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2. The association is not consistent, since 4 out of 5 mouse studies did not reproduce similar renal neoplasms at comparable doses.
3. The association is not specific, since females of this pivotal study, which have
been exposed to higher levels of glyphosate did not develop renal neoplasms.
Also, there were no renal findings in the LD group, whereas the control group
had two.
4. The time required between exposure and effect, i.e., a reduced latency time
was not present; all tumors were observed only at termination.
5. The biological gradient of association or the dose-response curve was absent,
since the females and the males in the LD group had no neoplasms, whereas
there was one in the control group.
6. A plausible explanation for the association was absent, since the mode of action for induction of these renal neoplasms was not established.
7. Coherence of the association was also absent, as female mice and male and
female rats did not display kidney effects. Also in the other 4 mouse carcinogenicity studies the mice did not develop similar neoplastic renal lesions.
8. The association does not demonstrate a dose-response pattern (see #5,
6), since the “in-study” females had neither neoplasms nor any of the other renal
lesions, although they were exposed to higher levels of glyphosate. Consequently, under the conditions of this assessment, the renal neoplastic effects are not
associated with glyphosate exposure. This conclusion is in agreement with that
of Williams et al. (2000) and Greim et al. (2015).
With respect to haemangiosarcoma in male mice, in the CD-1 mouse study in
CD 1 mice reported by Cheminova 1993b [Atkinson et al. 1993] (1993)], there
were no statistically significant increases in the incidence of any tumors when
compared with the control groups and no dose response was evident. IARC,
based on their own statistical analysis (no reason was given for the choice of
method) indicated/reported that there was an increase in the incidence of haemangiosarcoma in males [P < 0.001, Cochran-Armitage trend test] (Table 3). In
addition, IARC (2015) did not comment on the lack of renal tumors in this mouse
study.
Table 3 Tumor Incidence/number of animals examined (mg/kg bw/day)*
Males
Females
0
100
300
1000 0
100
300
4/50
2/50
0/50
0/50
0/50
0/50
0/50
Haemangiosacromas
(8%)
(4%)
*
Taken from Greim, et al. 2015

1000
1/50
(2%)

If the likelihood of the occurrence of haemangiosarcoma is considered in terms of
the viewpoints of Bradford Hill, it is clear that there is no strength in the association. For example, pairwise comparisons are not significant, there is no consistency (some mouse studies show no tumours of this type at all), and a

of whether the responses were taken from the results of IARC evaluated
studies alone (9 of 10) or from all studies combined (9 of 12).


The highest frequencies of positive responses were reported for test endpoints and systems considered most likely to yield false or misleading positive results due to their susceptibility to secondary effects. This relationship was constant regardless of whether the results were taken from IARC
evaluated studies alone or all studies combined.



The numbers of studies providing strong evidence of relevant genotoxicity
(High Weight) were in the minority for both the IARC and the Expert Panel’s evaluations, with 6 out of 15 studies identified as High Weight being
positive for the IARC evaluation, and only 8 out of 92 studies identified as
High Weight being positive for all studies combined.

In summary, the WOE from in vitro and in vivo mammalian tests for genotoxicity
indicates that:
 Glyphosate does not induce gene mutations in vitro. There are no in
vitro mammalian cell gene mutation data for GBFs or AMPA, and no
gene mutation data in vivo.
 Glyphosate, GBFs and AMPA are not clastogenic in vitro. Glyphosate is
also not clastogenic in vivo. Some positive in vivo chromosome aberration studies with GBFs are all subject to concerns regarding their reliability or biological relevance.
 There is limited evidence that glyphosate induces micronuclei (MN) in
vitro. Since it is not clastogenic this would suggest the possibility of
threshold-mediated aneugenic effects. However, there is strong evidence that glyphosate does not induce MN in vivo.
 Limited studies and potential technical problems do not present convincing evidence that GBFs or AMPA induce MN in vitro. The overwhelming majority of in vivo MN studies on GBFs gave negative results, but
conflicting and limited data do not allow a conclusion on in vivo induction of MN by AMPA.
 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. 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. These results
are assigned a lower weight than results from other more relevant
endpoints, which were in any case more abundant.
 There is evidence that glyphosate and AMPA do not induce UDS in cultured hepatocytes.
 Some reports of induction of SCE in vitro by glyphosate and GBFs, and
one positive report of SCE induction in vivo by a GBF, do not contrib-

ute to the overall evaluation of genotoxic potential since the mechanism of induction and biological relevance of SCE are unclear.
Although IARC policies prohibited the inclusion of additional data from unpublished studies or governmental reports, it was the Expert Panel’s conclusion
that the genetic toxicology studies published in reviews such as Kier and Kirkland
(2013) (Table 7) should be included. The rationale supporting the inclusion of
these 90 additional studies is that the supplementary tables presented in the Kier
and Kirkland paper do contain sufficient detail concerning the robustness of the
studies. Failure to evaluate and consider the large number of results included in
the publication by Kier and Kirkland (2013) as well as other publicly available
studies not reviewed by IARC, results in an inaccurate assessment of glyphosate, GBFs and AMPA’s genotoxic hazard/risk potential.
Table 7 Summary of studies presented in Kier and Kirkland 2013 and of
other publically available studies not included in the IARC review
Test Catego- Endpoint
ry
Non-mammalian
(Bacterial Reverse Mutation)
Mammalian In
Vitro

Mammalian In
Vivo

Total

Glyphosate GBFs
AMPA
Total
(Pos/Neg) (Pos/Neg) (Pos/Neg) (Pos/Neg)

Gene Mutation

0/19

0/20

0/1

0/40

Gene Mutation

0/2

ND

ND

0/2

Chromosome
Aberrations
Micronucleus
UDS
SCE
Chromosome
Aberrations
Micronucleus
SCE

1/5

1/0

ND

2/5

2/0*
0/1
ND
0/1

1/0
ND
1/0
2/0*

ND
0/1
ND
ND

3/0
0/2
1/0
2/1

0/13*
ND
3/41

0/17
1/0
6/37

0/1
ND
0/3

0/30
1/0
9/81

*= inconclusive studies not included in count ND = Not Done

Based on the results of the WOE critique detailed above and the wealth of negative regulatory studies reviewed by Kier and Kirkland (2013) and Williams et al.
(2000), the Expert Panel does not agree with IARC’s conclusion that there is
strong evidence for genotoxicity across the glyphosate or GBFs database. In
fact the Expert Panel’s WOE assessment provides strong support for a lack of
genotoxicity, particularly in study categories closely associated with indications of
potential genetic and carcinogenic hazard.
To provide greater emphasis to the Expert Panel’s WOE conclusion, Table 8
provides a comparison between a set of characteristics found in confirmed genotoxic carcinogens (Bolt et al., 2004; Petkov et al., 2015) and the genotoxic activity

profiles for glyphosate, AMPA and GBFs. There is virtually no concordance between the two sets of characteristics.
Table 8. Comparison of test response profiles from Glyphosate, GBFs and
AMPA to the profile characteristics of confirmed genotoxic carcinogens
Characteristic

Carcinogens with a Proven
Genotoxic Mode of Action

Glyphosate, GBFs ,
AMPA Study Data

Profile of Test Responses in
Genetic Assays

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

Structure Activity
Relationships

Positive for structural alerts
associated with genetic activity

DNA binding

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

Consistency

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

Response Kinetics

Responses are dose dependent
over a wide range of exposure levels

Susceptibility to
Confounding Factors (e.g.,
Cytotoxicity)

Responses are typically found at
non-toxic exposure levels

No valid evidence for gene
mutation in any test; no
evidence for chromosome
aberrations in humans and
equivocal findings elsewhere.
No structural alerts for
glyphosate or AMPA suggesting genotoxicity
No unequivocal evidence
for electrophilic properties
or direct DNA binding by
glyphosate or AMPA
Conflicting and/or nonreproducible responses in
the same test or test category both in vitro and in
vivo
Many positive responses
do not show significant
dose-related increases
Positive responses typically associated with evidence of overt toxicity

Beyond the standard genetic toxicity assays, IARC concluded positive evidence
of DNA breakage as determined by results in humans using the comet assay
Paz-y-Mino et al.(2007), negative induction of chromosome aberrations (Paz-yMino et al. 2011), and positive induction of micronuclei (Bolognesi et al. (2009).
These papers were critically reviewed by the Expert Panel and were found to be
deficient on many fronts (identification of cells scored for comets, inconsistent
observations, uncertainties with respect to “negative controls”, lack of statistical
significance, and lack of effect relative to self-reported exposure). For the biomonitoring studies, in their evaluation section the IARC Monograph presents the
results of the biomonitoring studies as positive without qualification. Due to the
deficiencies cited in the biomonitoring studies above, along with the lack of scientific consensus regarding the relevance of micronuclei found in exposed humans,
the Expert Panel 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, poses any human genotoxic hazard/risk.
With respect to oxidative stress and genotoxic potential of glyphosate and its
formulations, it is noted that many more oxidant stress studies are available for

GBFs than for glyphosate or AMPA. Unlike glyphosate, most of the GBF studies
show evidence of oxidative stress suggesting that GBFs contain compounds that
are likely to be toxic under some treatment conditions leading to reactive oxygen
species followed by normal cellular protective responses. At predicted human
exposure levels of less than 0.064 mg/kg bw/day, it is not anticipated that GBFs
would induce toxicity likely to exceed endogenous detoxification capacities.
IARC claims of strong evidence supporting oxidative stress from AMPA seem to
result from glyphosate and particularly GBF results rather than AMPA results. In
fact, oxidative stress studies of AMPA are very limited. In the section on oxidative stress, IARC only cites one negative in vitro mammalian cell study of AMPA
(Chaufan et al., 2014) and one positive in vitro mammalian cell study (Kwiatkowska et al., 2014). There is one other positive human cell study (Roustan et al.,
2014) that was not cited; however, AMPA had unusually high toxicity in this report compared to other in vitro mammalian studies (see above) and no dose response was observed over an order of magnitude concentrations. The paucity
of cited data does not seem to justify a conclusion of strong evidence for oxidative stress induction by AMPA.
Research on oxidative stress induced genotoxicity suggests that it is often a secondary response to toxicity and characterized by a threshold (Pratt and Barron,
2003). Therefore, the most appropriate conclusion supported by the oxidative
stress data presented in the IARC Monograph (Section 4.2.3 of the IARC review)
is, based on a WOE approach, that there is no strong evidence that glyphosate,
GBFs or AMPA produce oxidative damage to DNA that would lead to induction of
endpoints predictive of a genotoxic hazard or act as a mechanism for the induction of cancer in experimental animals or humans.
The WOE review does not provide relevant evidence for genotoxic activity of
glyphosate, and moreover, there is no indication that genotoxic action through
induction of oxidative stress is a biologically plausible mode of action for glyphosate, especially under anticipated conditions of use and estimated exposures to
the human population.

3.4

Epidemiological Data

Following systemic collection, summary, and critique of 16 analytical epidemiological publications examining aspects of the possible relationship between reported use of glyphosate and two cancer types: NHL and MM, redundant publications (Cantor et al. (1992), Nordstrom et al. (1998), Hardell and Eriksson (1999),
and Pahwa et al. (2012)) were excluded in favor of more recent published analyses of the same subjects. This resulted in a final evaluative dataset of 7 studies
of glyphosate exposure and NHL (see Table 9) and 4 studies of glyphosate exposure and MM (see Table 10), considering Sorahan’s (2015) publication as an
extension of De Roos et al. (2005).

The descriptive characteristics of each of these studies were examined for the
likely presence or absence of validity concerns (see Table 11). It is clear from
Table 11 (highlighted row) that only one study in the glyphosate literature – the
Agricultural Health Study (AHS) cohort study (De Roos et al. 2005) – was designed to minimize selection bias and recall bias, had only firsthand respondents
reporting about exposures (viz. no proxy respondents), and conducted analyses
that controlled comprehensively for confounding by personal characteristics and
occupational exposures. In addition, the AHS cohort study was the only study
that attempted to look at exposure-response relationships while controlling for
confounding exposures. As such, it deserves the highest weight in the current
assessment of the literature. The other studies have so many validity concerns
that they cannot be interpreted at face value. Indeed, there is evidence in many
of these studies that virtually every exposure studied was associated with NHL or
MM – a clear indication of widespread systematic bias and the unreliability of any
of the reported exposure-disease associations.
The assessment of causality is a complex process that relies upon a family of
well-recognized methods: the general scientific method (familiar to all scientists),
study design and statistical methods, and research synthesis methods (e.g. the
systematic narrative review, meta-analysis and pooled analysis, and the socalled criteria-based methods of causal inference). Of these, the criteria-based
methods are often described and considered in causal assessments, with the
most familiar having been proposed by Bradford Hill (1965) and utilized extensively in the 1964 Surgeon General’s Committee on Smoking and Health and the
many publications on the topic that dotted the scientific landscape in the late
1950’s and early 1960’s (Weed, 1995). These “criteria” or “considerations” are
substantive components of the stated methodologies of agencies such as the
U.S. Environmental Protection Agency (2005) and the International Agency for
Research on Cancer (2015). In essence, all the causal frameworks in epidemiology focus on whether the observed associations are strong (viz. the size of the
OR or RR is appreciably different than 1.0), whether the associations appear to
have been estimated without bias, whether the OR or RR increases or decreases
with increasing exposure (viz. exposure-response), whether the temporal relationship between exposure and effect is considered appropriate, and whether the
results are statistically robust enough to rule out chance as an explanation (Hill
1965, Aschengrau and Seage 2003, or Bhopal, 2002).
With these considerations in mind, for NHL, it is justified scientifically to rely most
on the results of the De Roos et al. (2005) cohort study as those best suited to
reveal the existence (or not) of an association between exposure to glyphosate
and NHL. This cohort study was the only study where information about pesticide
use was collected independently of the participants’ knowledge of cancer status,
where there were no proxies providing information about pesticide use, where
exposure-response was evaluated extensively, and where there was statistical
adjustment for other pesticide exposures and personal factors in estimating RRs

for glyphosate. As De Roos et al. (2005) concluded “… the available data provided evidence of no association between glyphosate exposure and NHL incidence.” On the other hand, all the case control studies had the potential limitation
of recall bias, many had clear indications of selection bias (either in terms of subject participation or in the analysis), most had very small numbers of glyphosate
exposed cases and controls, none showed evidence of an exposure-response
relationship, and most did not control for the potential confounding effects of personal factors or other occupational exposures in their glyphosate risk estimates.
We consider the case control studies to be inadequate for the assessment of a
relationship between glyphosate and NHL and consider the AHS cohort study as
the one reliable evaluation of NHL risk from glyphosate. The two limitations of the
AHS study are the relatively small number of NHL cases (n = 92) and that the
length of follow-up after enrollment was less than a decade. Those limitations
speak to statistical robustness, not validity.
The glyphosate literature for MM is appreciably sparser than the literature for
NHL. Again, the AHS cohort study (De Roos et al. 2005) is the best source of evidence when compared with the 3 available case control studies. De Roos et al.
found that glyphosate users had about the same rate of MM as non-users adjusting for confounding factors (factoring in Sorahan’s reanalysis of the fully adjusted
MM results from DeRoos et al. (2005) to correct inadvertent selection bias. This
bias results from the natural self-examination by cases of what might have
caused their grievous illness. Recall bias is not a concern in the sole glyphosate
cohort study (DeRoos et al. 2005) because exposure was determined from study
participants at study entry before follow-up began for health outcomes. Recall
bias tends to produce spurious positive associations between exposure and disease. Exposure-response analyses by De Roos et al. and Sorahan (2015) were
relatively uninformative in light of the few MM cases split among exposure categories. More informative analyses await additional follow-up of the AHS cohort to
increase the number of MM cases. The three MM case control studies are based
on very small numbers, have concerns about recall bias and selection bias, and
did not control for confounding by other exposures. Overall, then, we consider
this literature inadequate to make an informed judgment about a potential relationship between glyphosate and MM.
In summary, in consideration of the questions;
1. Does the current published epidemiologic evidence establish a causal relationship between glyphosate exposure and NHL?
2. Does the current published epidemiologic evidence establish a causal relationship between glyphosate exposure and MM?
It is the opinion of the Expert Panel that review of the glyphosate epidemiologic
literature and the application of commonly applied causal principles, does not indicate a relationship with glyphosate exposure and NHL. Likewise, there is no

substantive evidence to indicate a relationship between MM and glyphosate exposure.
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