gmfood/applications/pages/default.as

px 

 Foos standars agency: 

 https://www.food.gov.uk/ 

 

Industry organizations 

 EuropaBio: 

http://www.europabio.org/ 

Civil society organizations 

o Gm watch: 

http://www.gmwatch.org/ 

d) Manual searches 

Reference lists from articles/reviews found throughout the literature search will be checked 

for relevant references 

 

Scoping exercise 

The comprehensiveness of the search strategy was assessed by applying the developed search string 

to WoS on the 23rd of November 2016, followed by a cross check of the retrieved references against 

a test test library taken from the systematic map reporting on the characteristics of feeding studies 

with GM whole food/feed (manuscript under preparation). The test library contained a total of 121 

references that focused on feeding trials performed with rats and mice as test animals (see 

Additional file 2).  

http://ec.europa.eu/index_en.htm
http://www.efsa.europa.eu/
http://www.fda.gov/Food/default.htm
http://www.hc-sc.gc.ca/
http://www.foodstandards.gov.au/consumer/gmfood/applications/pages/default.aspx
http://www.foodstandards.gov.au/consumer/gmfood/applications/pages/default.aspx
https://www.food.gov.uk/
http://www.europabio.org/
http://www.gmwatch.org/
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From 121 references, 18 could not be retrieved from WoS. Out of these 18 references, 17 were not 

indexed in WoS and one reference (Llorente et al, 2010. Safety assessment of nonbrowning potatoes: 

opening the discussion about the relevance of substantial equivalence on next generation biotech 

crops) was indexed but could not be retrieved as it does not state at title/abstract/keyword level that 

a feeding trial was performed. 

The scoping exercise demonstrated the suitability of the developed search strategy for being used 

throughout the systematic review process. 

 

Study selection 

Study inclusion criteria 

In order for being included in the systematic review, articles have to fulfil the following selection 

criteria: 

Population 

 Mice or rats are used as test animals and are tested for one generation only 

Intervention 

 The genetically modified crop or derived product under assessment is incorporated into the 

test diet(s) being fed to the intervention group(s) (reports on single substances will be 

excluded) 

Intervention 

 The GM crop is designed to be resistant/tolerant to biotic or abiotic stress, or tolerant to 

pesticides (biofortified crops will be excluded) 

Comparator 

 A conventional, non-GM, variety from the same crop or the product derived from it is 

incorporated into the test diet(s) being fed to the control group(s) 

Outcome: 
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 Toxicological and/or carcinogenic parameters relating to at least one of the following 

analyses have to be reported: haematology, clinical biochemistry, urinalysis, necropsy or 

histopathology (reports solely reporting on the nutritional status (body weight, food 

consumption, weight gain) of the test animals, on immunological parameters, on 

reproductive parameters or on genotoxic parameters will be excluded) 

Further concept (reporting format) 

 Original data/summary statistics are presented (reviews will only be included if the 

presented data are not available from a primary research paper) 

Further concept (reporting format) 

 Report is uniquely represented (allows to exclude duplicates that accidently entered the 

screening stage) 

Access to full text 

 Full text is accessible and assessible 

 

Scientific rational for excluding biofortified crops 

As the nutritional balance of the diets being fed to the test animals has to be guaranteed, potential 

changes e.g. in fatty acid or protein content of the GM crop might need to be adjusted between the 

GM and control diet. Thus, biofortified crops will be excluded from this systematic review. 

Scientific rational for excluding reports reporting on the nutritional status (body weight, food 

consumption, weight gain) of the test animals, on immunological parameters, on reproductive 

parameters or on genotoxic parameters only 

This systematic review primarily aims at assessing the potential of GM whole food/feed to cause 

general signs of toxicity and/or carcinogenicity when fed to rats or mice. Thus, it is targeted to 

studies considering endpoints as specified by the respective OECD Test Guidelines i.e. TG 407, 408, 

451, 452, 453. In case, parameters are reported in addition to those specified by the respective OECD 

Test Guideline, those parameters will be extracted as well. As additional parameters may tackle very 

specific toxicological aspects and may be addressed by the use of a multitude of different study 

designs, an a priori development of critical appraisal criteria is not feasible. Thus, this task might be 

performed during a potential update of this review. Furthermore, an inclusion and full assessment of 
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the above mentioned studies would go beyond the available resources of the review team (see 

section Limitations of the review). 

 

 

Study screening mode 

Screening studies: applying inclusion and exclusion criteria 

The developed selection criteria will be applied to the pool of possibly eligible reports identified by 

the literature search first at title/abstract stage to remove spurious citations. Remaining articles will 

then be filtered at full text.  

The entire screening process will be done by two reviewers independently from each other.  

Discrepancies in the evaluation between the reviewers will be automatically identified by CADIMA 

and, if feasible, solved by reconsidering the placed evaluations by each of the reviewers. In case 

discrepancies cannot be solved, a third reviewer will be consulted. 

Screening studies: quality assurance process 

In order to assure for inter-reviewer agreement when applying elaborated selection criteria, a kappa-

test will be performed at title/abstract stage before initiating the actual screening process. For this 

purpose, a random subset of studies (a minimum of 50 or 10% up to a maximum of 200 references 

(CEE Guideline)) will be taken by CADIMA and their eligibility will be assessed by those two reviewers 

participating in the screening process independently from each other. If the kappa-value is below 0.6 

(substantial), the selection criteria will be revised until a kappa value of 0,6 or above will be reached. 

 

Critical appraisal of included studies 

The reliability of each report passing the study selection process will be assessed by evaluating its risk 

for being prone to a systematic error (bias). Possible sources of bias were identified and critical 

appraisal criteria were developed in order to judge the tendency of each report of being of low and 

high risk. In cases the information is not included in the study and cannot be retrieved from study 

authors, the study will be rated with unclear risk. The criteria were adapted from Schmidt et al., 

(2016) [15]. Studies will be excluded from a quantitative synthesis if at least one of the criteria with 
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the number 3, 12, 14, 21, 49, 50, 51 or 52 is rated with being of high risk. As indicated below, certain 

criteria may only be partially considered without affecting the reliability of a study in case a scientific 

justification is provided. In case, the indicated criteria are not considered at all and a scientific 

justification is provided for this deviation, the respective criteria will be marked with “not 

applicable”. This might for example be the case if a study is based on a targeted hypothesis and the 

study design was adapted accordingly. 

Possible sources of bias include: 

Selection bias 

1. Cultivars used: 

Low risk if a closely related variety was used as a control (e.g. the corresponding near-

isogenic variety), high risk if a distantly related variety was used. 

2. Cultivars used: 

Low risk if the control variety was grown under similar/the same conditions when compared 

to the GM variety, high risk if not. 

3. Age test animals: 

Low risk if the test animals are uniform in age (not older than 9 weeks) at the beginning of 

the experiment, high risk if not. 

4. Body weight test animals: 

Low risk if the test animals show minimal weight variations before the start of the 

experiment (i.e. ±20 % of the mean weight of each sex), high risk if not. 

5. Randomization: 

o Low risk if animals are randomly allocated to the different treatment groups, 

according to their weight. An appropriate randomization scheme for blocking factors 

like lab conditions or time is identified (e.g. a complete or incomplete block design, 

or a factorial design) and blocking is performed. After randomisation and blocking, 

there should be no significant differences in mean body weights between groups and 

blocks within each sex. If there are statistically significant differences, then the 

randomisation step should be repeated, if possible (OECD TG 451, 452). 

o High risk, if no randomization schemeor even systematic allocation or sampling is 

applied. 

Performance bias 

6. Quantitative compositional analysis plant material or derived product: 
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Low risk if the analysis includes substances as specified in the respective crop specific OECD 

consensus documents, high risk if not. In case no OECD consensus documents are available, 

the analyses should consider nutrients (like proximate: ash, total carbohydrates, fat, protein), 

and plant-specific secondary metabolites, in particular antinutrients (e.g. phytic acid, trypsin 

inhibitor, lectins).In case, not all substances were considered, it will be decided on a case-by-

case basis if the study can still be considered as being of low risk or not. In any case, a 

detailed justification will be provided in the final review. 

7. Quantitative compositional analysis plant material or derived product:  

Low risk if the plant material is tested for the presence of chemical contaminants (heavy 

metals, polychlorinated dioxins, polychlorinated biphenyls, polycyclic aromatic 

hydrocarbons, pesticides, mycotoxins)  microbial contamination and potential admixtures of 

genetically modified organisms are considered or if deviations are scientifically justified, high 

risk if not.  

8. Quantitative compositional analysis plant material:  

If applicable, low risk if the presence of the event under assessment is measured and, if 

possible, quantified, high risk if not. 

9. Quantitative compositional analysis diets:  

Low risk if the analysis includes substances as specified in the respective crop specific OECD 

consensus documents, high risk if not. In case no OECD consensus documents are available, 

the analyses should consider nutrients (like proximate: ash, total carbohydrates, fat, protein), 

and plant-specific secondary metabolites, in particular antinutrients (e.g. phytic acid, trypsin 

inhibitor, lectins).In case, not all substances were considered, it will be decided on a case-by-

case basis if the study can still be considered as being of low risk or not. In any case, a 

detailed justification will be provided in the final review. 

10. Quantitative compositional analysis diets:  

Low risk if the diets are tested for the presence of genetically modified organisms as 

admixtures, chemical contaminants (heavy metals, nitrosamines, polychlorinated dioxins, 

polychlorinated biphenyls, polycyclic aromatic hydrocarbons, pesticides, mycotoxins) 

microbial contamination and potential admixtures of genetically modified organisms are 

considered or if deviations are scientifically justified, high risk if not. 

11. Quantitative compositional analysis diets:  

If applicable, low risk if the presence of the event under assessment is measured and, if 

possible, quantified, high risk if not. 

12. Nutritional balance of diets: 
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Low risk if the administered diets are nutritionally balanced (e.g. are isocaloric and 

isoproteic), high risk if not. 

13. GLP compliance:  

Low risk if the feeding trial is performed following GLP principles or if deviations can be 

scientifically justified, high risk if not. 

14. Incorporation rate of the test material: 

Low risk, if the control group receives the control material at the same incorporation rate 

used for the high dose intervention group, high risk if not. 

15. Administration of diets and water: 

Low risk if diets and water are provided ad libitum, high risk if not. 

16. Blinding: 

Low risk if the staff performing the feeding trial and the analysis of the plant materials, diets 

and animal samples is “blind” with respect to the identity of the diets. 

17. Blinding: 

Low risk if dose groups are unblinded for the histopathological evaluation of the tissues after 

necropsy, high risk if not. 

18. Justification for the choice of the test animals:  

Low risk if a justification for the chosen animal species and/or strain is given, high risk if not. 

19. Sex of the test animals:  

Low risk both sexes of the chosen laboratory animals are used or if deviations are 

scientifically justified, high risk if not. 

20. Acclimatization of the test animals: 

Low risk if animals are acclimatized to the animal housing facility conditions for at least 5 

days prior to the start of the study, high risk if not. 

21. Housing of the test animals: 

Low risk if the test animals allocated to the different treatment groups are housed in an 

animal housing facility under identical and controlled conditions (e.g. room temperature: 22 

± 3 °C; humidity: 40–70 %; 12/12 h day and night cycle), high risk if not. 

22. Housing of the test animals: 

Low risk if in the case of rats (but not in the case of mice), animals of the same sex are 

housed in pairs or if deviations are justified, high risk if not. 

23. Group size: 

Low risk if an appropriate group size is chosen, high risk if not. 
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The group size might be calculated by a preliminary power analysis or by considering the 

respective TS`s 

o TG 407: at least 5 male and 5 females per dose group. 

o TG 408: at least 10 males and 10 females per dose group. 

o TG 451: at least 50 males and 50 females per dose group. 

o TG 452: at least 20 males and 20 females per dose group. 

o TG 453: at least 10 males and 10 females per dose group (chronic toxicity phase) and 

at least 50 males and 50 females per dose group (carcinogenicity phase). 

It has to be stressed that the group sizes suggested by the respective TG`s were defined to 

test the toxicological/carcinogenic potential of single substances. Here, they serve as 

minimum standards that should be considered when performing a feeding study with whole 

GM food/feed. In case fewer animals were used, a scientific justification needs to be 

provided. 

24. General clinical observations 

Low risk if general clinical observations are made at least once a day and all animals are 

inspected for signs of morbidity and mortality at least twice daily, usually at the beginning 

and end of each day  or if deviations are justified, high risk if not.  

o In the case of TG 451, particular attention should be paid to tumour development; 

and the time of tumour onset, location, dimensions, appearance, and progression of 

each grossly visible or palpable tumour should be recorded. 

o In the case of TG 453, particular attention should be paid to tumour development; 

and the time of tumour onset, location, dimensions, appearance, and progression of 

each grossly visible or palpable tumour should be recorded during the carcinogenic 

phase of the study. 

 

25. Detailed clinical observations 

Low risk, if detailed clinical observations are performed by following the respective TG`s or if 

deviations are justified, high risk if not 

TG 407 (28-day) and TG 408 (90-day):  

o Detailed clinical observations should be made on all animals at least once prior to the 

first exposure and once a week thereafter. 

o Observations should be made outside the home cage. 
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o Signs noted should include changes in skin, fur, eyes, mucous membranes, 

occurrence of secretions and excretions and autonomic activity (e.g., lacrimation, 

piloerection, pupil size, and unusual respiratory pattern), gait, posture and response 

to handling as well as the presence of clonic or tonic movements, stereotypies (e.g., 

excessive grooming, repetitive circling) or bizarre behaviour (e.g., self-mutilation, 

walking backwards)  

TG 451 (Carcinogenicity Studies):  

o Not requested. 

TG 452 (chronic):  

o Detailed clinical observations should be made on all animals at least once prior to the 

first exposure, at the end of the first week of the study and monthly thereafter. 

o Observations should be made outside the home cage. 

o Signs noted should include changes in skin, fur, eyes, mucous membranes, 

occurrence of secretions and excretions and autonomic activity (e.g., lacrimation, 

piloerection, pupil size, and unusual respiratory pattern), gait, posture and response 

to handling as well as the presence of clonic or tonic movements, stereotypies (e.g., 

excessive grooming, repetitive circling) or bizarre behaviour (e.g., self-mutilation, 

walking backwards) . 

453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452). 

o Carcinogenicity phase (not requested). 

26. Ophthalmology 

o Low risk if ophthalmological examination is made prior to the administration of the 

test substance and at the termination of the study, preferably in all animals but at 

least in the high dose and control groups or if deviations are justified, high risk if not. 

If treatment related changes in the eyes are detected, all animals should be 

examined. 

o Not requested following TG 451. 

o In case of TG 453, to be considered only during the chronic phase of the 

study. 

27. Sampling dates body weight and feed consumption: 

Low risk if body weight and feed consumption are monitored regularly or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  
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o All animals should be weighed at least once a week. Measurements of food 

consumption should be made at least weekly. 

TG 451 (Carcinogenicity Studies):  

o All animals should be weighed at the start of treatment, at least once a week for the 

first 13 weeks and at least monthly thereafter. Measurements of food consumption 

and food efficiency should be made at least weekly for the first 13 weeks and at least 

monthly thereafter. 

TG 452 (chronic) and 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o All animals should be weighed at the start of treatment, at least once a week for the 

first 13 weeks, and at least monthly thereafter. Measurements of food consumption 

and food efficiency should be made at least weekly for the first 13 weeks and at least 

monthly thereafter. 

28. Sampling dates haematology, clinical biochemistry and urinalysis: 

Low risk if sampling points are in line with the requirements laid down in the respective TG`s 

or if deviations are justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  

o At the end of the testing period. 

o Optionally urinalysis could be performed during the last week of the study. 

TG 451(Carcinogenicity Studies):  

o Blood samples may be taken for haematology and clinical biochemistry, whereas this 

is at the discretion of the study director. Urinalysis may also be appropriate. 

TG 452 (chronic):  

o Haematological, clinical biochemistry and urinalysis examinations should be carried 

out at the same time intervals in at least 10 male and 10 female animals per group, 

at 3, 6, and 12 months, as well as at study termination (if longer than 12 months), 

using the same animals throughout. 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Haematological, clinical biochemistry and urinalysis examinations should be carried 

out at the same time intervals on all study animals (10 male and 10 female animals 

per group) at 3, 6, and 12 months, as well as at study termination. 

29. Sample collection clinical biochemistry: 

Low risk if the fasting period prior to blood sampling is the same for all animals or if 

deviations are justified, high risk if not. 

o Rats are fasted overnight (i.e. about 16 hours). 
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o Mice are fasted for 5-6 hours. 

30. Sample collection clinical biochemistry: 

Low risk if blood is taken from the same site in all animals and possible deviations are 

justified, high risk if not. 

31. Sample procession  clinical biochemistry: 

Low risk if the analyses for all groups and/or animals are completed during one day. If this is 

not possible, analyses should be conducted in such a way as to minimize potential variability. 

32. Sampling order clinical biochemistry: 

Low risk if animals are randomly selected, high risk if no randomization was applied. 

33. Sampling dates and sample sizes clinical biochemistry: 

Low risk if the dates as described in the respective TG´s are followed or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  

o At the end of the study on a minium of 5 (TG 407) or 10 (TG 408) per sex per group. 

TG 451(Carcinogenicity Studies):  

o Blood samples may be taken, and this at the discretion of the study director. 

o If blood samples are taken, these should be collected at the end of the test period on 

a minimum of 10 animals per sex per group. 

TG 452 (chronic): 

o After 3, 6, and 12 month as well as at study termination (if longer than 12 months) 

and on a minimum of 10 animals per sex per group. 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452). 

o Carcinogenicity phase (see TG 451). 

34. Animal use clinical biochemistry: 

If applicable, low risk if the same animals are sampled throughout the study, high risk if not. 

35. Measured parameters clinical biochemistry: 

Low risk if all parameters listed in the respective TG are measured or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  

o Sodium 

o Potassium 

o Glucose 

o Total cholesterol 
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o Urea 

o Blood urea nitrogen (only TG408)  

o Creatinine  

o Total protein and albumin 

o At least two enzymes indicative of hepatocellular effects (such as alanin 

aminotransferase, aspartate aminotransferase, alkaline phosphatase, γ-glutamyl 

trans-peptidase, glutamate dehydrogenase and sorbitol mdehydrogenase). 

o Bile acids (only TG 407) 

TG 451(Carcinogenicity Studies):  

o Blood samples may be taken, and this at the discretion of the study director. 

TG 452 (chronic): 

o Glucose 

o Urea (urea nitrogen) 

o Creatinine 

o Total protein 

o Albumin 

o Calcium 

o Sodium 

o Potassium 

o Total cholesterol 

o At least two appropriate tests for hepatocellular evaluation (alanine 

aminotransferase, aspartate aminotransferase, glutamate dehydrogenase, total bile 

acids). 

o At least two appropriate tests for hepatobiliary evaluation (alkaline phosphatase, 

gamma glutamyl transferase, 5'-nucleotidase, total bilirubin, total bile acids). 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

36. Sample collection haematology: 

In case animals were fasted, low risk if the fasting period prior to blood sampling is the same 

for all animals, high risk if not. 

o Rats are fasted overnight (i.e. about 16 hours). 

o Mice are fasted for 5-6 hours. 

37. Sampling order haematology: 
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Low risk if animals are randomly selected, high risk if no randomization was applied. 

38. Sample collection haematology: 

Low risk if blood is taken from the same site in all animals, and possible deviations are 

justified, high risk if not. 

39. Sampling dates and sample sizes haematology: 

Low risk if the dates as described in the respective TG´s are followed or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  

o At the end of the study on a minium of 5 (TG 407) or 10 (TG 408) per sex per group. 

TG 451(Carcinogenicity Studies):  

o Blood samples may be taken, and this at the discretion of the study director. 

o If blood samples are taken, these should be collected at the end of the test period on 

a minimum of 10 animals per sex per group. 

TG 452 (chronic): 

o After 3, 6, and 12 month as well as at study termination (if longer than 12 months) 

and on a minimum of 10 animals per sex per group. 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

40. Animal use haematology: 

If applicable, low risk if the same animals are sampled throughout the study, high risk if not. 

41. Measured parameters haematology: 

Low risk if all parameters listed in the respective TG are measured or if deviations are 

justified, high risk if not. 

In case, not all parameters are considered, justification should be provided. 

TG 407 (28-day) and TG 408 (90-day):  

o Haematocrit 

o Haemoglobin concentrations 

o Erythrocyte count 

o Reticulocytes (only for TG 407) 

o Total and differential leucocyte count 

o Platelet count  

o Measure of blood clotting time/potential 

TG 451(Carcinogenicity Studies):  
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o Blood samples may be taken, and this at the discretion of the study director. 

TG 452 (chronic):  

o Total and differential leukocyte count 

o Erythrocyte count 

o Platelet count 

o Haemoglobin concentration 

o Haematocrit (packed cell volume) 

o Mean corpuscular volume (MCV) 

o Mean corpuscular haemoglobin (MCH) 

o Mean corpuscular haemoglobin concentration (MCHC) 

o Prothrombin time 

o Activated partial thromboplastin time 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

42. Sampling dates and sample sizes urinalysis: 

Low risk if the dates as described in the respective TG´s are followed or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day):  

o At the end of the study on a minium of 5 (TG 407) or 10 (TG 408) per sex per group. 

TG 451(Carcinogenicity Studies):  

o Urine samples may be taken, and this at the discretion of the study director. 

o If urine samples are taken, these should be collected at the end of the test period on 

a minimum of 10 animals per sex per group. 

TG 452 (chronic): 

o After 3, 6, and 12 month as well as at study termination (if longer than 12 months) 

and on a minimum of 10 animals per sex per group. 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

43. Animal use urinalysis: 

If applicable, low risk if the same animals are sampled throughout the study, high risk if not 

44. Measured parameters urinalysis: 
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Low risk if all parameters listed in the respective TG are measured or if deviations are 

justified, high risk if not. 

TG 407 (28-day) and TG 408 (90-day) (optional):  

o Appearance 

o Volume 

o Osmolality or specific gravity 

o pH  

o Protein 

o Glucose 

o Blood/blood cells 

TG 451(Carcinogenicity Studies):  

o Urinalysis may also be appropriate and no specific parameters are provided. 

TG 452 (chronic): 

o Appearance 

o Volume 

o Osmolality or specific gravity 

o pH 

o Total protein  

o Glucose 

o Ketone 

o Urobilinogen 

o Bilirubin, 

o Occult blood. 

TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

45. Sample collection necropsy: 

Low risk if animals are randomly selected, high risk if no randomization was applied. 

46. Measured parameters during necropsy (wet weight of organs): 

Low risk if all parameters listed in the respective TG are measured or if deviations are 

justified, high risk if not. 

TG 407 (28-day): 

o Liver 

o Kidneys 
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o Adrenals 

o Testes 

o Epididymides 

o Prostate + seminal vesicles with coagulating glands as a whole 

o Thymus 

o Spleen 

o Brain 

o Heart 

TG 408 (90-day): 

o Liver 

o Kidneys 

o Adrenals 

o Testes 

o Epididymides 

o Uterus 

o Ovaries 

o Thymus 

o Spleen 

o Brain  

o Heart 

TG 451(Carcinogenicity Studies):  

Normally not performed. 

TG 452 (chronic): 

o Adrenals (optional in case mice are used) 

o Brain 

o Epididymides 

o Heart 

o Kidneys 

o Liver 

o Ovaries 

o Spleen 

o Testes 

o Thyroid (weighed post-fixation, with parathyroids) 

o Uterus 
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TG 453 (Combined Chronic Toxicity\Carcinogenicity Studies): 

o Chronic toxicity phase (see TG 452) 

o Carcinogenicity phase (see TG 451) 

47. Preserved organs during necropsy: 

Low risk if all organs listed in the respective TG were considered or if deviations are justified, 

high risk if not. 

TG 407 (28-day): 

o All gross lesions 

o Brain (representative regions including cerebrum, cerebellum and pons) 

o Spinal cord 

o Eye 

o Stomach 

o Small and large intestines (including Peyer's patches) 

o Liver 

o Kidneys 

o Adrenals 

o Spleen 

o Heart 

o Thymus 

o Thyroid 

o Trachea and lungs (preserved by inflation with fixative and then immersion) 

o Gonads (testis and ovaries) 

o Accessory sex organs (uterus and cervix, epididymides, prostate + seminal vesicles 

with coagulating glands) 

o Vagina 

o Urinary bladder 

o Lymph nodes (besides the most proximal draining node another lymph node should 

be taken according to the laboratory’s experience) 

o Peripheral nerve (sciatic or tibial) preferably in close proximity to the muscle 

o Skeletal muscle and bone with bone marrow (section or, alternatively, a fresh 

mounted bone marrow aspirate) 

TG 408 (90-day): 

o All gross lesions 
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o Brain (representative regions including cerebrum, cerebellum and medulla/pons), 

spinal cord (at three levels: cervical, mid-thoracic and lumbar) 

o Pituitary 

o Thyroid 

o Parathyroid 

o Thymus 

o Oesophagus 

o Salivary glands 

o Stomach 

o Small and large intestines (including Peyer’s patches) 

o Liver 

o Pancreas 

o Kidneys 

o Adrenals 

o Spleen 

o Heart 

o Trachea and lungs (preserved by inflation with fixative and then immersion) 

o Aorta 

o Gonads 

o Uterus 

o Accessory sex organs 

o Female mammary gland 

o Prostate 

o Urinary bladder 

o Gall bladder (mouse) 

o Lymph nodes (preferably one lymph node covering the route of administration and 

another one distant from the route of administration to cover systemic effects) 

o Peripheral nerve (sciatic or tibial) preferably in close proximity to the muscle  

o A section of bone marrow (and/or a fresh bone marrow aspirate ) 

o Skin  

o Eyes (if changes were observed during ophthalmological examinations) 

TG 451 (Carcinogenicity Studies), TG 452 (chronic) and TG 453 (Combined Chronic 

Toxicity\Carcinogenicity Studies): 

o All gross lesions 
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o Heart 

o Pancreas  

o Stomach (forestomach, glandular stomach) 

o Adrenal gland  

o Ileum  

o Parathyroid gland 

o Aorta  

o Jejunum  

o Peripheral nerve  

o Testis 

o Brain (including sections of cerebrum, cerebellum, and medulla/pons) 

o Kidney  

o Pituitary  

o Thymus 

o Caecum  

o Lacrimal gland (exorbital) 

o Prostate  

o Thyroid 

o Cervix 

o Liver 

o Rectum 

o Coagulating gland  

o Lung  

o Salivary gland  

o Trachea 

o Colon  

o Lymph nodes (both superficial and deep) 

o Seminal vesicle  

o Urinary bladder 

o Duodenum  

o Mammary gland (obligatory for females and, if visibly dissectable, from males) 

o Skeletal muscle  

o Uterus (including cervix) 

o Epididymis 
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o Skin 

o Eye (including retina)  

o Oesophagus  

o Spinal cord (at three levels: cervical, midthoracic, and lumbar) 

o Spleen 

o Vagina 

o Gall bladder (for species other than rat) 

o Ovary 

o Section of bone marrow and/or a fresh bone marrow aspirate 

o Harderian gland 

48. Histopathological evaluation 

Low risk if: 

o All tissues from the high dose and control groups were analyzed; 

o All tissues of animals dying or killed during the study were analyzed; 

o All tissues showing macroscopic abnormalities including tumours were analyzed; 

o When treatment-related histopathological changes are observed in the high dose group, 

those same tissues are to be examined from all animals in all other dose groups; 

o In the case of paired organs, e.g., kidney, adrenal, both organs should be examined 

High risk if not 

 

Detection bias  

49. Detection method weighing: 

High risk if different methods between the treatment groups were used, low risk if the same 

methods were used. 

50. Detection method hematology 

High risk if different methods between the treatment groups were used, low risk if the same 

methods were used. 

51. Detection method clinical biochemistry: 

High risk if different methods between the treatment groups were used, low risk if the same 

methods were used. 

52. Detection method urinalysis: 
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High risk if different methods between the treatment groups were used, low risk if the same 

methods were used. 

Attrition bias 

53. Sample size/missing data body weight: 

High risk if the sample sizes and/or the amount of missing data differ substantially between 

the treatment groups, low risk if samples sizes are equal. 

54. Sample size/missing data hematology: 

High risk if the sample sizes and/or the amount of missing data differ substantially between 

the treatment groups, low risk if samples sizes are equal. 

55. Sample size/missing data clinical biochemistry: 

High risk if the sample sizes and/or the amount of missing data differ substantially between 

the treatment groups, low risk if samples sizes are equal. 

56. Sample size/missing data urinalysis: 

High risk if the sample sizes and/or the amount of missing data differ substantially between 

the treatment groups, low risk if samples sizes are equal. 

57. Sample size/missing data histopathology: 

High risk if the sample sizes and/or the amount of missing data differ substantially between 

the treatment groups, low risk if samples sizes are equal. 

Reporting bias 

58. Study funding: 

Higher risk for studies conducted by institutions/organizations/companies with a 

commercial, political, or ideological interest in a certain outcome of their study (e.g. biotech 

company might not publish study showing adverse effects of their own product; NGOs with 

an anti-biotechnology agenda might not publish results showing no adverse effect of GM 

plant), low risk if not. 

 

Critical appraisal mode 

The entire screening process will be done by two reviewers independently from each other.  
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Discrepancies in the evaluation between the reviewers will be automatically identified by CADIMA 

and, if feasible, solved by reconsidering the placed evaluations by each of the reviewers. In case 

discrepancies cannot be solved, a third reviewer will be consulted. 

 

Data extraction 

The aim of the data extraction is to extract all data and meta-data for each included study in order to 

inform the statistical analysis and the critical appraisal. Extracted (meta-) data will, besides others, 

relate to the study design, study performance and the measured outcomes. A draft data extraction 

sheet is provided as an additional file to this protocol (see Additional file 3) whereas further 

information might be added during the extraction process when appropriate. In case that data are 

not reported in sufficient detail, additional information will be requested from the study authors. 

In order to minimize human error, data will be extracted by one reviewer and the extracted data will 

be checked by another reviewer. 

 

Data analysis 

The aim of a meta-analysis is to synthesize the evidence provided by the individual studies about the 

toxicological effect of GM feed/ food. 

Usually, in feeding studies 40 - 50 quantitative parameters (body weight, haematology, clinical 

biochemistry parameters and organ weights) are measured and mean values are compared between 

GM-fed and non GM-fed groups. The outcomes are reported in means ± standard deviations per 

group where GM-fed group values statistically differing from non GM-fed group values are labeled 

(normally by stars). 

In the meta-analysis we analyze mean differences or standardized mean differences (between GM-

fed and non GM-fed groups), depending on whether the studies report the outcome all using the 

same scale or using different scales. Mean differences or standardized mean differences will be 

calculated from mean ± SD tables and group sample sizes, which should be available in the papers. 

These values are also required to assess the power of the individual studies (either sample size 

calculations on the basis of a given power or power calculations on the basis of given sample sizes). 

Studies will be weighted according to sample sizes and standard deviations.  
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Only doses in GM-fed groups and time-points of measurement comparable over individual studies 

will be included in the meta-analysis. The unit of analysis will be the single animal, in case several 

animals have been housed in cages, the cage will be considered a block factor. 

Meta-analyses will be performed separately for different crops and different genes/ events / traits 

(subgroups of meta-analysis) and species of the test animals (rats or mice). Subgroups may further be 

determined by the approval status of the genetically modified crop under assessment and the 

valididity of the provided information. 

Certain characteristics of the studies will be examined as further potential causes of heterogeneity: 

Participants: 

- rat/mouse strain, rat/mouse weight or age at the beginning of the study 

Study design: 

- guideline applied 

- comparator 

- time points of measurements 

- use of blinding 

 

To check for heterogeneity/inconsistency we will compare the confidence intervals for the results of 

individual studies [17], by Chi² test or heterogeneity indices [18, 19] or forest plots [20]. 

Depending on the results, further subgroups for meta-analysis will be considered, or the 

characteristics will be considered fixed or random factors in the meta-analysis model. As a result of 

the heterogeneity analysis, studies might also be excluded. 

A potential publication and/or reporting biases (e.g. peer-reviewed and grey literature) will be 

assessed by applying funnel plots [20] where the effect size of an individual study will be plotted on 

the horizontal axis and the standard error or sample size on the vertical axis. The asymmetry in the 

funnel plot may indicate publication bias.  

The validity of the systematic review findings will be verified by sensitivity analysis. Meta-analysis 

calculations might be undertaken by including or excluding studies from the calculations according to 

these factors: 

- weight (grouped) of individual studies  

- study validity 

- labs  

- rat/mouse strains 
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- time points of measurements 

- comparators, use of blinding 

 

Studies in which relevant data were recorded but not reported will be identified and the necessary 

information will be requested from the authors. If the relevant data cannot be obtained or calculated 

from the given data, the dataset will not be included in the meta-analyses. Furthermore, studies of 

very low quality might be excluded from the meta –analyses as well.  

Besides to this quantitative representation of study results, datasets will be presented by means of a 

narrative representation.  
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Discussion 

This systematic review represents the first systematic review addressing potential impacts on 

parameters indicative for a general toxicity or carcinogenicity in rats or mice caused by the feeding of 

whole GM food/feed. Furthermore, a comprehensive set of critical appraisal criteria were developed 

and will be applied to included studies. Thus the review has the potential to contribute to the 

clarification of uncertainties accompanying the conduct and interpretation of rodent feeding trials 

aimed at assessing the safety of GM crops.  

In addition, the provided results will contribute to the scientific discussion about the reasonability of 

the mandatory nature of 90-day feeding trials with GM whole food/feed for applications submitted 

under Regulation (EC) No 1829/2003 as requested by the Implementing Regulation (EU) No. 

5013/2013. 

 

Limitations of the review 

The review team is aware that studies reporting on the nutritional status of test animals or on 

parameters relating to immunotoxicity, reproductive toxicity and genotoxicity represent health 

indicators that will be excluded from this review. An inclusion and full assessment of this kind of 

studies would go beyond the available resources of the review team. In case, above mentioned 

parameters are reported in addition to those specified by the respective OECD Test Guideline, those 

parameters will be extracted as well. As additional parameters may tackle very specific toxocological 

aspects and may be addressed by the use of a multitude of different study designs, an a priori 

development of critical appraisal criteria is not feasible. Thus, this task might be performed during a 

potential update of this review. 

Furthermore and due to restrictive access rights, studies included in applications for the market 

release of GM plants will not be considered in the frame of this systematic review. 
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