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 Complex data sets require a rigorous weight of evidence (WoE) approach in 
which individual test methods, test systems and endpoints are assigned a 
weight that is consistent with their contribution to the overall evidence 

 Different assay types have different weights
◦ Tests measuring mutations and chromosome damage should have greater weight than 

“indicator” assays that only measure DNA damage (see OECD overview , 2016)

 The robustness of protocols, plus the quality and reproducibility of the 
evidence, also influence the weight
◦ Studies conducted to GLP and according to OECD guidelines should  have greater weight 

than studies lacking these attributes

 The number of pieces of evidence within a category influences the weight
◦ One or a few divergent responses (+ or -) within a majority of studies with  concordant 

findings should not alter direction and strength of the WoE 

 Tests with greater ability to extrapolate results to humans carry greater 
weight
◦ Data from in vivo tests (more predictive of potential human hazard) should carry more 

weight than data from in vitro tests, particularly non-mammalian tests (except for the 
Ames test which has high weight). 



 Based on the above, we assigned weights as follows:
◦ Negligible weight – the endpoint is not linked to any adverse effect relevant 

to genetic or carcinogenic hazard/risk.
◦ Low weight – the end point is indicative of primary DNA damage, is not 

unequivocally linked to mechanisms of tumorigenicity, and the test system 
has low specificity
 Such responses are evidence of exposure, not effect

◦ Moderate weight – the endpoint is potentially relevant to tumorigenicity or 
may be subject to secondary, threshold-dependent mechanisms (e.g. 
cytotoxic clastogens, aneugens) or exhibits a high rate of misleading 
positives with respect to carcinogen prediction

◦ High weight – the endpoint has been demonstrated with a high level of 
confidence to be linked to the process of tumorigenicity.

 This is consistent with the recent OECD overview (2016) which 
stated “When evaluating the mutagenic potential of a chemical, 
more weight should be given to the measurement of permanent 
DNA changes (i.e. mutations) than to DNA damage events that 
are reversible.”



Endpoint
Negligible 

Weight 
Low

Weight 
Moderate 

Weight 
High

Weight

DNA binding (adduct formation) in vitro

DNA binding (adduct formation) in vivo

DNA strand breaks in vitro (inc. comet)

DNA strand breaks in vivo (inc. comet)

Sister chromatid exchanges (SCEs) in vitro

Sister chromatid exchanges (SCEs) in vivo

Oxidative DNA damage in vitro

Oxidative DNA Damage in vivo
(detection of 8-OHdG adducts)

DNA repair effects in vitro

DNA repair effects in vivo

Micronuclei in vitro

Micronuclei in vivo

Chromosomal aberrations (CA)  in vitro

Chromosomal aberrations (CA) in vivo

Gene mutation in bacteria (Ames Test)

Gene mutation in mammalian cells in vitro

Gene mutation in vivo
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Principles of WoE consistent with endpoint specific guidance 
document of the European Chemicals Agency (ECHA 2015).



 Detailed information on  90 genetic toxicology studies on 
glyphosate, glyphosate-based formulations (GBFs) and a 
metabolite (AMPA), provided in the supplementary tables of 
Kier and Kirkland (2013), were not reviewed by IARC but should 
have been considered

 In the supplementary tables in Kier and Kirkland (2013):
◦ Each study examined was stated to have been conducted to GLP.
◦ Almost all of the studies were conducted in accordance with the 

relevant OECD test guidelines applicable at the time of the study.
◦ Statistical methods (not routine for Ames tests) and level of significance 

were given as footnotes to the tables.

 In addition, methodological details were provided:
◦ Bacterial strains tested or cell type used
◦ Data on individual replicates
◦ Top concentrations and cytotoxic effects
◦ Numbers of cells scored
◦ Doses and dosing routes for in vivo studies



No. of studies



No. of Studies



 Structure activity analysis identified no structural alerts for 
chromosomal damage, genotoxicity, mutagenicity, or 
carcinogenicity for glyphosate

 40 Ames tests on glyphosate, GBFs  and AMPA were all 
negative.

 Glyphosate does not induce gene mutations or 
chromosomal aberrations in mammalian cells in vitro. 

 There is limited evidence that glyphosate induces MN in 
vitro. 
◦ But absence of induction of CA suggests possible threshold-

mediated aneugenic effects. 

 There is no convincing evidence that GBFs induce MN in 
vitro.



 Glyphosate does not induce chromosomal aberrations in vivo. 
 There is strong evidence that glyphosate does not induce MN in 

vivo.
◦ Also the vast majority of in vivo MN studies on GBFs were negative

 There is evidence that glyphosate and GBFs can induce DNA 
strand breaks in vitro, but these might be secondary to toxicity 
since they did not lead to chromosome breaks (low weight). 
◦ There is limited evidence of transient DNA strand breakage for 

glyphosate and GBFs in vivo, but for glyphosate at least these are not 
associated with DNA adducts.

 There is evidence that glyphosate does not induce DNA repair 
(unscheduled DNA synthesis, UDS) in cultured hepatocytes.

 Some reports of induction of SCE in vitro by glyphosate and 
GBFs, and one report of SCE induction in vivo by a GBF,  do not 
contribute to the overall evaluation of genotoxic potential 
◦ Mechanism of induction and biological relevance of SCE are unclear 

(therefore given negligible weight)



 Glyphosate and GBFs have been tested for genotoxicity in a 
variety of non-mammalian species (other than the Ames test) 
◦ Fish, amphibians, reptiles, plants
◦ Many tests involved exposure by immersion in, or surface contact with, 

the test material in water – non-standard and may produce artifacts

 OECD guidelines specifically state that use of any non-standard 
test requires justification along with stringent validation 
including establishing robust historical negative and positive 
control databases
◦ No internationally accepted guidelines for such non-mammalian test 

systems
◦ No databases of acceptable negative or positive control responses
◦ No results from validation studies indicating concordance with 

carcinogenicity

 Data from such non-standard tests should not have significant 
weight in the overall genotoxicity evaluation



 Human population monitoring studies can offer highly relevant 
information as long as they are rigorous

 3 biomonitoring studies have been published on GBF exposures:
◦ DNA breakage (comet assay) reported in humans exposed to GBF spraying (Paz-

y-Miño et al., 2007) - GBF application rate around 20x higher than 
recommended. Signs of clinical toxicity consistent with acute intoxication 
reported - DNA damage might have been secondary to toxicity.

◦ Follow-up study (Paz-y-Miño et al., 2011) reported negative results for 
chromosomal changes in individuals from the same areas

◦ Bolognesi et al. (2009) reported a significant but small, transient and 
inconsistent induction of MN in individuals living in 3 GBF spray areas, but no 
statistically significant increase in MN frequency was observed in individuals 
that actually reported direct exposure to the spray (any risk was “low”) 

 Based on the above, we concluded that there was little or no reliable 
evidence produced in these studies that would support a conclusion 
that GBFs, at levels experienced across a broad range of end-user 
exposures, pose any human genotoxic hazard/risk.  



 The table below compares the characteristics found with confirmed genotoxic 
carcinogens (Bolt et al. 2004; Petkov et al. 2015) and the genotoxic activity 
profile for glyphosate.  
There is virtually no concordance between the two sets of characteristics.

Characteristic Carcinogens with a proven genotoxic 
mode of action

Glyphosate study data 

Profile of Test Responses 
in Genetic Assays

Positive effects across multiple key 
predictive endpoints (i.e. gene mutation, 
CA, aneuploidy) both in vitro and in vivo

No clear evidence for induction of gene 
mutations; no evidence for CA in humans and 
equivocal findings elsewhere

Structure Activity 
Relationships

Positive for structural alerts associated with 
genetic activity

No structural alerts for glyphosate suggesting 
genotoxicity

DNA binding Agent or breakdown product are typically 
electrophilic and exhibit direct DNA binding

No unequivocal evidence for electrophilic 
properties or direct DNA binding by 
glyphosate

Consistency Test results are highly reproducible both in 
vitro and in vivo

Conflicting and/or non-reproducible 
responses in the same test or test category 
both in vitro and in vivo

Response Kinetics Responses are dose-dependent over a wide 
range of exposure levels

Many positive responses do not show 
significant dose-related increases

Susceptibility to 
Confounding Factors 
(e.g. Cytotoxicity)

Responses are typically found at non-toxic 
exposure levels

Positive responses typically associated with  
evidence of overt toxicity



 There is substantial evidence, particularly in Ames tests, that 
glyphosate and GBFs do not induce gene mutation.

 The evidence indicating that glyphosate can produce (unstable) 
CAs, that could indicate a potential to induce stable 
chromosome mutations in mammalian systems, is very limited, 
conflicting, and potentially due to secondary mechanisms.  

 The failure of glyphosate and GBFs to induce responses in well-
validated test systems with robust experimental protocols that 
are characteristic of genotoxic carcinogens (relevant endpoints 
in mammals in vivo), does not support the conclusion that either 
glyphosate or GBFs might act via a genotoxic mode of action. 

 A critical weight of evidence review of the complete dataset
supports a conclusion that glyphosate does not pose a
genotoxic hazard
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